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Preface

Autoimmune diseases are a family of more than 100 ill-
nesses that develop when underlying defects in the immune
system lead the body to attack its own organs, tissues, and
cells. While many of these diseases are rare, collectively
they affect, according to the Autoimmune Diseases Coor-
dinating Committee (ADCC) of the U.S. National Insti-
tutes of Health, between 14.7 and 23.5million people in the
USA – up to 8%of the population – and their prevalence is
rising. Because a complete cure is not available for nearly
every one of these 100 autoimmune diseases, patients face a
lifetime of illness and treatment. And, because most of
these diseases disproportionately afflict women, and are
among the leading causes of death for young and middle-
aged women, they impose a heavy burden on patients’
families and on society.

For these reasons, major efforts in autoimmune disease
research and development must be directed toward redu-
cing the impact of these conditions. These efforts should
include, among other goals and again according to the
ADCC, the generation of more accurate epidemiologic
profiles of autoimmune diseases, the development of a
greater understanding of the fundamental biologic princi-
ples underlying disease onset and progression, the provi-
sion of improved diagnostic tools to permit preclinical or
presymptomatic diagnosis, the creation of more effective
interventions, and the production of public and profes-
sional education and training programs.

For instance, the development of biomarkers can
enable earlier diagnosis as well as aid physicians in select-
ing and monitoring treatment. New technologies, such as
genomics and proteomics, can provide scientists with the
tools to study gene and protein patterns in tissue samples,
providing vital insights into the onset and progression of
disease. However, we also need to gain a better under-
standing of the distribution of these diseases through
epidemiologic studies, and of the environmental triggers
that contribute to their onset. As we learn more about the
genetic and environmental factors contributing to these
diseases, we will be able to develop effective prevention

strategies that arrest the autoimmune process before it
can irreversibly damage the body, as also the ADCC
points out.
But the first and most essential step in the management

of autoimmune diseases is, no doubt, the recognition of
the autoimmune disease itself by the attending physician.
Autoimmune diseases can affect any part of the body, and
have a myriad of clinical manifestations that make diag-
nosis an extremely difficult task. At the same time, auto-
immune diseases share many features both at their onset
and during follow-up. In addition, overlapping genetic
traits enhance susceptibility to many of the diseases, so
that a patient may suffer from more than one autoim-
mune disorder, or multiple autoimmune diseases may
occur in the same family.
Conversely, despite the diversity in their presentation

and natural history, autoimmune diseases share a number
of underlying mechanisms, and thus have the potential to
respond to treatment with the same or related therapies.
More selective and less toxic immunosuppressive and
immunomodulatory agents are currently being used to
treat these disorders, and promising immune tolerance
approaches are emerging. However, several factors limit
our ability to conduct the most efficient clinical trials. For
example, we lack standardized classification and diagnos-
tic criteria for many autoimmune diseases.
These problems have prompted us to gather in a com-

prehensive book a critical review of 103 autoimmune dis-
eases, dividing them into two main groups, namely
systemic and organ-specific autoimmune diseases. We
hope to offer a contemporary overview of these conditions
with special emphasis on diagnosis. Each chapter contains
the essential information required by attending physicians
as well as bench scientists to understand the definition of a
specific autoimmune disease, the diagnostic criteria, and
the treatment. Moreover, established classification and
diagnostic criteria have been quoted when available and,
if not, authors have been asked to propose such criteria.
Diagnostic Criteria in Autoimmune Diseases was conceived
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for publication and debut on the occasion of the Sixth
International Congress of Autoimmunity to be held in

Porto, Portugal, on September 2008.
We have tried to produce a book of considerable intel-

lectual caliber and this would not have occurred without

the enthusiastic support of the authors. We wish to thank

Richard Lansing and his staff at Springer for their hard

work. The editors and all the contributors also extend

special thanks to Kathy Wisdom for her devotion and
zeal in helping us to put this volume together.
Finally, and most importantly, this text is dedicated to

the sufferers of autoimmune diseases in the hope that they
some day will be cured.

Yehuda Shoenfeld
Ricard Cervera

M. Eric Gershwin
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Salvador Fuentes-Alexandro

95 Idiopathic Aplastic Anemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519
Baraf Lior and Levy Yair

96 Acquired Adult Pure Red Cell Aplasia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525
Hedi Orbach, Gisele Zandman Goddard, Asher Winder and Yehuda Shoenfeld

97 Myelodysplastic Syndromes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
Laura F. Newell and Joseph M. Tuscano

98 Autoimmune Lymphopenia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535
Amani Mankaı̈, Sophie Hillion, Valérie Devauchelle-Pensec, Alain Saraux, M. Eric Gershwin and Pierre
Youinou

99 Autoimmune Neutropenia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539
Pierre Youinou, Amani Mankaı̈, Sophie Hillion, Yehuda Shoenfeld Christian Berthou and Ibtissem Ghedira

100 Autoimmune Thrombocytopenic Purpura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 543
Nurit Rosenberg, Yulia Einav and Boris Shenkman

101 Thrombotic Thrombocytopenic Purpura and Other Thrombotic Microangiopathic Hemolytic Anemias . . 547
Boris Shenkman, Yulia Einav and Ophira Salomon

102 Heparin-Induced Thrombocytopenia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 551
Gowthami M. Arepally and Douglas B. Cines

103 Autoimmune Coagulopathies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 557
Fabio Tucci and Rolando Cimaz

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561

xii Contents



Contributors

ALFREDO ADAN, MD, PHD, Department of Ophthalmology,

Institut Clinic d�Oftalmologia, Hospital Clinic Universidad de

Barcelona, Barcelona, Catalonia, Spain
RAPHAEL ADAR, MD, Department of Medicine C and the Rheu-

matic Disease Unit and the Department of Vascular Surgery,

Chaim Sheba Medical Center, Tel-Hashomer, Israel, and the

Tel-Aviv University Tel-Aviv, Israel

FRANK ALDERUCCIO, BSC HONS, PHD, Department of Immuno-

logy, Monash University, Australia

DANIELA AMITAL, MD, Department of Psychiatry B, Ness-Ziona

Mental Health Center, Ness-Ziona, Israel

HOWARD AMITAL, MD, MHA, Head of Department of Medicine

D, Meir Medical Center, Kfar-Saba, Israel, Affiliated to Sack-

ler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel
JUAN-MANUEL ANAYA, MD, Professor of Medicine, Cellular

Biology and Immunogenetics Unit, Corporation for Biological

Research, Medellı́n-Colombia, and, Universidad del Rosario,
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cho, IMSS, Puebla, México, and, Rheumatology Department,

Benemerita Universidad Autonoma de Puebla, School of Medi-

cine, Puebla, México
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MARIO JIMÉNEZ-HERNÁNDEZ, MD, Rheumatology Department,
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Columbia

NICOLETTA RONDA, MD, Department of Clinical Medicine,

Nephrology and Health Science, University of Pharma, Italy

RICARDO RONDINONE, MD, Division of Rheumatology, Univer-

sity of Padova, Padova, Italy

NURIT ROSENBERG, PHD, Amalia Biron Research Institute

of Thrombosis and Hemostasis, Sheba Medical Center, Tel-

Hashomer, Israel
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1
Systemic Lupus Erythematosus

Maria Laura Bertolaccini, Graham R.V. Hughes and Munther A. Khamashta

Abstract Systemic lupus erythematosus (SLE) is the most diverse of the autoimmune diseases, characterised by a wide
range of clinical features and the production of multiple autoantibodies. The diagnosis is based on the clinical features
and the presence of a wide variety of autoantibodies, most of which are directed to double stranded DNA (ds-DNA),
nuclear antigens, ribonucleoproteins and cell surface antigens. The treatment includes the use of antimalarial agents to
corticosteroids and/or immunosuppressive agents.

Keywords SLE � autoantibodies � BILAG � renal markers � ds-DNA � CNS

SLE is a chronic multisystem autoimmune disease of

unknown aetiology, characterised by the production of pre-
dominantly non-organ specific autoantibodies directed to

several self molecules found in the nucleous, cytoplasm and

cell surface and a wide range of clinical manifestations. The

primary pathological findings are those of inflammation,

vasculitis, immune complex deposition and vasculopathy.
The course of the disease is characterised by periods of

flares and remission. The incidence of SLE varies from 2 to

7.6 cases per 100,000 individuals per year, the highest
prevalence being in Afro-Caribbeans, followed by Asians.

The sex ratio is 9:1 in favour of females with a disease onset

between the ages of 15–55.
Familial aggregation of SLE is well described and twin

studies demonstrate high concordance rates inmonozygotic

twins. Multiple genes, in particular HLA class II genes,

have been implicated in the development of the disease. A

higher frequency of DR2 and DR3 has been described in
Caucasian SLE patients, as well as in black SLE patients.

Homozygous deficiency of the complement components

may also influence disease susceptibility.
The laboratory hallmark of the disease is the presence of

ANA, appearing in more than 95% of individuals with

lupus. The commonest pattern is a diffuse or homogeneous

nuclear staining. Anti-DNA and anti-Sm antibodies are

rarely seen in other conditions and have therefore high

specificity for SLE. Whilst anti-DNA titres frequently vary

over time and disease activity, anti-Sm titres are usually

constant.

SLE can involve any organ or system in the body.
Polyarthritis, oral ulcers and skin rashes, including photo-
sensitivity, are the most common features. The most
frequent organs involved are the kidneys and the brain.
Hematological manifestations, such as haemolytic anemia,
lymphopenia and thrombocytopenia are frequent. Non-
specific features like fatigue, fever or anorexia are early
frequent features of SLE.
The American College of Rheumatology published in

1982 a revised set of criteria that have been widely used
for decades in the classification of the disease (1). These
criteria were later updated to include the presence of
antiphospholipid antibodies (aPL) as a criterion for
SLE (2) (Table 1.1).
The long-term prognosis of patients with SLE has

improved from 50% survival in the 1950’s to around 90%
in the 1990’s, likely due to a combination of improved
recognition of the disease and better approaches to therapy.

Epidemiology

The incidence of SLE in the general population varies
according to the characteristics of the population studied
(i.e. age, gender, race, ethnic/national origin or period of
time studied) from 3.3 cases per 100,000 persons per year
in Iceland (3) and 4.8 cases per 100,000 persons per year in
Sweden (4) to 0.7 to 7.2 cases per 100,000 persons per year
in the USA (for a review, see ref (5)).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_1,

� 2008 Humana Press, Totowa, NJ
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The presentation and course of the disease appear highly
variable between patients of different ethnic origins, where
African-Americans and Orientals are believed to have a
more severe disease than Caucasian whites (6).

It is now known that autoantibodies to DNA may be
present on average 2.7 years prior to diagnosis and up to 9.3
years earlier. Anti nuclear antibodies (ANA) may occur
earlier than anti-DNA antibodies. Interestingly, anti-Sm
and anti-RNP antibodies appear shortly before diagnosis
suggesting a crescendo of autoimmunity resulting in clinical
illness (7).

Clinical Manifestations

Polyarticular, symmetrical and episodic arthralgia occurs
in about 90% of all patients with SLE, usually in the absence
of clinically overt arthritis. Tenosynovitis is more common
than erosive synovitis and is the cause of the ‘‘swan-neck’’
deformities and ulnar deviation seen in the Jaccoud’s arthritis
of lupus, seen in around 10% of the patients. Muscle involve-
ment has been reported in 30–50% of SLE patients, usually
induced by an adjacent arthralgia but also both corticosteroid
and antimalarial therapy may cause a myopathy and this
should be considered.

The skin is a common target for the disease and cuta-
neous lesions occur in up to 85%of SLE patients, being the
butterfly rash the most characteristic feature. This rash is
erythematous, often blotchy, and found mainly over the
malar bones and across the bridge of the nose. In addition
to maculopapular and discoid lesions, splinter haemor-
rhages, dilated capillaries at the nail base, bullous lesions,
angioneurotic oedema, livedo reticularis and buccal and
nasal ulceration can also be present. Vasculitic skin lesions
are usually found at the finger tips or on the extensor
surface of the forearm, as well as in the malleoli, leading
to tender, deep leg ulcers which can be difficult to treat.
The kidneys are frequently involved in patients with lupus.

More than 70% of patients with SLE have renal involve-
ment at some stage of their disease. The World Health
Organisation (WHO) classification for lupus nephritis
has been updated to allow more accurate descriptions of
renal histopathology specimens by the International Society
of Nephrology (ISN) and the Renal Pathology Society
(RPS) (8) (Table 1.2). Of the different pathological classes,
diffuse proliferative glomerulonephritis (WHO class IV) has
the worst prognosis, resulting in 11–48% of patients with
end stage renal disease at 5 years.
The lungs may also be affected. Parenchymal alterations

have been described in 18% of patients. These patients had
interstitial fibrosis, pulmonary vasculitis and interstitial
pneumonitis. However, many non-specific pulmonary
lesions previously attributed to SLE, such as alveolar
haemorrhage, alveolar wall necrosis, oedema and hyaline
membranes, are probably secondary to factors such as
intercurrent infection, congestive heart failure, renal
failure and oxygen toxicity.
Abnormal pulmonary function tests, diminished total lung

capacity and flow rates, poor diaphragmatic movement,
basal crepitations and occasionally cyanosis and clubbing
are found in up to 50%of SLEpatients. A similar proportion
of SLE patients may have an acute lupus pneumonitis with
amononuclear cell infiltrate detectable in the alveolar septae.
Dyspnoea, pleuritic chest pain and coughs are common
complaints in these patients. Haemoptysis is less common
and true pulmonary haemorrhage from necrotizing alveolar
capillaritis is rare.
Pleural effusions may reflect a generalized disease flare.

The effusions are normally small to moderate in size and
are usually exudates (i.e. protein content >3 g/100mL).
The heart can also be targeted by SLE, with abnormalities

of the electrocardiogram, notably of the T wave, as the
most frequent pericardial manifestation. A pericardial rub
is also common.Adhesive chronic pericarditis and very large
effusions causing tamponade are very rare.
Whilst true myocardial involvement is less frequent than

pericardial disease, prolongation of the PR interval
(approximately 10%), fibrinoid degeneration, myocardial
infarction and coronary stenosis due to arteritis are
occasionally seen. Systolic murmurs are not uncommon

TABLE 1.1. American College of Rheumatology classification
criteria for systemic lupus erythematosus.

Criteria

1. Malar rash

2. Discoid rash

3. Photosensitivity

4. Oral ulcer

5. Arthritis

6. Serositis

– Pleurisy

– Pericarditis

7. Renal disorder

– Persistent proteinuria

– Cellular casts

8. Neurologic disorder

– Psychosis

– Seizures

9. Hematologic disorder

– Hemolytic anemia

– Leukopenia

– Lymphopenia

– Thrombocytopenia

10. Immunologic disorder

– Anti-DNA

– Anti-Sm

– Antiphospholipid antibodies

11. Antinuclear antibody

This classification is based on 11 criteria. For the purposes of identifying

patients in clinical studies, a personmust be classified as having SLE if any

four or more of the 11 criteria are present, serially or simultaneously,

during any interval of observation (1, 2).

4 Bertolaccini et al.



and usually reflect the hyperdynamic circulation due to the

anaemia seen in these individuals. Diastolic murmurs are

very rare.
Libman-Sacks endocarditis is a well known feature of

SLE, which rarely causes clinically significant lesions.

They are most frequently found adjacent to the edges of

the mitral and tricuspid valves.
The brain is another target organ (9). Nervous system

manifestations are present in up to 70% of patients with

SLE. The spectrum of CNS manifestations varies widely,

from those with severe, life-threatening presentation, such as
transverse myelitis or stroke, to those with more subtle and

subclinical abnormalities in neurocognitive functions, such

as memory, intellect and learning. The clinical diversity of

the disorder, the difficulty to define outcome measures and

the lack of diagnostic criteria has been considered for long

the biggest obstacle to study treatment options and compare

different therapeutic regimens. Only recently specific criteria

for neuropsychiatric lupus (NPSLE) has been formulated

by the American College of Rheumatology (ACR) (10).

This new nomenclature includes case definitions, reporting

standards, and diagnostic testing recommendations for

different 19 neuropsychiatric syndromes.

An emerging concept is the distinction between central

nervous system manifestations due to lupus and those due

to the antiphospholipid syndrome (APS). A wide variety of

neuropsychiatric manifestations attributable to APS have

been described including strokes, seizures, movement dis-

orders, transverse myelopathy, demyelination syndromes,

transient ischaemic attacks, cognitive dysfunction, visual

loss and headaches including migraine. Data from our
unit applying the ACR nomenclature to assess the preva-

lence of CNS disorders in a large cohort of SLE patients

showed that cerebrovascular disease, headache and seizures

are correlated with aPL (11). The differential diagnosis

between multiple sclerosis and demyelination associated

with APS may be difficult on imaging grounds although

electroencephalography may offer some clues suggestive of

cerebrovascular insufficiency (12).
Non-specific gastrointestinal clinical features have also

been described amongst SLE patients. Abdominal pain

due to ileal and colonic perforations and regional enteritis

occurs in about 20% of cases. Pathologically, necrotizing

vasculitis is usually found when perforation occurs.
A normochromic, normocytic anaemia is usually seen

in SLE, along with low levels of both the serum iron and

TABLE 1.2. International Society of Nephrology/Renal Pathology Society (ISN/RPS) 2003 classification of lupus nephritis (8).

Class I

Minimal mesangial lupus nephritis Normal glomeruli by LM, but mesangial immune deposits by IMF

Class II

Mesangial proliferative lupus nephritis: Mesangial hypercellularity or matrix expansion by LM, with mesangial immune deposits. Few isolated

subepithelial or subendothelial deposits may be visible by IMF or EM, but not by LM

Class III

Focal lupus nephritisa: Active or inactive focal, segmental or global endo or extracapillary GMN involving <50% of all

glomeruli. Focal subendothelial immune deposits, with or without mesangial alterations

Class III (A) – Active lesions: focal proliferative lupus nephritis

Class III (A/C) – Active and chronic lesions: focal proliferative and sclerosing lupus nephritis

Class III (C) – Chronic inactive lesions with glomerular scars: focal sclerosing lupus nephritis

Class IV

Diffuse lupus nephritisb: Active or inactive diffuse, segmental or global endo- or extracapillary glomerulonephritis involving

�50% of all glomeruli, typically with diffuse subendothelial immune deposits, with or without

mesangial alterations.

Diffuse segmental(IV-S) l� 50% of the involved glomeruli have segmental lesions, involving less than half of the glomerular tuft

Diffuse global (IV-G) l � 50% of the involved glomeruli have global lesions

Class IV-S or G (A) – Active lesions: diffuse segmental or global proliferative lupus nephritis

Class IV-S or G (A/C) – Active and chronic lesions: diffuse segmental or global proliferative and sclerosing lupus nephritis

Class IV-S or G (C) – Chronic inactive lesions with scars: diffuse segmental or global sclerosing lupus nephritis

Class V

Membranous lupus nephritisc: Global or segmental subepithelial immune deposits or their morphologic sequelae by LM, IMF or EM

with or without mesangial alterations

Class VI

Advanced sclerosis lupus nephritis � 90% of glomeruli globally sclerosed without residual activity

EM: electron microscopy; GMN: glomerulonephritis; IMF: immunofluorescencia; LM: light microscopy.
a Indicate the proportion of glomeruli with active and with sclerotic lesions.
b Indicate the proportion of glomeruli with fibrinoid necrosis and/or cellular crescents.
c Class V lupus nephritis may occur in combination with class III or IV, in which case both will be diagnosed.

1. Systemic Lupus Erythematosus 5



iron binding capacity. This abnormality is due to chronic
inflammation and shunting of elemental iron from erythro-
blasts to macrophages.

Haemolytic anaemia as detected by the Coombs’
test is another rare feature of SLE. Autoimmune
thrombocytopenia occasionally manifests simultaneously
with haemolytic anaemia; condition known as Evan’s
syndrome.

Thrombocytopenia (platelet count <100 � 109/l) and
persistent leucopenia (<4.0� 109/l) are also frequent in SLE.

Other non-specific manifestations such as fever,
lymphadenopathy, hair loss and Raynaud’s phenomenon
are all commonly found in SLE patients. Fever in lupus
patients may be striking and often requires extensive
investigation to exclude concurrent infection.

Lymphadenopathy may also be dramatic in SLE, to
such an extent that lymph node biopsy may have to be
performed to exclude malignancy.

Serological Features

When there is a strong clinical suspicion that a patient
has SLE, the ANA is the best laboratory test to obtain,
although these antibodies may also be present in healthy
individuals, mainly in old age, and in a multitude of other
diseases, such as chronic infection, chronic liver disease and
other autoimmune rheumatic diseases (13). In some cases,
the ANA may be positive even before the diagnosis of
SLE (7). ANA has been detected by immunofluorescence
microscopy (IFM) initially on rodent tissues of varying
types, such as mouse kidney and rat liver. Currently the
most widely described technique is IFMonHEp-2 cells that
remains the test of choice.Many patterns of IFM onHEp-2
cells are recognized (Table 1.3), but not all of these patterns
occur in SLE. The pattern of staining often reflects the
predominant antibody present in the serum. Specific

IFM patterns of ANA, like anti-centromere pattern,
are associated with Raynaud’s phenomenon and limited
scleroderma. Sera with ANA that gives a homogenous
nuclear or a speckled staining pattern need to be charac-
terized for specific individual antigens (SS-A/Ro, SS-B/La,
Sm, RNP, ds-DNA, etc) in order to obtain clinically useful
information. A nuclear homogeneous pattern is typically
produced by anti-histone antibodies whilst anti-RNP,
anti-Sm, anti-Ro and anti-La antibodies can produce a
nuclear speckled pattern. Anti-dsDNA antibodies can give
a rim and peripheral pattern and anti-ribosomal P anti-
bodies make a cytoplasmic pattern.
Double stranded DNA antibodies (anti-dsDNA) have

been considered useful and valuable in the diagnosis of
SLE. Testing for anti ds-DNA is useful in establishing the
diagnosis of SLE. In fact, 60 to 80 % of SLE patients have
positive tests by the Farr, Chritidia or ELISA assays at
some time during their illness. Some studies suggest a strong
correlation between increasing levels of anti-dsDNA and a
subsequent flare, particularly of renal disease.
Sm antibodies are very specific for SLE and they are

considered one of the classification criteria along with
ANA and anti ds-DNA (2), however, monitoring their
levels is of limited value in the care of lupus patients in
clinical practice. Serial determinations have shown limited
antibody level variation over time in most patients.
Anti-Ro (SS-A) and anti-La (SS-B) antibodies are

associated with the neonatal lupus syndrome and subacute
cutaneous lupus and anti-60 kDa Ro antibodies have
been reported to be in close association with leucopenia,
thrombocytopenia, interstitial pneumonitis and vaculitis.
Numerous studies have shown a strong correlation

between anti-C1q and lupus nephritis. Anti-C1q are useful
to identify SLE patients at risk for renal disease and
monitoring anti-C1q titres is potentially more helpful in
the early diagnosis of nephritis or prediction of renal flares
than the currently employed parameters of disease activity
(14). However, testing for these antibodies is still not
routinely done in all centres.
Other autoantibodies such as those directed to chromatin

have been shown to be sensitive and specific for SLE and
drug-induced lupus. The presence of these antibodies has
been related to renal involvement and in less proportion to
hematologicalmanifestations, arthritis,malar rash, pleuritis
and oral ulcers (15). High titres of antinucleosome anti-
bodies are reported in 60–80%of patients with lupus disease
activity and renal involvement. They have also been found
in some patients who were negative for anti-dsDNA and
suggested to be a better predictor factor than anti-dsDNA
antibodies for future flare (16). They are not widely avail-
able in routine clinical laboratories, and hence yet their
value in daily clinical practice remain unknown.
Although anti-ribosomal P antibodies have been sug-

gested to be specific markers for psychiatric manifestations
of SLE, particularly psychosis and depression, data

TABLE 1.3. Patterns of immunofluorescence on HEp-2 cells.

Pattern on IFM

Suggested antigen

specificity Related diseases

Homogeneus DNA SLE

Diffuse Histone DIL, SLE

Peripheral (rim) dsDNA SLE

Speckled-Coarse Sm, U1-RNP SLE,SS overlap

Speckled-Fine Ro, La SS, SCLE, CHB, NL

Centromere (46 dots) CENP CREST

Nucleolar-Speckled Scl-70, RNA

polymerase 1

Scl

Nucleolar-

Homogeneus

Pm-Scl, Ku Scl, PM-Scl-SLE

Cytoplasmic Ribosomal P Protein SLE

CHB, Congenital Heart Block; CREST, Limited scleroderma; DIL, Drug

Induced Lupus NL, Neonatal Lupus; PM, Polymyositis; Scl, Sclero-

derma; SCLE, Subacute Cutaneous Lupus; SLE, Systemic Lupus Erythe-

matosus; SS, Sjögren’s Syndrome.
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available in the literature is controversial. Although some
studies have confirmed the association of anti-ribosomal P
antibodies with neuropsychiatric manifestations, an inter-
national meta-analysis combining standardized data from
1.537 lupus patients from 14 research teams has shown no
association at all (17).

aPL are present in around one third of patients with
SLE. In clinical practice, anticardiolipin antibodies (aCL)
detected by ELISA and the lupus anticoagulant (LA)
detected by clotting assays are the most widely used and
standardised tests for the detection of aPL. However, the
aPL family has expanded and recently, a variety of plasma
proteins, also known as phospholipid binding proteins,
have been implicated as targets for aPL. These include
b2 glycoprotein I (b2GPI), prothrombin, protein C,
protein S, annexin V, kininogens and factor XII (18). The
presence of these antibodies is associated with recurrent
arterial and/or venous thrombosis and pregnancy mor-
bidity manifested by early and/or late losses. This will be
discussed in detail in another chapter.

Diagnosis of SLE

The clinical diagnosis of SLE hinges on careful and very
thorough assessment of the presenting clinical features,
examination of all the organ systems and selected investi-
gations. Symptoms often occur intermittently and cumu-
latively over many months and years. Many non-specific
features, such as oral ulcers, arthralgia, hair fall, Raynaud’s
phenomenon, photosensitive rashes, pleuritic chest pains,
headaches, fatigue, fevers and lymphadenopathy, may indi-
cate presenting features of the disease. Thorough clinical
examination and routine blood and urine analysis are
mandatory. Blood count abnormalities such as anaemia,
neutropenia, lymphopenia and thrombocytopenia are also
common.

The objective assessment of lupus has depended on a
number of disease activity scoring systems which usually
give a single numeric value. The British Isles Lupus Assess-
ment Group (BILAG) is emerging as a useful tool in clinical
trials as it describes disease activity based on the physician’s
intention to treat and also gives a clear picture of affected
organs and systems. It has recently undergone revision and
is being validated (19). Other disease activity scoring sys-
tems have also been updated including the SLEDAI 2K and
an adjusted mean SLEDAI-AMS that describes disease
activity over time.

Damage describes irreversible events resulting from lupus
disease activity and its treatment. The Systemic Lupus
International Collaborating Clinics/American College of
Rheumatology (SLICC/ACR) Damage Index is validated
and widely used to describe damage (20). The link between
damage and an increased risk of morbidity and mortality is
now clear.

Conclusions

SLE is the most diverse of the autoimmune diseases,
characterised by a wide range of clinical features and the
production of multiple autoantibodies. The diagnosis is
based on the clinical features and the presence of a
wide variety of autoantibodies. A thorough assessment of
the presenting clinical features, examination of all the
organ systems and routine blood and urine analysis are
mandatory.
Although, the ACR classification criteria have been

established, these are specifically designed for research
studies and should not be used for diagnosing the disease.

References

1. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ,
Rothfield NF, Schaller JG, Talal N, Winchester RJ. The

1982 revised criteria for the classification of systemic lupus

erythematosus. Arthritis Rheum 1982; 25: 1271–7.
2. Hochberg MC. Updating the American College of Rheuma-

tology revised criteria for the classification of systemic lupus

erythematosus. Arthritis Rheum 1997; 40: 1725.
3. Gudmundsson S, SteinssonK. Systemic lupus erythematosus

in Iceland 1975 through 1984. A nationwide epidemiological
study in an unselected population. J Rheumatol 1990; 17:

1162–7.

4. Nived O, Sturfelt G, Wollheim F. Systemic lupus erythema-
tosus in an adult population in southern Sweden: Incidence,

prevalence and validity of ARA revised classification criteria.
Br J Rheumatol 1985; 24: 147–54.

5. Danchenko N, Satia JA, Anthony MS. Epidemiology of
systemic lupus erythematosus: A comparison of worldwide

disease burden. Lupus 2006; 15: 308–18.

6. LauCS, YinG,MokMY. Ethnic and geographical differences
in systemic lupus erythematosus: An overview.Lupus 2006; 15:

715–9.

7. Arbuckle MR, McClain MT, Rubertone MV, Scofield RH,
Dennis GJ, James JA, Harley JB. Development of autoantibo-

dies before the clinical onset of systemic lupus erythematosus.
N Engl J Med 2003; 349: 1526–33.

8. Weening JJ, D’Agati VD, Schwartz MM, Seshan SV,
Alpers CE, Appel GB, Balow JE, Bruijn JA, Cook T,

Ferrario F, Fogo AB, Ginzler EM, Hebert L, Hill G,

Hill P, Jennette JC, Kong NC, Lesavre P, Lockshin M,
Looi LM, Makino H, Moura LA, Nagata M. The classifica-

tion of glomerulonephritis in systemic lupus erythematosus

revisited. J Am Soc Nephrol 2004; 15: 241–50.
9. Sanna G, Bertolaccini ML, Cuadrado MJ, Khamashta MA,

Hughes GR. Central nervous system involvement in

the antiphospholipid (Hughes) syndrome. Rheumatology

(Oxford) 2003; 42: 200–13.
10. ACR ad hoc commitee on neuropsychiatric lupus nomencla-

ture. The American College of Rheumatology nomenclature

and case definitions for neuropsychiatric lupus syndromes.
Arthritis Rheum 1999; 42: 599–608.

11. Sanna G, Bertolaccini ML, Cuadrado MJ, Laing H,

KhamashtaMA,Mathieu A, Hughes GRV. Neuropsychiatric

1. Systemic Lupus Erythematosus 7



manifestations in systemic lupus erythematosus: Prevalence
and associationwith antiphospholipid antibodies. J Rheumatol

2003; 30: 985–92.

12. Lampropoulos CE, Koutroumanidis M, Reynolds PP,
Manidakis I, Hughes GR, D’Cruz DP. Electroencephalo-
graphy in the assessment of neuropsychiatric manifestations

in antiphospholipid syndrome and systemic lupus erythema-

tosus. Arthritis Rheum 2005; 52: 841–6.
13. AlbaP,BertolacciniML,KhamashtaMA.Theuse of laboratory

methods in differential diagnosis and treatment of SLE and anti-

phospholipid syndrome. Exp Rev Clin Immunol 2007; 3: 613–22.
14. Marto N, Bertolaccini ML, Calabuig E, Hughes GR,

Khamashta MA. Anti-C1q antibodies in nephritis: Corre-
lation between titres and renal disease activity and positive

predictive value in systemic lupus erythematosus.Ann Rheum

Dis 2005; 64: 444–8.
15. Gomez-Puerta JA,BurlingameRW,CerveraR.Anti-chromatin

(anti-nucleosome) antibodies. Lupus 2006; 15: 408–11.
16. Su Y, Jia RL, Han L, Li ZG. Role of anti-nucleosome

antibody in the diagnosis of systemic lupus erythematosus.
Clin Immunol 2007; 122: 115–20.

17. Karassa FB, AfeltraA,Ambrozic A, ChangDM,DeKeyser F,

Doria A, Galeazzi M, Hirohata S, Hoffman IE, Inanc M,

Massardo L, Mathieu A, Mok CC, Morozzi G, Sanna G,
Spindler AJ, Tzioufas AG, Yoshio T, Ioannidis JP. Accuracy

of anti-ribosomal P protein antibody testing for the diagnosis

of neuropsychiatric systemic lupus erythematosus: An inter-
national meta-analysis. Arthritis Rheum 2006; 54: 312–24.

18. Bertolaccini ML, Khamashta MA. Laboratory diagnosis and

management challenges in the antiphospholipid syndrome.

Lupus 2006; 15: 172–8.
19. Isenberg DA, Rahman A, Allen E, Farewell V, Akil M,

Bruce IN, D’Cruz D, Griffiths B, Khamashta M,

Maddison P, McHugh N, Snaith M, Teh LS, Yee CS,
Zoma A, Gordon C. BILAG 2004. Development and

initial validation of an updated version of the British
Isles Lupus Assessment Group’s disease activity index for

patients with systemic lupus erythematosus. Rheumatology

(Oxford) 2005; 44: 902–6.
20. Gladman DD, Urowitz MB, Goldsmith CH, Fortin P,

Ginzler E, Gordon C, Hanly JG, Isenberg DA,
Kalunian K, Nived O, Petri M, Sanchez-Guerrero J,

Snaith M, Sturfelt G. The reliability of the Systemic Lupus
International Collaborating Clinics/American College of

Rheumatology Damage Index in patients with systemic

lupus erythematosus. Arthritis Rheum 1997; 40: 809–13.

8 Bertolaccini et al.



2
Antiphospholipid Syndrome

Ricard Cervera and Ronald A. Asherson

Abstract The antiphospholipid syndrome (APS) is defined by the occurrence of venous and arterial thromboses, often
multiple, and recurrent fetal losses, frequently accompanied by a moderate thrombocytopenia, in the presence of
antiphospholipid antibodies (aPL). Some estimates indicate that the incidence of the APS is around 5 new cases
per 100,000 persons per year and the prevalence around 40–50 cases per 100,000 persons. The prevalence is higher
among patients with systemic lupus erythematosus (around 30%), deep vein thrombosis (30%), stroke in younger than
50 year-old (25%), and recurrent fetal losses (10%).

The original classification criteria for the APS were formulated at a workshop in Sapporo, Japan, in 1998, during the
8th International Congress on aPL. The Sapporo criteria, as they are often called, were revised at another workshop in
Sydney, Australia, in 2004, during the 11th International Congress on aPL. At least one clinical (vascular thrombosis or
pregnancy morbidity) and one laboratory (anticardiolipin antibodies, lupus anticoagulant or anti-b2-glycoprotein
I antibodies) criterion had to be met for the classification of APS.

Keywords Antiphospholipid syndrome � anticardiolipin antibodies � lupus anticoagulant � catastrophic
antiphospholipid syndrome

The antiphospholipid syndrome (APS) is defined by the

occurrence of venous and arterial thromboses, often mul-

tiple, and recurrent fetal losses, frequently accompanied
by a moderate thrombocytopenia, in the presence of

antiphospholipid antibodies (aPL), namely lupus antic-

oagulant (LA), anticardiolipin antibodies (aCL), or anti-b2
glycoprotein-I (b2GPI) antibodies. The APS can be

found in patients having neither clinical nor laboratory
evidence of another definable condition (primary APS)

or it may be associated with other diseases, mainly

systemic lupus erythematosus (SLE) (1) (Table 2.1).

Rapid chronological occlusive events, occuring over

days to weeks, have been termed the catastrophic APS

(Asherson’s syndrome) (2, 3). The new umbrella term

microangiopathic APS (4) should be considered for

several groups of patients with aPL-associated micro-

vascular occlusions, e.g. retinal vascular thromboses,

dermatological lesions, nailfold splinter hemorrhages

or bowel ischemia (proven) as well as hearing loss or

osteonecrosis (unproven).

Epidemiology

Prevalence of the aPL in the general population ranges

between 1 and 5%. However, only a minority of these

individuals develop the APS. Some estimates indicate
that the incidence of the APS is around 5 new cases per

100,000 persons per year and the prevalence around 40–50
cases per 100,000 persons. The prevalence is higher among

patients with SLE (around 30%), deep vein thrombosis

(30%), stroke in younger than 50 year-old (25%), and

recurrent fetal losses (10%) (5).
The prevalence of the catastrophic APS is scarce (less

than 1% of all cases of APS) (6) but its potentially lethal
outcome emphasizes its importance in clinical medicine

today. In order to put together all the published case

reports as well as the new diagnosed cases from all over
the world, an international registry of patients with

catastrophic APS (‘‘CAPS Registry’’) was created in 2000

by the European Forum on Antiphospholipid Antibodies.
Currently, it documents the entire clinical, laboratory

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_2,
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and therapeutic data of more than 300 patients whose
data has been fully registered. This registry can be freely
consulted at the Internet (www.med.ub.es/MIMMUN/
FORUM/CAPS.HTM) (7).

History

The association of thrombosis, recurrent fetal losses and
thrombocytopenia with the LA phenomenon was observed
in early publications in the 60’s, but it was not until 1983
that Graham R.V. Hughes linked major cerebral disease
(e.g. recurrent strokes) with abortions and the LA in an
editorial published in the British Medical Journal (8). The
original concept of the APS, however, has been expanded
over the years and now includes diverse complications as
heart valve lesions, adrenal insufficiency and even avascular
necrosis of bone, among many others (5).

Pathogenesis

Despite the strong association between aPL and thrombo-
sis, the pathogenic role of aPL in the development of
thrombosis has not been fully elucidated. Available data
indicate that many of the autoantibodies associated with
APS are directed against a number of plasma proteins and
proteins expressed on, or bound to, the surface of vascular
endothelial cells or platelets. The involvement of aPL in
clinically important normal procoagulant and anticoagu-
lant reactions and on certain cells altering the expression

and secretion of various molecules may offer a basis for
definitive investigations of possible mechanisms by which
aPL may develop thrombotic events in patients with APS
(Table 2.2) (9).

Clinical manifestations

The clinical picture of the APS is characterized by venous
and arterial thromboses, fetal losses and thrombocytopenia.
Single vessel involvement or multiple vascular occlusions
may give rise to a wide variety of presentations (Table 2.3)
(6). Any combination of vascular occlusive events may occur
in the same individual and the time interval between them
also varies considerably fromweeks tomonths or even years.

Laboratory abnormalities

A wide variety of laboratory abnormalities can be found in
patients with APS, depending on the organ involvement.
The most common immunological features are depicted in
Table 2.4.Detection of the LAmust be performed according
to the guidelines of the International Society on Thrombosis
and Hemostasis (Scientific Subcommittee on Lupus Anti-
coagulants/Phospholipid-Dependent Antibodies) (10).

Classification criteria

The original classification criteria for the APS were formu-
lated at a workshop in Sapporo, Japan, in 1998, during the
8th International Congress on aPL. The Sapporo criteria, as

TABLE 2.2. Possible pathogenic mechanisms of the aPL.

Inhibition of anticoagulant reactions:

Inhibition of b2GPI anticoagulant activity

Inhibition of the protein C pathway

Inhibition of protein C activation

Inhibiton of activated protein C

Inhibition of antithrombin activity

Displacement of annexin A5

Cell-mediated events:

On endothelial cells:

Enhanced endothelial cell procoagulant activity

Expression of tissue factor

Expression of adhesion molecules

Impaired fibrinolysis

Dysregulation of eicosanoids

Decreased endothelial cell prostacyclin production

Increased platelet thromboxan A2 production

On monocytes:

Expression of tissue factor

On platelets:

Enhanced platelet activation/aggregation

TABLE 2.1. Diseases where aPL have been described.

Systemic autoimmune diseases: Systemic lupus erythematosus,

rheumatoid arthritis, systemic sclerosis, primary Sjogren’s syndrome,

dermato- and polymyositis, vasculitis (polyarteritis nodosa,

microscopic polyarteritis, giant cell arteritis, Behçet’s disease, relapsing

polychondritis, leucocytoclastic vasculitis. . .).

Infections: Viral (HIV infection, mononucleosis, rubella, parvovirus,

hepatitis A, B, C, mumps), bacterial (syphilis, Lyme disease,

tuberculosis, leprosy, infective endocarditis, rheumatic fever,

Klebsiella), protozoal (malaria, toxoplasmosis).

Malignancies: Solid tumors (lung, colon, cervix, prostate, liver, kidney,

thymus, esophagus, maxilla, ovary, breast), hematologic (myeloid and

lymphatic leukemias, polycythemia vera, myelofibrosis),

lymphoproliferative diseases (Hodgkin’s disease, non-Hodgkin’s

lymphoma, lymphosarcoma, cutaneous T-cell lymphoma/Sezary

syndrome), paraproteinemias (monoclonal gammapathies,

Waldenström macroglobulinemia, myeloma).

Non-malignant hematologic conditions: Idiopathic thrombocytopenic

purpura, sickle cell disease, pernicious anemia.

Drugs: Procainamide, phenothiazines, ethosuximide, chlorothiazide,

quinine, oral contraceptives.

Other conditions: Diabetes mellitus, autoimmune thyroid disease,

inflammatory bowel diseases, dialysis, Klinefelter’s syndrome, Ehlers-

Danlos syndrome.
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they are often called, were revised at another workshop in

Sydney, Australia, in 2004, during the 11th International

Congress on aPL, and published as a consensus statement

in 2006 (Table 2.5) (11). At least one clinical (vascular

thrombosis or pregnancy morbidity) and one laboratory

(aCL, LA or anti-b2GPI antibodies) criterion had to be

met for the classification of APS. In addition to these APS

classification criteria, the consensus paper provides specific

definitions for commonly associated clinical manifestations

of APS (namely, livedo reticularis, cardiac valve disease,

thrombocytopenia and nephropathy) (11).
The preliminary classification criteria for catastrophic

APS were formulated at a workshop in Taormina, Italy, in

2002, during the 10th International Congress on aPL, and

published as a consensus statement in 2003 (Table 2.6) (12).

TABLE 2.3. Most common manifestations in the APS, according
to the ‘‘Euro-Phospholipid Project’’ that includes 1000 European

patients with this syndrome (5).

Manifestations %

Peripheral thrombosis

Deep vein thrombosis 38.9

Superficial thrombophlebitis in legs 11.7

Arterial thrombosis in legs 4.3

Venous thrombosis in arms 3.4

Arterial thrombosis in arms 2.7

Subclavian vein thrombosis 1.8

Jugular vein thrombosis .9

Neurologic manifestations

Migraine 20.2

Stroke 19.8

Transient ischemic attack 11.1

Epilepsy 7

Multiinfarct dementia 2.5

Chorea 1.3

Acute encephalopathy 1.1

Transient amnesia .7

Cerebral venous thrombosis .7

Cerebellar ataxia .7

Transverse myelopathy .4

Hemiballismus .3

Pulmonary manifestations

Pulmonary embolism 14.1

Pulmonary hypertension 2.2

Pulmonary microthrombosis 1.5

Fibrosant alveolitis 1.2

Other (adult respiratory distress syndrome, pulmonary

hemorrhage, pulmonary artery thrombosis)

.7

Cardiac manifestations

Valve thickening/dysfunction 11.6

Myocardial infarction 5.5

Angina 2.7

Myocardiopathy 2.9

Vegetations 2.7

Coronary by-pass rethrombosis 1.1

Intracardiac thrombus .4

Intraabdominal manifestations

Renal manifestations (glomerular thrombosis, renal infarction,

renal artery thrombosis, renal vein thrombosis)

2.7

Gastrointestinal manifestations (esophageal or mesenteric

ischemia)

1.5

Splenic infaction 1.1

Pancreatic infarction .5

Addison’s syndrome .4

Hepatic manifestations (Budd-Chiari syndrome, small hepatic

vein thrombosis)

.7

Cutaneous manifestations

Livedo reticularis 24.1

Ulcers 5.5

Pseudovasculitic lesions 3.9

Digital gangrene 3.3

Cutaneous necrosis 2.1

Splinter hemorrhages .7

Oteo-articular manifestations

Arthralgia 38.7

Arthritis 27.1

Avascular necrosis of bone 2.4

Ophthalmologic manifestations

Amaurosis fugax 5.4

Retinal artery thrombosis 1.5

TABLE 2.4. Most common immunological findings in the APS,

according to the ‘‘Euro-Phospholipid Project’’ (5).

Parameter %

aCL 87.9

IgG and IgM aCL 32.1

IgG aCL alone 43.6

IgM aCL alone 12.2

LA 53.6

LA alone 12.1

LA and aCL 41.5

ANA 59.7

Anti-dsDNA 29.2

Anti-Ro/SS-A 14

Anti-La/SS-B 5.7

Anti-RNP 5.9

Anti-Sm 5.5

RF 7.8

Cryoglobulins 3.6

TABLE 2.3. (Continued)

Manifestations %

Retinal vein thrombosis .9

Optic neuropathy 1

E.N.T. manifestations

Nasal septum perforation .8

Hematological manifestations

Thrombocytopenia (<100,000/ml) 29.6

Hemolytic anemia 9.7

Obstetric manifestations (pregnant female=590)

Pre-eclampsia 9.5

Eclampsia 4.4

Abruptio placentae 2

Post-partum cardio-pulmonary syndrome .5

Fetal manifestations (pregnancies=1580)

Early fetal losses (<10weeks) 35.4

Late fetal losses (�10weeks) 16.9

Live births 47.7

Prematures 10.6
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TABLE 2.5. Revised classification criteria for the APS.

Clinical criteria

1. Vascular thrombosisa

One or more clinical episodes of arterial, venous, or small vessel thrombosis, in any tissue or organ. Thrombosis must be confirmed by imaging or

Doppler studies or histopathology, with the exception of superficial venous thrombosis. For histopathologic confirmation, thrombosis should be

present without significant evidence of inflammation in the vessel wall.

2. Pregnancy morbidity

(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, with normal fetal morphology

documented by ultrasound or by direct examination of the fetus, or

(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of: (a) eclampsia or severe

preeclampsia defined according to standard definitions, or (b) recognised features of placental insufficiencyb, or

(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal anatomic or hormonal

abnormalities and paternal and maternal chromosomal causes excluded.

In studies of populations of patients who have more than one type of pregnancy morbidity, investigators are strongly encouraged to stratify groups of

subjects according to a, b, or c above.

Laboratory criteriac

1. Anticardiolipin antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titer (i.e. >40GPL or MPL, or >the 99th

percentile, or >mean þ 3SD of 40 healthy controls), on 2 or more occasions, at least 12weeks apart, measured by a standardized enzyme-linked

immunosorbent assay.

2. Lupus anticoagulant present in plasma, on 2 or more occasions at least 12weeks apart, detected according to the guidelines of the International

Society on Thrombosis and Hemostasis (Scientific Subcommittee on Lupus Anticoagulants/Phospholipid-Dependent Antibodies).

3. Anti-b2 glycoprotein-I antibody of IgG and/or IgM isotype in serumor plasma, present on 2 ormore occasions, at least 12weeks apart, measured by a

standardized enzyme-linked immunosorbent assay, according to recommended procedures.
l Definite antiphospholipid antibody syndrome is present if at least one of the clinical criteria and onec of the laboratory criteria are met, with the first

measurement of the laboratory test performed at least 12weeks from the clinical manifestationd.

aCoexisting inherited or acquired factors for thrombosis are not reason for excluding patients fromAPS trials. However, two subgroups of APS patients

should be recognized, according to: (a) the presence, and (b) the absence of additional risk factors for thrombosis. Indicative (but not exhaustive) such

cases include: age (>55 in men, and >65 in women), and the presence of any of the established risk factors for cardiovascular disease (hypertension,

diabetes mellitus, elevated LDL or low HDL cholesterol, cigarette smoking, family history of premature cardiovascular disease, body mass index

�30 kg/m2, microalbuminuria, estimated GFR <60mL/min), inherited thrombophilias, oral contraceptives, nephrotic syndrome, malignancy, immo-

bilization, surgery. Thus, patients who fulfill criteria should be stratified according to contributing causes of thrombosis.
bGenerally accepted features of placental insufficiency include: (1) abnormal or non-reassuring fetal surveillance test(s), e.g., a non-reactive non-stress

test, suggestive of fetal hypoxemia, (2) abnormal Doppler flow velocimetry waveform analysis suggestive of fetal hypoxemia, e.g., absent end-diastolic

flow in the umbilical artery, (3) oligohydramnios, e.g., an amniotic fluid index of 5 centimeters or less, or (4) a post natal birth weight less than the 10th

percentile for the gestational age.
c Investigators are strongly advised to classify APS patients in studies into one of the following categories:

I: More than one Laboratory criteria present (any combination)

II: Anti-cardiolipin antibody present alone

II: Lupus Anticoagulant present alone

II: Anti-b2 glycoprotein-I antibody present alone
dClassification of APS should be avoided if less than 12weeks or more than 5 years separate the positive aPL test and the clinical manifestation.

TABLE 2.6. Preliminary criteria for the classification of catastrophic APS.

1. Evidence of involvement of three or more organs, systems and/or tissuesa

2. Development of manifestations simultaneously or in less than a week.

3. Confirmation by histopathology of small vessel occlusion in at least one organ or tissueb.

4. Laboratory confirmation of the presence of antiphospholipid antibodies (lupus anticoagulant and/or anticardiolipin antibodies).c

aUsually, clinical evidence of vessel occlusions, confirmed by imaging techniques when appropriate. Renal involvement is defined by a 50% rise in

serum creatinine, severe systemic hypertension (>180/100mm Hg) and/or proteinuria (>500mg/24 h).
bFor histopathological confirmation, significant evidence of thrombosis must be present, although vasculitis may coexist occasionally.
c If the patient had not been previously diagnosed as having an APS, the laboratory confirmation requires that presence of antiphospholipid antibodies

must be detected on two ormore occasions at least 6weeks apart (not necessarily at the time of the event), according to the proposed preliminary criteria

for the classification of definite APS (9).

Definite catastrophic APS: All 4 criteria

Probable catastrophic APS:

- All 4 criteria, except for only two organs, systems and/or tissues involvement.

- All 4 criteria, except for the absence of laboratory confirmation at least 6weeks apart due to the early death of a patient never tested for aPL before the

catastrophic APS.

- 1, 2 and 4

- 1, 3 and 4 and the development of a third event in more than a week but less than a month, despite anticoagulation.
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Assessment of the Classification Criteria

The revised APS classification criteria (11) provide a more
uniform basis for selecting patients for APS research by
emphasising risk stratification. They strongly recommend
investigating coexisting inherited and acquired thrombosis
risk factors in patients with APS, especially in those who
are included in clinical trials. A recent assessment of the
2006 revised APS classification criteria has shown that
only 59% of the patients meeting the 1999 APS Sapporo
classification criteria met the revised criteria (13). There-
fore, it is expected that these revised criteria will have
positive implications in APS research by way of limiting
the inclusion of a heterogeneous group of patients and also
by providing a risk-stratified approach. Furthermore,
although the APS classification criteria are not meant for
clinical porpuses, they are the best available tool to avoid
overdiagnosis of APS in clinical practice.

Regarding the classification criteria for the catastrophic
APS, a recent validation study showed that they have a
sensitivity of 90.3%, a specificity of 99.4%, a positive
predictive value of 99.4% and a negative predictive value
of 91.1% (14).

Therapy

Elimination of aPL may be accomplished by several thera-
peutic regimens, including high dose steroid administration,
immunosuppression (e.g. cyclophosphamide) or plasma

exchange. The decrease or elimination is, however, tempo-
rary and antibodies rapidly return (within 1–3weeks) on

cessation of therapy. Therefore, therapy should not primarily

be directed at effectively reducing the aPL levels and the use

of immunotherapy is generally not indicated, unless required

for the treatment of the underlying condition, e.g. SLE, or in

acute life-threatening situations, such as the catastrophic

APS. The risk of recurrence of thrombosis is markedly

increased in the first 6months after discontinuation therapy,

suggesting a ‘‘rebound’’ phenomenon. Therefore, for patients

who have already experienced thrombotic events, life-long

treatment with anticoagulants is essential (15). However,

when the initial thrombotic event is ‘‘triggered’’ by a drug

(e.g. oral contraceptives) or trauma, long-term anticoagula-

tion may not really be necessary and antiaggregants, as well

as avoidance of the triggering factors, may indeed be suffi-

ciently effective for future thromboprophylaxis.
The thrombocytopenia occuring during the course of

the APS is usually mild and does not require any active

intervention. However, in a minority of cases it can be

severe and refractory to prednisone therapy. In these cases,

immunosuppressive therapy (e.g. azathioprine), danazol,

intravenous immunoglobulins or rituximabmay be effective.

The presence of moderate to severe thrombocytopenia in

patients with on–going thromboses is not a contraindication

for anticoagulation.
For the management of the catastrophic APS, an algo-

rithm has been proposed (Figure 2.1), including the prompt

use of heparin, high dose steroids, plasma exchange and/or

intravenous immunoglobulins (12).

Clinical suspicion of  catastrophic APS (i.e. 2 classification criteria)

Treatment of precipitating factors (i.e. antibiotics)

Life-threatening condition?

No Yes

a) Effective anticoagulation with a) Effective anticoagulation with
intravenous heparin intravenous heparin

+ b) High doses of steroids + b) High doses of steroids
+ c) IVIG AND/OR plasma exchange

Clinical improvement? Clinical improvement?

     Yes No Yes No

Steroids tapered Add other therapies:
+  Oral anticoagulants Cyclophosphamide (if SLE flare)

or Prostacyclin
or Fibrinolytics
or Defibrotide

FIGURE 2.1. Treatment algorithm of catastrophic

APS.

2. Antiphospholipid Syndrome 13



Prevention

In patients with aPL who have never suffered from a
thrombotic event (primary thromboprophylaxis), energetic
attempts must be made to avoid or to treat any associated
risk factors – e.g. antihypertensives, cholesterol-lowering
agents, treatment of active nephritis, avoidance of smoking
or sedentarism, etc. Care should be also taken with the
administration of oral contraceptives. There may be a
case for the prophylactic treatment of individuals with
high levels of IgG aCL or persistent LA activity with
antiaggregants (aspirin, 75–150mgr daily), specially in
those with added risk factors (16). However, a recently
published trial has not confirmed the benefits of aspirin in
the APS primary thromboprophylaxis (17). On the other
hand, prophylaxis of venous thrombosis is required for
patients undergoing surgical procedures (particularly hip
surgery), those requiring long stays in bed, or during the
puerperium. The use of low-molecular weight subcutaneous
heparin is recommended in those circumstances.

Low-dose aspirin (50–100mg daily) administered from
the begining of pregnancy until just prior to delivery is
the accepted standard for the prevention of fetal loss
today. This may be combined with daily subcutaneous
heparin in the face of previous fetal losses using aspirin
(18, 19). Warfarin administration should be discontinued
as soon as pregnancy is diagnosed, since it is teratogenic. In
addition, close monitoring of pregnancy with doppler
techniques, in order to detect early placental vascular
insufficiency, and delivery with the first signs of fetal
distress are mandatory (20).
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3
Rheumatoid Arthritis

Claudio Galarza-Maldonado, Loreto Massardo, Bernardo Pons–Estel and Mario H. Cardiel

Abstract Rheumatoid arthritis (RA) is a systemic, chronic inflammatory disease that is manifested in destructive
polyarthritis in association with serological evidence of autoreactivity. It is characterized by chronic pain and joint
destruction, premature mortality and an elevated risk of disability, with high costs for those suffering from this disease
and for society. If this condition is not treated, joint destruction from bone erosion can be expected, as well as progressive
inabilities, leading eventually to disability, after a time period that can vary from only a few months to many years,
depending on prognostic factors. A serious consequence for those suffering from this disease is the loss of their ability to
work, especially in the case of manual workers, since many of them lose their income during the first two years of their
illness (1). This situation contrasts with the statement asserting that RA is currently the most common potentially-
treatable cause of disability in the western world (2). This might be proven true if treatment would be given to patients
during the early stages of the disease – which is recommended in order to change the paradigm of RA therapy toward the
immediate application of new effective therapies or schemes combining these therapies.

New agents capable of inducing the remission of this disease have been introduced in clinical practice over the last
decade. These include anti-IL1 and anti-IL6 agents, TNFa blockers, B cell depleters and regulators of lymphocyte
co-stimulation.

Keywords Rheumatoid arthritis � early arthritis � biological therapy

Rheumatoid arthritis is clinically recognized as an inflam-
matory process affecting the joints, however the outstand-
ing number of extra-articular clinical manifestations
make this a systemic, autoimmune disease characterized
by different clinical patterns. The symptoms accompany-
ing the early stages of this disease may vary from one
individual to another, and this frequently makes early
diagnosis difficult.

Epidemiology

Rheumatoid arthritis (RA) is distributed universally.
There are no reports of areas or ethnic groups in which
this disease is not found, and its prevalence does not
appear to significantly vary among the groups studied. In
Latin America some studies were recently conducted on
the prevalence of RA in the population above the age of
15 years. In Mexico (3) a prevalence of 0.3% (95% CI:
0.1–0.6) was found in 2500 subjects. Similarly, the EPISER
study conducted in Spain found a prevalence of 0.5% (4).

Incidence

The figures reported are variable. The highest probable,

defined annual global incidence rate for RA is 90 cases/

100,000 inhabitants in a clinic in Holland. Studies in

Finland and Japan demonstrated estimated annual rates

of 42 cases/100,000 inhabitants, and 45 cases/100,000 inha-

bitants, respectively. A decrease in the incidence of RA

among women was observed in the last ten years of follow-

up (from 92/100,000 between 1960 and 1964, down to
40/100,000 in 1974) (5). The same downward tendency

was found between 1970 and 1982 among British females.
It has been stated that this diminishing, selective

tendency for females is due to the use and protecting effect

from contraceptives, the use of which was disseminated in

the mid 1960s. A change in the pattern of illness toward

less severity, as suggested in retrospective studies, receives

less support in recent literature, which underscores that the

long-term clinical course of this disease has changed very

little. It is worth commenting that there is consistent infor-
mation in the literature on cigarette smoking and an

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_3,

� 2008 Humana Press, Totowa, NJ
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increased risk of suffering from rheumatoid arthritis.
Mortality: the severity of the disease is associated with
shared epitope (SE). All human leukocyte antigen (HLA)-
DRB1 alleles associated with rheumatoid arthritis encode a
conserved amino acid sequence (QKRAA, QRRAA, or
RRRAA) at position 70–74 in the third hypervariable
region (HVR3) of the DRbeta(1) chain, which is commonly
called the shared epitope.

The global causes of death are similar to the general US
population. Some studies mention an excess of deaths
from infections, renal and gastrointestinal diseases. Gen-
erally, differences are not observed in the frequency of
malignant neoplasias in relation to the general population.
RA patients die younger than the general population, and
this has been observed between the third and tenth years
following baseline observation.

Among the factors associated withmortality, the follow-
ing risk factors for premature death have been identified by
different studies and study designs: advanced age, male,
greater functional impairment, positive rheumatoid factor,
number of swollen joints, co-morbidity and low level of
formal education. The economic impact of arthritis is
clearly evident. Females with symmetrical polyarthritis
earned 26.5% of the wages received by females without
arthritis, while males received 47.5% of the wages earned
bymales without arthritis In Spain the annual average cost
was US $10,419.00. Predictors of the high costs were the
HAQ disability index, not being able to carry out house-
hold tasks, and not being able to work (6).

Pathogenesis

There are different effector pathways and cellular groups
involved in the cascade of events leading to the initiation,
progression and persistence of the autoinflammatory reac-
tion produced by the irreversible destruction of joint tissue.
The perpetuation of the rheumatoid process depends on
the involvement of different cellular lines, including synovial
cells (such as fibroblast and endothelial and perivascular
cells), macrophages, dendritic cells and other immunocom-
petent cells such as T and B lymphocytes (7).

The inflammatory process and subsequent joint destruc-
tion are mediated by the activation of intracellular signal-
ing pathways that stimulate the production of cytokines
such as IL-1, TNFa, chemokines, growth factors and
adhesion molecules. Adipocytokines are periarticular fac-
tors that contribute toward maintaining joint inflamma-
tion and that increase the destructive potential of synovial
fibroblasts. Adipocytokines such as adiponectin and
resistin are found in rheumatoid synovial tissue and may
have proinflammatory, destructive effects on the synovial
matrix (8).

Elevated concentrations of proinflammatory cytokines
such as IL-1 and TNFa are found in both serum and

synovial fluid of patients with active disease, in compar-
ison to controls. These cytokines stimulate the release of
metalloproteinases by fibroblasts, osteoclasts and condro-
cytes (9). They also stimulate the expression of adhesion
molecules in endothelial cells, increasing the recruitment of
neutrophils in joints. These neutrophils release elastases
and proteases that degrade proteoglycans in the superficial
layer of articular cartilage.
Aside from their local effects, these proinflammatory

cytokines manage to enter the bloodstream and are distrib-
uted throughout the entire organism, generating both con-
stitutional symptoms and extra-articular manifestations.
Genetic predisposition is significant and is a fundamen-

tal determinant in susceptibility to RA. There is concor-
dance between monozygotic twins and a well-defined
family predisposition.

Clinical Manifestations

Articular Manifestations

Symmetrical inflammation of large and small articulations
accompanied by morning stiffnes are common symptoms
of rheumatoid arthritis. Nearly all patients have wrist and
hand joints involvement. Compromised metacarpopha-
langic joints in the initial stages of the disease can lead to
an early diagnosis.
In general, any joint can be affected by the disease, and

progressive joint damage is accompanied by a diminished
quality of life – which can cause varying degrees of func-
tional disability.

Extra-Articular Manifestations

The disease can affect different organs and systems
(Table 3.1).

Pathological Features

Early changes in rheumatoid synovial tissue are mani-
fested in hyperplasia of synovial lining cells (SLC),
edema, vascular proliferation and lymphocyte infiltration.
The pathological changes in asymptomatic articulations
include SLC hyperplasia with T CD4þ cell infiltration.
B cells are scarce, and vascular proliferation and fibrin
deposition are infrequent. In symptomatic joints, the his-
tology of synovial tissue reveals vascular proliferation,
polymorphonuclear cell infiltration and fibrin deposition.
Vascular proliferation is measured by the production
of vascular endothelial growth factors, fibroblastic
growth factors, IL-8 and monocyte chemotactic protein
(MCP-1) (10).
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TABLE 3.1. Extra-articular manifestations.

Type of manifestation Observations and references

I. Hematopoietic system

a. Anemic syndrome 50% males, 60–65% females

b. Thrombocytosis 5–10%, Zvaifler et al. (11) May vary according to series, 12–52%; does not predispose to thrombosis

c. Thrombocytopenia Only exceptional cases

d. Eosinophilia >4% 12.7%. Up to 40% has been observed. More than 5% associated with MEAR and late appearance

e. Leucopenia Only exceptional cases

II. Reticuloendothelial system

A. Red cell aplasia Only exceptional cases

B. Adenomegalia 29%, Zvaifler et al. (11) (118). 82%, non-rigorous studies

III. Subcutaneous nodules 20–30% in seropositive patients, Zvaifler et al. (11) 27%, Massardo et al. (12)

IV. Cardiovascular system

A. Heart attack Is rare. Coronary vasculitis Autopsies 15–20%. Anecdotal clinical series

B. Valvular disease 25% with alteration in mitral valve. Autopsies 6–62%. Anecdotal clinical series

C. Mesenteric thrombosis Only exceptional cases

D. Pericardial effusion Pericarditis in active RA 10%. Autopsy 40%. Necropsy 11–50%. Clinical series 1.6–2.4%

E. Sinus bradycardia Conduction disorder. Autopsy: unknown. Clinical series 8–10%.

F. Myocarditis Diffuse-unspecified endothelial compromise

V. Rheumatoid vasculitis <1% in most studies. Is more frequent in males, 15 of 50 patients reported by Scott et al. (13) died before 5 years of

follow-up. 8% Digital vasculitis. 8% Chilean population, Massardo et al. (12)

VI. Respiratory apparatus

A. Upper Cricoaritenoides 50% in autopsies. 72.25% in patients with active RA

B. Lower

1. Pleural effusion Prevalence <5%, Jurik et al. (14); Joseph et al. (15) More common in males than in females. 21% of 516 patients in the

course of evolution. Postmortem, 40–75%

2. Diffuse interstitial

fibrosis

1.6% of patients with RA. 41% of 41 patients with alteration in diffusion capacity. 47% with normal thorax X-ray.

Zvaifler et al. (11), Anaya et al. (15)

3. Bronchiolitis Report on cases associated with medication: Metotrexate, D-Penicilin

4. Kaplan Syndrome 2–6%, Shannon et al. (16)

VII. Neurological

A. Compression neuropathy

1. Carpal tunnel syndrome 56 cases out of 627 patients. Zvaifler et al. (11) From electromyography (EMG): 50% of patients with RA; 30% are

symptomatic

2. Tarsal tunnel syndrome 15–25% from EMG; few are symptomatic

B. Angiopathic

neuropathy

4 out of 627 patients. Sensitive-motor neuropathy

C. Autonomic neuropathy Only exceptional cases

VIII. Eye

A. Episcleritis 0.17%

B. Scleritis 0.67%

C. Uveitis Anecdotal. Occurs as a complication of scleritis

D. Brown Syndrome Only exceptional cases

IX. Sjögren syndrome 14.3%. 29% in Chile, Massardo et al. (12)

Keratoconjunctivitis sicca 11 to 35%

X. Muscular compromise

A. Muscular weakness Evident in 80%. Evidence of diminishing I and II fibers in immobilized muscle 25–30%

B. Vasculitis in muscle Biopsies 9%, Sokoloff.

XI. Renal compromise 7.9% die from non-specific chronic nephritis, Laakso et al. (17) 5.3% die from uremia. Boers et al. (18)

XII. Gastrointestinal

compromise

No specific injury. Few cases of amyloidosis. Few reports of arteritis in celiac arteries.

XIII. Felty Syndrome Variable in published series. 1.89% in Chile by Massardo et al. (12)

XIV. Still Syndrome Variable in published series. Less than 1%

XV. Amyloidosis 3.3 to 60%, according to autopsy series prior to 1970. Prevalence of 13.3% between 1935 and 1954. Missen et al.

Anaya et al. (19)

3. Rheumatoid Arthritis 17



Serological Features

Typically, serological markers such as sedimentation rate
and reactive C protein are used to measure the disease
activity. Reumatoid factor and other autoantibodies that
can serve as useful serological markers for establishing the
diagnosis and prognosis of the disease.

Until recently, the serum determination of the rheumatoid
factor – an immunoglobulin aimed at the constant fraction
(cF) of IgG immunoglobulins – was the only test used in the
study of this pathology. In fact, the presence of this immu-
noglobulin is considered as a classification criterion for
the illness (20).

Nevertheless, the rheumatoid factor is not highly sensitive
or specific (sensitivity 66%, specificity 87%) (21), and can
be found in other autoimmune illnesses, neoplasic illnesses,
chronic infections, and even in healthy persons (22).

Re-introducing the measurement of antibodies against
cyclic citrullinated peptides derived from filagrin (anti-
CCP1) (23) has contributed as a valuable instrument
which, when used together with the rheumatoid factor
(RF), provides important information regarding the prog-
nosis of the disease. The presence of these antibodies has
been associated with the development of erosions (24).
Ideally, RF and anti-CCP measurements are recom-
mended for patients suspected of having RA. These mea-
surements provide valuable information regarding the
risk factors of patients, since those who test serologically
positive for one or both of these factors are at greater risk
for developing a chronic erosive inflammatory disease.

Diagnostic Criteria

With the objective of distinguishing rheumatoid arthritis
from other types of arthritis, the American Rheumatism
Association developed classification criteria for this illness
(25). The criteria are useful in the case of established RA,
providing 91–94% sensitivity and 89% specificity for diag-
nosing this illness. However, the criteria are not sufficiently
reliable when applied to patients with early arthritis. Con-
sequently, the criteria are useful for standardizing patients
and for determining their inclusion in clinical studies,
however they may be less useful in making decisions
regarding a clinical diagnosis.

Prognosis

The objective of RA therapy is to rigorously control
inflammation, in order to prevent the illness from advan-
cing, and thus help patients avoid becoming disabled. To
reach this objective, it is necessary to diagnosis the illness
early, identify patients with the highest probability of rapid

progression, and initiate more intensive therapy with
patients having this more severe prognosis. The recognized
factors indicating amore severe prognosis for patients with
early RA are a large number of swollen joints, high PCR
or high sedimentation rate levels from the beginning, a
positive rheumatoid factor (RF) together with anti-CCP
antibodies, the development of erosions discovered early
through magnetic resonance images, serious functional
disability observed, limited formal education and adverse
socioeconomic conditions, plus cigarette smoking (26).

Therapy

‘‘Window of Opportunity’’ Concept

The ‘‘window of opportunity’’ refers to a very brief period
when arthritis begins, and when radiological progression is
established. This concept is based on the premise that
intense therapeutic intervention at the very beginning of
RA was able to ‘‘reprogram’’ the rate at which radio-
graphic damage progressed (18), while a delay of three to
nine months in initiating disease-modifying antirheumatic
drugs (DMARDS) negatively impacted radiographic
progression at the end of two years (27). The ‘‘window of
opportunity’’ concept asserts that the use of themost power-
ful therapies currently available will be more effective, the
shorter the duration ofRA, and this will eventually lead to a
lowered probability of disability. This has sparked hope
that in the future affected patients will not require joint
replacements or orthopedic surgery and will register a
lower rate of mortality caused by premature arteriosclero-
sis. There has been a notable change since the year 2000
toward an improved RA prognosis for patients receiving
therapy during the window of opportunity. Nevertheless,
this concept has been challenged and it is not universally
accepted.
Treatment of rheumatoid arthritis is aimed at the clinical

remission of this condition in patients, and when this is not
possible, to at least reduce the progression of the illness (28).
Symptomatic treatment aimed at controlling the

pain produced by inflammation includes non-steroid
anti-inflammatory drugs, as well as analgesics and
corticosteroids. The latter appear to have an impact on
the progression of the illness, with a dose of no more than
10mg daily.
Disease-modifying drugs or DMARDS, which have

various immunosuppressing mechanisms, modify the pro-
gression of the illness, however unfortunately they have
not been able to induce a remission in the conditions of
most patients. These drugs continue to be significant in
managing these conditions, and this is especially true for
methotrexate, particularly in a combined form and with
increased effectiveness when administered in the early
stages of the illness.
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Various scientific groups and associations have reached
a consensus that a new type of medication, which is rela-
tively new, should be added to RA treatment, when after
eight to twelve weeks, the response to established treat-
ment is minimal or negative. For the moment, the addition
of TNFa blocking agents is recommended, for example
infliximab, etanercep and adalimumab. Nevertheless,
given the degree of effectiveness of other methods for
inhibiting inflammation, such as B cell depletion and the
inhibition of lymphocyte co-stimulation, other potentially
effective agents, specifically rituximab and abatacept, are
also currently taken into consideration for controlling
the disease in patients who have not responded positively
to TNF agents.
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Macrophage Activation Syndrome in Juvenile
Idiopathic Arthritis

Yackov Berkun and Shai Padeh

Abstract Macrophage activation syndrome (MAS), life-threatening syndrome of overwhelming inflammation caused

by uncontrolled hyperactivation of macrophages, is a rare complication of childhood systemic inflammatory disorders,

affecting most often patients with systemic onset juvenile idiopathic arthritis (soJIA). The diagnosis of MAS in soJIA is

challenging due to overlapping manifestations of the two diseases. Because MAS is often a fatal condition, prompt

diagnosis and immediate therapeutic intervention are important.

Keywords Hemophagocytic lymphohistiocytosis (HLH) � macrophage activation syndrome (MAS) � juvenile
idiopathic arthritis (JIA) � diagnosis � criteria

Introduction

Macrophage activation syndrome (MAS) is a term coined in
the past decade to describe a rare, life-threatening syndrome
of overwhelming inflammation caused by proliferation and
uncontrolled activation of well differentiated macrophages
secreting large amounts of inflammatory cytokines. MAS
has been reported as a severe complication of childhood
systemic inflammatory disorders, affecting most often
patients with systemic juvenile idiopathic arthritis (soJIA),
but also rarely associated with systemic lupus erythematosus
and other rheumatic diseases in children (1). Hyperactiva-
tion of macrophages probably driven by T and natural killer
(NK) lymphocytes is the cause of the disease. It is character-
ized by prolonged non remitting fever, pancytopenia, liver
disease and hepatosplenomegaly, hemorrhagic diathesis,
and neurologic involvement (2). Characteristic biochemical
markers include elevated triglycerides, very high serum fer-
ritin and low fibrinogen levels. Low NK cell activity and
elevated serum soluble interleukin-2 receptor (sCD25) levels
have been recently described (3).

Hemophagocytosis is found in bone marrow, liver,
spleen and lymph nodes. MAS usually occurs without any
evident trigger, or may follow infection or change in medi-
cation regimen in patients with long standing rheumatic
diseases, or in some cases, it may herald the rheumatic
disease (4). MAS is one of macrophage related disorders,
and belongs to a group of acquired, secondary hemopha-
gocytic lymphohistiocytosis (HLH), seen in hematological

diseases and different malignancies, viral infections, and
autoimmune disorders. It has been suggested to change
the term of the disorder to rheumatic disease associated
hemophagocytic syndrome, similar to other secondary
hemophagocytic syndromes for better uniformity in termi-
nology and medical communication (5). The diagnosis of
MAS in soJIA is challenging due to overlapping manifes-
tations of the two diseases. Because MAS is often a fatal
condition, prompt diagnosis and immediate therapeutic
intervention are important.

Epidemiology

MAS is reported to occur in 7–13% of patients with soJIA
(6, 7). Subclinical MAS in soJIA patients is even more com-
mon, and it has been suggested that theymaybe 2 ends of the
spectrum of one disease (7, 8). Mortality of 8–22% in MAS
has been reported (6, 9), andMAS is responsible significantly
to the morbidity and mortality in JIA.

Pathogenesis

Extensive lymphocytes and macrophages activation with
overproduction of inflammatory cytokines such as tumor
necrosis factor-�, interleukin (IL)-1, and IL-6, account for
the clinical and laboratory manifestations. Defective NK
cell function has been demonstrated in patients with

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_4,
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MAS, often with a pattern indistinguishable from other
HLH (3, 10). Interestingly, similar NK dysfunction has

been demonstrated in soJIA patients, distinguishing it

from other JIA subtypes by lower NK cell number and

function, and perforin expression (3). The exact mechan-

ism by which deficient NK and cytotoxic T-lymphocyte
functions cause the clinical disorder, is unknown. Perforin,

antiviral cytotoxic protein secreted by lymphocytes, down-

regulates cellular immune response. The deficient NK

activity may lead to lymphocyte hyperactivity with secre-

tion of potent macrophage activators. One suggested

explanation is that diminished cytotoxic function in MAS

patients lead to defective control of infection, persistent

antigen stimulation with following escalation of inflamma-

tory process and macrophage overstimulation. Alternative

explanation is that deficient cytotoxic function may lead to

inefficient apoptosis and removal of overactivated macro-

phages and lymphocytes (11). These pathogenic findings,

common to MAS, HLH and soJIA patients, support the

hypothesis that these diseases are different ends of the

same spectrum (12).

Clinical and Laboratory Manifestations

The clinical picture of MAS is of acute episode consists

of non remitting fever, hepatosplenomegaly, lymphadeno-

pathy, cytopenia, coagulopathy, and central nervous sys-
tem (CNS) manifestations (headache, disorientation,

irritability or lethargy, seizures, coma), (Table 4.1). Other

symptoms may include rash (usually fixed), serositis, car-

diac and renal involvement. It is often life-threatening, and

occasionally fatal (13, 14). Characteristic laboratory find-

ings include a very high serum ferritin, elevated levels of

triglycerides, liver enzymes and bilirubin, D-dimers, pro-

longed prothrombin time with decreased blood cell counts,

ESR, fibrinogen and sodium (Table 4.2). Additional mar-

kers are low NK cell activity and elevated serum sCD25

levels (3).
A sharp increase in ferritin and decreasing ESR and

fibrinogen in face of deteriorating clinical condition of a

JIA patient are clues, and should point to the diagnosis of

MAS. The pathognomonic histopathological finding is

activated macrophages phagocytosing hematopoietic
cells in bone marrow, spleen, or liver.

Diagnostic Criteria

The diagnosis of MAS in soJIA is challenging due to
multiple similar manifestations of these diseases, such as
fever, hepatosplenomegaly and lymphadenopathy, rash.
MAS may be confused with exacerbation of soJIA, a
disease with flares and remissions; with infections, which
are more common in these patients who are immunosup-
pressed by their treatment. There is a need for specific
diagnostic criteria of the disorder which will take into
consideration the similarity to SoJIA.
Previous diagnostic criteria for HLH from 1991 have

been used for the diagnosis of MAS (15). They included
clinical (fever, splenomegaly), laboratory (cytopenia of
two lineages, hypertriglyceridemia and/or hypofibrinogen-
emia) and histopathological criteria (demonstration of
hemophagocytosis in bone marrow or spleen or lymph
nodes) (15). For the diagnosis of HLH all criteria are
required. In a large series of patients with secondary
HLH, elevated levels of ferritin and lactate dehydrogenase
were found to be significantly more sensitive than the
diagnostic criteria of hypertriglyceridemia and hypofibro-
genemia, that were found in only half of patients (16).
Another shortcoming of these criteria was the need for
tissue confirmation of hemophagocytosis, since biopsy is
problematic due to the coagulopathy, and bone marrow
aspiration may not always show hemophagocytosis, which
may appear later (14). The recent 2004 Revised Diagnostic
Guidelines for HLH, includes these five old criteria, and
three additional criteria – low or absent NK-cell activity,
hyperferritinemia, and high levels of sCD25 (17). For
secondary HLH, five of the eight criteria must be fulfilled.
In a cohort of familial HLH, the sensitivity of elevated
serum ferritin was 0.84, and of high levels of sCD25–0.93
(17). These HLH criteria are been currently used for MAS
diagnosis, but are not sufficient to distinguish MAS from
SoJIA. As soJIA is characterized by leukocytosis,

TABLE 4.1. Symptoms and signs of MAS (2, 13).

Prevalence (%)

High fever 78–94

Hepatomegaly 61–88

Splenomegaly 45–59

Central nervous system dysfunction 38–53

Hemorrhages 39–44

Lymphoadenopathy 28–41

TABLE 4.2. Laboratory features of MAS (2, 13).

Prevalence (%)

Hyperferritinemia 87–100

Hypertriglyceridemia 77–100

Abnormal liver function tests 94

Decreased ESR 79–92

Thrombocytopenia 89

Decreased fibrinogen 78–89

Anemia 67–82

Macrophage hemophagocytosis BM 81

Hyponatremia 67–78

Leukopenia 39–56

Hypoalbuminemia 35–54
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thrombocytosis, elevated ESR, fibrinogen, ferritin, these
tests should be taken into consideration when using cri-

teria for MAS diagnosis.
Recently, Ravelli et al. suggested preliminary diagnostic

guidelines for MAS complicating soJIA (13). They com-

pared the frequency of clinical, laboratory, and histopatho-

logical features in soJIA patients withMAS to patients with

active soJIA. The clinical features analyzed were fever,

rash, hepatomegaly, splenomegaly, lymphoadenopathy,

hemorrhages, and CNS dysfunction. Laboratory findings

included leucopenia, anemia, thrombocytopenia, high fer-

ritin, elevated aspartate and alanine aminotransferase,
bilirubin, lactate dehydrogenase, triglycerides, low ESR,

albumin, fibrinogen, serum sodium, and bone marrow

hemophagocytosis. The ability of each feature to discrimi-

nate the episodes of MAS from JIA was evaluated by
calculating the sensitivity rate, specificity rate, area under

receiver operating characteristic and diagnostic odds ratio

(DOR) (Table 4.3). Laboratory and histopathological fea-

tures, as compared with clinical manifestations, had better

discriminating values. Almost all clinical manifestations

had higher specificity than sensitivity rate. Hemorrhages

and CNS disease, that were present in MAS patients only,

had maximal specificity rate and were best clinical discri-

minators. The strongest laboratory discriminators were
decreased platelet count, elevated aspartate aminotrans-

ferase, leukopenia, and hypofibrinogenemia, followed by

hyponatremia, hyperferritinemia, hypertriglyceridemia,

and decreased white blood cell count (13). The combina-
tions of variables that led to best separation between

patients and control subjects were identified through ‘‘the

number of criteria present’’ method. Only variables avail-

able for sufficient number of patients that provided strong

discriminating properties and were not duplicative were

used.
The best separation between patients and control sub-

jects occurred when any two or more laboratory criteria

(DOR=1309) were simultaneously present; the second

best performance was provided by the presence of any 2,

3, or more clinical and/or laboratory criteria (DOR=765
and 743, respectively). Preliminary diagnostic guidelines

for MAS in soJIA, which included 3 clinical and 4 labora-

tory criteria, were suggested (Table 4.4). Bone marrow

examination for demonstration of macrophage hemopha-
gocytosis was suggested only in cases with doubtful diag-
nosis (13).

Problems in Current Diagnostics Criteria

Ravelli’s guidelines have not been prospectively evaluated.
Furthermore, biomarkers such as NK cell activity and
sCD25 levels should be considered for incorporation in
the criteria. Several new markers, specific for MAS found
recently, have not been included in proposed diagnostic
criteria. In a recent report of 5 soJIA patients with 9 MAS
events, additional laboratory markers, b2microglobulin
and soluble interleukin-2 receptor were found to be a
sensitive indicator of MAS, even when other laboratory
markers had not obviously changed, while hypertriglycer-
idemia, hypoalbuminemia and hyponatremia appeared in
2 patients only (18). The hemoglobin scavenger receptor
(CD163), a recently described macrophage differentiation
antigen, was found to be useful clinical marker of disorders
of macrophages, including HLH (19). Extensive expres-
sion of CD163 on hemophagocytic macrophages has been
found in MAS patient, suggesting a possible role for
CD163 as a specific marker of MAS associated with rheu-
matic diseases (4). The ability of all these new macrophage
specific markers in discriminating between active soJIA
and MAS should be further evaluated and incorporated
into the criteria.

Treatment

The immediate aim in the treatment of patient withMAS is
early and effective suppression of severe hyperinflamma-
tion. Intravenous corticosteroids as a first line medication
in doses ranging from conventional to pulse methylpred-
nisolone had been proven successful in more than two
thirds of MAS patients (9). Cyclosporin A, calcineurin

TABLE 4.3. Sensitivity, specificity, diagnostic odds ratio (DOR)

of clinical features in MAS patients (13).

Sensitivity Specificity DOR

Fever 0.81 0.04 0.2

Rash 0.45 0.53 0.9

Hepatomegaly 0.61 0.80 6.4

Splenomegaly 0.45 0.71 1.9

Lymphoadenopathy 0.28 0.67 0.8

Hemorrhages 0.39 1 66.8

Central nervous system dysfunction 0.38 1 63.1

TABLE 4.4. Sensitivity, specificity, diagnostic odds ratio (DOR)
of laboratory features in MAS patients (13).

Sensitivity Specificity DOR

WBC count < 9.0 0.78 0.88 25.3

Anemia < 10.1 0.94 0.44 13.4

Thrombocytopenia < 262 1.00 0.92 1092

AST > 59 0.92 0.96 248

Fibrinogen < 2.5 0.81 0.97 165

Decreased ESR < 57 0.87 0.76 19.4

Hypertriglyceridemia > 181 0.94 0.88 115

Hyponatremia < 130 0.67 1.00 157

Hypoalbuminemia < 3.2 0.81 0.57 5.6

Hyperferritinemia > 3410 0.88 1.00 115

Macrophage hemophagocytosis

in BM

0.81 1.00 45.0
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inhibitor of early T-lymphocytes activation, is a preferred
second line medication (9). Other second line medications
are etoposide and intravenous g immunoglobulin. Recent
HLH 2004 new treatment protocol recommends treating
patients with HLH by combination therapy with dexa-
methasone, etoposide and cyclosporine A (20). In cases
of CNS disease, methotrexate is given intrathecally.
Serum ferritin level has been recommended for follow
up of the treatment response. In patients with severe
HLH hematopoietic stem cell transplantation should be
considered (20). Considering MAS patients, there are
only a few reports of cases treated with etoposide and
etanercept.
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5
Adult Still Disease

Alon Eisen and Howard Amital

Abstract Adult Still disease (ASD) is a rare systemic inflammatory disorder of unknown etiology chracterized by
spiking fever with evanescent rash, arthritis, arthralgia and multiorgan involvenent. It often poses a diagnostic and
therapeutic challenge however clear clinical guidelines are lacking. In recent years, few sets of diagnostic criterias have
been suggested, based on clinical and laboratorial factors. The emergence of specific diagnostic criteria as well as new
strategies treating ASD may all provide the clinician with significant tools in the management of this complex
autoimmune disorder.

Keywords Adult Still disease � arthritis � fever

Introduction

Adult Still disease (ASD) is an inflammatory disorder

characterized mainly by spiking high fever, arthritis,
rash; and clinical features that resemble juvenile inflam-

matory arthritis. ASD was first described by Bywaters (1)
in 1971who reported fourteen adult patients with clinical

features similar to Still disease. The ASD is a rare condi-
tion and found worldwide, with an incidence rate of
about 0.16 cases per 100,000 persons per year with an
equal gender distribution. The most common age of ASD
is between 16 and 35 years, yet it may appear at an
older age. Familial aggregation of ASDA has not been

identified.
The etiology of ASD is unknown. Several infectious

agents have been implicated in the disease pathogenesis
and in particularly viruses such as the rubella, echovirus 7,

mumps, Epstein-Barr, cytomegalovirus, parainfluenza,
parvovirus B19, coxackie, adneno, influenza, herpes,

and hepatitis B and C viruses (2). Suspected bacterial
pathogens include Yersinia enterocolitica and Myco-

plasma pneumoniae. It has also been suggested that
ASD may be a form of vasculitis mediated by non-
necrotizing immune complexes. An association has been
sought with several HLA loci but no consistent results
were recorded (2).

Clinical Manifestations

ASD typically affects several organs as represented in
Table 5.1. The typical triad is high-spiking fever, a char-
acteristic rash and arthritis or arthralgia. Fever generally
exceeds 398C appearing in spikes usually in the evening
and resolving to normal within few hours. The fever can
also be ‘‘double-quortitian’’ with two spikes a day and in

20% of cases, fever is present between the spikes (3). The
typical rash is an evanescent, salmon-pink, macular or

maculopapular rash, which is observed mostly with the
fever spike. It predominantly involves the trunk and
proximal extremities with rare involvement of the face
and distal limbs. The rash can be pruritic and often
can be misdiagnosed as drug related eruption. It can
be precipitated by rubbing, a phenomenon known as
Koebner phenomenon (3). Arthritis and arthralgia are
found in the majority of patients with ASD and
increases with intensity in fever spikes. Their presence is
less evident at the onset of disease with transient, mild
and oligoarticular pattern while later during the course
of disease, it may be polyarticular and more severe. The
joints affected most frequently are the knees, wrists
and ankles although involvement of the elbow, shoulder,
proximal and distal interphalangeal, metacarpophalan-
geal, metatarsophalangeal, temporomandibular and hip

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_5,
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joints have also been described (3). Myalgia is another
common manifestation; most often worsens in fever
spikes. Liver abnormalities such as hepatomegaly and
mild elevated liver enzymes are also common. Abdom-
inal pain is not rare and is usually mild although few
cases of severe abdominal pain resembling acute perito-
nitis have been described (3). Slightly tender, enlarged
cervical lymph nodes and splenomegaly occur in about
half of the patients (4). Sore throat as non exudative
pharyngitis is present in two thirds of the patients
usually at the beginning of the illness (4). Cardiac man-
ifestations are less common and include pericarditis,
myocarditis and tamponade (4). Pulmonary manifesta-
tions include pleuritis, fibrosis, pleural effusions and
rarely might deteriorate adult respiratory distress syn-
drome (3). Renal involvement is rare and includes inter-
stitial nephritis, subacute glomerulitis, mesangial
nephritis, renal amyloidosis and rapidly progressive glo-
merulopathy with renal failure and a poor outcome (3).
Hematological manifestations such as thrombotic
thrombocytopenic purpura are rare, so is neurological
involvement that include cranial nerve palsies, peripheral
neuropathy and aseptic meningitis (3).

Laboratory Findings

The laboratory findings in ASD coincide with the systemic
inflammation nature of the disease (Table 5.2). The
erythrocyte sedimentation rate (ESR) is elevated in all
patients and C-reactive protein may also be raised (3).
In blood count, the most common finding is leukocytosis
which is present in up to 75% of patients, with a predomi-
nance of mature and juvenile granulocytes (4). Anemia
of chronic disease and reactive thrombocytosis are also
common (5). Elevated liver enzymes, particularly transami-
nases and lactic dehydrogenase are observed in about 70%
of patients and frequently occur with concomitance to fever

and arthritis (3). Coagulation abnormalities are rare and

include prolongation of prothrombin time or partial

thromboplastin time and disseminated intravascular
coagulation. Transient mild increase in muscle enzyme

can be detected in blood sera (5). ASD is associated with

markedly elevated serum ferritin as compared to other

autoimmune or inflammatory diseases.
In most studies a serum ferritin level of 1000 ng/ml, five

times the upper normal value, has been used to suggest

ASD (6). Higher levels of ferritin as up to 30,000 ng/ml
has been observed as well. Serum ferritin levels usually

correlate with disease activity and subside with remission

(6). The glycosylated fraction of ferritin has been found

to be more specific than ferritin itself (6). In normal
subjects, most of the ferritin is glycosylated whereas in

inflammatory diseases and particularly in ASD, the gly-

cosylated fraction of ferritin is low and often below 20%

(6). The percentage of glycosylated ferritin in patients
with ASD is markedly lower than in other inflammatory

diseases (6). Its level remains low in both active disease

and in remmision, therefore, can not be used to monitor
disease activity or response treatment (3). Use of both

total serum ferritin above 1000 ng/ml and a low level of

the glycosylated fraction of ferritin (below 20%) may

provide a better marker for ASD with a specificity rate
as high as 93% (3).
Unlike other rheumatic diseases, ASD is usually not

associated with a positive rheumatoid factor or with an
antinuclear antibody (4). A low titer of either test may

appear in up to 10% of patients with ASD and is usually

transient. Immunoglobulins and complement concentra-

tions are often normal or elevated in ASD. Furthermore,
elevated serum levels of interleukin-6, tumor necrosis factor,

interferon gamma and interleukin-18 are observed but
these tests are not specific for ASD (4). In most cases of

ASD, procalcitonin level is normal (4).

TABLE 5.1. Clinical manifestations of Adult Still disease.

Clinical manifestation Frequency (%)

Fever 82–100

Rash 85–87

Arthritis/Arthralgia 69–100

Myalgia 62–84

Sore throat 68–92

Lymphadenpathy 48–74

Splenomegaly 22–65

Pleuritis 15–53

Pericarditis 10–37

Abdominal pain 48

Hepatomegaly 42

Alopecia 24

Data from Pouchot et al. (7), Ohta et al. (5), Masson et al. (18).

TABLE 5.2. Laboratory tests and serological findings in Adult
Still disease.

Laboratory finding Frequency (%)

Elevated ESR/CRP 99

Leukocytosis �10,000/mm3 92

�15,000/mm3 81

Anemia (hemoglobin �10 g/dL) 68

Thrombocytosis (platelets �400,000/mm3) 62

Coagulation abnormalities Rare

Elevated liver enzymes (any) 73

Serum Albumin � 3.5 g/dL 81

Elevated Ferritin 70

Negative ANA 92

Negative RF 93

ANA: anti nuclear antibody; CRP: C-reactive protein; ESR: Erythrocyte

sedimentation rate; RF: rheumatic factor.

Data from Pouchot et al. (7), Ohta et al. (5)
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Radiographic Findings

Radiographs during the initial acute phase of ASD are

often not specific, being either normal or showing soft

tissue swelling or mild joint effusion (3). Characteristic

late finding in about 40% of patients is a nonerosive
narrowing of the carpometacarpal and intercarpal joint

spaces of the wrist, which often progresses to bony anky-
losis, most marked in pericapitate region (3). Less com-

mon are radiographic intertarsal and tarsometatasal
changes and ankylosis of the cervical spine and distal

interphalangeal joints. Destruction of the hip joint, and

less commonly the knee, has been described as a rare
complication that often requires total joint replacement,

as opposed to wrist and and ankle involvement which

only causes limited disability (3).

Biopsy, Synovial and Serosal Fluids

The findings of biopsy of involved tissue in ASD are not

specific, yet it is usually performed in order to exclude
other differential diagnosis. The most common biopsy

performed is skin biopsy which shows perivascular inflam-
mation of the superficial dermis with lymphocytes and

histiocytes. Direct immunofluorescent is ususally negative
for immunoglobulins and complement. Other tissues biop-

sies often reveal non specific inflammatory changes (5).

Synovial fluids in ASD are inflammatory with a polymor-
phonuclear predominance. Pleural and pericardial effu-

sions are often sterile inflammatory exudates (5).

Course of Disease

The clinical course of ASD can be divided into three main

patterns, each affecting approximately one-third of

patients:

l A self limited or monophasic pattern that lasts up to one
year of disease with complete remission and favourable
prognosis.

l An intermittent or polycyclic pattern which is charac-
terized by reccurent flares of disease, usually milder

than the initial episode (7), with complete remission
between exacerbations.

l A chronic pattern characterized by persistently active
disease, usually due to chronic articular manifestations,
mostly severe destructive arthritis. These patients gen-
erally have more disability and the worst prognosis
compared to patients who have only systemic symptoms
(8). The development of polyarthritis early in the course
of ASD, proximal joint arthritis and root joint
(shoulder, hip) involvement at disease onset, are predic-
tors of chronic disease course and poor prognosis (3). In
addition, the requiremnet of more than two years of
systemic corticosteroid treatment are associated with
poorer long-term function.

Diagnosis

ASD lacks a test or combination of tests to establish its
diagnosis (9). The clinical presentation of ASD is hetero-
geneous, and the spectrum of differential diagnoses is
broad, including infectious, neoplastic, and autoimmune
diseases (Table 5.3).
Several classification criteria have been proposed by a

number of authors to diagnose ASD, all have been devel-
oped from retrospective data analysis (10–14). Six sets
of criteria for ASD in well defined patient population
studies have been proposed (15). The classification criteria
proposed by Cush et al. (10) is the most commonly used
with a 80.5% sensitivity rate, yet those of Yamaguchi et al.
(11) are more sensitive with 93.5% sensitivity (3, 9). Since,
no conrtol group was ever used; no validation of specifity is
available. These two classifications include major andminor
criteria (Table 5.4) as well as exclusion criteria, mainly
systemic, infectious or neoplastic diseases. The exclusion
criteria represents a major problem for use in clinical
research since only general recommendations are provided
and not a precise list of diseases to be excluded nor any lab
tests and imaging exams to be performed. As opposed to
these two classifications, Fautrel et al. (12) proposed a new
set of criteria that does not contain any exclusion criteria
and includes the novel marker of serum glycosylated-ferritin
as a major criterion. The sensitivity reported in this study
was 80.6% and its specificity was 98.5%. Still, the limitation
of this diagnostic criterion is that it is not clear what is the

TABLE 5.3. Differential diagnosis of Adult Still disease.

Infectious diseases Rubella, cytomegalovirus, epstein bar virus, mumps, coxackievirus, adenovirus, hepatitis B, parvovirus, HIV

Neoplasms Leukemia, lymphoma, angioblastic lymphadenopathy

Granulomatous

diseases

Sarcoidosis, Crohn disease, idiopathic granulomatous hepatitis

Vasculitides Polyarteritis nodosa, Wegener granulomatosis, thrombotic thrombocytopenic purpura, Takayasu arteritis

Connective tissue

diseases

Systemic lupus erythematosus, reactive arthritis, spondyloarthropathies, mixed connective tissue disease, Sweet syndrome,

dermatomyosis, Schmitzler syndrome

Others Hemophagocytic syndrome, Kikuchi syndrome, familial mediterranean fever, TNF receptor periodic syndrome
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value and utility of glycosylated-ferritin as compared to
other ASD characteristics. Furthermore, it should be further
validated in different population. The comparison of the
three most common diagnostic criteria for ASD is presented
in Table 5.4.

Treatment

Treatment of ASD is basically empirical, with treatment
efficacy data based on case studies and small retrospective
trials. The treatment of ASD is based on NSAID’s includ-
ing aspirin, corticosteroids and immunomodulating drugs.
An initial use of NSAID’s is the first line of treatment
generally used, leading to improvement in muscoloskeletal
symptoms and fever in 20–25% of cases. In most cases, the
response to NSAID’s is a good prognostic sign and is
frequently characteristic of self limiting disease or intermi-
tent disease (3). The major concern with NSAID therapy
are hepatotoxicity, therefore close monitoring of liver
function tests, early in the course of the disease is essential.

Unfortunatelly, most patients with ASD will require
the use of glucocorticoids at some point during their
disease (2). The usual prednisone dose is 0.5 to 1.0mg/kg
per day. Alternative day treatment is of benefit to those
with milder disease. Pulse methylprednisolone is used for
those requiring long-term use of prednisone or in life
threatening disease due to severe hepatic invovlvement,
cardiac tamponade, disseminated intravascular coagula-
tion or myocarditis. About 76% of patients will favorably
respond to glucocorticoids (2).

Disease modifying antirheumatic drugs (DMARDs) are

employed when patients do not respond to glucocorticoids

or do not tolerate their side effects. DMARDs used are

intramuscular gold, D-penicillamine, sulfasalazine, hydro-

xychloroquine and methotrexate, none of which were

investigated in a controlled trial. Methotrexate is used as

a steroid sparing agent and has been useful in articular and

systemic disease, at a dose of 5–25mg/week (2). Immuno-

mosupressive agents, including azathioprine, cyclosporine

A and cyclophosphamide have been used as well with only

modest efficacy. Intravenous immunoglobulins were

reported to result in good responses, particularly in induc-

tion of remission and control of early disease (16). Anti

tumor necrosis factor � have been partially beneficial in

several open label trials with Entaracept and Infliximab

being the two agents commonly used (17). About 50%

of patients will require pharmacologic treatment after

10 years of disease, although the role of treatment in

disease remission is not clear.
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6
Systemic Sclerosis

Jennifer G. Walker and Marvin J. Fritzler

Abstract Systemic sclerosis (SSc) is a chronic disease of unknown etiology, and its classification as a systemic
autoimmune rheumatic disease (SARD) is supported by clinical and experimental observations that include the presence
of autoantibodies (AAs) and autoreactive T cells. Although some AAs are specific markers for the disease, there has not
been widespread adoption of them as specific classification criteria. The application of classification criteria is further
hampered by the recognition that diagnosis of SSc encompasses a wide variety of clinical features that prompts the
classification of the condition into a number of disease subsets. For practical purposes, most clinicians subclassify the
disease as limited cutaneous SSc (lcSSc) or diffuse cutaneous SSc (dcSSc). As diagnostic technologies rapidly evolve and
clinicians consider designer therapies for this condition, the development and universal adoption of clinical classification
criteria will be a significant challenge.

Keywords Systemic sclerosis � scleroderma � classification � criteria � autoantibodies

Systemic sclerosis (SSc) is a connective tissue disorder
characterized by endothelial dysfunction, fibrosis, and
the production of autoantibodies (AAs). Excessive col-
lagen deposition results in skin thickening and changes in
internal organs that include the lung, vasculature, gastro-
intestinal tract, and kidney. Endothelial damage leading to
vascular dysfunction is manifest as Raynaud’s phenom-
enon, digital ulceration and gangrene, pulmonary arterial
hypertension, and renal vascular damage. SSc is usually
subclassified as limited or diffuse depending on the extent
of skin involvement. The distinction between limited and
diffuse SSc varies, but most authorities would concur that
patients with truncal and acral involvement have diffuse
disease whereas changes distal to the metacarpophalangeal
and metatarsophalangeal joints are consistent with limited
disease. There is debate over the degree of acral involve-
ment that constitutes limited versus diffuse disease (1).
Typically, patients with limited SSc have a more insidious
disease onset, and they describe Raynaud’s phenomenon
for some years prior to the onset of sclerodactyly. In
contrast, in those with diffuse SSc the skin thickening
tends to more closely coincide with the onset of Raynaud’s
phenomenon and the disease course is more acute, with
most internal organ involvement occurring within 5 years
(2). Tables 6.1 and 6.2 summarize clinical features of the
disease in the diffuse and limited subsets.

Epidemiology

SSc occurs worldwide, and the incidence and prevalence

rates show a wide variation depending on the geographic

location, disease definition, classification criteria and

methods of case selection. There is evidence that the

incidence and prevalence has increased from 2.7 new

cases per million to 18.7 and from 138 total cases per

million to 660 respectively over a 25-year interval. The

higher prevalence rates of approximately 230 cases

per million have been reported in the USA and South

Australia. The disease occurs more frequently in women

than men (4:1), although this ratio is more pronounced in

younger patients and less so in adults aged>50 years. The
diagnosis of the disease is most commonly made

in individuals in the fifth decade but can begin in child-

hood or septuagenarians. The disease onset is earlier in

African-American women than European American

women and is more likely to be diffuse disease (reviewed

in ref 3). The proportion of (lcSSc) versus (dcSSc) also

varies by geographic region and racial group. This is also

true of AA markers (discussed below), all giving strong

indications that host and environmental factors play a

role in disease pathogenesis and expression. Environmen-

tal factors of interest associated with an increased risk of

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_6,

� 2008 Humana Press, Totowa, NJ
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developing the disease include exposure to particulate

silica, trichloroethylene and other organic solvents, and

heavy metals such as mercury.

Genetics

The relative risk of developing SSc, if a first degree relative
has it, is a remarkable 13%, although the absolute risk in
individual family members is much lower at <1% (3).
There is evidence that serological but not clinical subsets
of SSc are most highly linked to HLA class II genes (3). A
number of other genetic loci have also been identified, and
these are thought to be associated with distinct SSc phe-
notypes based on AA profiles rather than SSc as a single
disease entity (3). If these observations are substantiated,
they will have implications for design and approach to
therapeutic interventions. In the past, there has been con-
siderable interest in SPARC (secreted protein, acidic and
rich in cysteine), PTPN22 that (encodes the lymphoid-
specific tyrosine phosphatase nonreceptor type 2), and
allograft inflammatory factor 1 (AIF1) (reviewed in ref
3). Recent studies have focused on friend leukemia inte-
gration 1 (Fli1), a transcription factor that is dysregulated
in SSc skin and dermal blood vessels, and appears to play a
pathological role in SSc skin fibrosis and vessel degenera-
tion (reviewed in ref 3). Whether these abnormalities are
related to genetic polymorphisms in the Fli1 pathway or to
epigenetic mechanisms requires clarification.

Laboratory Findings

Laboratory findings vary according to internal organ
involvement, but in the absence of acute progressive dis-
ease, they may be within the normal range. Elevated ery-
throcyte sedimentation rates and reduced complement
levels have been observed in patients with more active
disease (4). Other specific laboratory changes are coinci-
dent with organ involvement. For example, acute renal
crisis may be marked by an elevated serum creatinine,
evidence of hemolysis, and electrolyte disturbance.

Serological Markers

AAs occur in over 95% of patients with SSc, and to date,
there are more than 30 AAs associated with SSc (5). The
majority of patients have AAs directed to nuclear antigens,
and these have specific clinical associations. Anti-centromere
(CENP) antibodies occur in 20–40% of patients and
are most commonly associated with limited SSc, ischemic
digital loss, calcinosis, and pulmonary hypertension.
Anti-topoisomerase I antibodies occur in 9–20% of
patients and are associated with diffuse SSc, more severe
disease, pulmonary fibrosis, and increased mortality.
Anti-fibrillarin (U3 ribonucleoprotein) antibodies are
reported to be highly specific for SSc, but in most SSc
cohorts the prevalence is less than 12%. Although all these

TABLE 6.1. Clinical features helpful in classification of systemic
sclerosis.a

Limited cutaneous SSc Diffuse cutaneous SSc

Raynaud’s phenomenon

alone for years

Delayed Raynaud’s or same as skin

Rare constitutional symptoms Severe constitutional symptoms

Minimal arthralgias Arthralgias, carpal tunnel

Puffy fingers Puffy hands and legs

Telangiectasias and

calcinosis (late)

Palpated tendon friction rubs

Skin thickening limited to

hands and face

Skin thickening progresses from fingers

to trunk rapidly

GI and mild pulmonary

fibrosis

GI and pulmonary fibrosis common

Rare heart and kidney Heart and kidney potentially severe

Anti-centromere antibody Anti-topoisomerase I (Scl-70)

Anti-RNA polymerase III

Anti-fibrillarin

GI, gastrointestinal.
aAdapted from ref 2 with permission from Elsevier.

TABLE 6.2. Comparison of features in SSc patients with limited
cutaneous SSc and diffuse cutaneous SSc.a

Feature

Limited

cutaneous SSc

Diffuse

cutaneous SSc

Demographic

Age <40 years at onset (%) 50 35

Sex: female (%) 85 75

Duration of symptoms before

diagnosis (years)

8.5 2.0

Cumulative survival 10 years

after diagnosis (%)

75 65

Organ system involvement (%)

Skin thickening 95 100

Telangiectasias 80 30

Calcinosis 50 10

Raynaud’s phenomenon 95 85

Arthralgias or arthritis 60 80

Tendon friction rubs 3 65

Joint contractures 45 85

Myopathy 10 20

Esophageal hypomotility 75 75

Small intestine hypomotility 25 25

Pulmonary fibrosis 35 45

Pulmonary hypertension 10 <1

Congestive heart failure 5 15

Renal crisis 1 20

Laboratory data

Antinuclear antibody 95 95

Anti-centromere antibody 50 <5

Anti-topo I 18 30

Anti-RNAP III 2 25

Anti-fibrillarin <1 12

Anti-PM/Scl 5 15

aAdapted from ref 2 with permission from Elsevier.
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antibodies have a high specificity, their low sensitivity means
that on their own they are not a useful screen for SSc. Other
AAs reported to be relatively specific for SSc and currently
available in specialized clinical laboratories include RNA
polymerase III (RNAP III), which is identified in 5–25%
of SSc sera and has been associated with significant geo-
graphic variability and with renal crisis and pulmonary
hypertension (reviewed in refs 5 and 6). Antibodies to the
polymyositis/scleroderma (PM/Scl) antigens are seen in
14–20% of SSc patients, and most commonly, they identify
a subset of patients with overlapping features of SSc and PM
(7). There are other, less specific AAs associated with SSc
that are also reported to have specific clinical associations,
but, at present, they are of limited diagnostic utility.

Recently, a promising new specific AA directed against
the platelet-derived growth factor receptor has been iden-
tified, and preliminary studies suggest that it is relatively
specific for SSc (8 and references therein). However, these
studies were based on a functional assay, which is currently
not easily adaptable to the clinical setting.

Classification Criteria

There are no universally accepted classification criteria for
SSc (reviewed in ref 9). This can be attributed to several
factors: (a) rarity of the disease, (b) the absence of a specific
diagnostic test, (c) debate regarding subclassification based
on the extent of skin involvement, and (d) debate as to
whether the limited and diffuse forms of SSc are continuums
of one disease or are manifestations of different pathologi-
cal processes. Despite many clinical similarities, differences
in outcome, serology, and genetics support the concept that
they may be two separate disease processes.

The two major forms of classification criteria currently
in use are those that distinguish SSc from other forms of
disease and those that also incorporate some degree of
subclassification. Discussion in this chapter will be limited
to the American College of Rheumatology (ACR) criteria
andmore recent classification criteria, as well as a selection
of the more influential published subclassification criteria.
The ACR classification criteria were designed to differenti-
ate SSc from other forms of disease, and initial external
validation recorded high levels of sensitivity and specificity
(Table 6.3), (10). Unfortunately, subsequent testing in
other disease registries led to the appreciation that these

criteria lacked sensitivity, particularly in identifying
patients with limited SSc (1). In addition, diagnostic tech-
niques have advanced since their development, and there is
growing support to include specific tests for antinuclear
antibodies (ANAs) and nailfold capillaroscopy (reviewed
in ref 5). Lonzetti et al. showed that in their cohort of
French-Canadian patients the diagnostic value of the
ACR criteria could be improved substantially by the addi-
tion of ANA and nailfold capillaroscopy evaluations (11).
It is widely accepted that the ACR classification criteria
are in need of an update, but they remain the most widely
cited criteria to receive extensive external validation.
More recently, Nadashkevich et al. proposed an updated

classification set that included the presence of AAs but did
not include nailfold capillaroscopy (12). These criteria were
first derived from the study of a Ukrainian cohort of SSc
patients, and other connective tissue diseases (CTDs) were
used as comparative groups. The eight criteria derived from
the first phase of the study were subsequently tested in a
population of 99 Canadian SSc patients and 138 CTD con-
trols. Findings were promising, yielding a 99% sensitivity
and 100% specificity (12). However, these criteria have not
been widely adopted, possibly because they do not include
subclassification of SSc.

Subclassification Criteria

While the need to differentiate SSc from other forms of
disease is important, an improved understanding of the
disease pathogenesis and the differing outcomes associated
with different presentations of the disease has led to the
recognition that subclassification of SSc can provide addi-
tional crucial information in terms of (a) prognosis in the
routine clinical setting, (b) comparison between disease
registries, and (c) a guide to emerging therapies. To date,
there are 14 published subclassification criteria sets for SSc
each proposing two to six separate categories (13), which
are generally based on the degree of skin involvement. The
majority of survival studies based on the degree of skin
involvement suggest that there is no statistically significant
differential survival in the three subgroup category,
whereas differences in outcome using the two group sub-
classification set are well recognized (1, 13).
The two subset criteria first proposed by Le Roy in

1988 (14) and later published in modified form in 2001
(Table 6.4) (15) have been the most influential of the sub-
classification criteria groups. Categories are separated
based on the degree of skin involvement, with the later
criteria incorporating AAs and nailfold capillaroscopy
changes. The 1988 criteria have been widely adopted, but
the amended criteria have not been extensively utilized
and require further validation. In addition, within these
criteria diagnosis requires the presence of Raynaud’s phe-
nomenon, something that is not universally present, parti-
cularly at the onset of diffuse SSc.

TABLE 6.3. 1980 ACR preliminary classification criteria for
systemic sclerosis.a

1. Proximal scleroderma, skin involvement extending proximal to

metacarpophalangeal joints (major criterion)

2. Sclerodactyly, digital pitting scars of fingertips or loss of substance of

the distal fingerpad, and bibasilar pulmonary fibrosis (minor criteria)

3. One major or two or more minor criteria required

aAdapted from ref 10.
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Maricq and Valter proposed a more complex subclassi-
fication that includes six different categories (16). Once
again, the primary separation was based on the degree of
skin involvement into three primary categories. Three
additional categories are incorporated: (a) Scleroderma
sine scleroderma, (b) features of mixed CTDs, and (c) a
final group conforming to CREST phenomena but with-
out sufficient changes to be incorporated into the three
major skin change groupings. Nailfold capillaroscopy
and AAs have been included in these criteria, but the
AAs were limited to the presence or absence of CENP as
detected by indirect immunofluorescence. As discussed
above, CENP antibodies are now known to be one of
four or five AAs that have relatively high specificity for
SSc. In addition, the advent of multiplexed AA detection
has provided a rapid and accurate way of detecting multi-
ple AAs in a single serum sample, a feature which could
change current AA paradigms (17). When applied to their
database of 165 patients, they were able to show differen-
tial clinical outcomes. But in its current form it is difficult
to use outside specialized tertiary research settings.

Treatment Options

Treatment options for SSc are still limited to treating
specific aspects of organ involvement. Therapies designed
to switch off the disease process, such as bone marrow
transplantation (18), remain in their infancy. Clinical
outcomes with therapies directed against profibrotic med-
iators, such as connective tissue growth factor and trans-
forming growth factor-b, are in progress. Promising results
have been reported with bosentan, a dual endothelin recep-
tor antagonist, which has been shown to improve pulmon-
ary arterial hypertension and digital ulceration (reviewed
in ref 19). Proteomic and metabolomic approaches are
identifying other common mediators that are potential
therapeutic targets, but it is not known if this will result
in improved.

Considerations and Future Directions

The wide use and application of classification criteria,

particularly the inclusion of AAs into current and future

criteria, is met by challenges and issues that must be care-

fully considered (Table 6.5). First, although classification

criteria were clearly devised to standardize the classifica-

tion of various diseases into uniform groups for research

purposes, there appears to be an emerging divergence of

clinical diagnostic nomenclature away from current classi-
fication criteria. One reason for this is that diagnostic

technologies in imaging and serology are moving at

such a fast pace and many clinicians are using these new

technologies while classification criteria lag behind. It is
clear that if classification criteria are to maintain a mean-

ingful role, they will need to be revised and updated

more frequently. Second, it is also clear that classification

criteria must take into consideration the age of onset of the

disease because the onset of SARDs (SARDs) in children

or in the elderly often does not follow the clinical picture

that is seen in adults. Third, classification criteria need to

take into account genetic, racial, and geographic factors. It

is becoming clear that the impact of geographic and ethnic

variables have a significant impact on the spectrum of
features seen in any of the SARDs. Classification criteria

must take these variables into consideration to avoid a bias

to a particular form of Scl in a given geographic setting.

Fourth, diagnostic serology is rapidly moving to array

technologies that provide a broad spectrum and wealth
of AA, proteomic, genomic, and metabolomic data. In

considering which AA might be included in a given classi-

fication criteria, it is important to recognize that themajor-

ity of SSc patients have more than one AA. While

antibodies to CENP, topo I, and fibrillarin tend to be

independent variables, the inclusion of other AAs such as

PM/Scl or RNAP III will lead to a situation where a

patient will have more than one AA. To avoid weighting
the classification to serological markers, it will likely be

useful to combine AA into a single criterion, an approach

taken by Nadashkevich et al. (12). The rapidly emerging

TABLE 6.4. LeRoy and Medsger revised criteria for the classifi-
cation of systemic sclerosis (SSc).a

Limited SSc Raynaud’s phenomenon (objective

documentation)

Plus any one: SSc-type nailfold capillary pattern

or SSc selective autoantibodies

Or:

Subjective Raynaud’s phenomenon

Plus both: SSc-type nailfold capillary pattern

and SSc selective antibodies

Limited cutaneous

SSc

Criteria for limited SSc plus distal cutaneous

changes

Diffuse cutaneous

SSc

Criteria for limited SSc plus proximal cutaneous

changes

Diffuse fasciitis with

eosinophilia

Proximal cutaneous changes without criteria for

limited SSc or limited cutaneous SSc

aAdapted from ref 15.

TABLE 6.5. Challenges that must be considered in the inclusion of

autoantibodies into classification criteria for systemic sclerosis.

l Divergence of classification criteria from diagnostic practice
l Age: Maybe one size (autoantibody) does not fit all
l Genetics/racial/geographic factors
l Early and late antibodies and response to therapy
l Impact of array technologies

�Most SARD patients have >1 autoantibody
l Impact of the ‘‘omics’’:

� genomics, ribonomics, proteomics, metabolomics leading to

Theranostics or designer therapy
l Will disease classification survive as we know it?
l What about: protective, pathogenic, and prognostic autoantibodies
l Standardization
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fields of genomics, proteomics, and metabolomics will
also bring information to bear that has the potential to

markedly improve classification criteria, especially if sub-

classification into disease subsets is considered a desirable

clinical parameter. The wealth of information provided

by these technologies and their application to therapeu-
tics in an expanding field of medicine referred to as

‘‘personalized medicine’’ and ‘‘theranostics’’ (20) raises

the possibility that classification criteria may not survive

if patients are subdivided into small clinical groups

based on single-nucleotide polymorphisms (SNPs) and

other genetic markers, cytokine, lymphokine, AA, and

metabolite profiles. Last, despite enthusiasm for the

potential role for including AA or any of the other

biomarkers referred to above in classification criteria

of the future, the daunting challenge of standardization

looms large. At present, classification criteria of SARD

that include AAs are threatened by the lack of standar-

dization of reagents and the assays used to detect them.

For example, the sensitivity and specificity of any AA

result are highly dependent on the assay used and the

reagents used to standardize that assay. Hence, if AAs

and other biomarkers are going to become valid biomar-

kers in classification criteria, there needs to be a stronger
and coordinated effort to standardize the reagents and

kits used for their detection.
In summary, published classification and subclassification

criteria reflect our evolving understanding of SSc pathogen-

esis. With the available evidence, several conclusions can be

drawn regarding the requirements of updated criteria:

1. Differential clinical outcomes within the SSc spectrum
emphasize the need for a set that provides some form of
subclassification to guide outcome and future treatment
options as well as allowing differentiation from other
diseases.

2. It is likely that the degree of skin involvement will
remain a major differentiating factor and the majority
of survival evidence supports a two subset system.

3. AAs have been shown to provide additional important
information regarding prognosis and may also guide in
the identification of early disease.

4. Nailfold capillaroscopy has some utility in diagnosis
and classification, but its application remains highly
specialized. This will need careful consideration if it is
to be incorporated into future classification criteria.

5. For widespread acceptance, there will need to be inter-
national consensus for testing of the criteria and also for
standardization of diagnostic assays.
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7
Sjögren Syndrome

Dimitris Mitsias and Haralampos M. Moutsopoulos

Abstract Sjögren syndrome (SS) is a slowly progressive autoimmune disease that affects mainly exocrine glands and

extraglandular epithelial tissues (autoimmune epithelitis). It may present alone (primary SS) or in association with

another autoimmune disease (mainly systemic lupus erythematosus or rheumatoid arthritis – secondary SS). Criteria

have been proposed for the correct classification of patients and are based on the main diagnostic tools for SS diagnosis.

Herein, after a brief description of SS pathophysiology, these criteria are extensively discussed.

Keywords Sjögren syndrome � autoimmune epithelitis � classification criteria � autoantibodies � salivary gland biopsy

Description

Sjögren syndrome (SS) is an ideal model for autoimmu-

nity studies since it combines both organ specific and

systemic characteristics. The main targets of autoimmune

aggression are the exocrine salivary and lacrimal glands. It

presents mainly with xerostomia and keratoconjunctivitis

sicca (KCS). It may occur at any age, but it affects mainly

women (at a ratio of 9:1) at theirs forty to fifties. It is one of

the most common autoimmune diseases with a mean

prevalence rate of approximately 1% of the total female

population. Genetic predisposition, marked by specific

HLA antigens, plus environmental factors (including a

probable viral infection, stress and/or other psychological

and hormonal factors) interplay in order to make SS clini-
cally evident.

SS is a slowly progressive disease with benign course and

minimalmortality. Exception to this rule is the evolution of a

well-tolerated lymphoid growth to overt lymphoma (com-

monly of B cell origin) a development that occurs in approxi-

mately 5% of patients. Fortunately, adverse prognostic

factors exist and can be early traced upon; these are palpable

purpura, hypocomplementemia (low C4) and type II cryo-

globulinemia (1) (Table 7.1 and Figure 7.1). The striking

difference in the two outcomes has led to the perception of

two types of SS – type I with increased probability of lym-

phoma development and type II without adverse outcomes.
Apart from sicca symptoms, SS manifestations may be

extraglandular and non-specific in nature (2) (Figure 7.2).

What should be noted is the fact that the epithelial tissues
are the targets of autoaggression irrespective if the organs
are the exocrine glands or the kidneys, the lungs, the liver
or the thyroid. This has led to coin the term ‘‘autoimmune
epithelitis’’ and serves as a valuable guide to the research of
SS pathophysiology (3).
The hallmark of SS is the lymphocytic infiltration

of tissues. In the majority of cases, T cells predominate
(elevated CD4þ/CD8þratio) while in other lesions B cells
present in increased numbers. It is those lesions that seem
most probable to progress in overt lymphoma in the
future. Macrophages and dendritic cells are apparent
mainly in lesions with ectopic germinal center formation.
Interestingly, interleukin-18, most probably produced by
CD68þmacrophages, seems to account for the increase of
these cellular populations and a consequent enlargement
of the salivary tissue (4). Finally, Foxp3þ T regulatory
cells, up to a point follow the autoimmune aggression but
in very heavy infiltrates drop in numbers (5). This is an
important indication of a probable recession of tolerance
mechanisms in heavy, long standing lesions.
B cell hyperactivity is evident by the circulation of

increased levels of immunoglobulins and autoantibodies
against specific ribonucleoprotein autoantigens, Ro/SS-A
and La/SS-B. Anti-La are more specific but less
sensitive for SS than anti-Ro since the latter are present
in other autoimmune diseases, especially systemic lupus
erythematosus (SLE). Other circulating antibodies include
rheumatoid factor (RF) and anti-fodrin antibodies. Circu-
lating cryoglobulins type II (monoclonal with rheumatoid

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_7,

� 2008 Humana Press, Totowa, NJ
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factor activity) are observed in approximately 20% of the
patients (Table 7.2). The latter, along with hypocomple-
mentemia, is evident in patients with SS and systemic
vasculitis, glomerulonephritis and B cell lymphoma. Anti-
mitochondrial antibodies (AMA), along with increased
transaminases and alkaline phosphatase, are evident in
approximately 7% of SS patients with histologic evidence
of primary biliary cirrhosis stage I (6). Circulating anti-
thyroglobulin (anti-TG) and anti-thyroid peroxidase
(anti-TPO) autoantibodies are present in a considerable

percentage of SS patients with concomitant Hashimoto
thyroiditis (7) while the presence of anticentromere anti-
bodies (ACA) correlates with lower incidence of parotid
gland enlargement and anti-La antibodies (8). Finally,
anti-DNA antibodies are positive in patients with SS-asso-
ciated SLE, while antiphospholipid (a-PL) and antineutro-
phil cytoplasmic (ANCA) antibodies are the most frequent
atypical antibodies in SS (9, 10).

Classification Criteria

SS may be the sole disease entity (primary SS) or come as
sequelae of, or coexist with, another autoimmune disease,
mainly SLE and rheumatoid arthritis (RA) (secondary SS).
In an attempt to establish criteria for diagnosis that also
serve as a common basis for research homogeneity and
comparison of the results, after several revisions world’s
authorities have reached a consensus (11) (Table 7.3).
The first two criteria regard the subjective sicca symp-

toms, ocular (I) and oral (II), and are detected through
the use of detailed questionnaire. A single positive
response is sufficient for a criterion to be valid. The other
four criteria identify objective signs and need a more
detailed discussion.
Objective ocular involvement (III) is evident with the

use of either Schirmer’s test or Rose Bengal staining.
The first quantifies tear secretion with the use of standar-
dized paper strips placed beneath the inferior lid. The
wetting of the paper is measured after 5min and if found
less than 5mm, the test is considered positive. It is
performed in unanaesthetized and closed eyes. The Rose
Bengal test involves the staining of the corneal epithelium
with this aniline, or other ocular, dye. Dry eyes result in
KCS and therefore devitalized or damaged epithelium.
After slit lamp examination these lesions are revealed and
quantified by the van Bijsterveld scoring system; a score
�4 is considered positive.
Objective oral (salivary) involvement (V) is ascertained

if at least one of the following three tests is positive. First,
whole salivary flow, without stimulation, is reduced in SS
patients and if that is less than 1.5ml in 15min, the test is
positive. The test should be performed with at least two
hours avoidance of eating or smoking. Second, parotid
sialography (radiographic method) reveals the presence
of diffuse sialectasias without evidence of ductal obstruc-
tion. Third, salivary scintigraphy with the use of 99m Tc
pertechnate is a functional study that estimates uptake and
release of the substrate by the salivary glands 60min after
intravenous infusion. The test is positive in case of
decreased concentration and/or delayed excretion of the
tracer.
The presence of a positive histopathology (IV) and cir-

culating autoantibodies against Ro/SS-A and/or La/SS-B
(VI) are the two remaining, and probably most important,

(a)

(b)

FIGURE 7.1. Persistent parotid gland enlargement (a) and palp-

able purpura (b) are twomajor clinical adverse prognostic factors
for future lymphoma formation in SS patients.

TABLE 7.1. Risk factors for lymphoma development in SS (2).

Clinical

Persistent enlargement of parotid glands

Splenomegaly

Lymphadenopathy

Palpable purpura

Leg ulcers

Serologic

Low levels of C4

Mixed monoclonal (type II) cryoglobulinemia
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criteria. The minor labial salivary glands (MSG) are easily

accessible and biopsies may be obtained with minimal

discomfort for the patient. Evaluation of lymphocytic

infiltration involves the number of lymphocytic foci
(more than 50 cells), adjacent to normal appearing mucous

acini, per 4mm2 of glandular tissue. If the focus score is

�1, the biopsy is positive. However, due to increased dis-

crepancies in the readings of biopsies (12) effort should be

taken that expert oral pathologists are involved in the
evaluation of the MSG tissues.

The aforementioned criteria were set forward by the

European concerted action as early as 1993 (13). In 2002

the American-European consensus group reevaluated the

classification for SS patients (11). According to these, a

patient without any other potentially associated disease

(see below) is classified as primary SS in case 4 out of 6

criteria are positive, as long as criteria IV or VI is positive.

Alternatively, a patient is also considered as primary SS if

he fulfills 3 out of 4 objective (III to VI) criteria. The first

set has a sensitivity of 89.5% and a specificity of 95.2%,

while the second set has the same specificity and only
slightly reduced sensitivity of 84.2%. A slightly lower

accuracy was also evident for the second set, that is

90.5% versus 92.7% of the first set. However, any of the

two sets can be used to classify primary SS patients.
As far as secondary SS is concerned, a patient with

potentially associated disease (e.g. well defined SLE,

RA etc.) has secondary SS in case any subjective criterion

(I or II) and 2 out of III, IV and V are positive.
Of course, not all patients with sicca symptoms have

SS and therefore, exclusion criteria are needed to avoid

misdiagnosis and incorrect and/or unnecessary treatment.

These include conditions like past head and neck irradia-

tion, pre-existing lymphoma, chronic graft versus host

disease (GVHD), use of anticholinergic drugs, sarcoidosis

and viral infections. In regard to the latter, it is well known

that HCV infection may present with chronic lymphocytic

sialadenitis that mimics and is histologically hardly distin-

guishable to SS. The absence of HCV serologic titers and

abnormal liver function tests as well as a substantially dif-

ferent target group aids to the distinction of the two entities.

HIV infected patientsmay also present with sicca symptoms
and parotid gland enlargement. In this case, the absence of

anti-Ro and/or anti-La and the fact that the majority of

infiltrating lymphocytes are CD8þ clarify the issue. Other

viruses that have been linked to SS, in fact a possible etio-

pathogenic role is strongly suspected, are herpes viruses,

HTLV-1 and most probably coxsackie viruses.
Non-lymphocytic infiltration of salivary glands may

also produce clinical pictures resembling SS and include

TABLE 7.2. Laboratory findings in SS (6–10).

Approximate %a

Anti-Ro/SS-A >60

Anti-La/SS-B 40

Anti-PL 10–20

ANCA 10–20

ACA 5–10

Anti-DNA 5–10

AMA 7

Anti-TPO 11

Cryoglobulins 15–20

a Percentages displayed here are approximate since large variations are

evident depending on technical and/or population heterogeneity.

ACA, anti-centromere; AMA, anti-mitochondrial; ANCA, anti-neutrophil

cytoplasmic; Anti-PL, anti-phospholipid; Anti-TPO: anti-thyroid peroxi-

dase antibodies.
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granulomas (sarcoidosis, tuberculosis), amyloid (amyloi-
dosis) and malignant cells (lymphoma, GVHD). Finally,
metabolic disorders that may present with sicca symptoms
include diabetes mellitus, lipoproteinemias (type II, IV
and V) and hemochromatosis. All these entities should in
any case be sought and taken into consideration in patients
suspected of having SS.

Along with the establishment of the aforementioned
criteria, the authors follow a classification tree that reveals
with great sensitivity (96.1%) and specificity (94.2%) the
SS diagnosis. We propose an algorithm for the workup
needed for SS diagnosis (Figure 7.3).

Criticism/Discussion of Criteria

The criteria described are not without criticism. The need
for the presence of subjective criteria is strongly argued
due to exactly this clearly ‘‘subjective’’ nature of disease
perception (14). It is also proposed that positivity of a
criterion should lie not only to one diagnostic procedure
but two so that specificity is maintained (15).

Herein, a few more points should be made. First, as
expected, subjective symptoms and objective findings do
not always correlate; in fact there is a wide dichotomy of
subjective to objective manifestations especially in patients

over 55 years old (16). Second, apart from whole salivary
flow, objective measurement of oral symptoms sparsely
involves sialography or scintigraphy that are either inva-
sive or require special instruments to be performed.
However, in case one of these methods is needed to estab-
lish a firm diagnosis, MR sialography is the preferred
imaging modality due to the higher specificity and positive
predictive value (PPV) versus scintigraphy (17). The
Ro/La antigenic system consists of three different proteins,
namely Ro 52 kDa, Ro 60 kDa and La. Anti-La are more
specific but less sensitive for SS compared to anti-Ro that
are found in many other autoimmune diseases, especially
SLE. In addition, the multiplicity of these antigens
accounts in part for differences in laboratory methods of
their measurement. Counter immuno-electrophoresis
(CIE) is the most specific (100%) and sensitive (89%)
method but ELISA based techniques are more widely
used. The latter also have very high sensitivity and there-
fore, in order to have good PPV and avoid false positive
results, only patients suspected of having SS should be
tested (18). What should also be kept in mind is that the
antibody levels do not correlate with disease activity
and/or treatment due to fluctuation of their levels during
disease progress (19). Finally, emphasis is given to the fact
that these criteria are ‘‘classification’’ criteria and their
purpose is to aid research and communication among
scientists and not serve as a diagnostic tool.

TABLE 7.3. Revised international Classification criteria for SS (11).

I. Ocular symptoms: a positive response to at least one of the following questions:

1. Have you had daily, persistent, troublesome dry eyes for more than 3months?

2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes more than 3 times a day?

II. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3months?

2. Have you had recurrently or persistently swollen salivary glands as an adult?

3. Do you frequently drink liquids to aid in swallowing dry food?

III. Ocular signs: objective evidence of ocular involvement defined as a positive result for at least one of the following two tests:

1. Schirmer’s I test, performed without anesthesia (<5mm in 5min)

2. Rose bengal score or other ocular dye score (�4 according to van Bijsterveld’s scoring system)

IV. Histopathology: in minor salivary glands (obtained through normal-appearing mucosa) focal lymphocytic sialadenitis, evaluated by an expert

histopathologist, with a focus score�1, defined as a number of lymphocytic foci (which are adjacent to normal-appearing mucous acini and contain

more than 50 lymphocytes) per 4mm2 of glandular tissue

V. Salivary gland involvement: objective evidence of salivary gland involvement defined by a positive result for at least one of the following diagnostic tests:

1. Unstimulated whole salivary flow (<1.5ml in 15min)

2. Parotid sialography showing the presence of diffuse sialectasias (punctate, cavitary or destructive pattern), without evidence of obstruction in the

major ducts

3. Salivary scintigraphy showing delayed uptake, reduced concentration and/or delayed excretion of tracer

VI. Autoantibodies: presence in the serum of the following autoantibodies: Antibodies to Ro/SS-A or La/SS-B antigens, or both

Rules of classification

For primary SS

In patients without any potentially associated disease, primary SS may be defined as follows:

a. The presence of any 4 of the 6 items is indicative of primary SS, as long as eitheritem IV (Histopathology) or VI (Serology) is positive

b. The presence of any 3of the 4 objective criteria items (that is, items III, IV, V, VI)

For secondary SS

In patients with a potentially associated disease (for instance, another well defined connective tissue disease), the presence of item I or item II plus any 2

from among items III, IV, and V may be considered as indicative of secondary SS
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Therapy

There is no definite therapy for SS. The aim is to diminish

the discomfort posed by glandular dysfunction, avoid

possible complications and increase salivary secretion. To

this end, xerostomia is managed with the use of saliva

substitutes, intense oral hygiene and prevention of oral

infections and periodontal disease. The cholinergic agents

pilocarpine hydrochloride and cevimeline are frequently
used to augment salivary and lacrimal secretion by the

unaffected portions of the glands. Tear substitutes and

ophthalmic gels are used on an as-needed basis tominimize

KCS symptoms. The use of anticholinergic, diuretic, anti-

hypertensive and antidepressive drugs should be discour-
aged since it decreases secretions.

The management of extraglandular manifestations

needs more aggressive treatment. Arthralgias do well

with hydroxychloroquine (200–400mg/day) while small

doses of corticosteroids (<7.5mg/day of prednisolone)

and/or methotrexate (up to 0.2mg/kg of body weight

weekly) can be used if frank arthritis is evident. Systemic

vasculitis is managed as the idiopathic forms of vasculitis
with cyclophosphamide (2mg/kg of body weight/day)

for 3–6months followed by mycophenolate mofetil

(2–3 gr/day). Finally lymphoma management consists of

CHOP regimen (cyclophosphamide, doxorubicin, vincris-

tine and prednisolone) along with anti-CD20 (rituximab)
monoclonal antibodies. This combination has increased

considerably the survival of SS patients with aggressive
types of lymphoma (20).
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8
Mixed Connective Tissue Disease

Marta Mosca, Rosaria Talarico and Stefano Bombardieri

Abstract Mixed connective tissue disease (MCTD) is a condition characterized by the overlap of features of systemic
lupus erythematosus (SLE), systemic sclerosis (SSc) and polydermatomyositis (PM/DM) in association with high
titers of antibodies against a ribonuclear protein (RNP). Clinical manifestations of MCTD are extremely variable and
disease onset may be undifferentiated.

Raynaud phenomenon, swollen fingers, arthritis, myositis, esophageal dysfunction and pulmonary hypertension
represent the most frequent clinical manifestations. In the original description, MCTD was described as benign
conditions characterized by the absence of renal and neurological manifestations and a good response to corticosteroid
therapy. This observation has not been confirmed by studies that have shown that one-third of MCTD patients have a
severe disease and require corticosteroid and immunosuppressive therapy. The major cause of death in these patients is
pulmonary hypertension, followed by infections.

A debate is still open on whether MCTD represent a distinct clinical entity or rather an overall between different
established connective tissue diseases (CTDs). The answer to this question might become clear as more data on disease
pathogenesis will be known.

Keywords Mixed connective tissue disease � classification criteria � anti-U1RNP antibodies

Introduction

Mixed connective tissue disease (MCTD)was first described

by Sharp in 1972 as a condition characterized by the overlap

of features of systemic lupus erythematosus (SLE), systemic

sclerosis (SSc) and polydermatomyositis (PM/DM) in asso-

ciation with high titers of antibodies against a ribonuclear
protein (RNP) (1). A debate is still open on whetherMCTD

constitutes a distinct clinical entity or rather represents the

overlap of well-defined conditions or a ‘‘bridge’’ between

different connective tissue diseases (CTDs) within the spec-

trum of systemic autoimmunity (2, 3).

Clinical Manifestations

The clinical manifestations of MCTD at onset and during

the follow-up are reported in Table 8.1. The onset of

MCTD is variable and is often characterized by the pre-
sence of Raynaud phenomenon or arthritis (4, 5, 6, 7).

Raynaud phenomenon is observed in up to 90% of

patients and is included in all the different classification

criteria. Half of the patients have nailfold capillary

changes similar to those found in SSc (8).
Joint involvement is common and is characterized by

symmetric arthritis of hands and wrists. In 20% of the

patients, an erosive arthritis as well as a tendency to

develop Jaccoud arthritis has been observed (4, 5).
Infrequent at disease onset, myositis is observed in up to

70% of the patients during the follow-up. Muscle involve-

ment inMCTD seems less severe than that of PM/DM and

more responsive to therapy. Histologically, myositis in

MCTD resembles DM more closely. Many patients pre-

sent with diffuse myalgias, which should be distinguished

form myositis (4, 5, 6, 9).
Pulmonary involvement is primarily represented by pul-

monary hypertension, which is the primary cause of death in

these patients (10, 11, 12). Pulmonary hypertension appears to

be correlated with the presence of vasculopathy of pulmonary

arteries rather than interstitial lung disease. Interstitial lung

disease may also be observed; in a recent study of 144MCTD

patients, chest X rays were abnormal in 91% of patients, of
whom 66.6% had active interstitial lung disease detected by

high-resolution computed tomography (HRCT) (11).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_8,
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Two-thirds of MCTD patients develop swollen hands

with sausage fingers, and some patients develop sclerodac-

tily; however, an extensive skin sclerosis seems rare. Other
cutaneous manifestations are represented by skin rashes

similar to subacute or discoid cutaneous lupus or DM
(Gottron papules and heliotrope rash). Some patients may

also present livedo reticularis and telangectasias (4, 5, 6).
Esophageal dysfunction has been observed in up to 75%

of patients, but may be asymptomatic. Dysphagia has
been reported in average 38% of patients (4, 5, 6).

The most frequent form of cardiac involvement is peri-

carditis, which usually does not cause tamponade. In a
study of 16 MCTD patients, noninvasive assessment

showed evidence of cardiac abnormalities in 38% of

patients and evidence of pericarditis in 25%of patients (13).
Renal involvement is not frequent; renal manifestations

include glomerulonephritis, nephrotic syndrome and scler-

oderma renal crisis. Mesangial and membranoproliferative
lesions have been observed. Neurological involvement is

rare and is represented by trigeminal nevralgia and vascu-

lar headache. Hematological manifestations are repre-
sented by cytopenias, particularly leukopenia and

thrombocytopenia (4, 5, 6).
Histologically, MCTD is characterized by a widespread

vasculopathy that may involve small- and medium-sized

vessels. This vasculopathy differs from that observed in

SSc as it is less associated with fibrosis and presents immu-
noglobulin and complement deposits in the vessel walls (4).

Laboratory Abnormalities

MCTD is associated with the presence of high titers of

anti-U1RNP antibodies specifically directed against the

proteins A, C or 70K complexed with U1RNA (1, 3, 5,
7, 14). Anti-RNP antibodies, however, are not specific for

MCTD as they are observed in other CTDs also such as

SLE, rheumatoid arthritis (RA) and SSc. Although anti-
U1RNP antibodies are crucial for the classification of
MCTD, their pathogenetic role in the development of

the disease has not been established yet.
Anti-Ro, anti-La and anti-phospholipid antibodies have

also been described in MCTD patients with lower
frequency.

HLA Type and MCTD

Different studies have shown an association between
MCTD and the specific HLA haplotype HLA DR4

(3, 15, 16). In a study comparing MCTD patients, SLE
patients and healthy controls, HLA DRw4 was observed
in 45% of MCTD patients, 14 of SLE patients and 18%

of controls (15). Some authors have suggested the presence
of an association betweenHLADR4 and the occurrence of
erosive arthritis in MCTD patients.

Prognosis

In the original description by Sharp and colleagues,
MCTD was described as a rather benign condition char-
acterized by a good response to corticosteroid therapy (1).

However, further follow-up of the originally described
patients and long-term data on other cohorts of patients
have not confirmed this description (4, 5, 17, 18). In a study

assessing the long-term outcome of 47MCTD patients,
38% had continued active disease requiring corticosteroid
or immunosuppresive therapy or had died (4). It has been

estimated that about one-third of MCTD patients have a
favorable outcome, one-third have a more aggressive dis-
ease, and the remaining have a good outcome but require

continuous therapy with either corticosteroids or immun-
suppressive drugs.
The main causes of death in MCTD patients are repre-

sented by pulmonary hypertension, respiratory insuffi-
ciency, heart failure and infections.

Diagnostic Criteria

Three different sets of classification criteria forMCTDhave
been validated and are used in the literature (Table 8.2)

(1, 19, 20). The original Sharp criteria have been found to
have a high sensitivity, but a low specificity. The sensitivity
of Alarcon-Segovia criteria varies between 62 and 96%

with a high specificity (86–96%), similarto Kasukawa cri-
teria (88% sensitivity and 65.5–87% specificity). Alarcon-
Segovia criteria appear the best classification criteria for
MCTD (21, 22).

TABLE 8.1. Clinical manifestations of mixed connective tissue
disease (MCTD) patients at onset and during the disease course.

At onset (%) Cumulative (%)

Raynaud’s phenomenon 74 90–96

Arthritis/arthralgias 68 95–96; erosions 20

Esophageal dysfunction 9 66–80

Pulmonary dysfunction 0 66–75

Swollen hands 45 66–75

Sclerodactily 11 40–50

Myositis 2 25–51

Skin rash 13 50–53

Leukopenia 9 53

Pleuritis/pericarditis 19 30–43

Pulmonary hypertension 0 23–30

Diffuse sclerosis 0 19

Nervous system disease 2 15–17

Renal disease 0 10–11
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Is MCTD a Distinct Clinical Entity?

Since its description debate still exists on whether MCTD

represents a distinct clinical entity or the overlap between

other CTDs. Some authors have proposed to consider

MCTD as an undifferentiated condition waiting to evolve

to more definite CTD (2, 3).
The criticisms to the concept of MCTD are the follow-

ing: (a) MCTD is not the benign condition initially

described, (b) patients may be diagnosed as having other
CTD or will develop other CTD during the follow-up,

(c) anti-U1RNP antibodies can be observed in other

CTD also, (4) the clinical picture of MCTD has been

observed in the absence of anti-U1RNP antibodies also,

and (5) there are no data suggesting a pathogenetic role for

anti-U1RNP antibodies.
Nevertheless, it is certain that MCTDs have peculiar

clinical, serological, histological and genetic features.
Whether these are sufficient to constitute a distinct clinical

entity is difficult to define and probably only a better

understanding of pathogenesis and etiology of autoim-

mune diseases might help in solving this issue (6).
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9
Relapsing Polychondritis

Mauro Galeazzi and Giovanni Porciello

Abstract Relapsing polychondritis (RP) is a systemic autoimmune disorder characterized by episodic and progressive
inflammatory diseasemost commonly presenting as inflammation of the cartilage of the ears, nose, tracheobronchial tree
and joints. The course of RP varies from a low-grade, mild condition up to a fulminating and rapidly progressive disease.
Spontaneous remissions are common.

This chapter also summarizes important aspects of the disease with a focus on diagnostics criteria. In fact, over the
years, three sets of diagnostic criteria for RP have been proposed by McAdam, Damiani and Levine, and Michet,
respectively. Although these criteria have not been re-examined by consensus group members and despite the lack of
validation, these show high affordability in discriminating patients affected by RP in every day clinical practice.

In conclusion, for achieving reliable classification criteria that would also be useful for the diagnosis of RP, more
extensive multicenter studies are needed.

Keywords Relapsing Polychondritis � classification criteria � diagnosis

Relapsing Polychondritis

Relapsing polychondritis (RP) is an episodic and progres-
sive inflammatory disease most commonly presenting as
inflammation of the cartilage of the ears, nose, tracheo-
bronchial tree and joints.

Epidemiology

RP is most commonly reported in whites, begins between
the age of 20 and 60 years, with a peak in the 40 s. The
annual incidence has been estimated as 3.5 cases per
million (1). The male-to-female ratio appears to be
equal in some series of cases, but Trentham reported a
ratio of 3:1 (2).

History

In 1923, Kaksch-Wartenhorst described the first clin-
ical picture of RP as ‘‘polychondropathia’’ (3). The
disease also has been called chondromalacia, diffuse

perichondritis, chronic atrophic polychondritis, dif-

fuse chondrolysis and dyschondroplasia. The term
relapsing polychondritis was first introduced in 1960

by Pearson et al., who described a rare condition char-

acterized by relapsing inflammatory disease of cartila-

gineous structures (4).

Pathogenesis

Although the etiology of RP remains unknown, the

pathogenesis seems to be an immunologic reaction to

type II collagen present in the cartilage and in the

sclera of the eye. Patients with RP have demonstrated

both autoantibodies and cellular immune reaction to
type II, IX and XI collagen. Immunofluorescence stu-

dies of affected cartilage have shown granule deposits

of immunoglobulin and complement, suggesting the

presence of immune complexes. Most recently, an

increase in HLA-DR4 antigen was detected in patients

with RP, suggesting a genetic predisposition for the

disease (5, 6).

From: Y. Shoenfeld et al. (eds.), Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_9,
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Clinical Manifestations

The clinical features of RP are illustrated in Table 9.1 (7).

– Auricular chondritis and arthritis are the most com-
mon presenting signs, characterized respectively by the
pain, swelling, redness of the cartilaginous portion of
the external ear and oligo or polyarthritis. The arthritis
is intermittent, migratory, asymmetric, seronegative
and generally nonerosive.

Conductive hearing loss can result from stenosis of the

auditory canal, otitis media or Eustachian tube chondritis.

Sudden onset of vertigo and hearing loss may occur owing
to involvement of the vasculitis of the auditory artery.

Chondritis of nasal cartilage, laryngeal and tracheobron-
chial tract may result in collapse nasal cartilage (saddle

nose deformity), choking sensation, cough, stridor,
respiratory obstruction with highmorbidity andmortality.

Secondary infections of the respiratory tract are also com-

mon in patients with severe airway involvement.

– Ocular inflammation occurs in 60% of patients. Com-
mon presentations are scleritis, episcleritis, conjuncti-
vitis, iritis, keratitis, optic neuritis, retinopathy and
corneal melt. Less common are orbital pseudotumor,
extraocular muscle palsy and lid edema.

– Dermatologic involvement is frequent during the
course of the disease. Oral ulcers are the most com-
monly mucocutaneous lesion, followed by erythema
nodosum, purpura, pustules, superficial phlebitis,
livedo reticularis and limb ulcerations.

– Cardiovascular involvement in RP includes aortites,
pericarditis, aortic and mitral regurgitation, cardiac
ischemia and complete heart block. Vascular involve-
ment of large vessels may present as thoracic and
abdominal aneurysm, thrombophlebitis and arterial
thrombosis due to vasculitis or coagulopathy.

– Renal involvement in RP is not frequent and includes
mesangial expansion, IgA nephropathy, tubulointer-
stitial nephritis and segmental necrotizing crescentic
glomerulonephritis (2, 8, 9,10, 11).

– Neurologic manifestations in RP occur in approxi-
mately 3% of patients and most commonly involve
cranial nerves II, III, IV, VI, VII and VIII. Cerebral
vasculitis, headaches, cerebral aneurism, thromboen-
cephalitis, confusion and seizures have been also
described.

– Associated disorders: More than 30% of patients with

RP have a rheumatological or hematological disease

such as systemic lupus erythematosus, rheumatoid

arthritis, systemic sclerosis, Sjögren syndrome, Behçet’s
disease,Wegener’s granulomatosis, Churg–Strauss syn-

drome, cryoglobulinemia, dysmyelopoietic syndrome,

Hodgkins and non-Hodgkins lymphoma and chronic

myelomonocytic leukaemia. In most cases, the asso-

ciated disorders precede the onset of RP by several
months or years. Because of the myriad of disease

associations, it has been proposed that the RP be

thought of as a syndrome, which can be primary or

secondary (10, 12, 13, 14, 15).

Biochemical Features

The laboratory tests are nonspecific and helpful only when
they serve to exclude other conditions or associated dis-
orders to RP. The findings are only an elevated erythrocyte
sedimentation rate during active disease, moderate leuko-
cytosis and mild anemia typical of chronic disease. Anti-
bodies to collagen types II, IX and XI can be detected in
one-third of patients, but such antibodies can be found in
other rheumatologic conditions and have limited diagnos-
tic value because of relatively low specificity. Anti-collagen
type II antibodies are found in the acute phase of RP, and

TABLE 9.1. Clinical features of relapsing polychondritis (7).

Feature Presenting (%) Cumulative (%)

Auricular chondritis 43 89

Arthritis 32 72

Nasal chondritis 21 61

Ocular inflammation 18 59

Layngotraceal symptoms 23 55

Reduced hearing 7 40

Vestibular dysfunction 4 28 no study by McAdam

Microhematuria 15 26 only study by Michet

Saddle nose deformity 11 25 no study by McAdam

Cutaneous 4 25 no study by McAdam

Laryngotracheal stricture 15 23 only study by Michet

Vasculitis 2 14 no study by McAdam

Elevated creatinine 7 13 only study by Michet

Aortic or mitral regurgitation 0 12 no study by McAdam

Aneurysm 0 4 only study by Michet

Data derived from three large case series and reviews (2: n 66; 10: n 112; 11: n 159=337patients).
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their serum levels seem to correlate with disease severity
(5), but Trentham reports that this antibody does not
correlate with disease activity or severity (2).

Occasionally, patients may have positive antinuclear
antibodies (ANAs), rheumatoid factor, anti-native DNA,
anti-neutrophil cytoplasm antibodies, and cryoglobulins,
but these patients may have overlaps with other autoim-
mune disease.

Pathological Features

No biopsy finding is pathognomonic for RP; therefore,
biopsy is not necessary because the diagnosis is based on
clinical features. Histologically, RP is characterized by
perichondrial inflammation that involves mainly lympho-
cytes, but neutrophils may be predominant in early lesions.
Granulation tissue or fibrosis, and calcification or ossifica-
tion may be found (8). Immunoflorescence studies may
show the presence of immunoglobulins and C3 deposits
along the chondrofibrous junction and in perichondral
vessel walls.

Diagnostic Criteria

Diagnostic criteria (Table 9.2) for RP were described by
McAdam et al. in 1976 (8), Damiani and Levine in 1979
(16), and Michet et al. in 1986 (9). These three sets of
criteria are currently used by several authors for the diag-
nosis of RP because they are considered complementary to
each other instead of antithetic.

The diagnostic criteria of McAdam et al. require at least
three of the six following criteria: bilateral auricular chon-
dritis, nonerosive inflammatory polyarthritis, nasal chon-
dritis, ocular inflammation, respiratory tract chondritis,
and cochlear or vestibular dysfunction.

Biopsy is not necessary in the presence of a typical
clinical presentation. If the clinical presentation is

uncertain, histological examination can exclude other
causes of chondritis, such as bacterial infections, syphilis,

leprosy, fungal invasion and overlap vasculitis.
The diagnostic criteria of Damiani and Levine require

only one of following three criteria:

– at least three of McAdam’s criteria with nonhistologi-
cal confirmation

– one or more of McAdam’s criteria with histological
confirmation

– chondritis in two or more separate anatomical loca-
tions with response to steroids and/or dapsone.

The diagnostic criteria of Michet et al. require only one of

following two criteria:

– inflammatory episodes involving at least two of these
sites: auricular, nasal and laryngotracheal cartilages

– one of the earlier mentioned sites and two other man-

ifestations, including ocular inflammation, hearing

loss, vestibular dysfunction or seronegative inflamma-

tory arthritis. These criteria overlap with the prior.

Criticism on the Diagnostics Criteria

The three sets of criteria mentioned earlier are useful for

diagnostic purposes, but they have never been officially

validated mainly for four reasons:

1) these criteria have been empirically defined on the basis
of the personal experience of each author without a
larger international consensus of experts;

2) the three studies lack a control group; this is not meth-
odologically correct and does not even allow to build a
classification tree or to perform a statistical analysis for
the validation of classification criteria;

3) specificity, sensitivity, diagnostic accuracy and positive
and negative predictive values have never been calcu-
lated for the absence of adequate control groups.

TABLE 9.2. Diagnostic criteria for relapsing polychondritis.

Author Criteria Required Total

McAdam et al. (8) 1) Recurrent chondritis of both auricles 3 6

2) Nonerosive inflammatory polyarthritis

3) Chondritis of nasal cartilage

4) Inflammation of ocular structures including conjunctivitis, keratitis, scleritis/episcleritis and uveitis

5) Chondritis of the respiratory tract involving laryngeal and tracheal cartilages

6) Cochlear or vestibular damage manifested by neurosensory hearing loss, tinnitus and vertigo.

Damiani and

Levine (16)

1) At least three of McAdam’s criteria

2) One or more of McAdam’s criteria and positive histology.

1 3

3) Chondritis in two or more separate anatomical locations with response to steroids and/or dapsone.

Michet et al. (9) 1) Inflammatory episodes involving at least two of three sites: auricular, nasal or laryngotracheal cartilage 1 2

2) One of those sites and two other manifestations, including ocular inflammation, vestibular dysfunction,

seronegative arthritis and hearing loss
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Furthermore, the lack of controls does not even allow
an ‘‘a posteriori’’ statistical evaluation of these
parameters;

4) the criteria proposed by Damiani and Michet are sub-
stantially based on those elaborated by McAdam;
therefore they have a selection bias determined by
both a single author’s experience and, again, a lack of
control group.

Nevertheless, despite the lack of validation, these criteria
show high affordability in discriminating patients
affected by RP. In fact, some of criteria such as auricular
chondritis, saddle nose deformity and laryngeal chondri-
tis are very frequent in RP while they are absent or not so
frequent in other conditions. In fact RP shares several
signs and symptoms with other systemic diseases that
should be considered in differential diagnosis. Diseases
that must be considered in the differential diagnosis
include polyarterite nodosa, Cogan’s syndrome, Behçet’s
disease, sarcoidosis, rheumatoid arthritis and Takayasu
syndrome where auricular, nasal and laringeal chondritis
have never been reported. In any case, and especially in
controversial cases, cartilage biopsy has been demon-
strated to be a determinant for the differential diagnosis
with other forms of chondritis, including infection chon-
dritis sustained by leprosy, Syphilis, Streptococcus, Pseu-
domonas, traumatic chondritis, neoplastic chondritis
such as natural Killer lymphoma and various malignan-
cies and vasculitis chondritis which include those seen in
Wegener’s granulomatosis where saddle nose deformity is
frequent.

Prognosis

The course of RP varies from a low-grade, mild condi-
tion up to fulminating and rapidly progressive disease.
Spontaneous remissions are common. The survival rate is
74% at 5 years and 55% at 10 years in the study of
Michet, but Trentham in 1988 reported a 94% survival
rate and average disease duration of 8 years. Common
causes of death are pulmonary infection, airway collapse,
systemic vasculitis and glomerulonephrits. Factors pre-
dictive of the severity of the disease and fatalities are
anemia, saddle nose deformity, vasculitis, arthritis, lar-
yngotracheal strictures and hematuria at the time of
diagnosis (2, 9).

Therapy

A standardized therapeutic protocol for RP has not been
established because the disease is rare.

Nonsteroidal anti-inflammatory drugs, dapsone and/or
colchicine have been used in mild polychondritis limited to

arthralgia and nasal or auricular chondritis with benefits.
Dapsone is often first used for the systemic manifestations
of RP in some patients, but 9 of 14 patients in other series
did not respond to this drug (2, 8).
Corticosteroids continue to be a mainstay of medical

management of RP and decrease the frequency and severity
of attacks. Traditional therapy is 10–20mg/day of predni-
sone for mild to moderate auricular and nasal chondritis or
arthritis. Doses of prednisone 0.75 to 1mg/kg of body
weight per day or pulse methylprednisolone (1 g/day for
3 days) and/or an immunosuppressive agent (azathioprine,
cyclophosphamide, methotrexate or cyclosporine) should
be initiated in patients with more severe disease, such as
acute airway obstruction and cardiovascular and renal
involvement.
Other therapies reported in refractory cases are plasma-

pheresis, anti-CD4monoclonal antibodies and autologous
stem-cell transplantation.
Intravenous infusions of infliximab have been used in

resistant RP with good response.
Surgical intervention is indicated for certain respiratory

and cardiovascular complications (2, 17, 18, 19).
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10
Raynaud Phenomenon

Mario Garcı́a-Carrasco, Mario Jiménez-Hernández, Ricardo O. Escárcega,
Ivet Etchegaray-Morales and Juan Carlos Pérez-Alva

Abstract Raynaud phenomenon is an episodic vasospasm of the peripheral arteries, causing pallor followed by
cyanosis and redness with pain and sometimes paresthesia, and, rarely, ulceration of the fingers and toes (and in some
cases of the ears or nose). Primary or idiopathic Raynaud phenomenon (Raynaud disease) occurs without an underlying
disease. Secondary Raynaud phenomenon (Raynaud syndrome) occurs in association with an underlying disease –
usually connective tissue disorders such as scleroderma, systemic lupus erythematosus, rheumatoid arthritis,
or polymyositis. The disorder occurs fairly commonly and can have a variety of other presentations, ranging from
mild discomfort to severe pain. It can eventually lead to ulcerations, tissue necrosis, and gangrene. Advances in vascular
physiology have showed the role of the endothelium as well as endothelium-independent mechanisms in the altered
vasoregulation of Raynaud phenomenon. This has opened promising therapeutic avenues, and it is likely that therapies
targeted toward specific pathophysiological steps become available in the near future.

Keywords Raynaud phenomenon � pathophysiology � endothelium � easospasm

Raynaud phenomenon (RP) is characterized by episodic

vasospasm of arteries and arterioles, manifested clinically

by the sequential development of digital blanching, cyano-

sis, and rubor of the fingers or toes following cold exposure

and subsequent rewarming (1, 2). Reversible vasospasm
of the extremities occurs either as an isolated symptom

without underlying disorder (primary Raynaud phenom-

enon) or in association with another disorder or condition

(secondary Raynaud phenomenon) (3).

Epidemiology

Raynaud phenomenon has a worldwide distribution and

it has been described in adults and in children, although

its prevalence is raised in cold climates where the risk of

exposure to low ambient temperatures is greatest. The most

commonly affected demographic group is women, approxi-
mately three to five times more frequently than men. Dura-

tion, frequency, and severity of symptoms increase during

the colder months (3). Individual population-based survey

estimates range from 2.9 to 16.8%, in overall prevalence

(2.9–21% inwomen; 0.5–13.5% inmen). The average age of

onset is 31 years;>75% of patients begin having symptoms

before 40 years of age (4).

History

In 1862, Auguste-Maurice Raynaud in his thesis ‘‘Local

asphyxia and symmetrical gangrene of the extremities’’

described for the first time color changes of the hands and
feet triggered by exposure to cold temperature. In his obser-

vations, he affirmed that the phenomenon was a local

asphyxia of the extremities which was a result of increased

irritability of the central parts of the cord presiding over

vascular innervations (5). However Raynaud failed to distin-
guish between transitory episodes of ischemia and fixed

arterial obstruction with gangrene. But he corrected his mis-

take, and he differentiated fixed obstruction and gangrene

from what we now know as Raynaud phenomenon. Later,

Lewis suggested that the cause of the phenomenon was

not central but peripheral, owing to spasm of the digital

arteries and that the abnormal element in the reaction to

cold is a direct reaction and because of a peculiar condition
of the vessel wall locally. Allen and Brown criteria, negative

immunological tests are now judged by most investigators to

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_10,
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be essential to distinguish primary from secondary Raynaud
phenomenon.

Classification

In general, RP is classified as either primary (PRP) or
secondary (SRP). PRP occurs as an isolated finding in an
otherwise healthy individual. In fact, most experts think
that the primary form is merely an exaggeration of normal
physiological responses to cold environmental tempera-
tures or emotional stress or both, rather than a disease
(6). In SRP, there is an associated disorder detected upon
assessment; the underlying pathological condition or
disease alters regional blood flow by damaging blood ves-
sels, interfering with neural control of the circulation, or
changing either the physical properties of the blood or the
levels of circulating mediators that regulate the digital
and cutaneous circulation (2). The distinction is impor-
tant, because prognosis, severity, and treatment can all
be affected. The causes of SRP are associated with a rheu-
matic or connective tissue disease, such as systemic sclero-
sis, systemic lupus erythematosus, Sjögren syndrome (7),
or dermatomyositis. Also, certain medications, such as
b-blockers and ergotamine, have been associated with
SRP, as well occupational exposure to hand-transmitted
vibration, trauma, and certain chemotherapeutic agents
such as bleomycin, vinblastine, and cisplatin (6). Smoking
is not associated with RP in women but is associated with
increased risk in men; likewise heavy alcohol consumption
in women is associated with increased risk of RP whereas
moderate alcohol consumption in men is associated with
reduced risk (8).

Pathogenesis

The pathogenesis of RP is not completely understood.
Normal regulation of peripheral blood flow depends on
several factors, as well as intrinsic vascular tone, sympa-
thetic nervous activity, circulating neurohumoral sub-
stances, and blood viscosity (9). Vasomotor control
mechanisms can be subdivided into those that are intrinsic
to the vessel wall and those that are extrinsic to the vessel.
In addition, vasoregulation is mediated by endothelium-
dependent and endothelium-independent mechanisms;
there is evidence that endothelium-dependent processes
might be more important in the exacerbation than in the
initiation of Raynaud phenomenon, especially of the sec-
ondary form of the disorder. The specific pathophysiolo-
gical abnormalities that induce the disorder most likely
differ for each of the underlying conditions of secondary
and primary forms of the disease. The mechanisms postu-
lated to cause Raynaud phenomenon including vascular
abnormalities include those of both structure and function,

increased sympathetic nervous system activity, high digital
vascular reactivity to vasoconstrictive stimuli, several circu-
lating vasoactive hormones, and decreased intravascular
pressure. Intravascular abnormalities include platelet acti-
vation, impaired fibrinolysis, increased viscosity, and
probably oxidant stress. Neural abnormalities are also
involved, including deficiency of the vasodilator calcitonin
gene-related peptide (released from sensory afferents), a2-
adrenoreceptor activation (possibly with upregulation of
the normally ‘‘silent’’ a2C-adrenoreceptor), and a central
nervous system component (10). The endothelial injury
may be attributable to repeated vasospastic attacks causing
ischemic reperfusion injury to the endothelium. This injury
causes the release of free radicals and other products that
damage the endothelium besides endothelial dysfunction
resulting from a decrease in the vasodilator chemical nitric
which results in vasospasms. In some cases, locally released
or systemically circulating vasoconstrictors may partici-
pate, including endothelin, 5-hydroxytryptamine, and
thromboxane (11). These interactions are influenced by
several factors: physical activity, the ambient temperature,
the individual’s emotional state, and direct traumatic or
inflammatory insults to the vessels. Consequently, the vas-
cular endothelium, smooth muscle cells, and nerve term-
inals form an integrated unit in which specific interactions
and soluble mediators released in the microenvironment
contribute together to determine the key issue which is the
imbalance between vasoconstriction and vasodilatation.

Clinical Manifestations

In general, RP is associated with three specific stages in
response to an individual’s exposure to cold stimuli or
emotional stress (1). At the start, pallor develops in the
fingers or toes, and occasionally the tip of the nose or an
earlobe is affected; this is caused by vasospasm of the
digital arteries and arterioles and associated reduction in
blood flow. Subsequently, cyanosis develops, which is
caused by pooling of deoxygenated blood and the flow of
this deoxygenated blood through the digital blood vessels.
Finally, there is reactive hyperemia and rubor of the fin-
gers or toes, resulting from the refilling of the vasospastic
vessels with oxygenated blood. Approximately 60% of
patients will exhibit all three color changes (12). Symptoms
of RP depend on the severity, frequency, and duration of
the blood vessel spasm. Some patients will exhibit only one
(10–30%) or two (14–40%) of the color changes (10). In
addition to the digital color changes, these patients are
frequently are associated with paresthesias-like numbness
and tingling that will disappear once the color returns to
normal; however these symptoms make patients uncom-
fortable, they are usually not in pain at this time. But, as
the disorder progresses, patients may develop varying
degrees of pain because the blood vessel spasms become
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more sustained and the sensory nerves become irritated by
the lack of oxygen (10). Most patients with mild disease
notice skin discoloration only upon cold exposure. In some
cases, poor oxygen supply to the tissue can cause the tips of
the digits to ulcerate which can become infected (11). With
continued lack of oxygen, gangrene of the digits can occur.
Patients with secondary RP can also have symptoms
related to their underlying diseases. RP is the initial symp-
tom in 70% of patients with scleroderma and other rheu-
matic diseases (13). (see also Table 10.1)

Pathological Features

Histological study includes various methods such as nail-
fold capillary microscopy, which has an impressive cost/
effectiveness ratio: it is simple, non-invasive, and inexpen-
sive. Therefore, it should be considered as the basic tool
of investigation to distinguish primary from secondary
Raynaud phenomenon. The capillaroscopic patterns
that are found in patients with Raynaud phenomenon
are widely variable, according to the various clinical sub-
sets of the disease: normal capillaroscopic pattern, a spe-
cific capillaroscopic finding, and scleroderma-type
capillaroscopic abnormalities. Several studies have
demonstrated that patients who have primary Raynaud
phenomenon do not exhibit capillary nailfold changes.
On the contrary, patients who have mixed connective
tissue disease (MCTD) (14), systemic sclerosis, and der-
matomyositis demonstrate characteristic capillary nail-
fold abnormalities. In some rheumatic diseases, such as
systemic sclerosis, the RP is a significant characteristic
and is fundamentally different than the primary form of
this disorder. Because of the underlying vasculopathy
that is present in scleroderma, capillary nailfold is used
to show the vascular changes that are ubiquitous in the
small and medium arterial vessels in patients who have
systemic sclerosis and are characterized by intimal pro-
liferation with fibrosis and evidence of endothelial cell
perturbation and smooth muscle cell activation (13).

Diagnostic Criteria

In particular, proposed clinical and laboratory criteria
for the identification of RP include episodic attacks of
acral pallor or cyanosis; no evidence of digital pitting,
ulcerations, or gangrene; normal nailfold capillarioscopy
results; negative antinuclear antibody testing results; and
a normal erythrocyte sedimentation rate, rheumatoid fac-
tor, thyroid hormone levels, and protein levels to exclude
associated rheumatic diseases and thyroid disorder.
These criteria are effective in excluding the majority of
patients with underlying connective tissue diseases (8).
Epidemiologically, most patients with PRP tend to be
women and the clinical course is usually mild, with only
rare instances of tissue loss or necrosis. Clinical and
laboratory criteria proposed for the identification of SRP
include abnormal nailfold capillarioscopy results; positive
antinuclear antibody testing results; presence of digital pit-
ting, ulcerations, or gangrene; and evidence of other organ
system involvement, including gastrointestinal, cardiopul-
monary, or renal abnormalities. Patients with SRP usually
have a much more complicated clinical course, with multi-
organ system complications occurring frequently (11)
(See also Table 10.2).

Differential Diagnosis

The main differential diagnoses are summarized in
Table 10.3.

Prognosis

PR shows a rate of progression that varies widely among
patients; 13% of Raynaud phenomenon patients devel-
oped a secondary disorder, many of which were connective
tissue diseases (15). In some cases of PRP, attacks may last
from several minutes to a few hours. In cases of SRP,
affected patients develop the hallmarks of underlying
disease; therefore, if an underlying disease is strongly

TABLE 10.1. Clinical history of PR.

l Primary Raynaud

� Symmetric attacks

� Absence of tissue necrosis, ulceration, or gangrene

� Absence of secondary cause after history and general physical

examination

� If no abnormal clinical or laboratory signs have developed for >2

years, secondary disease highly unlikely
l Secondary Raynaud

� Onset >35 years of age

� Asymmetric episodes more intense and painful

� Inquire regarding arthritis, myalgias, fever, dry membranes, rash, or

cardiopulmonary symptoms

� Inquire about past or current drug use

� Any exposure to toxic agents

� Any repetitive trauma

TABLE 10.2. Laboratory and histological findings.

l Primary Raynaud

Antinuclear antibody – negative

Erythrocyte sedimentation rate – normal

Nailfold capillaroscopy – normal

l Secondary Raynaud

Tests for underlying secondary causes (complete blood chemistry, ESR)

Positive autoantibody has low positive predictive value for an associated

connective tissue disease (30%)

Antibodies to specific autoantigens more suggestive of secondary disease

(e.g., scleroderma with anticentromere or antitopoisomerase

antibodies)

Nailfold capillaroscopy – abnormal
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suspected it is important to consider specialist consultation
for evaluation and treatment.

Therapeutic Management

The goals of treatment are to reduce the severity of
attacks and to prevent tissue damage and loss in the
fingers and toes. Prevention measures are important in

primary and secondary RP regardless of the severity.
Management of RP involves protecting the fingers and
the toes from cold, trauma, and infection (8). Any
wounds or infections should be treated early to prevent

more serious infections. Avoiding emotional stresses
and tools that vibrate the hand may reduce the fre-
quency of attacks. Learning relaxation techniques and

taking time to relax will further help to end an attack.
Medications that can aggravate blood vessel spasm should
be avoided by patients with RP such as ergotamine deri-
vates, beta-blockers, amphetamines, and sumatriptan also

is important the cessation of vasoconstrictor agents such
as nicotine (8, 11). Diet is also very important and some
trials have showed that fish oils containing omega-3-fatty
acids may be beneficial to some patients with primary

Raynaud. In addition, aspirin or clopidogrel is prescribed
to decrease the risk of thrombotic complications in all
cases of RP. In addition, patients should be treated for

any underlying disease or condition that causes secondary
Raynaud phenomenon (13). Vasodilator drugs may be
of some benefit in patients whose symptoms are not
adequately controlled with simpler measures which
were described earlier. Patients with secondary Raynaud

phenomenon are more likely than those with the pri-
mary form to be treated with medications (11).
The most effective and safest drugs are calcium-channel

blockers, which relax smooth muscle and dilate the
small blood vessels. Low-dose nifedipine (10–30mg PO
t.i.d. or 30–120mg sustained-release formula PO once
daily) or diltiazem (30–120mg PO t.i.d. or 120–300mg

sustained-release formula PO once daily) has superseded

topical or oral nitroglycerin for treatment of vasospasm
(16). These drugs decrease the frequency and severity of

attacks in about two-thirds of patients who have pri-

mary and secondary Raynaud phenomena. If adverse

effects occur, decrease dosage or use another agent

such as nicardipine, amlodipine, or diltiazem. These

drugs also can help heal skin ulcers of the fingers or

toes. On the other hand, some patients found relief with

postsynaptic a1-adrenergic antagonist which has been
used with favorable response (Prazosin, 1–5mg PO

bid) because they counteract the actions of norepinephr-

ine, a hormone that constricts blood vessels (17). Like-

wise angiotensin-converting enzyme inhibitors and

intravenous prostaglandins have been advocated, and

clinical trials have indicated some benefit. The angioten-

sin-receptor antagonist losartan at 25–100mg/day has

been found effective in patients with PRP and SRP in

scleroderma (18). The selective serotonin uptake inhibi-

tor fluoxetine has also been shown effective if the range
dose is from 20 to 40mg daily (19). Intravenous pros-

taglandins have also been used with success, such as

iloprost, which when given as a 5-day infusion was

beneficial in severe cases of Raynaud phenomenon;

alprostadil (prostaglandin E1 [PGE1]) and epoprostenol

(PGI2) are considered as alternatives (20), whereas pra-

zosin has been used with some success against primary

and secondary Raynaud phenomenon (11). Recent stu-
dies have shown a role for bosentan in the treatment of

severe Raynaud phenomenon associated with systemic

sclerosis in which the use of intravenous prostaglandin

analogues was not considered as a first-line option,

because bosentan has several advantages such as rapid

clinical response and oral administration absence of

severe side effects. According to Ramos et al. (21),

bosentan is recommended: start treatment with 125mg

daily for the first 4weeks followed by 125mg twice

daily. This dose has shown an improvement in the
ischemic lesions with healing of digital ulcer patients

during the first month of therapy. Pharmological treat-

ment of RP is summarized in Table 10.4.
In some cases, surgery should be considered; sym-

pathectomy is indicated for pure vasospastic disease

refractory to medical management (22). Digital sym-

pathectomy has been gaining support for patients with
severe or tissue-threatening disease. This may be used in

patients with either primary or secondary disease, but is

more commonly necessary with the secondary form. In

the lower extremity, sympathectomy may produce com-

plete and permanent relief of symptoms; however, for

unclear reasons, the beneficial effects are often transient

in the upper extremity. Limited improvement is seen in
advanced ischemia, particularly if significant digital

artery obstructive disease is present.

TABLE 10.3. Differential diagnosis.

l Thromboangiitis obliterans
l Rheumatic arthritis
l Progressive systemic sclerosis (scleroderma)
l Systemic lupus erythematosus
l Carpal tunnel syndrome
l Thoracic outlet syndrome
l Hypothyroidism
l CREST syndrome
l Cryoglobulinemias
l Acrocyanosis
l Polycythemia
l Occupational (e.g., especially from vibrating tools)
l Drugs (e.g., chemotherapeutic agents, ergotamine, amphetamines,

bromocriptine)
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TABLE 10.4. Pharmacological treatment of Raynaud
phenomenon.

Agent Dose Side effects

Nifedipine 10–30mg 3 times daily (PO) Tachycardia,

hypotension,

palpitations,

constipation, anxiety

Amlodipine 5–20mg daily (PO)

Diltiazem 30–120mg 3 times daily

(PO)

Losartan 25–100mg daily (PO) Dizziness, headache,

fatigue, diarrhea

Prazosin 1–5mg 2 times daily (PO) Orthostatic

hypotension, nausea,

headache

Fluoxetine 20–40mg daily (PO) Insomnia, nauseas,

diarrhea, tremors

Pentoxifylline 400mg 3 times daily (PO) Dyspepsia, nausea,

vomiting

Epoprostenol 0.5–6 ng/kg of body weight/

min intravenously for

6–24 hr, for 2–5 days

Diarrhea, headache,

rash, hypotension
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11
Drug-Induced Autoimmunity

Martine Szyper-Kravitz and Yehuda Shoenfeld

Abstract Drug-induced autoimmunity encompasses a wide range of serological and clinical manifestations that
develop after exposure to a drug. The classical and most studied example is drug-induced lupus (DIL). Although
autoimmunity secondary to drugs has been recognized for more than 50 years, the introduction of new drugs has
extended the spectrum and severity of clinical manifestations. Several drugs are associated with the induction of
antinuclear and anti-DNA antibodies, but clinical lupus is rare, and a number of drugs are associated with antineu-
trophilic cytoplasmic antibody (ANCA)-positive vasculitis. The diagnosis of these conditions is not simple and requires
careful elimination of other possible conditions. Although rare cases of life-threatening autoimmune conditions have
been described, the majority of cases are mild and resolve after the offending drug is discontinued.

Keywords Drug-induced idiosyncratic reactions � drug-induced lupus

Drug-induced autoimmunity refers to the emergence of an
autoimmune serological profile or an autoimmune condi-
tion after exposure to a drug. Most of the literature con-
cerning drug-induced autoimmunity consists of case reports
illustrating specific autoimmune conditions that developed
on specific patients, and only few controlled studies have
been published. Some of the postulated mechanisms have
been prospectively investigated in experimental models.
More recently, the induction of autoantibodies following
the worldwide introduction of antitumor necrosis factor
(TNF)-a in the treatment of several diseases has provided
a wide database on the prevalence, clinical significance, and
possible mechanisms for drug-induced autoimmunity. In
this chapter, we review the current trends in drug-induced
autoimmunity, including the postulated mechanisms, the
range of autoimmune manifestations, and their clinical
relevance.

Epidemiology

The possibility of drug-induced autoimmunity was first
raised in 1945 with a report of possible sulfadiazine-
induced lupus, which was followed in 1953 by hydralazine
being implicated in the induction of lupus. Since then more
than 100 drugs have been implicated in drug-induced lupus
(DIL) (see Table 11.1 for a list of drugs). The estimate

incidence of DIL is 15,000–20,000 cases per year in the
USA, whereas others suggest that as many as 10% cases of
systemic lupus erythematosus (SLE) may be DIL (1). The
incidence and prevalence of other drug-induced autoim-
mune manifestations are not known. In an analysis of the
French national database of pharmacovigilance in the
years 1991–1994, only 0.2% of reports were suggestive of
systemic autoimmunity (2). In contrast to SLE, where
women are affected at a rate of 9:1 as compared with
men, no sex predilection is apparent in DIL (3), although
in the French report of systemic autoimmunity a female to
male ratio of 3.6:1was found (2). Also in contrast to SLE,
DIL is more frequent in Caucasians than in blacks.
Regarding age, patients with DIL tend to be older than
those with SLE, with 63% patients aged >50 years (2, 3).

TABLE 11.1. Most common drugs implicated in drug-induced
lupus (DIL).

Antibiotics – minocycline, isoniazid

Antifungals – griseofulvin, voriconazole

Antiarrhythmics – procainamide, quinidine

Antihypertensives – hydralazine, methyldopa, captopril, acebutolol

Anticonvulsants – valproate, carbamazepine, phenytoin

Antiinflammatory – D-penicillamine, sulfasalazine

Antipsychotics – chlorpromazine

Cholesterol-lowering agents – lovastatin, simvastatin, gemfibrozil

Antithyroid – propylthiouracil

Biologic agents – interleukin 2, interferon-a,b,g, TNF-a inhibitors
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Pathogenesis

The induction of autoimmunity by drugs may involve
several levels of immune control, leading to the breakdown
of tolerance. In the normal development, central tolerance
is achieved by the deletion of potential autoreactive thy-
mocytes through apoptosis, whereas in the periphery,
potential autoreactive cells are kept under tight control
by several mechanisms. Several drugs have been shown
to potentially disrupt these levels of tolerance.

Breakdown of Central Tolerance

Studying the mechanism of procaine-induced lupus,
Kretz-Rommel and Rubin (4) elegantly demonstrated
that two injections of procaine-hydroxylamine, a metabo-
lite of procainamide, into the thymus of normal mice
resulted in the appearance of chromatin-reactive T cells
and IgG autoantibodies against chromatin, in the periph-
eral blood. Moreover, adoptive transfer of these chroma-
tin-reactive T cells into naı̈ve mice resulted in a similar
autoantibody response, indicating that the egress of auto-
reactive T cells from the thymus to the periphery is suffi-
cient to break B-cell tolerance and induce systemic
autoimmunity. In further in vitro studies, these authors
demonstrated that the drug does not affect negative selec-
tion, but rather prevents the induction of anergy in T cells
and the establishment of unresponsiveness to self during
positive selection (4). In another murine model, lethally
irradiated bone marrow-reconstituted mice have been
shown to develop a systemic autoimmune disease, after
receiving high-dose cyclosporine A (CsA), which could
be transferred into syngenic recipients by T cells (5). In
this model, CsA appears to prevent thymic deletion by
blocking signaling during negative selection in the thymus.

Breakdown of Peripheral Tolerance

Drugs implicated in the induction of lupus such as hydra-
lazine and procainamide inhibit T-cell DNA methylation
(similar to UV light). DNA methylation is a post-synthetic
event, and during mitosis, methylation patterns are repli-
cated by DNA methyltransferase (DMT). Procainamide is
a competitive inhibitor of DMT, whereas hydralazine
inhibits the extracellular signal-regulated kinase (ERK)
pathway signaling, decreasing DMT expression and activity
(6). In experimental models, Richardson’s group demon-
strated that treatment of human and murine CD4þ T cells
with DNA-hypomethylating drugs resulted in increased
expression of lymphocyte function-associated antigen 1
(LFA-1), induced autoreactivity, and adoptive transfer of
these autoreactive T cells into syngenic recipients, caused a
lupus-like disease (6). In further studies, they demonstrated

that LFA-1 overexpression (by transfection) was responsible
for the autoreactivity, as adoptive transfer of the transfected,
autoreactive cells into syngenic recipients caused anti-DNA
antibodies, immune-complex glomerulonephritis, and pul-
monary alveolitis (6). Interestingly, subsets of autoreactive
T cells, hypomethylated T cell DNA, and overexpression of
LFA-1 have all been described in patients with active SLE,
highlighting the relevance of these experimental results for
human disease (6).

Cross-Reactivity of T Cells

Cross-reactivity of T cells with self-antigens is an alterna-
tive mechanism for interference with peripheral tolerance.
Pichler (7) reported that drug-specific T-cell clones (TCCs)
can also react to alloantigens. The authors cloned auto-
reactive T cells from 100 donors with drug allergies and
found that some reactive T cells reacted with the drug on
different human leukocyte antigen (HLA) molecules, sug-
gesting that drug-specific T cells may bear degenerate T-
cell receptors, which are able to react with multiple anti-
gens. In addition to a high incidence of alloreactivity of the
drug-reactive T-cell receptors, he also demonstrated auto-
reactivity among the drug-specific TCCs, concluding that
these TCCs were autoreactive and drug-reactive. The
author suggests that drug-induced autoimmunity can
result from the generation of broadly reactive T cells,
which recognize the drug, but also HLA peptide alleles
without the drug, leading to a break of tolerance to auto-
antigens and the emergence of autoimmunity (7).

Antigen Modification

According to the ‘‘hapten hypothesis,’’ drugs or more
commonly their reactive metabolites bind to proteins,
changing their conformation and altering their recognition
as ‘‘self’’ by the immune system. Perceived as ‘‘foreign,’’
these proteins become the target of an immune response.
Once a response is initiated, epitope spreading may occur,
inducing autoimmunity to self-antigens. Examples for
haptenization and epitope spreading are illustrated using
heavymetals such as gold, mercury, and nickel, which bind
to proteins, change their molecular and antigenic proper-
ties, and induce autoantibodies (8). Changes in the proces-
sing of antigens leading to the presentation of cryptic
antigens may also contribute to the induction of the
immune response, as in the case of gold, which in vitro
has been found to alter the processing of proteins such as
bovine ribonuclease, leading to the presentation of hidden
epitopes and induction of an immune response (9). Several
drugs associated with the induction of autoimmunity are
oxidized to reactive metabolites, which are incriminated in
the haptenization process. Interestingly, this reactivity can
be transferred by lymphocytes to syngenic animals (9).
Additional mechanisms by which drugs may facilitate the
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emergence of autoimmunity include molecular mimicry
and superantigen stimulation.

The ‘‘danger hypothesis’’ is another plausible explana-
tion for drug-induced autoimmunity. According to
Matzinger, the default of the immune system is tolerance
to most antigens, but the presentation of an antigen in the
context of a ‘‘danger signal’’ triggers an immune response
(10). Danger signals can be viral infections, physiological
stress such as surgery, or reactive metabolites of drugs.
This concept may explain the association of infections
and stress with idiosyncratic drug reactions, such as the
ampicillin idiosyncratic reaction (skin rash) among
patients with Epstein–Barr virus (EBV) mononucleosis or
the sulfonamide idiosyncratic reactions in HIV-infected
patients (9).

Clinical Manifestations

Drug-induced autoimmunity may manifest in diverse clin-
ical manifestations, ranging from organ-restricted to sys-
temic diseases. In the most studied case of DIL, induced by
procainamide and hydralazine, the disease is characterized
by arthralgia, myalgia, pleurisy, rash, and fever, whereas
pericardial, central nervous system (CNS), and renal invol-
vement is rare. Oral ulcers, alopecia, and photosensitivity,
which are typical in SLE, are rare in these cases of DIL, but
purpura and erythema nodosum are more prevalent. In
patients treated for more than a year with procainamide,
20% are at risk for developing symptoms, as compared
with 5–8% among hydralazine-treated patients (11). To
date, the therapeutic use of procainamide and hydralazine
declined dramatically, and most cases of DIL are induced
by other new drugs, changing the classical presentation of
DIL (resembling more idiopathic SLE) and expanding the
spectrum to new autoimmune manifestations.

In cases of the antiphospholipid syndrome (APS)
induced by drugs such as chlorpromazine, a low frequency
of thrombosis, <6% during 5 years of follow up, has
been reported, as compared with a 56–87% prevalence
of antiphospholipid antibodies (12). Additional drugs
implicated in drug-induced APS include chlorothiazide,
chlorpromazine, hydralazine, phenothiazine, procaina-
mide, quinidine, and interferon-(INF)-a (12).

Four immune-mediated syndromes have been attributed
to minocycline treatment: serum sickness, DIL, autoim-
mune hepatitis, and vasculitis (13). DIL and hepatitis were
the most common, manifesting after a protracted use
(�2 years). The most frequent symptoms are arthralgia,
followed by arthritis, fever, and rash, whereas renal and
CNS involvement is considered rare.

Propylthiouracil (PTU) administration has been asso-
ciated with rare events of DIL and vasculitis. As patients
with thyroid disease are more prone to suffer from other

autoimmune conditions, they may be more susceptible to
drug-induced autoimmunity. Aloush et al. (14) described

three cases ofDILandone case of vasculitis,whichdeveloped

in young women after prolonged treatment (>9months)

with PTU. After reviewing the literature, they identified

another 30 cases of vasculitis and 12 cases of DIL after

PTU treatment. Musculoskeletal symptoms were more

prevalent in DIL, whereas renal and pulmonary involvement

was more common among PTU-induced vasculitis. Fever,

mucocutaneous lesions, serositis, and hematological and

gastrointestinal involvement occurred at a lower frequency

in both groups.
There have been 22 case reports of asthma patients

developing Churg–Strauss syndrome (CSS) while receiving

leukotriene inhibitors (15). As all the patients were being
treated with inhaled or systemic corticosteroid for their

asthma, and onset of CSSwas often associated with steroid

tapering, it has been suggested that these cases represent

unmasking of undiagnosed CSS with tapering of the ster-

oids, rather than a drug-induced disease (15). Even so, it is

possible that some cases of CCS are an idiosyncratic

response to leukotriene inhibitors.
The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-

CoA) reductase inhibitors have been associated with sev-

eral cases of dermatomyositis and polymyositis (2), albeit

overlap with statin-induced myopathy precludes a definite

autoimmune mechanism.
Recombinant INF treatment has been associated with

the emergence of thyroid autoimmunity and dysfunction,

in different patient groups. Among patients with breast

cancer and multiple sclerosis (MS), 30 and 7.7%, respec-

tively, developed thyroid dysfunction, and among patients

treated for hepatitis C, between 3 and 30% of previously

euthyroid patients developed thyroid dysfunction (16).

Interestingly, DIL has been only rarely demonstrated

(0.15–0.7%).
Following the worldwide introduction of anti-TNF-a in

the treatment of rheumatic and Crohn’s diseases (CDs), a

significant prevalence of autoimmunity have been

reported, although few cases of overt disease have been

published. In a retrospective national study in France

encompassing all the centers prescribing anti-TNF agents

for rheumatic diseases, and including more than 10,000

patients, 22 cases of DIL were identified (17). Whereas

10 patients had only anti-DNA antibodies and skin mani-

festations, 12 patients had at least four American College

of Rheumatology (ACR) criteria for lupus. Selected cases

of demyelinating syndromes resembling MS have been

described following anti-TNF therapy, albeit only in

patients with previous autoimmune disease [rheumatoid

arthritis (RA) and CD] and not in patients with spondy-

larthropathy (SpA) (18), implying that the effect of

anti-TNF may be secondary to an already established

autoimmune milieu.
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Serological Features

By definition, patients with DIL have antinuclear autoan-

tibodies (ANAs), usually with a homogenous pattern

(induced by procainamide, isoniazid, timolol, hydralazine,
and phenytoin), whereas thiazides have been associated

with speckled ANA patterns. Hydralazine and procaina-
mide are associated with the induction of several autoanti-

bodies including ANAs (>95%), antihistone, usually IgG
anti-[H2a-H2B] DNA (>95%), antidenatured DNA

(50%), anticardiolipin (5–15%) antibodies, and rheuma-

toid factor (RF) (20–30%) (11). In contrast to SLE, in
DIL, the anti-DNA antibody is directed against ssDNA,
anti-Sm antibodies are rare, and complement levels are

within the normal range.
The most common serological findings in minocycline-

induced autoimmunity are ANAs and perinuclear antineu-
trophilic cytoplasmic antibodies (p-ANCAs). Interestingly

antihistone antibodies are found at a low frequency (13).

In PTU-induced autoimmunity, a 90% prevalence of
ANA, 42% prevalence of antihistone, 25% of anti-DNA,

and 50% of p-ANCA were found among cases of PTU-
induced lupus. In contrast, cytoplasmic ANCA (c-ANCA)

was detected only in cases of PTU-induced vasculitis, a
similar rate of p-ANCA was found in both conditions, but

antimyeloperoxidase (anti-MPO) antibodies were found at
a high frequency in PTU-induced vasculitis (14). Several

additional cases of drug-induced vasculitis associated with
ANCA with anti-MPO specificity have been described

after exposure to minocycline, hydralazine, methimazole,

and penicillamine (12, 14).
Among patients treated with INF-a, 4–19% developed

some form of autoimmunity: 12% develop ANA and 8%

dsDNA (19). But among hepatitis C patients, a wide range

of seroconversion for thyroid autoantibodies has been
reported during treatment (up to 40%) and even months
after INF was terminated (16). In some of the patients, the

autoantibodies disappeared months after termination of

treatment, highlighting the possible direct effect of INF on
the induction of the antibodies. Similarly, in patients with

MS (treated with INF-b) and breast cancer, 19 and 50%,
respectively, developed thyroid antibodies (16).

Increase in ANA and anti-dsDNA antibody titers occurs
in all groups of patients treatedwith anti-TNF-a antibody or
fusion proteins (19). Approximately 64% of RA patients
and 49% of CD patients developed de novo ANA during

infliximab treatment, and 13 and 21.5%, respectively,
developed newly positive anti-dsDNAantibodies (20), albeit

only about 0.2% of patients developed symptoms of SLE.
Interestingly, induction of autoantibodies was higher among

patients with SpAs. After 34weeks of infliximab treatment,
newly positive results for ANAs were 32.3% for RA as
compared with 71.4% for SpAs, and 11.3% of RA devel-

oped anti-DNA antibodies compared with 17.1% among

SpA patients (especially non-IgG isotype) (18). In addition,
in both groups, 10–15% of patients also developed anti-
nucleosome and antihistone antibodies. A low prevalence
of anti-ENA and anticardiolipin antibodies has also been
described in patients treated with anti-TNF-a.

Diagnostic Criteria

To date, no diagnostic criteria for drug-induced autoimmu-
nity have been formulated. The attribution of autoimmunity
to a drug is complicated by several factors, such as the
concomitant exposure to multiple drugs (poly-pharmacy),
the latent period between drug exposure and the appearance
of symptoms or signs of disease, and the similarities between
a drug-induced reaction and a true illness. Nonetheless, the
definition of drug-induced autoimmunity has to comply
with several temporal criteria to establish that autoimmu-
nity did not exist in the patient prior to the drug exposure;
it developed after the introduction of the offending drug;
resolution or improvement of autoimmunity followed
discontinuation of the drug; and it recurs with repeated
drug exposure (see Table 11.2).
Regarding the emergence of autoimmunity, the applica-

tion of the above temporal criteria may be difficult.
Patients may have subtle signs or be in the process of
presenting an autoimmune condition, coincident with the
exposure to a new drug, or they may already harbor auto-
antibodies without clinical disease, prior to the drug intro-
duction. The development of autoantibodies or the
emergence of an autoimmune condition may lag weeks or
months after the introduction of a new drug, making a
causal relationship difficult. Finally, the resolution of
symptoms and the disappearance of autoantibodies may
not follow the discontinuation of the suspected offending
drug, as several immune processes may not be readily or
rapidly reversed. In addition, by their very nature, auto-
immune diseases may present insidiously or atypically,
making their diagnosis a difficult task. In summary, the
diagnosis of a drug-induced autoimmune condition is a
process of elimination.

Prognosis

The prognosis of drug-induced autoimmunity is excellent
once the causative medication is discontinued. In selected
cases, corticosteroids and rarely cytotoxic agents are
required. Recovery generally occurs within days or weeks.

TABLE 11.2. Proposed criteria for drug-induced autoimmunity.

1) Autoimmunity does not exist in the patient prior to the drug exposure.

2) Autoimmunity develops after the introduction of the offending drug.

3) Resolution or improvement of autoimmunity follows discontinuation

of the drug (dechallenge).

4) Autoimmunity recurs with repeated drug exposure (rechallenge).
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Prediction

Traditionally, a distinction has been recognized between
the development of autoantibodies, following drug expo-
sure, and the emergence of an autoimmune disease. The
classical case of procaine-induced ANAs has demon-
strated that although ANA positivity was detected in
many patients, only a small minority developed a lupus-
like disease. Similarly and more recently, a high frequency
of ANAs has been detected among different groups of
patients, following treatment with anti-TNF agents, but
to date, only rare cases developed overt disease.

At the present time, it is not possible to predict who will
develop DIL or any other drug-induced autoimmunity.
Predisposing factors for DIL include slow acetylator phe-
notypes, HLA-DR4, complement C4 null allele, female
gender, and Caucasian race (20).

Therapy

For the vast majority of patients with drug-induced auto-
immunity, no specific treatment is required after the
offending drug is terminated, although in selected patients,
a short course of corticosteroids is necessary. In rare cases,
especially when vasculitis develops, more aggressive ther-
apy may be required.
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12
The Multiple Autoimmune Syndromes

Juan-Manuel Anaya, John Castiblanco and Adriana Rojas-Villarraga

Abstract The common background evidence for autoimmune diseases has grown and allows us to infer that although
their heterogeneity is due to a collection of diverse disorders based on epidemiology, pathology, or diagnostic criteria, in
fact the underlying immunogenetic mechanism might be similar. The clinical evidence supporting the common origin of
autoimmune diseases corresponds to the kaleidoscope of autoimmunity, which is the co-occurrence of various autoimmune
diseases within an individual or co-occurrence within members of a family. The two better conditions that illustrate the
kaleidoscope of autoimmunity are the multiple autoimmune syndromes (MAS) and the familial autoimmunity (FA).
The MAS consists in the presence of three or more well-defined autoimmune conditions in a single patient. A review of
the literature and cluster analysis of MAS disclosed systemic lupus erythematosus, Sjögren’s syndrome, and autoimmune
thyroid disease as the ‘‘chaperones’’ of autoimmune diseases. FA is defined as the presence of diverse autoimmune diseases
onmultiple members of a nuclear family. In this chapter, both theMAS and FA are discussed and illustrated in the context
of the common genetic background of autoimmunity.

Keywords Autoimmune diseases � familial autoimmune disease � familial autoimmunity � multiple autoimmune
syndrome � sporadic disease

Introduction

Autoimmune diseases are chronic conditions initiated by

the loss of immunological tolerance to self-antigens and

which make up a heterogeneous group of disorders where

multiple alterations in the immune system result in a spec-

trum of syndromes that either target specific organs or

affect the body systematically (1). Moreover, their chronic

nature has a significant impact in terms of the utilization

of medical care, direct and indirect economic costs, and

quality of life. Almost all autoimmune diseases dispro-

portionately affect middle-aged women and are among

the leading causes of death in this group of patients. The

older the patient grows, the lower the male:female ratio

becomes.
Most of the factors involved in autoimmunity can be

categorized into four groups: genetic, immune defects,

hormonal, and environmental. Autoimmune diseases

may present as mild, subclinical or severe, or life-threaten-

ing conditions, and different patients may present with

similar symptomatology and immunological phenomena

indicating that these disorders may represent different

expressions of similar pathogenetical processes and thus
raising taxonomic questions. The term ‘‘kaleidoscope of
autoimmunity’’ is used to describe the possible shift of
one disease to another or the fact that more than one
autoimmune disease may coexist in a single patient or
in the same family (2, 3). Although their etiology remains
poorly understood, the common features they share and a
plausible common background for autoimmunity are
emerging and becoming recognized (Figure 12.1) (3, 4).
Characterization of the extent to which particular combina-
tions of autoimmune diseases occur in excess of that
expected on the basis of chance may offer new insights
into their shared pathophysiological mechanisms.
There are three levels of evidence supporting a common

origin for autoimmune diseases. The first level comes
from the above-mentioned clinical evidence (i.e., the
kaleidoscope of autoimmunity). The second is the patho-
physiological mechanisms that are common to autoimmune
diseases (Figure 12.1), and the third corresponds to the
genetic evidence indicating that the genetic risk factors for
autoimmune diseases may well consist of two forms: those
common to many diseases and those specific for a given
disorder (5).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_12,

� 2008 Humana Press, Totowa, NJ

65



According to the first level of evidence that corresponds

to the mosaic of clinical syndromes manifested in the form
of co-occurrence of various autoimmune diseases within

an individual or co-occurrence withinmembers of a family,
and based on the clustering of autoimmune diseases

observed in various cohorts of patients (and their families)

that have participated in our previous studies, we have
adopted three entities found in the literature and defined

a fourth.

Multiple Autoimmune Syndromes

This entity was described by Humbert and Dupond in 1988

as a syndrome(s) consisting of the presence of three or

more autoimmune diseases in a single patient (6). While
describing the syndrome, their observations led them to a

rough classification of clusters based on the co-occurrence
of autoimmune diseases, which they identified as types one

through three. In multiple autoimmune syndrome (MAS)-1,
the authors grouped myasthenia gravis (MG), thymoma,

dermatopolymyositis (PDM), and autoimmune myocarditis

together. InMAS-2, they grouped Sjögren’s syndrome (SS),
rheumatoid arthritis (RA), primary biliary cirrhosis (PBC),

systemic sclerosis (SSc), and autoimmune thyroid disease

(AITD). MAS-3 consisted of AITD, MG and/or thymoma,
SS, pernicious anemia (PA), idiopathic thrombocytopenic

purpura (ITP), Addison’s disease (AD), type 1 diabetes
(T1D), vitiligo (VIT), autoimmune hemolytic anemia

(HA), and systemic lupus erythematosus (SLE) (6). The
importance of this concept is the probability that having

three autoimmune diseases simultaneously in one patient
goes beyond epidemiological inferences or statistical chance.

Thus, the previous notion argues in favor of common

pathophysiological mechanisms and genetic variants giving
origin to all three diseases (Figure 12.2). Despite the great
breakthrough achieved by Humbert and Dupond in provid-
ing a new taxonomy for these co-current phenotypes, on the
basis of clinical evidence, the concept became subject to
modifications. Initial observations that brought the concept
to light were supported by neither statistical methods nor
systematic approaches for clustering design. Moreover,
studies assessing the risk of patients with a primary auto-
immune disease developing other autoimmune diseases
found an association with other autoimmune diseases not
mentioned in the original report (7). In order to illustrate
the magnitude of the problem concerning the risk estimate
for being affected simultaneously by more than one auto-
immune disease, a review of literature was carried out and a
cluster analysis for MAS was performed by estimating
uncorrected general distances from a categorical character
matrix (Figure 12.3). Three basic, large clusters were
obtained from which three main conditions stand out and
might be considered the ‘‘chaperones’’ of the autoimmune
diseases namely SLE, AITD, and SS (Figure 12.3) (3).

Polyglandular Autoimmune Syndrome,
Type II

This syndrome is also universally known as Schmidt’s
Syndrome owing to a case reported by Schmidt in 1926 of
two patients who presented AD and chronic lymphocytic
thyroiditis. Later in 1964, in an extensive review of the
literature, Carpenter included the presence of T1D in
the syndrome defining the classic triad for PASII (8)
(Figure 12.2). The diagnosis of PASII is based on the
presence of at least two of the previously described

FIGURE 12.1. Fourth-stage model for the
pathophysiology of autoimmune diseases.

The diseases are favored by polymorphic

genes (1st) thatmake the target cell susceptible
to apoptosis (2nd), probably under an infec-
tious or toxic insult (i.e., cigarette smoking,

UV light), progressing then to organ lympho-

cytic infiltration (3rd) and immune system
dysregulation (i.e., abnormal Treg function),

and subsequent production of autoantibodies

and other soluble factors (4th), all of which
interfere with the organ or system function
and lead to the main clinical signs and

symptoms. Abbreviations – A.H. 8.1:

ancestral haplotype 8.1. (HLA-A1, cw7,
B8, TNFAB*a2b3, TNFN*S, C2*C, bf*s,

C4A*Q0, C4B*1, DRB1*0301, DRB3*0101,

DQA1*0501, DQB1*0201). EBV, Epstein–
Barr virus; CMV, cytomegalovirus; NO,
nitric oxide; MMP, metalloproteinases.
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FIGURE 12.3. Multiple autoimmune syndrome clusters.

The cladogram corresponds to a review of literature (3)

and was obtained by unweighted pair-group method
using arithmetic averages (UPGMA). Abbreviations:

T1D, diabetes mellitus type 1; SLE, systemic lupus
erythematosus; APS, antiphospholipid syndrome; RA,

rheumatoid arthritis; SS, Sjögren’s syndrome; MG,

myasthenia gravis; V, vasculitis including CS, Churg–
Strauss; CV, cutaneous vasculitis (diagnosed with

biopsy); MP, microscopic polyangiitis; MC, mixed
cryoglobulinemia; GCA, giant cell arteritis; SSc,

systemic sclerosis (scleroderma); DPM, dermatopoly-
myositis; IBD, inflammatory bowel disease (including

Crohn’s disease and ulcerative colitis); AITD, auto-

immune thyroid disease; CD, celiac disease; JRA,
juvenile RA; VIT, vitiligo; IBDS, inflammatory biliary

diseases (including primary biliary cirrhosis and

sclerosing cholangitis); AH, autoimmune hepatitis;
DAD, demyelinating autoimmune diseases (including
transverse myelitis and multiple sclerosis); AD,

Addison’s disease; AA, alopecia areata, PF, pemphigus

including pemphigus vulgaris and bullous pemphigoid;
HA, hemolytic anemia; PA, pernicious anemia; RP,
relapsing polychondritis.

FIGURE 12.2. A. Familial autoimmune
disease. In this case, a proband and a first-

degree relative (i.e., her father) have type 1

diabetes (T1D). B. Familial autoimmunity.
This phenomenon corresponds to the
presence of different autoimmune diseases

in a nuclear family. C. Multiple auto-

immune syndrome. This corresponds to the
presence of at least three autoimmune

diseases in a single individual. In this case

two siblings met criteria for MAS, although
they present with different phenotypes. In
addition, this family also represents a case

of familial autoimmunity. D. Polyglandular

autoimmune syndrome, type II. This
corresponds to the presence of AD, AITD,

and T1D. In this family, however, familial

autoimmune disease and familial autoim-
mune coexist.

12. The Multiple Autoimmune Syndromes 67



conditions in one patient. There are, nevertheless, three
more types of PAS (9). PAS type I is given by the presence
of oral candidiasis, hypoparathyroidism, and AD within
an individual associated with mutations in the AIRE gene,
a disorder that is inherited as an autosomal recessive dis-
order. PAS type III is defined as the presence of AITD, and
another autoimmune disease without the presence of AD,
parathyroid failure, or oral candidiasis. Finally, PAS
type IV has been described as the association of two or
more organ-specific autoimmune diseases. There is, never-
theless, some controversy surrounding this topic, and some
authors argue that PAS types II, III, and IV are different

manifestations of the same syndrome. This disagreement
has strong foundations because there are several reports
showing an association between T1D, AITD, CD, VIT,
and AD. Moreover, these syndromes share more charac-
teristics with each other than with PAS type I, thus making
them better grouped in a common type of syndrome (9). In
agreement with what previous reviewers have agreed on,

we believe that MAS can include the whole grouping of
PAS II. Thus the combination of the concept under a single
condition that allows the association of other combina-
tions of diseases maintains the concept of co-occurrence
effectively. This is supported by studies that have found an
association between organ-specific autoimmune diseases

such as T1D or AITD and systemic autoimmune diseases
such as SLE, SS, or RA (3) (Figure 12.3).

Familial Autoimmune Disease (FAID)

This condition is defined as the presence of one specific
autoimmune disease in various members of a nuclear
family (Figure 12.2). The word ‘‘familial’’ is used arbitrarily
throughout genetic epidemiology reports on autoimmune
diseases leading to a lack of consensus and hindering
the interpretation of results. For instance, some reports
have made the distinction between familial and sporadic
based solely on the number of siblings affected. As a rule

of thumb, they define familial as more than one sibling
in the family being affected (10). Others use it as a term
to explain the aggregation of an autoimmune disease in
first-degree relatives (FDRs) of a family (11). The FAID
importance is based on the fact that the presence of the
same autoimmune disease in various generations of one
family should require either a stronger common genetic

component compared with other syndromes or a common
environmental risk factor or a combination of both.
There is increased evidence for an aggregation of diverse
autoimmune diseases in families of patients with a single
autoimmune disease (12, 13). As illustrated in Figure 12.2, a
case of ‘‘sporadic’’ multiple sclerosis (MS) may correspond
to ‘‘familial autoimmunity’’ once relatives are carefully
investigated for the presence of other autoimmune diseases.

Thus, the family history of autoimmune diseases should be
considered when performing clinical genetic analysis.

Familial Autoimmunity

As mentioned earlier, this condition is defined as the pre-
sence of diverse autoimmune diseases in multiple members
of a nuclear family (Figure 12.2). Unlike the previous type
of clustering, this new definition uses the term ‘‘autoimmune
disease’’ as a trait that includes all accepted pathologies for
which evidence suggests an autoimmune origin.

Prediction and Prevention

It is now clear that autoimmune diseases do not begin at the
time of clinical appearance but rather many years before
that. The implication of this concept lies in the possibility of
predicting autoimmunity. Throughout the years, many
risk factors have been found to be associated with autoim-
mune diseases. Of these, female gender, a family history of
autoimmune diseases, and specific major histocompatibility
complex (HLA) alleles were well documented (1). In
addition, autoantibodies may also predict specific clinical
manifestations, disease severity, and rate of progression, as
well as specific clinical phenomena. The identification of
these markers and the assessment of their predictive value
might enable secondary prevention using specific drugs, or
immunological treatment. In addition, the ability to predict
the severity of the disease and its specific clinical manifes-
tation allows tertiary prevention of disease complications.
Such prevention may be accomplished by relatively simple
adjustments in therapy and lifestyle. The question related to
the clinical importance of the presence of antibodies in
asymptomatic subjects is being resolved by prospective
studies with the follow-up of autoantibody titers as well as
clinical symptoms in individuals who are being evaluated.

Treatment

A diagnosis of MAS depends on the physician’s accuracy
and the age at onset of the first autoimmune disease (3).
For example, the diagnosis of AITD (i.e., Hashimosto’s
thyroiditis) in a patient with a previous autoimmune
disease (i.e., RA or SLE) can only be achieved when it is
suspected because most of the symptoms related to
hypothyroidism might be hidden by the symptoms of the
underlying disease. The confirmation will be made only by
appropriate tests (i.e., abnormal thyroid function tests and
the presence of thyroglobulin and TPO antibodies). Each
individual disease included in the MAS group should be
considered and treated accordingly.
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13
Giant Cell Arteritis

Gideon Nesher

Abstract Giantcell arteritis (GCA) involves the major branches of the aorta with predilection for the extracranial

branches of the carotid artery. It occurs in individuals older than 50 years, and the incidence increases with age. The

signs and symptoms of GCA can be classified into four subsets: manifestations of cranial arteritis (mainly headache,

jaw claudication and visual manifestations), extracranial arteritis, systemic symptoms and polymyalgia rheumatica.

Patients may develop any combination of these manifestations, which are associated with laboratory evidence of an

acute-phase reaction. The only test that confirms the diagnosis is a temporal artery biopsy showing vasculitis with

mononuclear cell or granulomatous inflammation usually with giant cells. However, areas of vasculitis may be missed

by the biopsy and the histological examination is normal in about 15% of the cases. Some imaging modalities may aid

in the diagnosis of GCA. Among these, color duplex ultrasonography of the temporal arteries is more commonly used.

There are no independent validating criteria to determine whether GCA is present when a temporal artery biopsy is

negative. The American College of Rheumatology (ACR) criteria for the classification of GCA may assist in the

diagnosis. However, meeting classification criteria is not equivalent to making the diagnosis in individual patients, and

the final diagnosis should be based on all clinical, laboratory, imaging and histological findings. Glucocorticoids are
the treatment of choice for GCA. The initial dose is 40–60mg/day for most uncomplicated cases. Addition of low-dose

aspirin (100mg/day) has been shown to significantly decrease the rate of vision loss and stroke during the course of the

disease.

Keywords Temporal arteries � headache � sedimentation rate � glucocorticoids

Description of the Disease

Giant cell arteritis (GCA) involves the major branches of

the aorta with predilection for the extracranial branches of

the carotid artery, including the temporal arteries. The

aorta and other large arteries may also be involved.
GCA ismore common among people of north European

decent than among Mediterranean people and is rare
among African Americans, Native Americans and Asians.

GCA occurs in individuals older than 50 years, and the

incidence increases with age. The age-specific incidence

rates per 100,000 population increase from 2 in the age

group 50–59 years to 52 in the age group 80 years and older

(1). The estimated prevalence is about 1:750 persons older

than 50 years (2). Women are two to three times more

commonly affected.
The signs and symptoms of GCA can be classified into

four subsets: manifestations of cranial arteritis, extracranial

arteritis, systemic symptoms and polymyalgia rheumatica

(Table 13.1). Among these, tender, prominent temporal

arteries with absent pulses, jaw claudication and diplopia

have the highest positive likelihood ratios for GCA diagno-

sis (3, 4). Patients may develop any combination of these

manifestations. Patients with systemic symptoms and

increased inflammatory response in laboratory testing

such as very high erythrocyte sedimentation rate (ESR),

anemia of inflammation and thrombocytosis tend to pre-

sent less often with ischemic intracranial manifestations (5).

The onset of GCA symptoms may be abrupt but in most

instances symptoms develop gradually over a period of

several weeks. Elevated ESR is found in more than 90%

of the patients, and in 30–60% it is very high (>100mm/h).
This and other abnormalities in laboratory tests are elabo-

rated in Table 13.2.
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Diagnosis and Diagnostic Criteria

The diagnosis ofGCA ismade primarily on clinical grounds

and is bolstered by laboratory evidence of an acute-phase

reaction. The only test that confirms the diagnosis of GCA

is a temporal artery biopsy showing vasculitis with mono-

nuclear cell or granulomatous inflammation usually with

giant cells.
Some imaging modalities may aid in the diagnosis of

GCA. Among these, color duplex ultrasonography of

the temporal arteries is more commonly used. A peri-

luminal hypo-echoic halo, probably representing vessel-

wall edema, is considered highly specific for GCA (6). A

recent meta-analysis concluded that when the pre-test

probability of GCA is low, a negative result of ultrasono-

graphy practically excludes GCA (7). It appears that ultra-

sonography better serves to rule out GCA due to its high

negative predictive value, whereas a positive test needs to

be confirmed by a temporal artery biopsy, as the positive

predictive value varies considerably among different stu-

dies (Table 13.3).

High-resolution contrast-enhanced magnetic resonance
imaging (MRI) of the temporal arteries also enables evalua-
tion of possible inflammation of the vessel wall. Preliminary
results show high sensitivity of this imaging modality (8).
Angiography of the aortic arch and its branches may serve
to diagnose large-vessel involvement (9). Non-invasive

modalities, such as positron-emission tomography, may
also be employed to detect large-vessel involvement (10),
but data on their predictive values are limited.
GCA affects the vessels focally; therefore, areas of vas-

culitis may be missed and the histological examination is
normal in about 15% of GCA patients (biopsy-negative
GCA) (11). A threshold temporal artery biopsy size of 1 cm
is associated with increased diagnostic yield (12). Obtain-
ing biopsies from both temporal arteries increases the
chance of a positive result by 1–14% (13, 14). It is prefer-
able to perform the biopsy as soon as possible, but the
specimen may show signs of arteritis even after 2–4 weeks
of treatment (15).
There are no independent validating criteria to deter-

mine whether GCA is present when a temporal artery

biopsy is negative. The American College of Rheumatol-
ogy (ACR) criteria for classification of GCA (16) may
assist in diagnosis.
These criteria include:

1. age at onset �50 years
2. a new headache
3. temporal artery abnormality such as tenderness to pal-

pation or decreased pulsation
4. ESR �50mm/h

TABLE 13.1. Signs and symptoms of giant cell arteritis (GCA).

Clinical feature Frequency (%)

Cranial arteritis Headache, facial pain 70–85

Scalp tenderness 20–40

Prominent or tender temporal arteries 30–60

Jaw claudication 30–40

Vision symptoms: sudden vision loss (transient or permanent), diplopia or other ophthalmic

manifestations

15–45

Stroke, transient ischemic attacks and other neuropsychiatric manifestations <15

Vestibulo-auditory manifestations: hearing loss, tinnitus, vertigo 5–25

Tongue or scalp infarction <5

Extracranial arteritis Aortic arch syndrome, aortic-valve insufficiency, aortic aneurysm and dissection <15

Clinically significant involvement of other arteries 10–20

Peripheral neuropathies <15

Respiratory symptoms (cough, sore throat, hoarseness) <15

Systemic symptoms Fever, malaise, fatigue, anorexia, weight loss 30–60

Polymyalgia rheumatica Bilateral aching and stiffness of the shoulder girdle, sometimes the neck and hip girdle 20–65

TABLE 13.2. Abnormalities in laboratory tests in giant cell

arteritis (GCA).

Test Frequency (%)

Acute-phase

reactants

Elevated erythrocyte

sedimentation rate (ESR)

90–95

ESR �100mm/h 30–60

Elevated ESR and/or elevated

C-reactive protein (CRP)

>95

Blood count Anemia 35–65

Thrombocytosis 30–60

Leukocytosis 10–30

Liver function

tests

Elevated alkaline phosphatase 30–60

Elevated transaminases <20

Low albumin 10–30

Autoantibodies Anticardiolipin 30–80

TABLE 13.3. Predictive values of temporal artery (TA) duplex
ultrasonography and biopsy for giant cell arteritis (GCA)

diagnosis.

TA biopsy (%) TA ultrasonography (%)

Positive predictive value �100 50–90

Negative predictive value 80–90 90–95
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5. abnormal artery biopsy showing vasculitis with mono-
nuclear cell or granulomatous inflammation, usually
with giant cells.

At least three of the criteria must be present, which

yields a sensitivity of 93% and a specificity of 91%.
However, it is important to note that these are not diag-

nostic criteria. These classification criteria serve mainly to

differentiate GCA from other types of vasculitis. They can-

not effectively serve to differentiateGCA fromother disease

conditions. Such classification criteria work best in studying
groups of patientswith vasculitis and less well when used for

diagnosing individual cases (17). Meeting classification cri-

teria is not equivalent to making the diagnosis in individual

patients, and the final diagnosis should be based on all

clinical, laboratory, imaging and histological findings.
Based on the predictive values of tem biopsy and tem-

poral artery duplex studies (Table 13.3), long-term experi-

ence with diagnosing and treating GCA, and data
synthesis from studies, a practical approach to GCA diag-

nosis in suspected patients is suggested (Table 13.4).

Therapy and Course

Glucocorticoids are the treatment of choice for GCA. The
initial dose is 40–60mg/day for most cases. Starting treat-

ment with intravenous methylprednisolone 500–1000mg/

day for 3 days may be considered in patients with vision

loss (transient or permanent), diplopia, transient ischemic
attacks or stroke (18).
Rapid improvement of clinical manifestations following

treatment initiation is characteristic. Prompt treatment is
crucial in GCA to prevent irreversible complications of
acute vision loss and stroke. Thus, treatment may be
started prior to confirming the diagnosis.
The average duration of treatment is 2–3 years. Relapses

are experienced by 25–65% of GCA patients. Most relapses
are mild, but some patients may develop vision loss or
stroke while tapering glucocorticoid dosage or after discon-
tinuation of therapy. Addition of low-dose aspirin (100mg/
day) has been shown to significantly decrease the rate of
vision loss and stroke during the course of the disease,
probably mediated by its anti-platelet effect (19). It is not
clear whether the presence of anticardiolipin antibodies
increases the rate of intracranial ischemic complications (5).
Individual cases vary greatly; therefore, the exact doses

and the duration of treatment should be adjusted to the
needs of the individual patient, considering both disease
manifestations and glucocorticoid adverse effects. No
steroid-sparing agent was proven to be widely effective
thus far.
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14
Polymyalgia Rheumatica

Gideon Nesher

Abstract Polymyalgia rheumatica is the most common inflammatory rheumatic disease of the elderly, and shares many

pathogenetic and epidemiological features with giant cell arteritis. The typical symptoms are bilateral aching of the

shoulder girdle, associated with morning stiffness. The neck and hip girdle may also be involved. The diagnosis of

polymyalgia rheumatica is made primarily on clinical grounds. There is no single diagnostic test, but sets of diagnostic

criteria have been suggested by several groups of investigators, based on the typical clinical presentation and laboratory

evidence of acute-phase reaction. Other conditions that may mimic polymyalgia rheumatica must be excluded

by appropriate testing and close monitoring of the disease course. Glucocorticoids at low doses (15–20mg/day initially)

are the mainstay of treatment.

Keywords Giant cell arteritis � morning stiffness � sedimentation rate � glucocorticoids

Description of the Disease

Polymyalgia rheumatica (PMR) is the most common inflam-

matory rheumatic disease of the elderly. PMR patients share

many pathogenetic featureswith giant cell arteritis (GCA) (1).

There is evidence for vascular inflammation with increased

expression of inflammatory cytokines in the temporal arteries
of PMR patients, without overt histological evidence of

arteritis. Using fluorodeoxyglucose positron emission tomo-

graphy, increased uptake was documented in thoracic blood

vessels in PMR patients, suggestive of inflammation in these

vessels (2).
Similar to GCA, the highest annual incidence rates were

observed in northern Europe: 50–100 per 100,000 individuals

older than 50 years. The estimated prevalence was 1:200
persons older than 50 years (3).

The typical symptom of polymyalgia rheumatica (PMR)

is bilateral aching of the shoulder girdle (1). The neck and

hip girdle may also be involved. Morning stiffness is also a

prominent feature (Table 14.1). These symptoms are

probably related to inflammation of the subacromial,

subdeltoid and trochanteric bursae, and the glenohumeral

or hip joints (4, 5). Onset may be acute or gradual. One-

third of PMR patients without evidence of GCA have

systemic manifestations such as low-grade fever, malaise

and anorexia, but these are often milder than systemic

symptoms in GCA patients. PMR may be associated
with other GCA clinical manifestations, but may be an
‘‘isolated’’ phenomenon. Like GCA, PMR develops in

patients older than 50 years, and is more common in
women.

Diagnosis and Diagnostic Criteria

The diagnosis of PMR is made primarily on clinical

grounds and is bolstered by laboratory evidence of an
acute-phase reaction (Table 14.2). There is no single
diagnostic test for PMR, but sets of diagnostic criteria

have been suggested by several groups of investigators
(Table 14.3) (3, 6, 7, 8, 9). Other conditions that
may mimic PMR (such as inflammatory myopathies,

elderly-onset rheumatoid arthritis (EORA), fibromyalgia,
osteoarthritis, subacute infections, thyroid diseases, and
occult malignancies) must be excluded by appropriate

testing (10).
These sets of criteria used for diagnostic purposes are

empirical. They have been defined by clinical experts who
had studied the disease extensively. Each set of criteria

has its own advantages and disadvantages. Recently,
an international PMR Consortium has convened and
initiated a multinational effort. The initial goal of the
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Consortium is to standardize classification criteria and

outcome measures in patients with PMR.
The finding of bilateral shoulder or hip bursitis / synovitis

by ultrasonography or magnetic resonance imaging (MRI)

has been reported to be present in most PMR patients, and

may support a diagnosis of PMR (4, 5); however, these

changes may also occur in about 20% of EORA (11).
There is a wide range (4–31%) of reported frequency

of GCA in patients presenting with PMR (1). The two

conditions may present together, but may sometimes be

separated by long intervals and either one may present

first. The approach for detecting GCA in PMR patients is

a matter of controversy. One diagnostic option is to biopsy
the TA routinely in all PMR patients. In this approach, the
chance of missing GCA is small, as it may detect arteritis in
persons with ‘isolated’ PMR, but the frequency of positive
biopsies is very low (12, 13). Another strategy is to biopsy
only those patients who have symptoms suggestive ofGCA.
With this approach, the results are likely to vary according
to the expertise of the examining physician (14).
Severe degrees of anemia and thrombocytosis are

suggestive of GCA in patients presenting with PMR
symptoms. Also, poor clinical response to low-dose
prednisone (15–20mg/day) with persistent abnormalities in
laboratory parameters of inflammation is also suggestive of
GCA in patients presenting with ‘‘isolated’’ PMR (10). In
such cases, ultrasonography and biopsy of the temporal
arteries should be performed to rule out GCA.
It is difficult at times to distinguish between PMRpatients

and those with EORA and PMR-like presentation at the
early stages. In 25% of EORA patients, PMR symptoms
are the principal initial manifestation, and about 10% of
patients with PMR presentation will eventually develop the
characteristic features of RA (15, 16, 17). The lack of anti-
cyclic citrullinated peptide (anti-CCP) antibodies in PMR
patients may help to differentiate them in early stages from
patients with EORA (18). A follow-up of several months
may be required tomake a definite distinction between PMR
and EORA.

Therapy and Course

Glucocorticoids are the mainstay of treatment for PMR.
The starting dose is 15–20mg/day. Symptoms typically
begin to abate within 1–3 days of commencing therapy.

TABLE 14.1. Clinical features of polymyalgia rheumatica (PMR).

Clinical feature Frequency (%)

Pain in shoulder girdle 90–100

Morning stiffness 90–100

Bilateral upper arm tenderness 50–75

Neck pain 30–50

Pain in hip girdle 30–70

Distal musculo-skeletal manifestationsa 20–50

Fever, malaise, anorexia 20–40

a Arthritis/arthralgia of the hands, pitting edema of the hands (RS3PE

syndrome), carpal tunnel syndrome.

TABLE 14.2. Abnormalities in laboratory tests in polymyalgia

rheumatica (PMR).

Test Frequency (%)

Elevated erythrocyte sedimentation rate (ESR) 80–95

Anemia (normocytic) 20–50

Thrombocytosis <20

Elevated alkaline phosphatase <20

TABLE 14.3. Criteria for diagnosis of polymyalgia rheumatica suggested by various authors.

Healey 1984 Chuang et al. 1982 Jones and Hazleman 1981 Bird et al. 1979 Hamrin 1972

Age >50 years >50 >65 years >50 years

Onset <2 weeks

Duration >1 month >2 months >2 months

Area of pain Neck, shoulder,

or pelvic girdle

1. neck or torso,

2. shoulders or arms,

3. hips or thighs

(at least 2 of 3)

shoulder and pelvic girdle bilateral shoulder pain

and stiffness

neck, shoulder

or pelvic girdle

(at least 2 of 3)

Morning stiffness >1 h >30min present >1 h

Tenderness upper arms

Systemic symptoms depression, weight loss present

Erythrocyte

sedimentation rate

(ESR)

Elevated >40mm/h* >30mm/h, or C-reactive

protein >6mg/l

>40mm/h >50mm/h

Response to

glucocorticoids

rapid, to 20mg or

less

prompt and dramatic

Requirements for

diagnosis

age must be >50,

plus 3 of the

other criteria

all criteria all criteria if any 3 criteria present –

sensitivity 92%

specificity 80%

criteria of age, pain,

and ESR are

obligatory

a If ESR is borderline, look instead for other evidence to support the diagnosis: change in ESR compared to pre-illness period, rapid response to

low-dose steroids, history of GCA, fever, weight loss or anemia.
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Prompt response to low-dose glucocorticoid therapy is
typical and sometimes used to confirm the diagnosis
(8, 9). After 2–4 weeks, following improvement of the
clinical features of the disease together with normalization
of the acute-phase reactants, the dose of glucocorticoids
can be tapered while monitoring for possible recurrence
of symptoms. Relapse occurs in about one-half of the
patients, with response to increasing the dose to the previous
level. Symptoms of GCA may develop while the glucocorti-
coid dose is tapered. These patients, initially diagnosed as
PMR, will require a diagnostic and therapeutic approach
appropriate for GCA. The duration of treatment for PMR
varies from one year to several years.
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15
Takayasu Arteritis

Rosa Maria Rodrigues Pereira, Jozélio Freire de Carvalho,
Maurı́cio Levy-Neto and Eloı́sa Bonfá

Abstract Takayasu arteritis (TA) is an inflammatory disease of the aorta and its primary branches that affects mainly
young women. The arterial involvement may cause ischemic manifestations such as limb or abdominal claudication,
visual or cerebrovascular symptoms or renovascular hypertention. Anuloaortic regurgitation secondary to aortic root
dilatation may also occur. The most important parameters for diagnosis are the young age of onset and the clinical or
laboratory evidence of inflammation [fever, carotidynia, elevated erythrocyte sedimentation rate (ESR)] and aortogra-
phy abnormalities. Carotid and other arteries ultrasound studies showing thickened artery walls may help in the
diagnosis, but the main tool for diagnosis has long been the aspect of the digital subtraction arteriography. Nowadays,
the arteriography has been replaced by other contrasted enhanced arterial image studies, especially angiotomography or
angioresonance. The following criteria are suggestive of the disease: (a) the concomitant presence of stenosis and
aneurysm in aorta, (b) presence of stenosis of at least one aortic branch such as subclavian, common carotid, inonimate,
vertebral, renal or mesenteric, especially if a few centimeters away from the arterial ostium and (c) association of
thickening of the aortic wall with branch stenosis. Two diagnostic criteria sets are commonly used to classify patients as
TA: the American College of Rheumatology and the Sharma modified Ishikawa’s set.

Keywords Takayasu arteritis � vasculitis � diagnosis criteria � aorta stenosis � aneurysm � aortitis

Takayasu arteritis (TA) is a chronic and progressive

inflammatory disease, preferentially occlusive, that

involves the aorta and its branches and may also affect

the coronary and pulmonary arteries (1). This disease

affects young women with a female:male ratio of 9:1.

The average age of diagnosis is between 15 and 25 years

of age although it has been reported as early as 3 years of

age and later in life (2, 3). It has a worldwide distribution,

with the greatest prevalence in Asia. In Japan, it has

been estimated that 150 new cases occur each year; in

contrast, the incidence is 1 to 3 new cases per million

people in the United States and Europe. South America

countries have been recognized as areas of relatively high
incidence (4, 5).

The inflammatory process that occurs in this vascu-

litis may be localized to a portion of thoracic or

abdominal aorta and branches, or may involve the

entire extension of these vessels. Although there is

considerable variability in disease expression (6), the

initial vascular lesion frequently occurs in the left

middle or proximal subclavian artery. As the disease

progresses, the left common carotid, vertebral, brachio-

cephalic, right middle or proximal subclavian artery,

right carotid and vertebral arteries, and aorta may also

be affected.

Pathogenesis

The cause of TA remains unknown. The geographic

clustering suggests that genetic and environmental fac-
tors may play an important role. Cellular and humoral

immune mechanisms have been implicated in the

pathogenesis of TA. The histologic findings are parti-

cularly supportive of a cell-mediated process. In this

regard, natural killer cells, cytotoxic T cells and gd T

lymphocytes have been demonstrated in aortic tissue

from TA patients. These cells may cause vascular

injury by releasing large amounts of cytolytic com-
pound named perforin. Moreover, expression of heat

shock protein-65 might facilitate recognition and
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adhesion of the infiltrating cells (7). Increased expression
of intracellular adhesion molecule 1 (ICAM-1) and
human leukocyte antigen (HLA) class I and II antigen
in the vessel wall also supports the concept of cell-
mediated process.

A role for humoral immune mechanisms is suggested by
the presence of hypergammaglobulinemia, rheumatoid
factor and antiendothelial antibodies.

Clinical Features

Patients with TA present the following symptoms on
physical examination: bruits, diminished or absent pulses
and asymmetric blood pressure measurements between
extremities. Because the subclavian arteries are a frequent
site of vessel stenosis, blood pressure measurement in one
or both arms may not be representative of aortic root
pressure.

Hypertension has been reported to occur in 35–77% of
TA patients (8, 9, 10, 11, 12, 13, 14). It is an important
cause of morbidity in TA patients and contributes to renal,
cardiac and cerebral injuries. In India, TA is the most
common cause of renovascular hypertension, accounting
for over 60% of all cases.

At the time of diagnosis, approximately 20% of
patients with TA are clinically asymptomatic, with the
disease being detected solely by abnormal vascular
findings on examination. The remaining 80% of
patients with TA present a variety of signs and symp-
toms that can be subdivided into two groups: those
caused by vascular injury and those caused by systemic
inflammation. The constitutional or musculoskeletal
symptoms are observed in 20–40% of the patients
and may dominate the presentation in approximately

one-third of all cases. They are characterized by fati-
gue, malaise, weight loss, night sweats, fever, artralgias
or myalgias.
Vascular symptoms are a direct result of current or

previous arteritis. Active inflammation may cause tender-
ness over vessels and carotidynia, which is observed in
2–32% of patients. Vessel inflammation typically results
in either stenosis or aneurysm formation. Arterial stenosis
may present with signs or symptoms of diminished blood
flow to regions supplied by the affected vessel, and aneur-
ysms can rupture or cause valvular incompetence when
involving the aortic root. The frequencies of common
symptoms and signs are listed in Table 15.1 (8, 9, 10, 11,
12, 13, 14).
Stenosis or occlusion of vessels that supply central ner-

vous system (vertebral and carotid arteries) may diminish
perfusion and cause injury to the brain manifested by
transient ischemic attacks, stroke, dizziness, syncope,
headache or visual changes.
Visual symptoms chiefly result from retinal ischemia

produced by narrowing/occlusion of the internal carotid
circulation or as a direct complication of hypertension.
Cardiac manifestations are frequently related to

aortic valvular regurgitation from dilation of the
aortic root. Up to 25% of patients may also develop
coronary vessel stenosis. The patients with cardiac
involvement may present with dyspnea, palpitations,
angina, myocardial infarction, heart failure or sudden
death.
The pulmonary arteries are involved in up to 50% of

cases; however, symptoms related to pulmonary arteritis
are less common. Pulmonary manifestations due to pul-
monary vasculitis are less common and include chest pain,
dyspnea and hemoptysis. Anatomopathological studies
have reported a frequency as high as 50% of pulmonary
arteries involvement.

TABLE 15.1. Common symptoms and signs in Takayasu arteritis.

Brazil

(n = 73)

China

(n = 530)

India

(n = 106)

Japan

(n = 52)

Korea

(n = 129)

Mexico

(n = 107)

USA

(n = 60)

Fatigue (%) – – – 27 34 78 43

Weight loss (%) 27.5 – 9 – 11 22 20

Musculoskeletal (%) 26 – 5 6 – 53 53

Claudication (%) 57 25 – 13 21 29 90

Headache (%) 45 – 44 31 60 57 42

Visual changes (%) – 10 12 6 20 8 30

Syncope dizziness (%) 29 14 26 40 36 13 35

Palpitations (%) – – 19 23 23 43 10

Dyspnea (%) – 11 26 21 42 72 –

Carotidynia (%) – – – 21 2 – 32

Hypertension (%) 35.5 60 77 33 40 72 35

Bruit (%) 64.5 58 35 – 37 94 80

Decreased pulses (%) 85 37 – 62 55 96 60

Asymmetric blood pressure (%) – – – – – – 47
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The most common skin lesions observed includes
erythema nodosum or pyoderma gangrenosum over the
legs. The lesions frequently show vasculitis of small
vessels on biopsy.

Laboratorial Findings

There is no laboratory study that is diagnostic for TA, but
the disease is usually associated with nonspecific findings
of inflammation. In fact, acute-phase reactants such as an
elevated erythrocyte sedimentation rate (ESR), increased
serum C-reactive protein and alpha-2 globulin concentra-
tions, and hypoalbuminemia are a reflection of underlying
inflammatory process. These tests are not always precise or
invariably reliable indicators, but usually reflect the dis-
ease activity.

Imaging Findings

Imaging of the aorta and major arteries is usually neces-
sary to confirm the diagnosis of TA.

Arteriography: The most frequent arteriographic
finding is stenosis, which occurs in 85% of patients.
Vessel occlusion or irregularity is also commonly seen
(Figures 15.1 and 15.2). Aneurysms may be saccular or
fusiform and typically affect the aorta rather than its
branches. Varying patterns of vessel involvement have
been observed in different populations with lesions of the
ascending aorta and aortic arch being more common in
Japanese patients, whereas involvement of the abdominal

aorta and renal arteries is more typical in patients from
India and Brazil (8, 15, 16). Arteriography may define the
localization and appearance of the arterial lesion and may
also allow a therapeutic intervention (balloon dilatation
and/or stent) to follow the same puncture.
Although arteriography frequently provides clear out-

lines of the lumen of involved arteries, it does not allow
arterial wall thickening to be assessed and is an invasive
test associated some risks such as an important exposure to
contrast and radiation. Therefore, if a therapeutic inter-
vention is not anticipated, a less invasive imaging techni-
que may be preferred.
Computed tomography (CT) or magnetic resonance

imaging (MRI) scans allow visualization of both vascular
lumen and arterial wall thickness, improving the accu-
racy of TA diagnostic. It has been demonstrated that T2-
weighted MRI, sensitive to liquid content, can detect
arterial wall edema. Moreover, T1-weighted MRI after
gadolinium injection permits visualization of the aortic
wall enhancement, which could reflect inflammatory
and/or fibrosis vascular lesions in TA patients. MRI
improves the mapping of arterial lumen, as well as
detecting aortic wall thickness disease. The degree of
wall thickness and the presence of edema and/or delayed
enhancement in the aortic wall could provide data
regarding the diagnosis, control and follow-up of TA
patients (17, 18, 19).

Diagnostic Criteria

(a) American College of Rheumatology 1990 criteria for
the classification of TA (5).

FIGURE 15.1. Arteriography. Left panel: arterial phase shows occlusion of right subclavian artery. Right panel: venosus phase shows

retrograde blood flow by vertebral artery characterizing subclavian steal syndrome.
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Criterion Definition

Age at disease onset

�40 years

Development of symptoms or findings related

to TA at age �40 years

Claudication of

extremities

Development and worsening of fatigue and

discomfort in muscles of one or more

extremities, while in use, especially the

upper extremities

Decreased brachial

artery pressure

Decrease pulsation of one or both brachial

arteries

Blood pressure

difference

>10mmHg

Difference of >10mmHg in systolic blood

pressure between arms

Bruit over subclavian

arteries or aorta

Bruit audible on auscultation over one or

both subclavian arteries or abdominal

aorta

Arteriogram

abnormality

Arteriografic narrowing or occlusion of the

entire aorta, its primary branches or larger

arteries in the proximal upper or lower

extremities, not due to arteriosclerosis,

fibromuscular dysplasia or similar causes;

changes usually foci or segmental

For purposes of classification, a patient shall be said to have TA if at least

three of these six criteria are present. The presence of any three or more

criteria yields a sensitivity of 90.5% and a specificity of 97.8%.

(b) Sharma’s criteria for TA (Ishikawa’s criteria modified
according to Sharma et al.) (20, 21).

Three major criteria:

1. Left mid-subclavian artery lesion: the most severe
stenosis or occlusion present in the mid portion from
the point 1 cm proximal to the vertebral artery orifice
up to that 3 cm distal to the orifice determined by
angiography.

2. Right mid-subclavian artery lesion: the most severe
stenosis or occlusion present in the mid portion from
the right vertebral artery orifice to the point 3 cm distal
to orifice determined by angiography.

3. Characteristic signs and symptoms of at least 1month
duration: These include limb claudication, pulselessness
or pulse differences in limbs, an unobtainable or signif-
icant blood pressure difference (>10mmHg systolic
blood pressure difference in limb), fever, neck pain,
transient amaurosis, blurred vision, syncope, dyspnea
or palpitations.

Ten minor criteria:

1. High ESR: unexplained persistent high ESR>20mm/h
(Westergren) at diagnosis or presence of the evidence
in patients history.

2. Carotid artery tenderness: unilateral or bilateral ten-
derness of common arteries on palpation. Neckmuscle
tenderness is unacceptable.

3. Hypertension: persistent blood pressure>140/90mmHg
brachial or >160/90mmHg popliteal.

4. Aortic regurgitation or Anuloaortic ectasia: aortic
regurgitation by auscultation or Doppler echo-
cardiography or angiography; or Anuloaortic ectasia
by angiography or two-dimensional echocardio-
graphy.

5. Pulmonary artery lesion: lobar or segmental arterial
occlusion or equivalent determined by angiography
or perfusion scintigraphy, or presence of stenosis,
aneurysm, luminal irregularity or any combination
in pulmonary trunk or in unilateral or bilateral pul-
monary arteries determined by angiography.

FIGURE 15.2. Left panel: magnetic
resonance imaging (MRI) shaded-

surface reconstruction showed aortic

stenosis at the renal level (arrow) and
occlusion of the left renal artery. Right
panel: axial delayed enhancement in

the abdominal aorta wall at the infra

renal level associated with stenosis
(arrow).
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6. Left mid common carotid lesion: presence of the most
severe stenosis or occlusion in the mid portion of 5 cm
in length from the point 2 cm distal to its orifice deter-
mined by angiography.

7. Distal brachiocephalic trunk lesion: presence of the
most stenosis or occlusion in the distal third deter-
mined by angiography.

8. Descending thoracic aorta lesion: narrowing, dilata-
tion or aneurysm, luminal irregularity or any combi-
nation determined by angiography: tortuosity alone is
unacceptable.

9. Abdominal aorta lesion: narrowing, dilatation or
aneurysm, luminal irregularity or aneurysm
combination.

10. Coronary artery lesion: documented on angiography
below the age of 30 years in the absence of risk factors
like hyperlipidemia or diabetes mellitus.

Presence of two major or one major and two minor
criteria or four minor criteria suggests a high probability
of TA.

Criticism on the Diagnosis Criteria

1. The diagnostic imaging criteria of TA are based on
vascular lesions detected by conventional angiographer
(CA), which represents a lumen analysis method. CA
does not characterize the thickness in aortic wall; it is a
limitation of this method. Alterations of aortic wall are
frequently observed in TA patients, mainly in earliest
period of this disease. Conversely, MRI or CT imaging
scan allows visualization of both vascular lumen and
arterial wall thickness, improving the accuracy of TA
diagnostic.

2. In case of patients with exclusive involvement of
abdominal aorta or its branches, it is not possible to
fulfill Sharma’s criteria. These criteria consider subcla-
vian arteritis as the main involvement in TA diagnosis.
On the contrary, the incidence of lesions in aortic
branches varies depending on the geographical region
analyzed, and the involvement of abdominal aorta and
its branches is more frequently observed in countries as
Brazil and India. Consequently, sensitivity will be
decreased in these populations.

Treatment

Therapeutic approach are often guided by individual
patient variables that include disease activity, the loca-
tion and severity of lesions, availability of collateral

circulation, nature and intensity of symptoms, and the
risk of drug toxicity.
The basis of therapy for TA is glucocorticoids (GCs).

The GC dose can be gradually reduced when the symp-
toms and laboratory inflammatory markers have
improved. For patients with disease refractory to GCs,
immunosuppressive agents are recommended such as
methotrexate, azathioprine, mycophenolate mofetil and
cyclophosphamide. Anti-tumor necrosis factor agents
are also other therapeutic options in severe and unre-
sponsive cases.

References

1. Kerr GS. Takayasu’s arteritis. Rheum Dis Clin North Am
1995; 21: 1041–58.

2. Numano F. Differences in clinical presentation and outcome

in different countries for Takayasu’s arteritis. Curr Opin

Rheumatol 1997; 9: 12–5.
3. Keystone EC. Takayasu’s arteritis. In: Klippel JH and

Dieppe PA, Rheumatology, 3rd edition. Mosby Interna-

tional, UK 1998; 25: 1–4.
4. Koide K. Takayasu’s arteritis in Japan. Heart Vessels 1992;

7: 48–54.
5. Arend WP, Michel BA, Block DA, et al. The American

College of Rheumatology 1990 criteria for the classifica-

tion of Takayasu’s arteritis. Arthritis Rheum 1990; 33:
1129–34.

6. Cid MC, Font C, Coll-Vinent B, Grau JM. Large vessel
vasculitides. Curr Opin Rheumatol 1998; 10: 18–28.

7. Seko Y, Minota S, Kawasaki A, et al. Perforin-secreting
killer cell infiltration and expression of a 65-kD heat-shock

protein in aortic tissue of patients with Takayasu’s arteritis.

J Clin Invest 1994; 93: 750–58.
8. Sato EI, Hatta FS, Levy-Neto M, Fernandes S. Demo-

graphic, clinical, and angiographic data of patients with

Takayasu’s arteritis in Brazil. Int J Cardiol 1998; 66(Suppl. 1):
S67–70.

9. Zheng D, Fan D, Liu L. Takayasu’s arteritis in china: a
report of 530 cases. Heart Vessels 1992; 7(Suppl.): S32–6.

10. Jain S, Kumari S, Ganguly NK, et al. Current status of
Takayasu’s arteritis in India. Int J Cardiol 1996; 54 (Suppl.):

S111–6.

11. Ueda H, Morooka S, Ito J, et al. Clinical observations of 52
cases of aortitis syndrome. Jpn Heart J 1969; 10: 227–88.

12. Park YB, Hong SK, Choi KJ, et al. Takayasu’s arteritis in

Korea: clinical and angiographic features. Heart Vessels
1992; 7(Suppl.): S55–9.

13. Lupi-Herrera E, Sanchez-Torres G, Marcushamer J, et al.

Takayasu’s arteritis. Clinical study of 107 cases. Am Heart J

1977; 93: 94–103.
14. Kerr GS, Hallahan CW, Giordano J, et al. Takayasu’s arter-

itis. Ann Intern Med 1994; 120: 919–29.

15. Sharma BK, SagarAP, SinghAP, Suri S. Takayasu’s arteritis
in India. Heart Vessel 1992; 7(Suppl.): 37–43.

16. Ishikawa K, Maetani S. Long-term outcome for 120 Japanese

patients with Takayasu’s disease. Clinical and statistical

15. Takayasu Arteritis 85



analyses of related prognostic factors. Circulation 1994; 90:
1855–60.

17. Tso E, Flamm SD, White RD, Schvartzman PR, Marcha E,

Hoffman GS. Takayasu’s arteritis: utility and limitations of
magnetic resonance imaging in diagnosis and treatment.
Arthritis Rheum 2002; 46: 1634–42.

18. Choe YH, Han BK, Koh EM, Kim DK, Do YS, Lee WR.

Takayasu’s arteritis: Assessment of disease activity with con-
trast-enhanced MR imaging. Am J Roentgenol 2000; 175:

505–11.

19. Desai MY, Stone JH, Foo TK, Hellmann DB, Lima JA,
Bluemke DA. Delayed contrast-enhanced MRI of the aortic

wall in Takayasu’s arteritis: Initial experience. Am J Roent-

genol 2005; 184: 1427–31.
20. Sharma BK, Jain S, Suri S, Numano F. Diagnostic criteria

for Takayasu’s arteritis. Int J Cardiol 1996; 54(Suppl.):

S141–47.

21. Ishikawa K. Diagnostic approach and proposed criteria for
the clinical diagnosis of Takayasu’s arteriopathy. J Am Coll

Cardiol 1988; 12: 964–72.

86 Pereira et al.



16
Polyarteritis Nodosa

José Hernández-Rodrı́guez and Maria C. Cid

Abstract Polyarteritis nodosa (PAN) is a primary systemic necrotizing vasculitis that preferentially involves medium-
sized arteries. The etiology of PAN is unknown. Several viral infections, such as hepatitis B virus infection, may be
associated with blood vessel inflammation, clinically and histologically indistinguishable from PAN. Clinical manifesta-
tions of PAN are heterogeneous and multisystemic. Peripheral nerve and skin are frequently involved. Other organs
including gastrointestinal tract, kidney, heart, and central nervous system can be targeted, conveying a poorer prognosis.
Laboratory markers reflecting a prominent acute-phase response are common but not specific. When histologic
confirmation cannot be obtained, angiography of involved territories, preferentially abdominal, may disclose multiple
aneurysm formation supporting the diagnosis of PAN. Current treatment policy includes high-dose corticosteroids,
which are combined with immunosuppressive agents when critical organ involvement or life-threatening complications
occur. IV pulse cyclophosphamide in the remission induction phase, later switched to a safer immunosuppressant for
remission maintenance, is a frequently used therapeutic scheme. A recent consensus algorithm for the classification of
PAN has attempted to address some of the shortenings of previous classification criteria and has also confirmed the low
prevalence of PAN compared with other necrotizing systemic vasculitides.

Keywords Polyarteritis nodosa � vasculitis � classification � treatment

Polyarteritis nodosa (PAN) is a primary systemic necro-
tizing vasculitis characteristically involving medium-sized
arteries. PAN usually targets muscular arteries ranging
from 300 mm to 1 cm in diameter (1, 2). Small vessels,
including arterioles, capillaries, and postcapillary venules,
are not affected (1).

Epidemiology

PAN can be considered a rare disease, with an annual inci-
dence that ranges from 0 to 1.6 cases per million inhabitants
in European countries (3, 4, 5). Two different studies from
Sweden and France [the latter including 7/23patients with a
concomitant hepatitis B virus (HBV) infection] have recently
found a prevalence of up to 31 cases per million (6, 7). PAN
affects patients with no clear sex or race predilection and can
occur at all ages. The peak incidence appears to be in the fifth
to sixth decades (3, 4, 5, 6, 7). Before vaccination against
HBV was available, more than one-third of vasculitis
patients with features suggestive of PAN were infected by
HBV. Currently, less than 10% of patients with PAN lesions
are HBV-infected in developed countries (8).

Pathogenesis

PAN-like lesions have been reported in chronic viral infec-
tions, particularly in association with HBV. Infection by
other pathogens, including HCV, HIV, cytomegalovirus,
parvovirus B19, and human T-lymphotropic virus type I,
has also been found in association with similar vasculitic
lesions. Vascular inflammation associated with viral infec-
tions has been thought to be triggered by immune com-
plexes (8). However, classic PAN is not usually associated
with immune-complex deposition (1). The presence of
dendritic cells and the abundance of CD4þ lymphocytes
in vascular inflammatory infiltrates suggests that antigen-
specific T-cell-mediated immune responses may also play a
role in the pathogenesis of vascular inflammation in PAN (9).

Clinical Manifestations

PAN has a wide spectrum of clinical presentations and
may run an indolent, subclinical course. Consequently,
the diagnosis of PAN is often delayed. In other instances,
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PANmay present as an acute, life-threatening disease. The
occlusion or rupture of the inflamed vessels in PAN can
damage any organ or territory throughout the body by
producing tissue ischemia or hemorrhage. This leads to a
high variety of clinical manifestations that are listed in
Table 16.1. Clinical features in PAN include nonspecific
constitutional manifestations such as malaise, weight loss,
fever, arthralgia, and myalgia, present in a high percentage
of patients (2, 8), and symptoms derived from dysfunction
or damage of the targeted organs.

The most frequent focal manifestations are derived from
the involvement of vessels supplying peripheral nerves and
the skin (8). Peripheral nervous system involvement
usually presents as mononeuritis multiplex although sym-
metrical peripheral neuropathy can also be observed.
Cutaneous features include purpura, livedo reticularis,
subcutaneous nodules, Raynaud phenomenon, and distal
digital ischemia (8). Gastrointestinal tract and kidneys are
also frequently affected (8). Gastrointestinal manifesta-
tions of PAN are frequently associated with a remarkable
morbidity and mortality (10). Contrarily to microscopic
polyangiitis (MPA), kidney involvement in PAN does not
include necrotizing glomerulonephritis. Renal involve-
ment in PAN consists of tissue infarction or hematomas
(8). The latter are usually produced by rupture of renal
microaneurysms. In some patients, multiple renal infarcts

may lead to an acute renal failure, whereas, in others,
kidney infarcts may be clinically silent from months to
years (4, 8). Hypertension secondary to intrarenal artery
involvement is common (4, 8).

Laboratory Features

There are no laboratory abnormalities specific for PAN.
Erythrocyte sedimentation rate and C-reactive protein
are commonly elevated. Chronic anemia and leukocytosis
are frequently present (2, 8). Hypereosinophilia may be
occasionally seen but, when present, clinical features of
Churg–Strauss syndrome must be investigated and ruled
out. Serologies for HBV, HCV, and other chronic viral
infections are useful to diagnose viral-associated vasculitis
(8). Given the unusual association of PAN with antineu-
trophil cytoplasmic antibodies (ANCAs), a positive
ANCA test strongly supports the diagnosis of other sys-
temic necrotizing vasculitis usually associated with the
presence of ANCA, such as MPA, Wegener’s granuloma-
tosis, or Churg–Strauss syndrome (5, 11).

Histologic Diagnosis

Biopsies should be performed on symptomatic or clinically
abnormal sites (e.g., muscle, sural nerve, skin, bowel, or
testicle). In carefully selected individuals in whom PAN is
strongly suspected, muscular biopsies from clinically
affected muscles and nerves may reveal vasculitis in
about 70% of patients (12). In cases in which biopsies of
muscle and nerve are blindly performed, vasculitis can be
seen in up to one-third of patients (2, 8, 12). Testicular
biopsy was advised in the past based on that testicles are
frequently involved in necropsy studies of individuals with
PAN. However, testicular biopsies do not have a suitable
diagnostic yield (2) and should be performed only when
testicles are clinically involved and biopsies from other
symptomatic territories have been negative (12). During
the workup of PAN, blind renal and liver biopsies should
be avoided because of the potential presence of microa-
neurysms and their consequent hemorrhagic complica-
tions (2, 12). PAN or other necrotizing vasculitis can also
be unexpectedly diagnosed in temporal biopsies from
patients with clinical suspicion of giant-cell arteritis (13).
Although the main temporal arteries may be affected,
involvement of the surrounding branches is more com-
monly seen. Necrotizing vasculitis must be always ruled
out when inflammation of the temporal artery branches
with a spared temporal artery is observed in a temporal
artery biopsy (13).
Vascular lesions are characteristically patchy and

segmental (2). PAN inflammatory infiltrates are composed

TABLE 16.1. Principal manifestations in patients with polyarter-

itis nodosa (PAN) (8, 10).

Clinical manifestations Prevalence (%)

Systemic features

Fever 31–69

Weight loss 16–66

Myalgia 30–54

Arthralgia 44–58

Cutaneous 28–58

Neurological 40–75

Mononeuritis multiplex 38–72

Central nervous system 2–28

Cranial nerve palsy <2

Gastrointestinal tract 14–44

Abdominal paina 37/38 (97)

Nausea/vomitinga 12/38 (32)

Diarrheaa 6/38 (16)

Hematochezia/melenaa 2/38 (5)

Hematemesisa 3/38 (8)

Esophageal ulcerationsa 5/38 (13)

Gastroduodenal ulcerationsa 12/38 (32)

Colorectal ulcerationsa 2/38 (5)

Surgical abdomen/peritonitisa 12/38 (32)

Renal 8–66

Cardiac 4–30

Hypertension 10–63

Eye – retinal vasculitis, retinal detachment,

cotton-wool spots

3–44

Respiratory – pleural effusion 5

Testicles – orchitis/epididymitis 2–18

aAbdominal manifestations from a series of 38 patients with PAN (10).
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of lymphocytes, macrophages, and variable numbers of
neutrophils and eosinophils (2, 9). Granulomas and giant

cells are usually absent. Fibrinoid necrosis is frequently
seen in active lesions (2, 9), and neutrophils are more
frequently present in vessels with fibrinoid necrosis (9)
(Figure 16.1). At later stages, lymphocyte andmacrophage
infiltration usually predominates and neoangiogenesis
becomes apparent (9). In advanced lesions, vascular remo-
deling and healing lead to the development of intimal hyper-
plasia and diffuse fibrotic changes within the vessel wall (2).
Severe vessel wall injury may result in the typical formation
of microaneurysms (2). In PAN, vessels or vessel fragments
with acute necrotizing lesions typically coexist with others

with fibrotic or healing changes, representing different
stages of the same inflammatory process (2, 9).

Imaging Findings

Visceral angiography may be performed in situations
in which PAN is highly suspected and: (a) histologic diag-
nosis of vasculitis cannot be achieved, or (b) in patients
predominantly experiencing symptoms suggestive of
abdominal, renal, or cardiac involvement. In these
patients, visceral angiography may have higher diagnostic
yield than blinded muscle or peripheral nerve biopsies (12).
Typical arteriographic lesions in PAN are arterial saccular
or fusiform microaneurysms (1–5mm in diameter), which

can occur concomitantly with stenotic lesions, predomi-
nantly in the renal, mesenteric and hepatic artery branches.

When characteristic angiographic changes are detected by
an experienced radiologist, in the appropriate clinical con-

text, the diagnosis of PAN can be established, even in
absence of histologic confirmation (5, 8, 12). It must be
kept in mind that conditions other than PAN may lead to
multiple aneurysm formation (14).

Definition and Classification Criteria

In 1990, the American College of Rheumatology (ACR)
classification criteria for PANwere established incorporating
clinical, laboratory (including detection of HBV), angio-
graphic, andhistologic features (15). It is important to remark
that the ACR criteria did not consider MPA as a clinico-
pathologic entity different from PAN. In 1994, in the Chapel
Hill Consensus Conference, classical PAN was defined as
a noninfectious vasculitis with distinct histopathologic fea-
tures (1). PANwas also differentiated fromMPA, which was
considered as a systemic small- tomedium-sized vessel vascu-
litis typically presenting with necrotizing glomerulonephritis
and pulmonary capillaritis (1). The absence of pulmonary
and glomerular capillary involvement in PANhas been useful
in distinguishing this entity from other necrotizing vasculi-
tides, involving small-sized vessels and frequently associated
with the presence of ANCA. Both classification and nomen-
clature criteria are listed in Table 16.2.

FIGURE 16.1. Typical histopathologic findings in polyarteritis

nodosa: muscular artery with mixed inflammatory infiltrates and
fibrinoid necrosis (arrow).

TABLE 16.2. ACR criteria (15) and Chapel Hill definition (1) of

polyarteritis nodosa.

1990 Criteria for the Classification of Polyarteritis Nodosa

1. Weight loss >4 kg

Loss of 4 kg or more of body weight since illness began, not due to

dieting or other factors

2. Livedo reticularis

Mottled reticular pattern over the skin or portions of the extremities

or torso

3. Testicular pain or tenderness

Pain or tenderness of the testicles, not due to infection, trauma, or

other causes

4. Myalgias, weakness, or leg tenderness

Diffuse myalgias (excluding shoulder and hip girdle) or weakness of

muscles or tenderness of leg muscles

5. Mononeuropathy or polyneuropathy

Development of mononeuropathy, multiple mononeuropathies, or

polyneuropathy

6. Diastolic blood pressure >90mmHg

Development of hypertension with diastolic blood pressure higher

than 90mmHg

7. Elevated blood urea nitrogen or creatinine

Elevation of blood urea nitrogen >40mg/dl or creatinine>1.5mg/dl,

not due to dehydration or obstruction

8. Hepatitis B virus

Presence of hepatitis B surface antigen or antibody in serum

9. Arteriographic abnormality

Arteriogram showing aneurysms or occlusions of the visceral arteries,

not due to arteriosclerosis, fibromuscular dysplasia, or other

noninflammatory causes

10. Biopsy of small- or medium-sized artery containing

polymorphonuclear neutrophils

Histologic changes showing the presence of granulocytes or

granulocytes and mononuclear leukocytes in the artery wall

Patients were classified as PAN if at least 3 of the 10 criteria were present.

The presence of any 3 or more criteria yielded a sensitivity of 82.2% and a

specificity of 86.6%.

Definition of Polyarteritis nodosa (PAN) adopted by the Chapel Hill

Consensus Conference on the nomenclature of systemic vasculitis

Necrotizing inflammation of medium-sized or small arteries without

glomerulonephritis or vasculitis in arterioles, capillaries, or venules.
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After these categorization systems were established,

several studies have demonstrated that most patients,

who met ACR classification criteria for PAN, after being

reevaluated, did not meet the definition of PAN according

to the Chapel Hill Consensus Conference (3, 4, 5). There-

fore, the incidence of PAN has been overestimated in

studies performed before the establishment of the Chapel

Hill definition. Reasons for re-definition have been subse-

quent histologic demonstration of glomerulonephritis or

small vessel involvement, ANCA positivity, or detection

of HBV, HCV, or other infectious agents known to be

associated with vasculitis. Consequently, many patients

previously diagnosed with PAN were later re-categorized

as having MPA or infection-related vasculitis.
Recently, a consensus algorithm for the classification of

PAN and other necrotizing vasculitides has been proposed

by combining ACR and Chapel Hill criteria, and ANCA

testing and surrogate markers of vascular inflammation,

including clinical, laboratory, neurophysiologic, and ima-

ging tests (Figure 16.2) (5). This classificatory scheme has

FIGURE 16.2. Consensus algorithm proposed by Watts et al. for the classification of Churg–Strauss syndrome, Wegener’s granulo-

matosis, microscopic polyangiitis, and polyarteritis nodosa (reproduced with permission from ref 5.). ACR, American College of
Rheumatology; CHCC, Chapel Hill Consensus Conference; MPO, myeloperoxidase; PR3, proteinase 3.

Note: The Lanham criteria for Churg-Strauss and the surrogate markers for Wegener’s granulomatosis and microscopic polyangiitis
are explained in detail in reference 5.
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been already used in a large epidemiologic study analyzing

different vasculitides and has definitively confirmed the

low prevalence of PAN (7).

Necrotizing Arteritis Confined
to Single-Organs or Systems

Patients with necrotizing vasculitis localized within a spe-
cific organ or territory with no apparent systemic involve-
ment have been repeatedly reported (16). Although the
term PAN defines a systemic disease (1, 15), isolated
PAN is the term most profusely used to define these cases
of localized vasculitis. Several systems can be diffusely
involved by necrotizing vasculitis; these include the central
nervous system, peripheral nerves, and skin. Such entities,
although isolated, cannot be treated by excision, and sys-
temic therapy is required. Necrotizing vasculitis involving
single organs has been reported in the appendix, intestines,
gallbladder, pancreas, breast, male and female genital
organs, and urinary structures. These forms of isolated
vasculitis are usually found incidentally in organs excised
because of focal symptoms or local abnormalities, and can
be cured by resection of the involved tissues, and systemic
treatment is not usually required (16). Clinical and labora-
tory markers of systemic inflammatory response are
weaker in patients with single-organ vasculitis than in
patients with widespread systemic involvement (16).
Patients with single-organ vasculitis may be carefully eval-
uated to exclude systemic extent at diagnosis and subjected
to a tight surveillance with regard to the appearance of
systemic features during follow-up because patients with
apparently isolated vasculitis at presentation and later
evolving to a systemic disease have been reported (16).

Disease Course and Prognosis

Contrarily to MPA and Wegener’s granulomatosis, which
are typically multi-relapsing diseases, PAN has been clas-
sically considered a monophasic disease with a relapse rate
lesser than 10%. Nevertheless, a recent study of 10 PAN
patients defined according to the Chapel Hill nomencla-
ture criteria has shown a relapse rate higher than pre-
viously reported and similar to that seen in patients with
MPA (4).

The prognosis of PAN depends on the organs involved.
The French Vasculitis Study Group (FVSG) proposed the
Five Factor Score (FFS), a prognosis index considering
the following items: presence of severe gastrointestinal
tract disease (defined as bleeding, perforation, infarction,
or pancreatitis), renal involvement consisting of serum
creatinine �1.58mg/dl or proteinuria (�1 g/day), cardiac
disease (infarction or heart failure), and central nervous

system involvement. When present, each of those is given a
score of 1 (17). The FVSG has reported a 5-year mortality
of 12% for PAN patients with FFS = 0, 26% for those
with FFS = 1, and 46% when FFS is �2. The overall
7-year survival for PAN is 79% (17).

Treatment

It is important to keep in mind that the level of evidence
supporting therapeutic decisions in PAN is low. As
mentioned, grounds on which patients with necrotizing
vasculitis have been classified as PAN patients have
evolved over the years. The existing randomized clinical
trials have been performed on mixed cohorts of patients
with PAN andChurg–Strauss syndrome orMPA (17). The
distribution of the involved organs and disease progression
are the two principal determinants for treating patients
with PAN. Current therapeutic approaches consider
treating mild forms of primary PAN (with FFS=0) with
corticosteroids only: typically prednisone or prednisolone
at doses of 1mg/kg/day with subsequent tapering when
remission is achieved (17). When prednisone cannot be
tapered below 15–20mg/day without recurrence, the addi-
tion of a second immunosuppressive agent is considered.
In life-threatening situations or rapidly progressive
disease, experts advise initiation of therapy with IV
methylprednisolone pulses (1000mg/day for 3 days). In
the presence of critical organ involvement indicated by
an FFS �1, immunosuppressants are given in addition
to prednisone. Cyclophosphamide is used at doses of
2mg/kg/day orally or as monthly intravenous doses of
0.6 g/m2 for 6–12months (18). According to the FVSG,
monthly pulse intravenous administration is preferred to
daily oral cyclophosphamide. Currently, as an extrapola-
tion from the evidence obtained from trials performed with
patients with MPA and Wegener’s granulomatosis, cyclo-
phosphamide is recommended to induce remission and a
safer immunosuppressive agent such as azathioprine
or methotrexate is advised to maintain remission (18).
Cyclophosphamide treatment beyond 12months is not
recommended. Angiographic abnormalities can regress
after treatment (10). Surgery may be required for some
disease complications, such as perforation/rupture, ische-
mia, or hemorrhage of the gastrointestinal organs or
kidneys (10).
Although biologic therapies have been used in other

vasculitides with variable results (18), experience in treat-
ing patients with PAN, refractory to conventional thera-
pies, with TNF-blocking agents remains anecdotal (19).
In patients withHBV-associated vasculitis, combination

of short corticosteroid treatment with plasma exchanges
and antiviral therapy (vidarabine, interferon-a2a, or lami-
vudine) may be effective in controlling disease activity and
in facilitating viral seroconversion. The control of the
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viremia also helps in preventing the development of long-
term hepatic complications of HBV infection (18).
Relapses are rare in HBV vasculitis and never occur
when viral replication has ceased and seroconversion has
been achieved (10). In single-organ necrotizing vasculitis, a
complete excision of the involved tissue may be curative in
most cases (16).
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Sanmartı́ R, Cardellach F, et al. Small-vessel vasculitis sur-

rounding a spared temporal artery: clinical and pathological

findings in a series of twenty-eight patients. Arthritis Rheum
2001; 44(6): 1387–95.

14. Molloy ES, Langford CA. Vasculitis mimics. Curr Opin

Rheumatol 2008; 20(1): 29–34.
15. Lightfoot RW Jr, Michel BA, et al. The American College

of Rheumatology 1990 criteria for the classification of

polyarteritis nodosa. Arthritis Rheum 1990; 33(8): 1088–93.
16. Hernández-Rodrı́guez J, Molloy ES, Hoffman GS. Single-

organ vasculitis. Curr Opin Rheumatol 2008; 20(1): 40–46.

17. Bourgarit A, Le Toumelin P, Pagnoux C, Cohen P, Mahr A,

Le Guern V, et al. Deaths occurring during the first year after
treatment onset for polyarteritis nodosa, microscopic poly-

angiitis, and Churg-Strauss syndrome: A retrospective ana-

lysis of causes and factors predictive of mortality based on
595 patients. Medicine (Baltimore) 2005; 84(5): 323–30.

18. Guillevin L, Pagnoux C. Therapeutic strategies for systemic

necrotizing vasculitides. Allergol Int 2007; 56(2): 105–11.

19. Al-Bishri J, le Riche N, Pope JE. Refractory polyarteritis
nodosa successfully treated with infliximab. J Rheumatol

2005; 32(7): 1371–3.

92 Hernández-Rodrı́guez and Cid



17
Microscopic Polyangiitis

Cees G.M. Kallenberg

Abstract Microscopic polyangiitis (MPA) belongs to the antineutrophil cytoplasmic autoantibody (ANCA)-associated

vasculitides (AAVs). MPA is clinically characterized by small-vessel vasculitis primarily affecting the kidneys and the

lungs, but other organs may be involved as well. Renal involvement, which can be the only manifestation, is clinically

apparent as rapidly progressive glomerulonephritis and histopathologically as pauci-immune necrotizing and crescentic

glomerulonephritis. ANCAs in MPA are mainly directed to myeloperoxidase (MPO-ANCA). Induction treatment

consists of cyclophosphamide and steroids followed by azathioprine as maintenance therapy. Other, less toxic therapeutic

regimens are being tested.

Keywords Microscopic polyangiitis � ANCA-associated vasculitis � antineutrophil cytoplasmic autoantibodies �
antimyeloperoxidase antibodies � myeloperoxidase � necrotizing and crescentic glomerulonephritis

Definition

Microscopic polyangiitis (MPA) was defined by the Chapel
Hill Consensus Conference (1) as ‘‘a small-vessel necrotizing
vasculitis in which glomerular and pulmonary capillaries are
frequently involved. Larger arteries may be involved as well.’’

Antineutrophil cytoplasmic autoantibodies (ANCAs)
are present in most of the cases and are, in the majority of
patients, directed against myeloperoxidase (MPO-ANCA).
The disease belongs to the ANCA-associated vasculitides
(AAVs). MPA has to be distinguished from (classic)
polyarteritis nodosa (PAN), in which, according to the
Chapel Hill Consensus Conference, only medium-sized
and larger arteries are involved.

Epidemiology

The incidence andprevalence ofMPAare not exactly known.
The AAVs, mainly comprising of Wegener’s granulomatosis

(WG) and MPA, have been estimated to have an overall
incidence of 20 per million (2). Whereas in the Northern
European Caucasian population WG predominates within
the group of patients with AAVs, MPA is more frequent
than WG in Southern Europe and Japan. Men are slightly
more affected than women. The age at presentation peaks

around 60–65 years of age. There seems to be an increase in
the incidence ofMPA during the last two decades, which can
be explained, in part, by the availability of ANCA testing.

History

Whereas PAN was described already in 1866 by Kussmaul
and Maier, microscopic polyarteritis was suggested in 1985
as a disease entity by Savage et al. (3). It was recognized as a
disease inwhich rapidly progressive glomerulonephritis, not
infrequently in conjunctionwith pulmonary capillaritis, was
a prominent finding. As this was not the case in classical
PAN, MPA was considered a distinct entity. The discovery
of ANCA supported the concept of MPA being a distinct
disease entity because the vast majority of patients with
MPA were positive for ANCA, whereas patients with clas-
sical PAN were generally ANCA negative (4). The Chapel
Hill Consensus Conference (1) defined MPA as a separate
condition within the group of primary vasculitides.

Pathogenesis

The etiology ofMPA is largely unknown.Although (weak)
associations with certain genes, including MHC genes,
have been described, no strong genetic factors are involved
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in MPA. Environmental factors, such as silica exposure,
have been suggested (5), but their precise role in etiopatho-

genesis is unclear. There is, however, increased evidence

that MPA is an autoimmune disease in which ANCAs,

particularly those reacting with MPO, are pathogenic.

First, the vast majority of patients with MPA (95%) are
positive for ANCA, directed to MPO in 70% of cases

and directed to proteinase 3 (PR3) in the remaining

patients (4). Titers of ANCA frequently rise preceding

disease activity although this is less clear for MPO-

ANCA than for PR3-ANCA (6). Secondly, both MPO-

ANCA and PR3-ANCA are able, in vitro, to activate

(primed) neutrophils to the production of reactive oxygen

species and the release of lytic enzymes. In the presence of
endothelial cells, this leads to endothelial detachment and

lysis (7). The most convincing argument for a pathogenic

role of MPO-ANCA comes from studies in experimental

animals. Xiao et al. (8) immunized MPO-deficient mice

with mouse MPO resulting in their production of anti-

mouse MPO antibodies. Splenocytes from these mice were

injected into immunodeficient and normal mice, which

resulted in the development of severe necrotizing and cres-

centic glomerulonephritis, granulomatous inflammation,

and systemic necrotizing vasculitis including pulmonary

FIGURE 17.1. Schematic representation of antineutrophil cytoplasmic autoantibody (ANCA)-mediated neutrophil responses that are

putatively involved in the pathogenesis of ANCA-associated small-vessel vasculitis. (A) Proinflammatory cytokines and chemokines
(e.g., tumor necrosis factor a) released as a result of local or systemic infection cause upregulation of endothelial adhesion molecules

(e.g., selectins, ICAM-1, and VCAM) and prime the neutrophil. (B) Neutrophil priming causes upregulation of neutrophil adhesion
molecules (CD11b) and translocation of the ANCA antigens from their lysosomal compartments to the cell surface. (C) Engagement

of the F(ab�)2 portion of ANCA with ANCA antigens on the cell surface and interaction of the Fc part of the antibody with Fc
receptors activate the neutrophil, causing increased neutrophil-vessel wall adherence and transmigration. (D) ANCA-mediated

neutrophil activation also triggers reactive oxygen radical production and possibly causes neutrophil degranulation, with consequent

release of proteolytic enzymes, leading to vasculitis. (From ref. 4, with permission).
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capillaritis. Immune deposits were hardly present, consis-
tent with a so-called pauci-immune vasculitis and glomer-
ulonephritis, which are seen also in patients with MPA
(discussed below). Transfer of anti-MPO-IgG alone into
recipient mice resulted in focal pauci-immune glomerulone-
phritis, which was strongly augmented by the simultaneous
injection of lipopolysaccharide (LPS) (9). Taken together,
strong evidence now exists that MPO-ANCAs are directly
involved in the pathogenesis of MPA (Figure 17.1).

Clinical Manifestations

MPA belongs to the systemic vasculitides indicating that
multiple organs can be affected. Major organs involved in
MPA are the kidneys and the lungs. Renal involvement
is manifested by microscopic hematuria with cellular casts
in combination with proteinuria, which is, generally, not
massive. In addition, deterioration of renal function fre-
quently occurs clinically apparent as rapidly progressive
glomerulonephritis. In 90% of patients the kidneys are
involved, 30% are oliguric at the time of diagnosis,
10% end up with renal replacement therapy, and 30% of
patients die (10).

MPA can be restricted to the kidneys. This ANCA-
associated condition, in the majority of cases MPO-
ANCA associated, is designated as idiopathic necrotizing
and crescentic glomerulonephritis. Renal limited vasculitis
is considered as a variant of MPA and is treated according
to the guidelines for the treatment of MPA.

Lung involvement occurs somewhat less frequently and is
clinically apparent as dyspnea, cough, and hemoptysis (not
in all cases). The chest X-ray may show an alveolar filling
pattern. Pulmonary hemorrhage is a very serious condition
with a bad prognosis particularly in those patients who
also have rapidly progressive glomerulonephritis (so-called
renal–pulmonary syndrome) (11). As mentioned, many
organs may be affected. Besides general malaise, weight

loss, and fever, arthralgia/myalgia, skin involvement such
as purpura, and, particularly, involvement of peripheral
nerves (mononeuritis multiplex occurring in around 50%
of patients) are frequent findings.
In contrast to WG, granulomatous inflammation with

local tissue destruction is generally absent in MPA, and
ENT abnormalities such as recurrent sinusitis, bloody
nasal discharge, and cartilage destruction leading to saddle
nose deformity are not characteristic for MPA.

Pathological Features

MPA is part of the AAVs that are characterized by necroti-
zing vasculitis of small vessels (arterioles, capillaries, venules)
and lack or paucity of immune deposits within the vessel wall.
In the skin, this is apparent as leukocytoclastic vasculitis.
Capillaritis with fibrinoid necrosis is the typical finding
in the lungs in MPA. Granulomatous inflammation is a
characteristic finding in (PR3-ANCA-associated) WG but
not in (MPO-ANCA-associated)MPA (12). The renal lesions
are designated as necrotizing crescentic glomerulonephritis
(Figure 17.2). Focal thrombosis of glomerular capillaries
with fibrinoid necrosis is an early lesion that is followed
by rupture of the glomerular basement membrane and extra-
capillary proliferation. This results in crescent formation,
initially cellular crescents and later on more fibrous crescents.
Periglomerular accumulation of mononuclear cells follows
the glomerular inflammatory process. Deposition of immu-
noglobulins and complement is hardly seen (pauci-immune
glomerulonephritis).

Serological Features

As MPA belongs to the AAVs, ANCAs are the diagnostic
hallmark for MPA. 90–95% of patients with MPA are
positive for ANCAs, the majority of whom (70%) being

FIGURE 17.2. Necrotizing crescentic glomerulonephritis (left, silver staining) with paucity of immune deposits (right, direct immuno-
fluorescence for IgG).
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positive for MPO-ANCAs (13). ANCAs are routinely
assessed by indirect immunofluorescence on ethanol-fixed
neutrophils. A classic cytoplasmic staining pattern with
accentuation of the fluorescence within the nuclear lobes is
characteristic for PR3-ANCAs, whereas MPO-ANCAs
produce a perinuclear staining pattern (Figure 17.3). Such
a perinuclear pattern is, however, far from specific for
MPO-ANCA and may be produced as well by ANCA
directed to other neutrophil antigens such as lactoferrin
which are not specific for the AAVs (13). Therefore, a
positive test for ANCA should always be followed by an
antigen-specific test, usually ELISA with specificity for
PR3-ANCA and MPO-ANCA (13).

Besides ANCAs, rheumatoid factor and antiendothelial
cell antibodies are frequently present in MPA. They lack,
however, specificity for this disease.

Diagnostic Criteria

MPA was not included in the group of idiopathic vasculi-
tides for which classification criteria were proposed by the
American College of Rheumatology (ACR). The disease
was, however, defined by the Chapel Hill Consensus
Conference (1). This definition describes MPA as ‘‘necro-
tizing vasculitis, with few or no immune deposits, affecting
small vessels (i.e., capillaries, venules, or arterioles).
Necrotizing arteritis involving small- and medium-sized
arteries may be present. Necrotizing glomerulonephritis
is very common. Pulmonary capillaritis often occurs.’’
In the literature, most authors use this definition to
classify patients as havingMPA. It is clear from the defini-
tion that histopathological evidence of pauci-immune
necrotizing small-vessel vasculitis is necessary to make a
diagnosis of MPA. However, no classification criteria
for MPA have been formally validated with respect to
sensitivity and specificity. However, an algorithm was
recently proposed by Watts et al. (14) to classify patients
with ANCA-associated vasculitis and PAN within a single
category, that is WG, MPA, Churg–Strauss syndrome,
and PAN.

Prognosis

Although no formal data are available, prognosis of

idiopathic systemic vasculitides such as MPA and WG is

bad without treatment (mortality of 90% after one year).

The introduction of aggressive immunosuppressive treat-

ment, in particular cyclophosphamide in combination with

prednisone, has substantially improved prognosis, with

cumulative patient survival at 1 and 5 years of 82 and

76%, respectively, for patients with renal involvement.

End-stage renal failure occurs in 28% of patients with a

mortality of around 50% (15). Death occurring during the

first year of treatment was related to insufficient treatment

response and infection as the most important factors. Clini-

cally, pulmonary hemorrhage at presentation conferred a

relative risk of 8.65 for patient death. Predictors for end-
stage renal failure are serum creatinine at presentation,

African American race, and arterial sclerosis on renal

biopsy (17). Relapses occur in around 35% of patients.

Therapy

Induction treatment classically consists of cyclophosphamide

with corticosteroids (prednisone, 1mg/kg daily). Although

still controversial, intravenous pulse cyclophosphamide
appears as effective as oral cyclophosphamide (2mg/kg

daily) but seems less toxic, particularly in relation to

infections associated with neutropenia which occur more

frequently during oral cyclophosphamide. In patients pre-

senting with a serum creatinine value of >500mmol/l, the

additional use of plasma exchange increases the rate of

renal recovery when comparedwith intravenousmethylpred-

nisolone (18). Once remission has been obtained, main-

tenance treatment is advocated for another 18months.
Azathioprine is preferred for maintenance treatment as it is

as effective as cyclophosphamidebut less toxic (19). In viewof

the significant toxicity of these regimens, other drugs

have been tried but data from randomized controlled trials
are lacking. Both mycophenolate mofetil and rituximab are

promising agents in the treatment of MPA.

C-ANCA pattern P-ANCA pattern

FIGURE 17.3. Staining of cytoplasmic
components of ethanol-fixed neutrophils

by indirect immunofluorescence using a

serum sample from a patient with active
Wegener’s granulomatosis and antibo-
dies to proteinase 3 (PR3). A character-

istic cytoplasmic pattern of fluorescence

(c-ANCA) is seen (left). This fluores-
cence pattern is different from the peri-

nuclear pattern that can be produced by

serum samples from patients with anti-
MPO antibodies (p-ANCA) (right).
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18
Wegener Granulomatosis

Julia U. Holle, Elena Csernok and Wolfgang L. Gross

Abstract Wegener granulomatosis (WG) is an autoimmune disease of unknown etiology which is characterized by

granulomatous lesions and small vessel vasculitis. WG is associated with antineutrophil cytoplasmic antibodies

(ANCAs) directed against proteinase 3 (PR3). The disease may affect virtually any organ: however, predominant

features are the involvement of the ENT tract with granulomatous disease and small vessel vasculitis affecting lung

and kidneys. Immunosuppressive therapy is adapted according to stage and activity of the disease. The mainstay of

therapy in life-threatening disease is cyclophosphamide (plus glucocorticoids), which is switched to less potent immu-

nosuppressants such as azathioprine after successful induction of remission. Therapy might be needed lifelong.

Keywords ANCA-associated vasculitis � granulomatous disease � proteinase 3

Definition

Wegener granulomatosis (WG) is an autoimmune dis-

ease of yet unknown etiology which is characterized by

granulomatous lesions and small vessel vasculitis. The

disease usually starts as granulomatous inflammation of

the ENT tract and proceeds to a systemic phase with

necrotizing small vessel vasculitis after various time.

Small vessel vasculitis predominantly affects lung and kid-

neys and is associated with antineutrophil cytoplasmic

antibodies (ANCAs) directed against proteinase 3 (PR3),

a neutrophil serine protease.

Epidemiology, Classification,
and Disease Stages

The incidence of WG varies between 8 per 1,000,000

and 12 per 1,000,000 per year (in Germany) (1). WG

can be classified according to the nomenclature of the

Chapel Hill Consensus (CHC) Conference for primary

systemic vasculitides (2) and according to the classifi-

cation criteria defined by the American College of

Rheumatology (ACR) (3, see Table 18.1). The latter

has been developed to distinguish patients with WG

from other vasculitides on the basis of criteria with

high sensitivity and specificity. The presence of two

or more ACR criteria yields a sensitivity of 88.2%

and a specificity of 92%.
The European Vasculitis Study Group (EUVAS) has

developed a definition of disease stages including loca-

lized disease, which is defined as WG restricted to the

upper and lower airways, an early systemic phase includ-

ing any organ involvement except for renal or imminent

organ failure, and generalizedWG referring to full-blown

disease with renal and/or imminent organ failure (4, see

Table 18.2).

TABLE 18.1. Definition and classification criteria of Wegener
granulomatosis (WG) according to the Chapel Hill Consensus
(CHC) Conference.

CHC definition

Granulomatous inflammation involving the respiratory tract and

Necrotizing vasculitis affecting small- to medium-sized vessels

(i.e., capillaries, venules, arterioles, and arteries)

Necrotizing glomerulonephritis is common

Cytoplasmic pattern ANCAs (C-ANCA) with antigen specificity for

proteinase 3 (PR3) are a very sensitive marker for WG

American College of Rheumatology (ACR) classification criteria

Nasal or oral inflammation

Abnormal chest radiograph

Nephritic urinary sediment

Granulomatous inflammation on biopsy

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_18,

� 2008 Humana Press, Totowa, NJ
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Formerly, the term ‘‘limited disease’’ was used to char-

acterize patients with predominant lung involvement and

no renal manifestation.

Pathology

Genetic Background

An association with several HLA loci and alleles has

been described for WG and other ANCA-associated

vasculitides (5). A loss of function mutant of a tyrosine-

phosphatase in T cells downregulating T-cell activity

(PTPN22*W620) (6) may confer susceptibility to WG as

well as to other autoimmune diseases.

Environmental Influences

Carriership ofStaphylococcus aureus represents a risk factor

for WG relapse (7), and antibiotic therapy (cotrimoxazole)

may be able to control localized WG (granulomatous

disease).

Pathogenetic Mechanisms

In vitro evidence suggests that PR3 (Wegener autoantigen)

interacts with dendritic cells and induces their maturation

into antigen-presenting cells, which are able to prime T cells

for a Th1-phenotype (8). Th1-type cytokines are needed for

granuloma formation. This finding points to an autoanti-

gen-driven process ultimately leading to granuloma forma-

tion and ANCA production (Figure 18.1). In WG,

granuloma formation is also supported by a certain subset

of T cells (CD28– T cells) that are expanded in blood, are

enriched in granuloma, and represent a major source of the

Th1-type cytokines (9). B cells are found in granulomatous

lesions of WG, and although plasma cells producing PR3-

ANCA have not yet been detected inWG granuloma, there

is evidence that ANCA may be generated by affinity

maturation by contact to PR3 or cross-reacting microbial

antigens in granuloma (10). Today, it is widely accepted that

ANCA plays a major role in inducing vasculitis. In vitro,
ANCA interact with membrane PR3 (mPR3) of cytokine

primed neutrophils, which results in PMN (Polymorph

mono nuclear cells) activation, respiratory burst, adherence,

and migration to/through endothelium (11) (ANCA

cytokine-sequence theory). However, a satisfactory animal

model of PR3-ANCA-induced vasculitis is still missing.

TABLE 18.2. Disease stages according to the European Vasculitis
Study Group (EUVAS) (4).

Disease stages Organ involvement

Detection

of ANCA

‘‘Initial phase’’

(localized)

Upper and lower airways –/þ

Early systemic disease Any, but no imminent organ

failure, creatinine

<150mmol/l

þ

Generalized disease Any, creatinine <500 mmol/l þ
Rapid progressive GN Creatinine >500 mmol/l þ
Refractory disease Progress in spite of therapy þ

ANCA, antineutrophil cytoplasmic antibody.

PAR-2

PR3

mDCiDC

IFN-γ

TEM

TEM

TEM

TEM

TEM
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TEMTPR3
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TPR3
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TEM
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M
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S
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u
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u
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FIGURE 18.1. Hypothesis of initiation of an adaptive immune response in Wegener granulomatosis (WG): activated PMNs release
PR3, which interacts with dendritic cells (DCs) (via the PAR-2-Receptor) to induce a mature, antigen-presenting DC. PR3-matured

DCs prime T cells for a Th1-phenotype necessary for granuloma formation. Granuloma may be the place of ANCA production.
ANCAs that are released into the circulation are a major factor in inducing small vessel vasculitis. Abbreviations: PR3, proteinase 3;

iDC, immature dendritic cell; mDC, mature dendritic cell; PAR-2, protease-activated receptor-2; TEM, effector memory T cell; TPR3,
PR3-specific T cell; B, B cell; M, macrophage; N, neutrophil.
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Risk Factors for Disease and Relapse

Elevated levels of mPR3 expression are found in WG

patients compared with controls and are associated with

disease relapse (12). Moreover, PR3-ANCA correlate

with disease activity, and persistent high titers of

ANCA during remission correspond to a high risk of

relapse (13).

Clinical Manifestations

Initially, patients seek medical attention for upper and/

or lower airway symptoms such as nasal crusting, bleed-

ing, and granulomatous sinusitis. Typical complications

of ENT involvement in WG are saddle nose deformity

and subglottic stenosis. Upon generalization of the dis-

ease, malaise, fever, weight loss, and arthralgias are

common and accompany clinical signs of vasculitis.

Full-blown disease is usually characterized by the invol-

vement of the ENT tract, the lungs, and the kidneys,

although virtually any other organ can be involved

(see Table 18.3). Lung involvement shows nodules or
diffuse infiltrates on X-ray corresponding to granuloma-

tous disease or alveolitis and alveolar hemorrhage,

respectively. WG might be complicated by intraorbital

granuloma or by contiguous invasion of the cerebrum

by granulomatous masses originating from the sinuses.

Cerebral manifestations include pachymeningitis, cranial

neuropathy, pituitary gland involvement, and cerebral

vasculitis. Peripheral neuropathy, however, is more com-

mon than CNS involvement. Disease activity and

damage can be scored according to disease assessment

scores such as BVAS and BVAS 2003 (Birmingham

Vasculitis Activity Score) and VDI (Vasculitis Damage

Index) (14).

Serological Markers
and ANCA Detection

ANCA Detection

Consensus guidelines currently recommend to perform an
IFT (immuno-fluorescence test) together with an enzyme-
linked immunosorbent assay (ELISA) to detect the ANCA
pattern and the target antigen (15).
By indirect immunofluorescence, one can usually dis-

tinguish a cytoplasmic (C-ANCA) from a perinuclear
pattern (P-ANCA). ANCAs detected by IFT are not
specific for vasculitis, for example, ANCAs (with var-
ious target antigens) are also found in other inflamma-
tory diseases, such as ulcerative colitis and even in
infective endocarditis. Target antigens are detected by
ELISA. In WG, there is usually a C-ANCA pattern
found, which is due to a PR3-ANCA. ANCA is negative
in about 50% of patients with localized disease, whereas
PR3-ANCA can be detected in 95% of patients with
generalized WG (16).

Therapy

Therapy is adapted according to disease stage and
activity. For the induction of remission in severe
organ- and life-threatening disease, cyclophosphamide
(at 2mg/kg body weight/day) is used in combination
with steroids (FAUCI scheme). Cyclophosphamide may
be administered intravenously as bolus treatment
(15mg/kg according to the CYCLOPS study protocol)
with equal efficacy for induction of remission. Further-
more, methotrexate (MTX) can be used for the induc-
tion of remission in non-life threatening ‘‘early
systemic’’ disease (17, NORAM study). For mainte-
nance of remission, there is good evidence for the use
of azathioprine (18, CYCAZAREM study). Smaller
studies suggest that MTX or leflunomide may also be
useful for maintenance therapy. Innovative therapies
such as anti-TNF treatment and the use of rituximab

TABLE 18.4. Biochemical and serological markers of Wegener

granulomatosis (WG).

Marker Change

ESR/CRP "
Hemoglobin # Anemia due to systemic

inflammation

Ferritin "
sIL-2R (soluble Interleukin-2

Receptor)

" Shedded by activated T

lymphocytes

IL-6 " Secreted by activated monocytes

C-ANCA/PR3 þ Titer correlates with disease

activity

TABLE 18.3. Clinical manifestations adapted from Reinhold-
Keller, E (15).

Organ site

Frequency at

presentation (%)

Frequency over

disease course %)

E (ENT) 93 99

K (kidney) 54 70

L (lung) 55 66

Ey (eye) 40 61

H (heart 13 25

P (peripheral nerves) 21 40

C (central nervous system) 6 11

Gi (gastrointestinal) 3 6

S (skin) 21 33

A (arthralgia) 61 77

C-ANCA positive 84
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(anti-CD20 antibody) are currently under investigation.
Infliximab has been used successfully in combination
with cyclophosphamide for the induction of remission
in active or refractory WG in two open prospective
studies (19). However, for the maintenance of remis-
sion, anti-TNF therapy with etanercept in combination
with cyclophosphamide or MTX was not efficient in
increasing the rate of remission and in reducing the
risk of relapse (WGET trial). Rituximab may be effi-
cient in refractory ANCA-associated vasculitis (AAV)
(20, open study). Currently, two randomized controlled
trials are undertaken to investigate the effect of ritux-
imab in AAV (RAVE, RITUXVAS).
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19
Churg-Strauss Syndrome

Philippe Guilpain and Loic Guillevin

Abstract Churg and Strauss syndrome is a primary small-vessel necrotizing vasculitis characterized by asthma, lung
infiltrates, extravascular necrotizing granulomas and hypereosinophilia. Churg and Strauss syndrome is serologically
associated with antineutrophil cytoplasm autoantibodies (ANCA) in about 40% of patients. ANCA status may
determine two phenotypes. Churg and Strauss syndrome may be highly severe and potentially lethal. Churg and Strauss
syndrome should be treated with corticosteroids, associated with immunosuppressants when poor prognosis factors
are present. Treatment dramatically improved the prognosis of Churg and Strauss syndrome, and the survival rate is
now about 90% at 5 years.

Keywords Churg–Strauss syndrome � vasculitis � eosinophils � ANCA � immunosuppressants

Churg and Strauss syndrome (CSS) is a primary small-
vessel necrotizing vasculitis typically characterized by
asthma, lung infiltrates, extravascular necrotizing granu-
lomas and hypereosinophilia (1). CSS belongs to the group
of antineutrophil cytoplasm autoantibodies (ANCA)-
associated vasculitides (AAV) that also comprises micro-
scopic polyangiitis andWegener’s granulomatosis. In CSS,
ANCAmay determine two phenotypes, according to their
presence or their absence.

Epidemiology

In patients in the general population, CSS frequency is
estimated at 2.4–6.8 per 1,000,000 patient-years. In asthma
patients, the incidence is higher than in the general popula-
tion (35–67 per 1,000,000 patient-years). CSS may affect
patients at any age, but the maximal frequency is between
30 and 50 years. The sex ratio is approximately 1:1.

History

In 1951, Jacob Churg and Lotte Strauss pathologically
individualized a subgroup of patients with necrotizing
vasculitis, asthma and eosinophilia from periarteritis
nodosa (1).

Pathogenesis

Some triggering factors have been suspected in CSS,
including vaccinations, desensitization. Drugs (such as
macrolides, carbamazepine, quinine, corticosteroid-sparing
agents for asthma and more recently leukotriene modifiers)
were suspected but were not proven to cause CSS. What-
ever, several pathogenic factors have been identified. First,
eosinophil polymorphonuclears are probably effector cells,
as suggested by the increased numbers of activated eosino-
phils (both in blood and in tissue lesions) during the flares.
Upon activation, eosinophils release their cationic cytotoxic
enzymes leading to tissue damage (2). Secondly, patients
with anti-myeloperoxidase (MPO) antibodies (Abs) may
suffer from the deleterious effect of those Abs, which are
proven both in vitro and in vivo in microscopic polyangiitis
(3, 4, 5). Anti-MPO antibodies can trigger oxidative burst
by the neutrophils (4) and also activate MPO to produce
highly cytotoxic oxidants such as hypochlorous acid (5).

Clinical Manifestations

According to Lanham (6), CSS follows three successive
phases: the prodromic phase, consisting of asthma and
allergic manifestations; the second phase resulting from
eosinophil infiltration of tissues and the necrotizing vascu-
litis phase, possibly several years (mean: 3–4 years) after
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asthma (7, 8). Target organs are involved at various fre-
quencies (see Table 19.1). Asthma (usually severe late
onset asthma) is a cardinal feature of CSS, present in
almost all CSS patients. Lung infiltrates, allergic rhinitis
or sinus polyposis, mononeuritis multiplex are classically
noted. Skin lesions, myalgias, gastrointestinal (GI) tract
symptoms, pauci-immune glomerulonephritis and cardiac
disease may be also observed. CSS can involve the myo-
cardium, pericardium and at a lesser degree endocardium,
leading to severe sequellar lesions. Thus, heart disease is a
severe involvement and represents the major cause of mor-
bidity and mortality, accounting for approximately 48%
of deaths in literature series (9, 10). New methods (such
as cardiac magnetic resonance imaging and gated-SPECT
imaging) are under development and could improve the
detection of heart involvement (11, 12). Notably, CSS
patients without ANCA have more frequent cardiac dis-
ease (see below) (13, 14).

Pathological Features

Diagnosis of CSS (1) is pathologically based on the pre-
sence of eosinophilic infiltrates, extravascular necrotizing
granulomas and small-vessel (granulomatous or not)
angiitis. Histological demonstration of CSS may be diffi-
cult because the typical lesions rarely coexist temporally
or spatially. Whereas skin biopsy often lacks diagnostic
specificity, neuromuscular biopsy may be very informative
when clinical and electromyographic signs are frequent.

Biochemical Features

The main laboratory abnormalities are summarized in
Table 19.2.

Serological Features

Serum ANCA can be detected in 38–50% of patients,
with a perinuclear immunofluorescent-labelling pattern
(p-ANCA) in 75–81% of the ANCA positive patients.
P-ANCA are mostly directed against MPO as assessed by
using ELISA (92–100% of the P-ANCA positive sera).
ANCA titres are not clearly correlated to CSS clinical
activity and not predictive of outcome. However, ANCA
have a clinical signification because the presence or the
absence of ANCA may determine two distinct phenotypes
in CSS patients (Table 19.3) (13, 14).

Diagnosis Criteria

Diagnosis criteria are controversial in CSS. The diagnosis
of CSS could not be based on the pathological criteria
defined by Churg and Strauss (1), because the three
distinct histological lesions are rarely observed on the
same sample (6). In 1984, Lanham et al. developed
Hammersmith Hospital criteria based on clinical manifes-
tations and applicable even in the absence of pathological
confirmation (6). More recently, classification criteria by
the American College of Rheumatology (ACR) (15) and
the Chapel Hill conference (16) have been developed but

TABLE 19.1. Main clinical manifestations of CSS.

Clinical manifestations Frequency

Asthma �100%
Patchy pulmonary infiltrates 70%

ENT manifestations 70%

Neurological involvement,

including:

50–78%

Mononeuritis multiplex �70% of patients with nerve

involvement

Symmetrical polyneuropathy Up to 30% of patients with nerve

involvement

Central nervous system

involvement

Rarely noted

Heart involvement Up to 60%

Skin lesions 40–75%

Gastrointestinal (GI) tract,

including:

�40–60%

abdominal pain 30–60% of patients with GI tract

involvement

diarrhoea 10– 33% of patients with GI tract

involvement

Kidney disease 15–50%

TABLE 19.2. The main laboratory abnormalities.

Laboratory abnormalities Frequency

Increased erythrocyte sedimentation rate �100% during

flares

Increased C-reactive protein levels �100% during

flares

Anaemia (inflammatory of blood loss) Frequent

Blood eosinophilia (7200 � 6700 eosinophils/

mm3)

�100% during

flares

Increased serum eosinophil cationic proteins

levels

�100% during

flares

Increased IgE levels 75%

Rhumatoid factors 20–60%

Anti-nuclear factor 10%

Anti-neutrophil cytoplasm antibodies (ANCA) 38–50%

TABLE 19.3. Relationship between anti-neutrophil cytoplasm
antibodies (ANCA) status and clinical phenotype (13, 14).

Patients with ANCA Patients without ANCA

Necrotizing crescentic glomerulonephritis Heart involvement þþþ
Purpura Pleural effusion

Alveolar hemorrhage Pulmonary infiltrates

Mononeuritis multiplex Fever

Sinusitis Livedo

Vasculitis rarely detected
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they are not for diagnosis. Notably, those criteria require
the presence of a necrotizing vasculitis. To date, neither the

ACR (15) nor the Chapel Hill Consensus Conference (16)

classification criteria distinguish patients with ANCA

from those without ANCA (Table 19.4).

Prognosis

The spontaneous outcome is poor but dramatically

improved with corticosteroids. Complete remission may

now be obtained in about 90% of patients. Relapses

may occur in about 25% of cases, often preceded by the

reappearance of peripheral eosinophilia. At 10 years, sur-

vival rate is about 80%. Heart disease, treatment toxicity

and infections are the main causes of death in CSS.

Prediction

Disease activity may be assessed with Birmingham

Vasculitis Activity Score (BVAS) (17). CSS severity can

be determined with Five Factor Score (FFS) (18) that

comprises five poor prognosis factors associated with

a higher death rate: proteinuria >1 g/day, renal insuffi-

ciency, creatininemia >140 mmol/l or 1.58mg/dl, specific

cardiomyopathy, GI tract involvement and central ner-
vous system involvement.

Therapy

Therapeutic measures depend on disease severity. In the
absence of poor prognostic factor (as indicated by the
FFS), CSS usually responds quickly to corticosteroids. In
all cases, high doses of corticosteroids (1mg/kg/day of pre-
dnisone or its equivalent of methylprednisolone) should be
given. The most severe cases should also be treated with
intravenous methylprednisolone pulses (usually 15mg/kg
for 1–3 days) at the initiation of therapy. Corticosteroids
can be tapered to low doses (i.e. >10mg/d) in several
months, but their discontinuation is often impossible
because of residual asthma (8). Immunosuppressant should
be added to corticosteroids for patients with one or more
poor prognosis factor(s) (i.e. FFS �1) and/or for patients
with refractory or relapsing disease. In these cases, cyclo-
phosphamide (CYC) is the gold standard, administered
intravenously (600–750mg/m2 given at 2-week intervals
for the first month, then monthly) or orally. In our experi-
ence, we prefer intravenous CYC because of less toxicity.
Those patients should be treated for �18months (19).
When patients have achieved remission usually after
3–6months of CYC, a less-toxic maintenance immunosup-
pressant (such as azathioprine) should be given (20).

TABLE 19.4. Diagnosis and classification criteria for CSS.

Criteria Comments

Churg and Strauss (1951) (1) Diagnosis criteria
l Asthma
l Necrotizing vasculitis involving small- to medium-sized

vessels
l Tissue eosinophilia
l Extravascular granulomas

Low sensibility for CSS diagnosis because the three pathological lesions are rarely

present on the same sample

Hammersmith Hospital (1984) (6) Diagnosis criteria
l Asthma Sensibility: 95%, specificity: 95%
l Blood eosinophilia >1500/mm3 Criteria based on clinical findings and not on pathological findings
l Systemic vasculitis involving at less two extrapulmonary

organs

American College of Rheumatology (1990) (16) (4 criteria) These classification criteria have not been developed for CSS clinical diagnosis
l Asthma (When �4 criteria are present: sensibility: 85%; specificity: 99.7%)
l Blood eosinophilia >10% The pathological demonstration of vasculitis is required
l Mononeuritis simplex or multiplex
l Labile lung infiltrates
l Paranasal sinus abnormality
l Extravascular eosinophil infiltration on biopsy findings

Chapel Hill (conference) (1994) (17) These classification criteria have not been developed for CSS clinical diagnosis
l Asthma The pathological demonstration of vasculitis is required
l Blood eosinophilia The demonstration of granulomas is rare in the respiratory tract
l Necrotizing vasculitis involving small- to medium-sized

vessels
l Eosinophil-rich and granulomatous inflammation involving

the respiratory tract
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Patients with refractory CSS might be managed with alter-
native therapies such as intravenous immunoglobulins,
plasma exchanges, rituximab that have been useful in
some cases, but further studies are required to demonstrate
clearly the beneficial effect of these drugs in CSS.
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20
Buerger Disease

Michael Ehrenfeld and Raphael Adar

Abstract Buerger disease (thromboangiitis obliterans or TAO) is a rare non-atherosclerotic vascular disease,
characterized by a combination of segmental inflammation and thrombosis of medium and small size arteries and
veins both in the arms and the legs. The inflammatory process leads to severe ischemic rest pain, non-healing sores,
ulceration and gangrene of fingers and toes. The disease is more common in young males, though its incidence seems to
be increasing among women. Buerger disease is strongly associated with tobacco abuse in any form, which most
probably triggers an autoimmune response. TAO does not fulfill, however, the criteria for a classical autoimmune
disease, because no autoantigen has been clearly identified to date in the disease. Various sets of diagnostic criteria have
been suggested over the years and the diagnosis requires the elimination of many other diseases. Absolute discontinua-
tion of smoking remains the essential mode of therapy. New therapeutic modalities have been recently studied in small
series, all requiring further evaluation in randomized controlled trials.

Keywords Buerger disease � thromboangiitis obliterans � endarteritis � tobacco

Buerger disease, known also as thromboangiitis oblit-
erans (TAO), is an inflammatory segmental obliterative

non-atherosclerotic disease of medium to small arteries,

superficial veins and, less frequently, nerves. The patho-

logical changes are distinct and typical for vasculitis (1),

involving all layers of the vessel wall, with a highly

cellular inflammatory infiltrate with microabscesses

and multinucleated giant cells, involving the vessel

walls and vasa vasorum. This intense inflammatory

infiltrate leads to the occlusive thrombus. The disease

occurs predominantly in young males (77%) and cigar-

ette smokers, and the lower extremities are the main

target of vascular occlusions. The typical presenting

symptoms are of distal extremity ischemia, ischemic

ulcers or gangrene (2). Smoking, which is generally

accepted as a risk factor for this occlusive arterial dis-

ease, may alter the immune response and increase the

susceptibility to autoimmune diseases (3); thus, com-

plete cessation of smoking remains the cornerstone of

therapy. The prevalence of the disease seems to have

declined in North America over the last 30 years, prob-

ably attributed to the decline in smoking. The disease is

more prevalent in the Mediterranean, in the Middle East

and in Asia.

Signs and Symptoms

Ischemic rest pain and ulceration of the forefoot are the
typical presenting signs of the disease, and in contrast to

atherosclerosis, upper extremity involvement is quite fre-
quent (2). Patients may present with foot and arch claudi-
cation, often misdiagnosed as an orthopedic problem,
leading to a delay in the diagnosis. Multiple limbs are
frequently involved; thus, it has been suggested to perform

an arteriogram of both upper and lower limbs, even if the
patient presents with only a single-limb involvement.
Table 20.1 summarizes the typical presenting signs and
symptoms of TAO. The disease usually begins with invol-
vement of the distal small arteries and veins and with time

progresses to involve more proximal arteries. Large artery
involvement is rare as a sole vascular involvement, and if
existent, it usually occurs in association with small vessel
disease. Multiple organ involvement in TAO is extremely
rare, having been described in only single case reports.

TAO patients may also present with Raynaud phenom-
enon, as well as with superficial migratory thrombophle-
bitis, in as much as half of the cases. Arthralgias and
arthritis have also been described, even as the initial
presenting manifestation (4).
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Laboratory Findings and Serological
Markers

There are no specific laboratory or radiological investiga-
tions helping in the diagnosis of Buerger disease. The
diagnosis is therefore established on the basis of investiga-
tions and tests aiming to eliminate other diseases that may
mimic or simulate TAO.

The initial diagnostic workup includes various studies in
order to exclude these conditions. Arteriosclerosis as well as
a proximal embolic source should be ruled out as the main
differential diagnostic diseases using both an arteriogram
and an echocardiography. Although the arteriogram may
be suggestive of TAO, there are no pathognomonic angio-
graphic features in Buerger disease. Generally, the proximal
arteries should be normal, both in the lower and upper
limbs, with no signs of atherosclerosis, aneurysmal disease
or other source of proximal emboli. The pathology, if
present, is usually segmental and limited to the distal circu-
lation (infrapopliteal and distal to the brachial artery).
Typically, medium and small size vessels demonstrate taper-
ing occlusion with collaterals with a ‘‘corkscrew’’ and ‘‘tree
root like’’ configuration. These changesmight be seen on the
digital arteries of the fingers and toes, the tibial, peroneal,
radial and ulnar arteries; thus, segmental arterial Doppler
pressures might be of some help. Basic laboratory studies
include a complete blood count, liver and renal function
tests, fasting blood sugar and a lipid profile.

Patients should be screened for necrotizing arteritis
with erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), rheumatoid factor (RF), antinuclear anti-
body (ANA), complement measurements, antineutrophil
cytoplasm antibody (ANCA), cryoglobulins, and sclero-
derma-specific antibodies, which would also help in ruling
out other rheumatic diseases such as systemic lupus erythe-
matosus, rheumatoid arthritis with vasculitis, and sclero-
derma. Hand radiographs might be of some help in
excluding scleroderma calcinosis and a toxicological
screen for cannabis and cocaine should be also included
in the diagnostic workup. Thrombophilia including

hyperhomocysteinemia and antiphospholipid antibody
syndrome should also be looked for in these patients.
The putative role of autoimmune- and immune-

mediated mechanisms in the pathogenesis of TAO was
reviewed by us, several years ago (7). No autoantigen has
been clearly identified to date in TAO. As previously sta-
ted, the disease carries an extremely strong association
with tobacco use, suggesting that tobacco might be one
of the environmental factors implicated in its pathogenesis.
Initial studies, performed many years ago, investigated
both the humoral and cellular immunity, as well as HLA
associations in a group of TAO patients. B and T cells were
found to be within the normal limits. ANA, RF, and
smooth muscle antibodies were all not found in their
patients. The authors did, however, detect circulating anti-
bodies to heat-denatured human collagen (ACA) in 35%
of the patients, and in none of the controls. All but one of
the patients with these antibodies were smokers. None of
the patients with arteriosclerosis were positive for these
antibodies. These studies were taken a further step by
another group who demonstrated significantly higher
levels of all serum immunoglobulins, as compared with a
control group, as well as the presence of specific antihu-
man arterial antibodies, which were found in all TAO
patients, compared with only 5 of the 15 controls. The
authors thus suggested that the angiitis or vascular damage
seen in Buerger disease may be due to an autoimmune
process. The Tel-Hashomer group later confirmed the
initial results demonstrated by others, when significant
titers of anticollagen antibodies were shown to be present
in 17 of 39 patients with TAO compared with none in the
controls (3). These findings were further pursued by a
group of investigators who were able to demonstrate antic-
ollagen antibodies against type I, IV, and V collagen,
mainly in the subgroup of an active or severe form of the
disease, as compared with healthy controls. Other investi-
gators were able to confirm the presence of circulating
immune complexes (CICs) by various techniques and
even to distinguish TAO from atherosclerotic patients
and normal controls by the mean values of the CICs. A
search for autoantibodies in Buerger disease found
55–60% of the patients to be positive for ANCA.
Antimyeloperoxidase, antilactoferin and antielastase
autoantibodies were only found in the severe TAO
group. Other studies were unable to confirm these find-
ings. High titers of antiendothelial cell antibodies (AECA)
were found in a small group of active TAO, compared with
controls and patients in remission (8). These AECAs have
been recently found to be of great importance in other
vasculitides such as Kawasaki disease, in which immune-
mediated vascular injury and endothelial damage are
present.
Preliminary studies have looked at antiphospholipid

antibodies, which are also closely related to arterial and
venous thrombosis.

TABLE 20.1. Typical presenting signs and symptoms of throm-
boangiitis obliterans (TAO).

Rest pain 81%

Ischemic ulcers 76%

Sensory findings 69%

Intermittent claudication 63%

Abnormal Allen test (see text) 63%

Lower extremity 50–80%

Raynaud’s phenomenon 40–45%

Thrombophlebitis 40–60%

Upper extremity 10–50%

Upper and lower extremity 30–40%

Joint manifestations 12.5%

Adapted from References 2, 5, 6.
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The role of cell-mediated immunity against tobacco
antigen in TAO patients was also investigated. In this
study, the authors suggested that the relation between
smoking and angiitis in TAO has to do with the modula-
tion of the immune homeostasis via the tobacco.

The Tel-Hashomer group was also able to demonstrate
the presence of cellular sensitivity to human type I and/or
type III collagen in the peripheral blood lymphocytes of
77% of TAO patients, compared with much lower values
in healthy male controls and in patients with
atherosclerosis (3, 9).

A recent study examined histological specimens of TAO
patients as well as immunophenotyping of these arteries
(10). Histology of the arteries clearly demonstrated a cel-
lular infiltrate in the intima with thrombi, with an intact
elastic lamina, as opposed to giant cell arteritis. The
authors thus concluded that TAO is a vasculitis induced
by an antigen in the intimal layer. Most of the infiltrating
cells in the intima were CD3þ T cells.

HLA associations were also studied in Buerger disease.
The studies are mostly small and thus inconclusive, though
it seems that genetic factors do play a role in the pathogen-
esis of TAO. The differences observed in the HLA antigens
may be based on the genetic variability of the studied
populations, as well as due to methodological differences
used in the different studies.

Based on the available data in the literature, one may
conclude that TAO does not fulfill the criteria for an
autoimmune disease. Immune mechanisms do seem to be
involved, although they might only be of a secondary
importance. These mechanisms might represent an epiphe-
nomenon consistent with the inflammatory response.
Alternatively, the possibility remains that they may repre-
sent an autoimmune reaction that has yet to be elucidated.

Diagnostic Criteria

There are no universally accepted diagnostic criteria for
Buerger disease. Table 20.2 describes the various sets of
diagnostic criteria which have been proposed over the
years for the diagnosis of TAO. The traditional diagnostic
criteria of Shionoya from Japan (11, 12) are based on
the following five criteria: smoking history, onset before
the age of 50 years, infrapopliteal arterial occlusive disease,
either upper limb involvement or phlebitis migrans, and
the absence of atherosclerotic risk factors other than
smoking. A definite diagnosis of Buerger disease can be
made if all five criteria are present. Mills and Porter (13,
14) proposed a set of more rigid major, which are essential,
and minor diagnostic criteria based on a cohort of patients
evaluated in Oregon (see Table 20.2), whereas Papa and
Adar (15) suggested a set of more flexible criteria of var-
ious clinical, angiographic, histopathologic and exclusion-
ary criteria for the diagnosis of the disease. They later

further suggested a point scoring system to help in estab-

lishing the diagnosis of Buerger disease (16). Olin had also
proposed a set of diagnostic criteria, which are quite simi-

lar to those of Mills and Porter, though he did not differ-

entiate between major and minor criteria (17).
The scoring system of Papa and Adar is described in

Table 20.3a (16). This scoring system replaces the exclu-

sionary criteria with negatively scored criteria. The objec-
tive classification of patients is an obvious advantage of

this scoring system over the other sets of criteria, thus using
this system, points are awarded for young age at onset,
foot claudication, upper extremity involvement, superfi-

cial vein thrombosis and vasospastic phenomena. Atypical
features detract points and the resultant score classifies the

diagnosis of Buerger disease (TAO) as being of low,

TABLE 20.2. Diagnostic criteria for Buerger disease (TAO) –
proposed over the years.

Criteria

Shionoya

(years)

Olin

(years)

Papa

(years)

Mills

(Oregon)

(years)

Age at onset of distal

extremity

<50 <45 <30–40 <45a

Ischemia

Tobacco abuse þ þ þ þa

Infrapopliteal distal/no

prox. dis.

þ þ þ þ

Upper limb disease þ þ þb

Migratory SVT þ þ þb

Raynaud’s

phenomenon

þ þb

Intermittent

claudication (foot)

þ þb

Exclusion of
. proximal embolic

source

þ þ

. autoimmune diseases þ þ

. trauma and local

lesions

þ

. hypercoagulable states þ þ þ

. atherosclerosis:

DM/HTN þ þ þ þ
Hyperlipidemia

Renal failure

Confirmed distal

disease via
. Segmental Doppler

and 4 limb

plethysmography

þ þ

. Arteriography or þ þ þ

. Histopathology þ þ (þ)
Single limb

involvement

(negative criterion)

þ þ

Female gender

(negative criterion)

þ þ

aMajor criteria.
bMinor criteria.

DM, diabetes mellitus; HTN, hypertension; SVT, superficial vein

thrombophlebitis.
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medium or high probability. None of the diagnostic sets of
criteria for Buerger disease have been validated; however,
of the 107 patients diagnosed by Papa et al. (16) by their
old criteria, the diagnosis of TAOwas rejected by the point
scoring system in 20 patients. Of the remaining 87 patients,
the degree of certainty in the diagnosis (point scoring
system versus old criteria) was lower in 31, equal in 47
and higher only in 9. The authors suggested that their
point scoring system has a better ability to discriminate
patients than their old previous set of criteria, thus defi-
nitely improving the specificity of the diagnosis.

Treatment of Buerger Disease (TAO)

Discontinuation of tobacco use is the only effective ther-
apy for TAO. Patients can be reassured that if they are able
to refrain from tobacco use in any form, the disease will
remit and amputation will not occur as long as critical limb
ischemia in the form of tissue loss or gangrene has not
occurred already (18). Though many medical and surgical
therapeutic options for TAO have been proposed, none
have been uniformly successful.With an ischemic or necro-
tic lesion, local care is the other cornerstone of therapy,
aiming at obtaining cleansing of the wound with creation
of conditions conducive to healing. Non-steroidal anti-in-
flammatory agents are used as the treatment of choice for

superficial thrombophlebitis. Chronic anticoagulation has
been suggested even though no clear thrombophillia has

been found in TAO. Other questionable therapies that
have been recommended with limited evidence for their

efficacy include calcium-channel blockers, plasma expan-
ders, cyclophosphamide and epidural spinal cord
stimulation.
Intravenous administration of a prostacyclin analogue

(Iloprost) was more effective than oral aspirin in a rando-
mized trial. Healing rate of ischemic lesions as well as pain
relief were significantly higher in the prostacyclin group;
however, this effect was not reached with oral Iloprost
(19, 20).
Recent attempts to treat TAO patients with a therapeutic

angiogenesis modality using vascular endothelial growth
factor (VEGF) gene therapy showed great promise with a
healing effect of ischemic ulcerations and relieving the rest

pain these patients suffer from. An alternative way to sti-
mulate angiogenesis has been suggested using a Kirschner

wire placed in the medullary canal of the tibia, a method
that has also initially showed some promising results in
reducing rest pain as well as promoting healing of existing

ulcers. Other preliminary experimental therapies of TAO
include implantation of bone marrow mononuclear cells

including endothelial progenitor cells into ischemic limbs,
autologous bone marrow transplantation, stem cell therapy
using umbilical cord-blood derived multipotent stem cells,
the use of an endothelin antagonist, and the use of inter-
mittent pneumatic compressions of the foot and calf. All

these modalities require further evaluation in randomized
controlled trials to confirm their beneficial effects.
Finally, surgical revascularization is rarely possible due

to the nature and size of the involved vessels. Occasionally
bypass surgery is considered, the results of which are gen-
erally disappointing. Sympathectomy, which used to be
one of the main modes of therapy in TAO, is still used
todaymainly for pain control and promotion of healing, in
cases which are unresponsive to best available medical
therapy. If all else fails, amputation should be as distal as
possible, consistent with a reasonable chance of healing.
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21
Behçet Disease

Gerard Espinosa

Abstract Behçet disease (BD) is a systemic vasculitis characterized by recurrent oral and genital ulcers, and ocular
inflammation, but it may also involve the joints, skin, central nervous system and gastrointestinal tract. Although it has a
world-wide distribution, it is more prevalent in the countries along the Silk Road. The aetiology of the disease remains
unknown.

The diagnosis is based on clinical grounds, and classification criteria proposed by the International Study Group
perform well in a clinical context. To date, the treatment of BD remains largely empirical and considerable differences
exist in practical approaches to treatment. The primary goals of management are symptom control, early suppression of
inflammation and prevention of end-organ damage. Regarding prognosis, the main associates of mortality in BD are
major vessel pathology and neurologic involvement.

Keywords Behçet disease � recurrent oral ulcers � vasculitis

Behçet disease (BD) is characterized by recurrent oral
and genital ulcers and uveitis, but cutaneous, articular,
neurologic, or vascular manifestations have also been
observed (1).

Epidemiology

The geographical distribution of BD is distinctive. Although
it has a world-wide distribution, it is more prevalent in the
countries along the Silk Road, an ancient trading route
between the Mediterranean and East Asia (2). In Turkey,
the prevalence is estimated to be between 110 and 420
per 100,000, whereas that in Japan is 13–20 per 100,000,
and the prevalence in the UK and the USA is estimated
at 1–2 per 100,000 (1). It has only occasionally been reported
in individuals of African origin.

History

One of the earliest descriptions of an illness that bears
similarities to BD is found in Hippocrates’ writings from
ancient Greece in 450 BC (3). It was not until 1871 that
individual features such as recurrent relapsing hypopyon
uveitis, oral aphthae, and combined orogenital ulcerations

were described. These features were usually attributed to
tuberculosis or syphilis and in 1937Hulusi Behçet pro-
posed that this triple-symptom complex might be a sepa-
rate disease entity (4). Behçet saw his first patient with
recurrent aphthous stomatitis, genital ulcers, erythema
nodosum, and visual disturbances in 1924. In 1930, he
documented his second patient and in 1936 his third, and
proposed that these signs constituted a specific disease
entity. Finally, BD was formally recognized at the Inter-
national Congress of Dermatology in 1947.

Pathogenesis

The etiology of BD remains unknown, but the most widely
held hypothesis of disease pathogenesis is that a profound
inflammatory response is triggered by an infectious agent
in a genetically susceptible host (5). A combination of
genetics, infectious agents, immune dysregulation and
inflammatory mediators, heat shock proteins, oxidative
stress, lipid peroxidation, coagulation abnormalities (6),
and environmental factors have also been implicated (7).
The most plausible environmental trigger is an infec-

tious agent, and evidence of ongoing or previous infection
with a variety of viral and bacterial agents has been sought.
These include herpes simplex virus 1, the hepatitis viruses,
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and parvovirus B19. Potential bacterial triggers include
mycobacteria, Borrelia burgdorferi, Helicobacter pylori

and a variety of streptococcal antigens (5). Most recently,

antibodies to Saccharomyces cerevisiae have been pro-

posed as a serological marker of disease, but the clinical

relevance of this finding is uncertain.
In every population studied, the most closely associated

risk factor for disease, and in some countries for disease

severity, is HLA-B51 (2). However, the biological mechan-
ism whereby specific HLA-B alleles confer disease suscept-

ibility remains unknown. In addition, the relative risk of

disease associated with HLA-B51 varies widely in different

ethnic populations, and the disease-associated alleles are

present at high frequency in some populations in whom the

disease is virtually unknown.

Clinical Manifestations

BD is multisystemic in nature, and any organ or system in

the body may be affected. Signs and symptoms are illu-

strated in Table 21.1, but there is a considerable variation

in the pattern of system involvement of BD worldwide (8).

Recurrent aphthous ulceration is the sine qua non of BD;

they are painful and appear in the gingiva, tongue, and

buccal and labial mucosal membranes. Genital ulcers are
morphologically similar to oral ulcers but frequently heal

by scarring. They usually occur on the scrotum and penis

in men and on the vulva in women.
Ocular lesions occur in the uvea and retina resulting in

various symptoms, including blurred vision, eye pain,

photophobia, lacrimation, floaters, and periglobal hyper-

emia. Skin disease in the form of erythema nodosum is

common, particularly in females. It usually occurs on the

front of the legs and may resolve but remain in hyperpig-

mented areas. Other cutaneous lesions described in

patients with BD are pseudofolliculitis and acneiform

nodules. Synovitis, arthritis, and/or arthralgia may occur,

and the joints most frequently affected are the knees, fol-

lowed by the wrists, ankles, and elbows. Destructive
changes rarely occur in the joints.

The concept of vasculo-Behçet has been adopted for
cases in which vascular complications are present and
often dominate the clinical features. Venous involvement
is more common and may result in both superficial throm-
bophlebitis and deep venous thrombosis. Arterial compli-
cations are less common than venous involvement (9). Like
occlusive lesions, arterial aneurysms are caused by vascu-
litis that begins in the vasa vasorum (10).
Gastrointestinal manifestations, including dysphagia,

epigastric pain, colicky abdominal pain, bleeding, and
diarrhea, are primarily caused by mucosal ulcerations
and/or perforations (11).
The neurological involvement in BD primarily affects

the central nervous system and includes parenchymal (with
pyramidal signs, hemiplegia/paresis, behavioural changes;
movement disorders, such as hemichorea, hemiballismus,
and hemidystonia; hypersomnia, cranial nerve palsies, and
aseptic meningitis) and nonparenchymal involvement
(intracranial hypertension, because of dural sinus throm-
bosis). Peripheral neuropathy and myopathy are rare (12).

Pathological Features

BD is characterized by the presence of vasculitis, involving
particularly venules. Lesions are characterized by perivas-
cular lymphocytic and monocytic cellular infiltration, with
or without fibrin deposition in the vessel wall. Significant
neutrophil infiltration in the absence of infection is also
seen, particularly in early lesions.

Biochemical and Serological Features

Laboratory findings are non-specific in BD. Moderate
anemia and peripheral neutrophil leukocytosis are
observed in some patients. Autoantibodies such as rheu-
matoid factor, antinuclear antibody, antineutrophil cyto-
plasmic antibody, and antiphospholipid antibody are
usually negative. Importantly, non-specific markers of
inflammation such as C-reactive protein level and erythro-
cyte sedimentation rate can be normal despite active dis-
ease. HLA typing is generally not useful in a diagnostic
context because of the lack of sensitivity of the association
with HLA-B51.

Diagnostic Criteria

There is no specific test or histologic finding in BD. Several
sets of diagnostic criteria have been suggested for BD over
the years. Classification criteria have been published by the
International Study Group in 1990 (13) (Table 21.2). They
were a consequence of the consensus among investigators

TABLE 21.1. Symptoms and signs of Behçet disease (BD).

Prevalence (%)

Mouth ulcers 100

Genital ulcers 94

Cutaneous involvement 70–80

Erythema nodosum 40–60

Articular involvement 40

Eye involvement 30–70

Vascular involvement 7–50

Gastrointestinal involvement 5–20

Central nervous system involvement 5–10
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and have been widely adopted to ensure that groups of
patients entering into studies would be comparable.

The pathergy test is performed by introducing a 20-
gauge or smaller sterile needle 5mm obliquely into the
patient’s flexor aspect of the avascular forearm skin with-
out injection of saline under sterile conditions. At 24–48 h
after the pricking, the puncture site becomes inflamed and
the test is considered positive if there is an indurated
erythematous small papule or pustule formation of more
than 2mm in diameter, which usually resolves within 3 or
4 days. Although the test is positive in more than 60% of
Middle Eastern patients with BD, it occurs in about 15%
of Korean patients and 5% of Caucasians, reducing its
diagnostic value in these groups.

The differential diagnosis of BD should include Reiter’s
syndrome, sarcoidosis, Stevens–Johnson syndrome, and
inflammatory bowel disease (Crohn’s disease and ulcera-
tive colitis with extragastrointestinal involvement). Other
causes of periodic fevers, such as familial Mediterranean
fever (14) or hyper IgD syndrome, aphthous stomatitis,
pharyngitis and cervical adenitis (PFAPA) syndrome,
should be considered in children. Patients with significant
neurological involvement may occasionally be misdiag-
nosed as having multiple sclerosis. Other chronic systemic
diseases associated with recurrent aphthous ulceration
include systemic lupus erythematosus and mixed connec-
tive tissue disease.

Prognosis

The mortality of patients with BD ranges from 0.9% dur-
ing the course of a single year’s follow-up to 3.9% at 10
years (15). Recently, Kural-Seyahi et al. (16) reported the

mortality and overall morbidity in a cohort of 387 patients
with BD followed during 20 years. The main associates of
mortality were major vessel pathology (especially pulmon-
ary arterial aneurysm) and neurologic involvement.
Mortality was specifically increased among young males
and, interestingly, tended to decrease significantly over the
time. However, central nervous system involvement and
major vessel disease were exceptions, because they can
have their onset late, up to 10 years, during the disease
course.

Therapy

The main objectives of BD treatment are to relieve symp-
toms, control inflammation, minimize functional disabil-
ity, and prevent recurrences and end-organ damage. The
choice of treatment depends on the clinical presentation
and the severity of the manifestations. Combination drug
therapy is preferred and results in a better outcome.
Mucocutaneous lesions are commonly treated with topi-

cal corticosteroids (CS). Colchicine, pentoxifylline, and
thalidomide also are used for mucocutaneous lesions, but
the toxicity of thalidomide limits its application (17). Joint
involvement responds to non-steroidal anti-inflammatory
drugs, colchicine, and CS.
The management of ocular inflammation depends on its

severity. Topical midryatic agents and topical CS are given
in cases of anterior uveitis. Acute attacks of mild posterior
uveitis, intermediate uveitis, vitritis, and cystoid macular
edema, especially if unilateral, in turn, can be treated with
periocular CS injections. Systemic administration of CS,
azathioprine (AZA), cyclosporine-A (CSA), chlorambucil,
or cyclophosphamide has been effective in suppressing eye
inflammation. However, only AZA has been shown in
controlled trials to be beneficial. Most clinicians currently
use combination therapy, which includes CS, AZA, and
CSA (18).
When the central nervous system is involved, treatment

most commonly consists of combination therapy with pulse
CS and pulse cyclophosphamide or chlorambucil, although
serious adverse effects limit its usage as a first-line agent for
an acute attack. CSA and tacrolimus are not advised for the
treatment of central nervous system involvement because
of their increased rate of neurotoxicities (12).
Severe vasculitis is treated with CS and immunosuppres-

sive agents, although controlled studies have not shown
benefit. However, most relapses have been associated with
discontinuation of treatment. Anticoagulants agents are
used for deep venous thrombosis in addition to the admin-
istration of immunosuppressive agents.
In resistant cases of severe and refractory ocular mani-

festations or those with mucocutaneous or articular fea-
tures that require high doses of CS, interferon(IFN)-�may
be used (19).

TABLE 21.2. International study group criteria for the diagnosis
of Behcet disease.

Recurrent oral

ulceration

Minor aphthous, major aphthous, or herpetiform

ulceration observed by physician or patient,

which have recurred at least three times in a

12-month period

And two of the

following:

Recurrent genital

ulceration

Aphthous ulceration or scarring, observed by

physician or patient

Eye lesions Anterior uveitis, posterior uveitis, or cells in

vitreous on slit lamp examination; or retinal

vasculitis observed by ophthalmologist

Skin lesions Erythema nodosum observed by physician or

patient, pseudofolliculitis or papulopustular

lesions; or acneiform nodules observed by the

physician in post-adolescent patients not on

corticosteroid treatment

Positive pathergy

test

Read by physician at 24–48 h

The findings are applicable only in the absence of other clinical explanations.
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Recently, an expert panel with specific expertise in BD
management formulated recommendations for optimal use
of anti-TNF agents in these patients (20). In general, TNF-
blocking agents should be used with caution only for
selected patients with severe disease. Patients with two or
more relapses of posterior uveitis per year, or active CNS
disease and/or selected patients with intestinal inflamma-
tion, or arthritic and mucocutaneous manifestations that
reduce significantly the quality of life would fit this cate-
gory. More interestingly, a single infusion of infliximab
(5mg/kg) can be used as a first-line agent for sight-threaten-
ing, bilateral posterior eye segment inflammation, when the
fast-onset of response is considered to be critical to prevent
fixed retinal lesions and thus permanent visual loss.
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tial diagnosis and management. Curr Rheumatol Rep 2006; 8:
317–22.

13. International Study Group for Behcet’s Disease Criteria for
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22
Susac Syndrome

Manuel Francisco Ugarte and Ricard Cervera

Abstract Susac syndrome is a microangiopathy causing small infarcts in the brain, cochlea, and retina. It is character-
ized by the clinical triad of acute or subacute encephalopathy, sensorineural hearing loss, and retinal branch artery
occlusions. This syndrome is probably an immune-mediated endotheliopathy that affects the microvasculature of the
brain, retina, and inner ear, but it has also been postulated that Susac syndrome can be due to a thrombotic occlusion of
the small vessels of these organs.

The diagnosis is made by the presence of the triad of acute or subacute encephalopathy, sensorineural hearing loss, and
retinal branch artery occlusions. When this triad is not completed, the imaging techniques can help with the diagnosis.

The treatment includes immunosuppression (with high-dose steroids and cytotoxic drugs) and anticoagulation.

Keywords Susac syndrome � microangiopathy

Susac syndrome is a microangiopathy causing small infarcts in the brain, cochlea, and retina. It is characterized by the

clinical triad of acute or subacute encephalopathy, sensorineural hearing loss, and retinal branch artery occlusions.

Epidemiology

The most commonly affected demographic group is repre-
sented by young women, the female : male sex ratio is 3:1,
and the age at onset is usually between 20 and 40 years.
Susac syndrome has been reported in North America,
Europe, and Asia. A higher incidence during Spring and
Summer has been described (1).

History

The first case report was made by Susac et al. (2) in 1979.
They described two women with a progressive neurologic
disorder, multifocal retinal branch artery occlusion, and
hearing loss.

Pathogenesis

Preliminary evidence suggests that Susac syndrome is an
immune-mediated endotheliopathy that affects themicrovas-
culature of the brain, retina, and inner ear. Anti-endothelial

cell antibodiesmayplaya role in eithermediatingor reflecting

the endothelial cell injury (3,4).
It has also been postulated that this syndrome could be a

form of presentation of the catastrophic antiphospholipid
syndrome, because it is characterized by multiple organ
involvement because of thrombotic occlusions of the small

vessels and the presence of antiphospholipid antibodies
has been reported in some patients (5).

Clinical Manifestations

The triad (encephalopathy, inner ear involvement, and

retinal artery occlusions) is clinically obvious at onset in

only 20% of cases (6). However, this triad is usually com-
pleted after several years of follow-up (from 0 to 3). The
frequencies of organ involvement at presentation are

described in Table 22.1 (1).
Brain involvement usually presents as encephalopathy,

ranging from mild memory loss or personality changes to

confusion (1,7, 8,9). Patients can also present headache or
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paresthesia. At physical examination, corticospinal syn-
drome, Babinsky sign, ataxia, frontal lobe syndrome, and
hypoesthesia are the most common findings (1). Amenor-
rhea, which has been related to hypothalamic or pituitary
involvement, has also been described (9).

Inner ear involvement usually presents as a bilateral
hearing loss, and involves low and medium frequencies.
It is caused by apical cochlear damage because of occlusion
of the cochlear end arterioles. Clinical findings also include
tinnitus and vertigo (1).

Eye involvement usually is referred as scotoma or visual
acuity loss. Visual fields are frequently abnormal. Fundo-
scopic examination reveals retinal ischemic whitening,
cotton-wool patches, periarterial whitening, box-car seg-
mentation, and cherry red spot (9,10). Optic disk pallor
may occur in the later stages. Retinal artery wall plaques
have sometimes been described (10). They are yellow and
usually located away from arterial bifurcations, which
helps to distinguish them from visible emboli. These pla-
ques are known as Gass plaques and are a helpful finding
in making the diagnosis: they reflect a focal disturbance
of the endothelium with subsequent deposition of ather-
omatous material, are sometimes refractile, and their pre-
sence does not suggest an embolic disorder, but rather
Susac syndrome (10). Nevertheless, fundoscopy is less
sensitive than fluorescein angiography for detecting new
occlusions (1).

Imaging Findings

Brain Involvement

Brain computed tomography scan is usually normal in
Susac syndrome, except for atrophy, which may develop
during follow-up. Brain magnetic resonance imaging
(MRI) typically shows bilateral gray and white matter
lesions (11,12). They are numerous and often small
(3–7mm), are predominantly supratentorial (but may
also involve infratentorial compartment), and present as
hypointensities in T1-weighted images and small T2 and
FLAIR hyperintensities (11,12). The cerebellum, cerebel-
lar peduncles, brainstem, deep gray basal ganglia, and
thalamus are frequently involved. The corpus callosum is
always involved. Although any part of the corpus callosum
may be affected, the central portion is preferentially

involved with microinfarcts that are typically small but
may be large and have a ‘‘snowball’’ appearance. Occa-

sionally, linear defects (spokes) may extend from the cal-

losal septal surface to the superior margin of the corpus

callosum. Central callosal holes ultimately develop and

may be patognomonic (11,13,14). Gadolinium enhance-

ment of gray and white matter lesions is found in up to

70% of patients (11). Coronal and sagittal planes are

essential to avoid missing lesions of corpus callosum. Dif-

fusion-weighted imaging and apparent diffusion coeffi-

cient have been proved to be sensitive to the histologic

and physiologic changes associated with brain infarction.

During the acute phase, infarcted cerebral tissue is hyper-

intense on diffusion-weighted MRI and has reduced

apparent diffusion coefficient (15). In Susac syndrome,

hyperintense lesions have been reported, with reduced

apparent diffusion coefficient (16).

Eye Involvement

Retinal arteriolar branch occlusions and arterial wall hyper-

fluorescence are typical features of Susac syndrome on fluor-

escein angiography. Although the most frequent cause of

retinal occlusions is clearly embolic (cardiac disease or car-

otid stenosis), arterial wall hyperfluorescence is not a usual

finding in embolic occlusions. Arteriolar multifocal fluores-

cence is frequent in Susac syndrome (17). Retinal branch
artery occlusions and arterial wall hyperfluorescence are

not parallel: they are not always detected in the same site

nor at the same time. Arterial wall hyperfluorescence zones

may represent preocclusive lesions, and may be taken as an

indicator of active disease (18).

Laboratory Findings

Despite extensive laboratory investigation, no consistent

abnormalities have been found. The erythrocyte sedimenta-

tion rate and C-reactive protein may be elevated. Minor

elevations of the antinuclear and antiphospholipid antibodies

can be found. Elevation of factor VIII and von Willebrand

factor antigen levels may occur. These elevations may be due

to endothelial perturbation. The factors are stored in the

Weibel-Palade bodies membrane bound to the endothelium
and may be released during endothelial damage. Although

their elevation may be due to acute phase reactants, their

close association with the endothelium would be consistent

with endotheliopathy (9,13).
Cerebrospinal fluid examination may show a lympho-

cytic pleocytosis and proteins are usually elevated during

the encephalopathic episode. The presence of oligoclonal

bands and elevated IgG index may be misinterpreted as

being due to multiple sclerosis.

TABLE 22.1. Symptoms and signs of Susac Syndrome at
presentation.

Organ involvement Prevalence (%)

Retinal involvement 46

Brain involvement 80

Cochlea involvement 52

Complete triad 20
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Pathological Features

Most of the reports that included brain biopsy results

described small foci of necrosis (microinfarcts) within the

cerebral cortex and white matter, with loss of neurons,

axons, and myelin. Only a few reports have provided

detailed information about the microvasculature. The

characteristics included endothelial cell necrosis with

sloughing of dead cells into vascular lumina, endothelial

cell denudement of capillaries and venules, mural and

intra-luminal fibrin deposition, basement membrane zone

thickening due to a combination of basement membrane

reduplication (lamellation) and collagen deposition, and

intense deposition of C4d and C3d within the majority of

capillaries. Perivascular and intramural lymphocytic infil-

tration has been also described (3,19).

Diagnosis

There are no established diagnostic criteria for this syn-

drome, but the triad of acute or subacute encephalopathy,

sensorineural hearing loss, and retinal branch artery occlu-

sions must be present. However, in cases lacking any of

these three findings at presentation, brainMRI (specially if

there are lesions in the corpus callosum), and eye examina-

tion (fundoscopy and fluorescein angiography) may be

helpful for the diagnosis (Table 22.2).

Prognosis

Three major clinical courses have been described in

patients with Susac syndrome: monocyclic, polycyclic

and chronic continuous (19). However, independently of

which of these courses the disease has, patients frequently

have sequelae. Brain sequelae is reported in 66.7%, but is

usually mild (behavioral or personality changes, loss of

memory and concentration, slight cognitive disturbances,

ataxia, and hemiparesia) (1). Eye sequelae is reported in

27.5% (mainly, mild visual loss) (1). Inner ear sequelae is

reported in 89.7% (uni- or bilateral hearing loss).

Although Susac syndrome is thought to be self-limited,
late relapses may occur, especially in the retina. No death
directly related to Susac syndrome has been reported.

Treatment

No clinical trials have been performed for the treatment of
Susac syndrome, but strong immunosuppressive therapy
has been postulated for this condition. During the first
week, it is recommended the use of high dose steroids
(i.e., three pulses of intravenous methylprednisolone fol-
lowed by high-dose oral prednisone). Intravenous immu-
noglobulins (2 g/kg) are also recommended and this dose
can be repeated every month for 6months. Cytotoxic
drugs (i.e., cyclophosphamide, mycophenolate mofetil,
and methotrexate) can also be used (19). Anticoagulation
therapy can be helpful, especially in those cases with anti-
phospholipid antibodies (5).
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23
Goodpasture Disease

Thomas Hellmark and Mårten Segelmark

Abstract Goodpasture disease is a prototype of autoimmune disease. The disease can be transferred with the antibodies
and there is a strong correlation with certain HLA genes. The pathogenic epitope on the NC1 domain of the �3-chain of
type IV collagen is well characterized and only antibodies against this epitope correlate with disease. The diagnosis is
made on the combination of rapidly progressive renal failure and the demonstration of anti-glomerular basement
membrane (GBM) antibodies. The course is sometimes complicated by severe lung hemorrhage, and untreated Good-
pasture disease has a poor prognosis. Early diagnosis and treatment with immunosupressive agents and plasma exchange
leads to improved prognosis. Owing to its clinical significance and high predictive value, anti-GBM antibody analysis is
indicated in most cases of unknown renal failure with microhematuria, especially if progression is rapid.

Keywords Anti-glomerular basement membrane nephritis � glomerulonephritis � basement membrane �
reno-pulmonary syndrome

Goodpasture disease, also known as anti-GBM disease, is
a rare autoimmune disease. Patients develop autoantibo-
dies against the noncollagenous domain 1 of the �3-chain
of type IV collagen (�3(IV)NC1) (1), leading to glomerulo-
nephritis and lung hemorrhage. Patients experience a rapid
progression to renal failure and death if the disease is not
recognized and treated early. The disease has been exten-
sively studied which has led to a better understanding of
autoimmunity in general.

Epidemiology

Published patient series have come from New Zealand,
Australia, United Kingdom, the United States, China, and
Scandinavia and estimated frequencies vary from 0.5 to
1 cases per million inhabitants per year. There are two
peaks of age-dependent incidence, in the third and in the
seventh decades. The disease is uncommon before puberty
and themale-to-female ratio is approximately equal (2, 3, 4).

History

For more than 50 years, Goodpasture syndrome has been
used to describe patients presenting with acute or sub acute
reno-pulmonary syndromes of unknown etiology in

recognition of a case report by EW Goodpasture in 1919
(5, 6). When the technique for direct immunofluorescence
(IF) was introduced, it was shown that such patients often
had a continuous linear deposit of immunoglobulins along
their glomerular basement membrane (Figure 23.1). A
pathogenic role of these antibodies was demonstrated by
elution from human kidneys and transfer to primates (7).
The term Goodpasture syndrome was then used for the
triad of lung hemorrhage, renal failure, and anti-GBM
antibodies. Today, the term is preferred for glomerulone-
phritis caused by antibodies directed against �3(IV)NC1,
with or without lung hemorrhage.

Pathogenesis

Numerous animal models have been described showing the
pathogenic role of the anti-GBM antibodies. In a classic
experiment, primates developed glomerulonephritis after
injection of autoantibodies eluted from the kidneys of a
nephrectomized patient suffering from anti-GBM disease
(7). Indirect proof of the pathogenic potential of the anti-
bodies was given by the reappearance of disease in a renal
transplant given to a patient with persistent high levels of
circulating anti-GBM antibodies. Temporal relationships
between relapse and reoccurrence of autoantibodies have
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also been reported. The titer of circulating anti-GBM anti-

bodies, as measured by ELISA, has been shown to have
prognostic importance (3).

Patients of this disease have a polyclonal immune
response and develop autoantibodies to different parts of

the antigen (8, 9). Two major epitopes have been identified

(10), but only antibodies against one reflect the toxicity of

the antibodies (11). This epitope is situated near the triple
helical junction (Figure 23.2). The epitope is a cryptotope

and accessibility for the anti-GBM antibodies is normally

limited. The cryptic properties have recently been shown to
be due to cross-linking of the NC1 hexamer of type IV

collagen (12). However, it has been shown that oxidants

can open up the structure, as can certain subpopulations of
anti-GBM antibodies (10).

There is evidence for a T-cell component in anti-GBM

disease. The autoantibody IgG subclass distribution is com-
patible with a T-cell mediated reaction toward a protein

antigen. A mononuclear interstitial cell infiltrate is invari-

ably seen in human anti-GBM disease, consisting mainly of

CD4þ cells. Animal models indicate a role of autoreactive T
cells. Transfer of anti-GBM antibodies alone can induce

disease but always with a mild glomerulonephritis. Further-

more, immunization with a short peptide, i.e. the T-cell
epitope, can induce florid glomerulonephritis without mea-

surable levels of anti-GBM antibodies (13, 14).
Genetic studies have revealed a strong link to exist

between anti-GBM disease and HLA-DRB1*1501 and

DRB1*1502. Most reports stem from Caucasian popula-
tions where the DRB1-15 antigen is found in 70–80% of

patients, compared with 20–30% of the controls. A

negative link is found between HLA-DR7 and DR1, thus
acting protective (4).

Clinical Manifestations

The typical presentation is that of a reno-pulmonary
syndrome i.e. the combination of renal and pulmonary
insufficiency. However, many other types of presentations
have been described. Most patients report some form of
general prodromal symptoms such as fatigue and malaise
but usually only confined to the preceding few weeks or
months. In some series, more than 50% of the patients
present with only renal involvement. Virtually all have
microhematuria, many have macrohematuria, and rapidly
progressive renal insufficiency is common. Sometimes the
progression is explosive leading to anuria within days,
while a minority of cases experience a protracted course
where the renal function is preserved for several months.
Proteinuria is usually modest but occasional patients pre-
sent with nephrotic syndrome. The presenting symptoms
for patients with lung involvement are hemoptysis, exer-
tional dyspnoea, cough, and fatigue. The hemorrhage
occurs mainly into the alveolar spaces and may result in
marked iron deficiency anemia or exertional dyspnoea

FIGURE 23.1. Direct IF of human kidney biopsy. IgG is visua-

lized and a linear staining is found along the GBM. This picture is

identical to staining using anti-�3(IV) monoclonal antibodies.

FIGURE 23.2. A model of the NC1 hexamer of type IV collagen

found in the GBM. Each type IV collagen molecule is composed
of one �3, one �4, and one �5 chain. The two �4 NC1 domains

bind to each other, whereas the �3 binds an�5 NC1 domain. The
amino acids identified as the epitope of the pathogenic antibodies

is indicated on one of the �3molecules in white and the large

arrow. The proposed positions of the six �(IV) NC1 domains
found in the humanGBMare indicated. Note that the two�4(IV)
domains are positioned on the back of the molecule. This picture
of the NC1 hexamer is modeled from the NCBI MMDB entry

#29412 using the Cn3D software (NCBI).
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even in the absence of hemoptysis. There are reports that

environmental factors such as cigarette smoke or other

inhaled fumes may predispose for lung manifestations of

the disease. In rare cases, patients have disease manifesta-

tions that are confined to the lungs. Signs and symptoms at

presentation are listed in Table 23.1.

Pathological Features

Light microscopy typically reveals general widespread cres-

cent formation. The percentage of glomeruli exhibiting

crescents often exceeds 80%, and the percentage usually

correlates to renal function as well as outcome after treat-

ment. The typical finding in direct IF microscopy is a linear

staining of IgG along the GBM, often accompanied by C3

deposition. Other staining patterns are sometimes seen,

especially in mild cases with preserved renal function as

well as in severely damaged glomeruli (Table 23.2)

Serological Features

Anti-GBM antibodies are per definition present in all
patients with Goodpasture disease; however, different detec-
tions methods may yield discrepant results. Circulating anti-
GBM antibodies can be detected using indirect IF, western
blotting, or ELISA. In indirect IF, serum from the patient is
overlaid a section of normal kidney. A good substrate and a
good pathologist are needed because unspecific staining can
be difficult to distinguish from the true linear staining pat-
tern. Low levels of circulating autoantibodies cannot usually
be detected with indirect IF. Many labs have their in-house
anti-GBM assay or western blotting method, and there are
several commercially available ELISA kits on the market.
The performances of these assays depend on the purity of the
antigen preparation, but are generally good (15). Tissue-
bound anti-GBM antibodies can be visualized by direct IF
of renal biopsy specimens (Figure 23.1). This method can
give false-positive results in cases of diabetes and in biopsies
from renal transplants. In patients presenting as reno-pul-
monary syndromes, anti-GBM antibodies can usually be
found in around one-third of the cases; in patients with
rapidly progressive glomerulonephritis without pulmonary
symptoms, less than 5% have circulating anti-GBM.
Many patients (20–35%) with anti-GBM antibodies also

have anti-neutrophil cytoplasmic antibodies (ANCAs),
mostly with specificity for myeloperoxidase (MPO-ANCA).
Some double-positive patients have features typical for
Wegener’s granulomatosis or Microscopic polyangiitis, but
virtually all published cases have severe renal disease. We
recommend that ANCA and anti-GBM be analyzed in par-
allel in patients with renal disease (Table 23.3).

Diagnostic Criteria

The diagnosis of Goodpasture disease relies on the detec-
tion of anti-GBM antibodies in conjunction with glomer-
ulonephritis and/or lung hemorrhage. The diagnosis is
problematic only when features of other diseases simulta-
neously present.

Prognosis

Prognosis of anti-GBM disease is highly dependent on the
stage of the renal disease at time of diagnosis. When
detected before s-creatinine has risen above 600micro-
mol/l (5mg/dl), there is a good chance of renal recovery,
if treatment with immunosupressive agents and plasma

TABLE 23.1. Symptoms and signs of Goodpasture disease at
presentation.

Signs and

symptoms

Prevalence Comments

Rapidly

progressive GN

99%

Lung involvement 30–60%

Malaise, fatigue,

and weight loss

70–90% Related to anemia, uremia, or

degree of inflammation

Arthralgia and

myalgia

Rare May not be related to Goodpasture

disease

Hypertension Late event due to advanced renal

failure with fluid retention

TABLE 23.2. Laboratory findings.

Method Finding Comment

Light microscopy

of renal tissue

Extensive crescent

formation, diffuse

proliferative

glomerulonephritis

with variable degree

of necrosis,

glomerulosclerosis,

and tubular loss

IF on renal tissue Linear binding of IgG

along the glomerular

basement membrane

Can occasionally be

seen in SLE, diabetes

mellitus, renal

transplants, and in

some normal kidneys

C3 deposition Found in approximately

75% of cases

IgA or IgM Found in 10–15%

Urine analysis Hematuria, proteinuria

s-Creatinine Elevated

TABLE 23.3. Serological findings.

Serological feature Prevalence

Anti-GBM 100%

ANCA (mostly MPO-ANCA) 20–35%
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exchange is rapidly instituted (3, 16). In such patients, the
amounts of epitope-specific circulating antibodies seem to
convey prognostic information. In some patients with low
levels of circulating antibodies, who often tend to be MPO-
ANCA positive, IF on kidney biopsy fails to show the
typical linear pattern. This in conjunction with reports of
the coincidental reappearance of symptoms with rising anti-
GBM levels, suggest that low levels of anti-GBMantibodies
may lack clinical significance. It is, however, prudent towait
with renal transplantation for several months after anti-
GBM antibodies have fallen below the detection level.

Prediction

In the setting of moderate renal failure and microscopic
hematuria, anti-GBM antibodies herald a nephrological
emergency. A positive test indicates that the patient is at
great risk of developing permanent renal failure as well as
life-threatening lung hemorrhage unless decisive therapeu-
tic measures are instituted. A negative test, especially in
conjunction with negative tests for ANCA, conveys a mes-
sage that toxic therapies safely can be withheld for a few
days, for instance until biopsy reports return. In the setting
of oliguric renal failure, a positive test points toward end-
stage renal disease.

ELISA using purified NC1 domains of type IV collagen
has become the gold standard for detecting anti-GBM anti-
bodies for many nephrologists, making sensitivity and spe-
cificity impossible to calculate. False-positive reactions
occur mainly in SLE and other diseases with polyclonal
activation. Normally approximately 1% of samples sent to
a laboratory contain unspecific reactivities. This can be
controlled for by always checking for background reactiv-
ities in each sample. Studies comparing indirect IF with
commercial ELISA kits have shown a concordance between
such assays of approximately 90%. Discrepancies between
assays and false-positive test typically exhibit results close to
the cutoff level for positive results. The PPV and NPV are
very high and have been estimated to be 95% or more (15).

Therapy

Standard therapy includes extracorporeal removal of auto-
antibodies using either plasmapheresis or protein A adsorp-
tion combined with cyclophosphamide and corticosteroids
to reduce antibody production. Intensive plasmapheresis can
usually control the disease within two to three weeks, but
additional treatment sessions are often needed to prevent
rebounding titers. Cyclophosphamide therapy is usually
tapered after three months and if anti-GBM antibodies no
longer can be detected byELISA, no further cytotoxic agents
are necessary. Anti-GBM antibodies rarely reoccur after the
first year, but ANCA-positive patients may experience clin-
ical relapse in conjunction with rising ANCA levels.
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24
Kawasaki Disease

Jordi Anton and Rosa Bou

Abstract Kawasaki disease is an acute systemic vasculitis of still unknown etiology. Diagnosis is based on clinical
criteria that include fever, exanthema, conjunctivitis, changes in the extremities, erythema of oral mucosa and lips, and
cervical lymphadenopathy. However, these criteria have low sensitivity and specificity and therefore, other clinical and
laboratory features may be helpful in establishing the diagnosis, especially for cases of atypical or incomplete Kawasaki
disease. Prognosis depends on the extent of cardiac involvement; coronary aneurysms develop in 20–25% of untreated
patients, which may lead to myocardial infarction and sudden death. Treatment with high-dose intravenous immuno-
globulin is effective in reducing the risk of coronary aneurysms in most cases, and together with aspirin, is the treatment
of choice for initial Kawasaki disease.

Keywords Child � fever � mucocutaneous lymph node syndrome � coronary aneurysm � intravenous immunoglobulins

Kawasaki disease (KD) is a systemic vasculitis that affects
small and medium-sized vessels (1). It is an inflammatory
process, self-limited, but potentially life threatening
depending on the extent of cardiac involvement. The dis-
ease was first described by Tomisaku Kawasaki in 1967, in
50 children with a mucocutaneous lymph node syndrome,
with high fever and a characteristic desquamation of fin-
gers and toes (2).

Epidemiology

Even thoughKD ismarkedlymore prevalent in Asian coun-
tries, it has a universal distribution and can be manifested in
any race and ethnic group. It is a pediatric disease and in
most of the series, 85%of patients are less than 5 years old; it
is also more common in boys (male/female ratio 1.5–2.1/1).

Pathogenesis

The etiology of KD is still unknown, although clinical,
laboratory, and epidemiological features suggest an infec-
tious origin. However, many studies have failed to identify
a unique infectious agent in KD. It has also not been
proved to be related to exposure to any drug or as a
response to a superantigen. On the contrary, activation
of immune system is an evident characteristic of KD, and

concentrations of many proinflammatory cytokines and
chemokines are being studied in patients with KD, which
may lead to improved anti-inflammatory therapy in the
future. Finally, a reasonable open hypothesis is that KD is
an inappropriate and exaggerated immune response to one
or multiple environmental or infectious agents that elicits
the disease in a genetically susceptible individual.

Clinical Manifestations

(Percentages of appearance enclosed in brackets) (3).
Fever (100%): The fever in KD is typically high spiking

and remittent (in many cases >408C). It is often resistant
to antipyretics.
Changes in Extremities (93%): Erythema and edema of

hands and feet, which is sometimes painful, is a frequent
manifestation of KD at the onset of the disease, and for lasts
1–3days. Desquamation of fingers and toes appears in the
convalescence phase (2–3weeks after onset of fever); there-
fore, it is useful only to confirm thediagnosis andnot todecide
when to start treatment. A subtle perineal desquamation may
also be observed at the early stages of the disease. Approxi-
mately 1 or 2months after the onset of fever, small transverse
grooves across fingernails may appear (Beau’s lines).
Exanthema (95%): The exanthema in KD is polymor-

phous and nonspecific. It is often an erythematous,
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maculopapular rash, but occasionally other rashes such as
scarlatiniform and micropustular, and erythroderma can
also appear. It has not been described as bullous or vesicu-
lar eruption. It can be seen during the acute phase of illness,
often during the first 5 days of fever. The exanthema is
usually extensive, affecting predominantly the trunk, but
it can also be limited to the perineal region.

Conjunctival Injection (90%): The conjunctivitis is bilat-
eral, painless, and nonpurulent, affecting the bulbar con-
junctiva (sparing the limbus). It usually begins shortly after
the onset of fever and is transient (sometimes can only be
seen on the first day during the acute phase of the illness).
A mild acute iridocyclitis or anterior uveitis may also be
noted by a slit lamp (4).

Changes in Lips and Oral Cavity (93%): The lips are dry
and cracked, with hemorrhagic erythema; there is a char-
acteristic strawberry tongue with prominent papilla, and a
diffuse erythema of oropharyngeal mucosal surfaces.
Ulcers and pharyngeal exudates are not suggestive of KD.

Lymphadenopathy (43%): It is usually unilateral and
confined to the anterior cervical triangle. There has to be
at least one adenopathy �1.5 cm in diameter (to fulfill
diagnostic criteria), although multiple adjacent enlarged
nodes may be detected using cervical ultrasound.

Other Clinical Findings: Clinical findings other than the
classical diagnostic criteria are common inKDandmay help
us in diagnosis. Gastrointestinal manifestations including
vomiting, diarrhea, and abdominal pain are present in
approximately one-third of the patients. Gallbladder disten-
tion (hydrops) can also occur in KD (5); in some patients,
liver enlargement and jaundice have also been reported.

Characteristically, patients with KD have marked irrit-
ability, to the point that only if it is not present, other
diagnosis should be considered. This may reflect aseptic
meningitis that is found in those KD patients who have
had a lumbar puncture. Transient sensorineural hearing
loss and facial paralysis are rarely present (6).

Arthritis and arthralgia may also be observed during the
acute phase or convalescence, which affects both small and
large joints. Induration and erythema at the site of a pre-
vious vaccination with Bacille Calmatte-Guérin has also
been described (7).

Cardiac manifestations such as myocarditis and pericar-
ditis occur during the acute phase of illness, whereas cor-
onary aneurysms are formed in later stages.

Laboratory Findings

A specific laboratory test for the diagnosis of KD does not
exist. However, some investigations can be performed to
help with the diagnosis.

Conventional blood test may show leukocytosis and
elevated acute-phase reactants—C reactive protein, ery-
throcyte sedimentation rate (frequently >100mm/h)—

and normocytic normochromic anemia. Thrombocytosis
typically develops in the second or third week of
disease. Other findings include elevated liver enzymes,
lipid profile alterations (decrease in cholesterol and high-
density lipoprotein levels and increase in triglycerides)
(8), hypoalbuminemia, hyponatremia, and more rarely
hiperbilirrubinemia.
Urinalysis may reveal sterile pyuria, whereas the analysis

of cerebrospinal fluid shows evidence of aseptic meningitis
with pleocytosis; glucose and protein levels are normal.

Echocardiography

During the acute phase of illness, an echocardiographic
evaluation may reveal signs of myocarditis with decreased
ejection fraction, pericarditis, mitral regurgitation and
perivascular brightness of the coronary wall. Coronary
aneurysms generally appear during the convalescence
phase (from second week). Ideally, echocardiography
should be performed at least while diagnosis, at weeks 2
and between 6 and week 8 of illness (9).
Course of the Disease: The course of KD can be divided

into three phases (10):

1. Acute febrile phase (1st–2 nd week): KD appears sud-
denly with high fever and irritability, and as the disease
progresses other symptoms develop: adenitis, conjunc-
tivitis, erythema and edema of hands and feet, and
changes in oral mucosa. If untreated, these symptoms
last for 12–15 days and then disappear. Common ana-
lytical findings in this stage are leucocytosis and
increase in acute-phase reactants, with normal or
slightly low hemoglobin and normal platelets.

2. Subacute phase (3rd–6th week): Once the patient has
been treated with immunoglobulin, fever disappears,
symptoms return to normal and a typical periungal des-
quamation of finger and toes is usually seen. Laboratory
tests may show marked thrombocytosis and anemia,
with normalization of leukocytosis and acute-phase
reactants. It is in this phase that coronary aneurysms
develop.

3. Convalescence phase:Most patients are asymptomatic at
this stage, although Beau lines may be observed in
fingernails. Blood tests return to normal and coronary
aneurysm could either disappear or not, and they may
become symptomatic in the form of myocardial
infarction.

Diagnostic Criteria

The diagnosis of KD is based on the presence of at least
5 days of fever, and�4 of the five principal clinical features
(Table 24.1) (9).

126 Anton and Bou



Atypical/Incomplete KD

Regardless of how the diagnostic criteria are applied, they
have both low sensitivity and specificity. Some patients
with suspected KD do not fulfill the diagnostic criteria,
and diagnosis is made based on coronary artery abnorm-
alities. These cases would be the so-called ‘‘incomplete
KD’’. The term ‘‘atypical KD’’ should be reserved for
patients who have atypical symptoms that are not com-
mon in classical KD, such as renal impairment, acute
surgical abdomen, and pleural effusion (9). Children
under one year of age are more frequently affected with
an incomplete form of KD and, therefore, it is important
that a correct diagnosis be made and early treatment
started in these patients, because in addition, they are at
higher risk of developing coronary aneurysms than older
children. In such cases, clinicians should pay attention to
other clinical or laboratory findings not included in the
diagnostic criteria that are useful in corroborating the
diagnosis.

Differential Diagnosis

Because KD has unspecific symptoms that are similar to
those of other diseases, a precise differential diagnosis is
required to carry out an adequate treatment and not to
underdiagnose or overdiagnose—especially in atypical and
incomplete KD cases. Diseases with similar clinical fea-
tures are listed in Table 24.2.

Treatment

Although the exact mechanism of action is not clear, effec-
tive therapy exists for most patients with acute KD. Treat-
ment with aspirin and intravenous immunoglobulin
(IVIG) are still current recommendations, which has

been seen to reduce the risk of developing coronary aneur-
ysm from 20–25% to less than 5% if administered within
the first 10 days of illness (11, 12).
High-dose aspirin (80–100mg/Kg daily divided in four

doses) is used during the acute phase of illness for its anti-
inflammatory and anti-pyretic effect, although more recent
studies suggest that other less-toxic nonsteroidal anti-
inflammatory agents or lower doses of aspirin would also
be effective. Once the fever has disappeared in the 48–72 h
period, aspirin is reduced to an anti-platelet dose (3–5mg/
Kg in a single daily dose) for six–eight weeks, and is then
discontinued if platelet count and acute-phase reactants
have returned to normal and there are no signs of coronary
abnormalities in the echocardiography.
Treatment with IVIG should be administered early in

the course of the disease, preferably within the first 10 days
of illness (if possible between day 5 and 7). Recommended
doses are 2 gr/kg in an 8–12 h infusion. In patients present-
ing after day 10 of illness, IVIG should only be adminis-
tered in those having either persistent fever or aneurysms
with signs of systemic inflammation (increased acute-
phase reactants). Patients with persistent or recrudescent
fever for 36 h or more after the IVIG infusion (10–20% of
patients do not respond to a single dose) will require a
second dose of IVIG (13).
For those still unresponsive, there are other optional

therapies that have been effective in series of cases. Prob-
ably, the most accepted one would be to administer pulsed
intravenous methylprednisolone (30mg/Kg for 1–3 days).
Other optional treatments include infliximab, cyclopho-
sphamide, ulinastatin, and pentoxifiline (14).
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25
Cogan Syndrome

Aharon Kessel and Elias Toubi

Abstract Typical Cogan syndrome (CS) includes ocular involvement that is primarily interstitial keratitis (IK) with
audiovestibular involvement such as sudden onset of nausea, vomiting, tinnitus, vertigo along with progressive hearing
loss. The time interval between ocular and audiovestibular involvement may be as long as 2 years. A typical CS type
includes patients with classic relapsing pattern of autoimmune-type vestibuloauditory symptoms in addition to the
presentation of other types of inflammatory eye disease, with or without IK. Another group includes patients with more
than 2 years between the onset of the ophthalmogic symptoms and the audiovestibular manifestations. A third group
includes patients with typical ocular manifestations associated, within 2 years, with audiovestibular symptoms different
from Meniere-like episodes.

Keywords Autoimmunity � progressive hearing loss � interstitial keratitis

Introduction

The earliest description of nonsyphilitic keratitis coexisting
with vestibuloauditory disturbances was published by
Morgan and Baumgarther in 1934 (1). In 1945, the
ophthalmologist David G. Cogan described four patients
with the same symptoms and classified this entity as
‘‘Cogan syndrome’’ (CS) (2). Fifteen years later, Cody
and Williams called attention to the systemic manifesta-
tions of this syndrome (3). Some authors divide CS into
typical and atypical varieties based on the type of ocular
inflammation present (3, 4): typical CSmanifests primarily

with IK, whereas atypical CS may exhibit other inflamma-
tory ocular involvement such as iritis, episcleritis in addi-
tion to or in place of IK. Atypical CS is usually associated
with systemic inflammatory vascular disease and carries a
less-favorable prognosis than typical CS (4).

Epidemiology

CS is a rare disease occurring primarily in young adults
and with no apparent sexual predilection (4, 5). A recent
review of 60 patients from the Mayo Clinic (Rochester,
MN), who were followed from 1940 to 2002, indicated that
the average age at onset of disease (defined as the point

when both eye and ear findings were noted) was 38 years
(range 9–70 years) (6).

Pathogenesis

Although the pathogenesis of CS remains obscure,
autoimmune-mediated cellular or humoral processes
have been postulated by many investigators. This opinion
has been supported by the findings of antibodies against
inner ear and corneal tissues along with the presence of a
lymphocytic and plasma cell infiltrates in the cornea and
the inner ear (7). In an elegant study, Lunardi et al. found
that DEP-1/CD148 is a pathogenetically relevant autoan-
tigen target in CS. It is a widespread cell-surface antigen
that is expressed in endothelial cells and supporting cells
within the sensorineural epithelia in the inner ear as well as
in nerve and glial cells. In this regard, the injection of
purified antibodies to DEP-1/CD148 into Balb/c mice
resulted in hearing loss (8). Histological analysis of the
inner ear showed degeneration of the sensory receptors
and supporting structures of the cochlea and vestibular
apparatus and demyelinization and atrophy of the vestib-
ular and cochlear branches of the eight cranial nerves (9).
Several authors have noted an upper respiratory tract
infection immediately preceding in 50% of cases of CS,
suggesting an infectious origin. However, surveying for

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_25,

� 2008 Humana Press, Totowa, NJ
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infections is usually negative. The possible suspected infec-
tions include Chlamydia, Mycoplasma pneumoniae,
Epstein–Barr virus, Herpes Simplex virus, Varicella-Zoster
virus, Cytomegalovirus and influenzaA and B. Thus, it has
been suggested that CS can be triggered by vaccination and
infection, which may lead in some cases to a hypersensitiv-
ity response with possible cross immunity to similar pro-
teins in the tissues of the audiovestibular system, eye or
other organs, as well as those associated with vasculitis
(10). The connection of CS with vasculitis and the response
to corticosteroids and immunosuppressive drugs also sup-
port an immune-mediated condition.

Clinical Findings

In the review by Gluth et al., the most common presenting
symptoms present when first evaluated by a physician were
sudden hearing loss in 50% of patients, balance disturbance
in 40%, ocular irritation in 32%, photophobia in 23%,
tinnitus in 13% and blurred vision in 10%. Interestingly,
only 5% of the patients were initially presented with both
vestibuloauditory and ophthalmologic symptoms. In this
series, 47% of patients presented initially with only vestibu-
loauditory signs and 33% had only ophthalmologic symp-
toms. Seven percent of patients were initially presented with
constitutional symptoms including myalgia, arthralgia,
headache, rash and fever. In most patients (85%), both
vestibuloauditory and ophthalmologic symptoms developed
in less than 2 years (6).

Ophthalmic Manifestations

The typical presentation of CS is, in most cases, the occur-
rence of bilateral IK (6, 11). IK tend to appear in close
proximity to episodes of audiovestibular dysfunction. IK
is rarely asymptomatic, and most of the patients are clini-
cally manifested by intense photophobia, lacrimation, eye
pain and disturbances in visual acuity. On examination of
patients with IK, early typical findings include subepithe-
lial peripheral corneal stromal infiltrate. Consequently,
secondary neovasclarization may frequently ensue. In
most cases, both eyes are affected during the disease
course, with great variability in symptoms from one eye
to the other, and from day to day. The ocular manifesta-
tions may have a relapsing course with periodic attacks
occurring during the years. Patients were designated as
having atypical CS if another significant inflammatory
eye lesion in addition to, or rather than, IK was present
(Table 25.1). In the atypical CS group, the ocular mani-
festation also tends to appear in both eyes (11).

A moderate and usually transient decrease in visual
acuity is not infrequent in CS, but amaurosis or blindness
may also occur.

Audiovestibular Manifestations

In both typical and atypical CS, the classical audiovesti-
bular presentation is sudden onset of nausea, vomiting,
tinnitus, vertigo and hearing loss, which is usually bilateral
(4). Hearing loss may initially fluctuate with repeated
attacks but generally develops progresses to irreversible
bilateral deafness in 52–85% of patients (6, 12). In their
review, Gluth et al. (6) reported that the most common
otolaryngologic symptoms that appeared in their patients
during the disease course included hearing loss (100%),
vertigo (90%), tinnitus (80%), ataxia (53%) and oscillopsia
(25%). Vestibular function tests such as bilateral absence
vestibular responses to caloric testing and bilateral
weak vestibular responses to caloric testing were abnormal
in most patients. Additionally, physical examination
revealed spontaneous and/or gaze-induced nystagmus at
some point of their disease in 20% of the patients. Usually
the hearing loss in CS is classified as sensorineural, prefer-
entially affecting medium to high frequencies, although a
mechanical component has also been reported (13). These
manifestations, along with the visual symptoms, usually
occur either concurrently or sequentially within a few
weeks to months. Rarely, years may separate the appear-
ance of visual and audiovestibular manifestations (12).

Systemic Manifestations

General constitutional symptoms such as, headache,
arthralgia, fever, weight loss, fatigue, arthritis and myalgia
are common among the patients (5, 6). Systemic manifesta-
tions occur in 50–75% of patients. Respiratory symptoms
include dyspnea, hemoptysis and pleuritic chest pain. Gas-
trointestinal manifestations include nausea, vomiting and
diarrhea (6). Neurologic symptoms of CS are present in
approximately 50% of cases and include headaches, psy-
chosis, coma, convulsion, neuropathy and stroke (14). The
two most serious systemic complications are vasculitis and

TABLE 25.1. Ocular manifestations of Cogan syndrome.

Typical Atypical

Interstitial keratitis Scleritis/episcleritis

Subepithelial peripheral corneal

stromal infiltrates

Retinal artery occlusion

Choroiditis

Retinal hemorrhage/vasculitis

Papillitis

Isolated conjuctivitisa

Isolated subconjunctival

haemorrhagea

Isolated iritisa

Uveitis

aOnly if it is associated with Meniere-like episodes within an interval of

2 years.
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cardiovascular involvement. The prevalence of vasculitis
in CS patients is reported to be 12–15% (5, 6, 15). Vasculitis
can involve all layers of different sized vessels. Clinically,
vasculitis has been documented in the skin, kidneys, sub-
cutaneous nodules, coronary and cerebral arteries andmus-
cles (15). Cardiovascular involvement is present in 10% of
CS patients (4, 5). The most characteristic cardiovascular
manifestation of CS is aortitis with aortic insufficiency.
Other manifestations include, aortic dilatation, aortic valv-
ular insufficiency, congestive heart failure, pericarditis,
arrhythmias and silent coronary artery disease (16). The
comparison of the distribution of clinical features between
cases of typical CS and atypical CS shows that patients
having atypical CS present significantly more frequentmus-
culoskeletal and neurological manifestations and lympha-
denopathy (11). Additionally, atypical CS has also been
reported to be associated with other systemic diseases such
as sarcoidosis, rheumatoid arthritis, juvenile idiopathic
arthritis, Sjogren syndrome, Crohn disease, ulcerative coli-
tis and Wagener’s granulomatosis (11).

Laboratory and Radiological Data

Laboratory abnormalities have been found in CS patients
but none are diagnostic. They include an elevated erythro-
cyte sedimentation rate (ESR), leukocytosis with neutrophi-
lia, anemia and thrombocytosis (6). Non-specific markers of
inflammation such as C-reactive protein and high levels of
gamma globulin have also been found. Low titers of rheu-
matoid factor, antinuclear antibodies and cryoglobulins
were detected in a few patients (5). By definition, serological
tests for syphilis are negative. Antibodies against the inner
ear and cornea may support the clinical suspicion but are
not consistently detected in CS or correlate with disease
activity. Results of computed tomography (CT) and mag-
netic resonance imaging (MRI) have been reported in CS
patient evaluation. Some authors reported that in CT and
MRI there was evidence of narrowing or obliteration of
parts of the vestibular labyrinth that are related to the risk
of permanent hearing loss (13, 17). However, in the review
by Gluth et al., CT (14 patients) and MRI (20 patients) of
the head were normal or nondiagnostic in all cases (6).

Treatment

Glucocorticosteroids are the primary treatment for CS.
Ocular manifestations in CS typically respond well to topical
corticosteroids and cycloplegics, such as atropine eye drops.
Recently, topical cyclosporin A was used successfully in the
treatment of severe anterior segment inflammation (18).
Systemic treatment is indicated for severe or resistant eye
involvement. At the onset of audiovestibular dysfunction,
rapid initiation of high-dose corticosteroids (1–1.5mg/kg

of prednisone daily) is recommended. If there is no res-
ponse after 2 weeks, the steroids are rapidly tapered (5).
Many reports have documented resolution of the hearing
loss with a similar regimen but no controlled studies have
been performed (4, 5). If hearing improves, steroids are
tapered slowly and continued for 2–6 months. In a 5-year
follow-up, 95% of the untreated patients had permanent
hearing loss. About 55% of the patients treated with sys-
temic steroids within 2 weeks of initial hearing loss experi-
enced hearing improvement, compared with only 8% of
patients who were treated after 2 weeks (4). Vasculitis and
other prominent systemic complications of CS usually
respond well to systemic corticosteroids. For severe unre-
sponsive vasculitis, immunosuppressive drugs such as
cyclosporin A (0.5–2mg/kg/day) or cyclophosphamide
(1.5–2.0mg/kg/day) in conjunction with prednisone have
been used successfully (19). Good response to treatment
with methotrexate has also been reported in a few cases
(11). Recent reports suggested that, in cases of relapse
despite therapy with corticosteroids and immunosuppres-
sive agents, treatment with anti-TNF-a should be started
(20). Patients with profound hearing loss after unsuccess-
ful treatment with anti-inflammatory drugs are candidates
for cochlear implantation.

Diagnostic Criteria

The diagnosis of CS is mainly based on clinical issues.
Unlike other systemic collagen or autoimmune diseases,
it is not associated with a specific autoantibody. The
laboratory profile (elevated ESR and leukocytosis) of the
disease is a reflection of the extent of the inflammation and
cytokine cascade and therefore no laboratory or radio-
graphic test is diagnostic of CS. Hence, the diagnosis of
CS is based on clinical findings of both ocular and audio-
vestibular abnormalities in the setting of a negative labora-
tory work-up for syphilis or other immune-mediated
disease. When a patient presents without IK or the audio-
vestibular symptoms are not present concomitantly, the
diagnosis of CS becomes highly questionable. The differ-
ential diagnosis of CS should include diseases causing an
IK, audiovestibular diseases associated with eye findings
and systemic diseases that include ocular and ear manifes-
tations (Table 25.2). The other difficulty in gathering diag-
nostic criteria arises from the low incidence of reported
cases of the disease. Until now, approximately 250 cases
have been reported in the English literature. It can be
assumed that the true frequency is higher. In summary,
typical CS-type criteria should include ocular involvement
that is primarily IK with audiovestibular involvement
which is similar to Meniere disease (sudden onset of
nausea, vomiting, tinnitus and vertigo) along with progres-
sive hearing loss. The time interval between ocular and
audiovestibular involvement may be as long as 2 years.
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Atypical CS type can be diagnosed in three groups of
patients. The first group includes patients with classic
relapsing pattern of autoimmune-type vestibuloauditory
symptoms in addition to the presentation of other types
of inflammatory eye disease, with orwithout IK (Table 25.1).
The second group includes patients with more than 2 years
between the onset of the ophthalmogic symptoms and the
audiovestibular manifestations. The third group includes
patients with typical ocular manifestations associated,
within 2 years, with audiovestibular symptoms different
from Meniere-like episodes.

It seems important that primary physicians should
suspect, as early as possible, the diagnosis of CS. These
patients could benefit from early referral to specialized
centers, where early initiation of immunosuppressive
drugs could prevent permanent hearing loss and the need
for cochlear implants.
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TABLE 25.2 Differential diagnosis of Cogan syndrome.

Infectious

Congenital and acquired syphilis

Chlamydial infections

Mumps

Herpes Zoster

Rubeola

Immune-mediated diseases

Polyarthritis nodosa

Wegener granulomatosis

Rheumatoid arthritis

Relapsing polychondritis

Temporal arteritis

Sjogren’s syndrome

Behçet’s syndrome

Sacroidosis

Systemic lupus erythematosis

Others

Vogt-Koyanagi-Harada syndrome

Susac syndrome
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26
Henoch-Shoenlein Purpura

Margalit Lorber

Abstract Henoch-Shoenlein Purpura (HSP) is a multisystem disorder of unknown etiology affecting predominantly
the skin, joints, gastrointestinal tract, and the kidneys but other organs can be affected as well. It is one of the most
common causes of vasculitic disorders in children. No specific autoantibodies have been detected in HSP, but the
presence of IgA depositions in both skin and kidney biopsies and the presence of IgA-containing circulating immune
complexes support the immunological pathogenesis. The natural history of the disease is cure in most cases, although
recurrence and end-stage kidney disease are described. The treatment consists of corticosteroids and immunosup-
pressive drugs.

Keywords IgA � vasculitis � kidney

Henoch-Shoenlein Purpura (HSP) is a multisystem disor-

der affecting predominantly the skin, joints, gastrointest-

inal tract and the kidneys but other organs can be affected
as well. It is one of the most common causes of vasculitic

disorders in children (1, 2).
This is a variant of acute leukocytoclastic vasculitis

of the immunoglobulin A (IgA)–mediated type. This

disorder is characterized by a purpuric rash occurring

on the lower region of the legs. The rash varies from
macular-papular to vesiculobullous with ulceration.

Systemic symptoms are arthritis, abdominal pain, gas-

trointestinal bleeding, hematuria, and cardiac and neu-

rological changes.

Epidemiology

The annual incidence is 13.5–18/100,000 children (3, 4).
Although this condition can affect any person from

6months to adulthood, 50% of cases occur in children

under 5 years of age and 75% in children under 10 years.

Boys are affected more than girls in a 1.5–2:1 ratio. In the
northern countries HSP occurs mainly between November

and January (5). In one-half to two-thirds of children, an

upper respiratory tract infection precedes the clinical onset
of HSP by 1–3weeks. Caucasians are more affected than

non-Caucasians.

History

William and Heberden were the first to note Henoch-
Schoenlein (or Henoch-Schonlein) purpura (HSP) in the
early 1800s. However, Schonlein first described the combi-

nation of acute purpura and arthritis in children in 1837,
and Henoch reported the manifestations of abdominal
pain and nephritis in 1874.

Pathogenesis

The etiology of HSP remains unknown. However, IgA
clearly plays a critical role in the immunopathogenesis of
HSP, as evidenced by increased serum IgA concentra-
tions, IgA-containing circulating immune complexes,
and IgA deposition in vessel walls and renal mesangium.
HSP is almost exclusively associated with abnormalities
involving IgA1, rather than IgA2. The predominance of
IgA1 in HSP may be the consequence of abnormal glyco-
sylation of O-linked oligosaccharides unique to the hinge
region of IgA1 molecules (6, 7). IgA aggregates or com-
plexes with complement deposited in target organs,
resulting in elaboration of inflammatory mediators,
including vascular prostaglandins such as prostacyclin,
which may play a central role in the pathogenesis of HSP
vasculitis.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_26,

� 2008 Humana Press, Totowa, NJ
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A subpopulation of human lymphocytes bears surface
Fc and/or C3 receptors (complement receptor lympho-
cytes), which can bind circulating immune complexes or
C3 generated by activation of the alternative complement
pathway. Such immune complexes appear in HSP andmay
be part of the pathogenetic mechanism. Some have specu-
lated that an antigen stimulates the production of IgA,
which, in turn, causes the vasculitis. Allergens, such as
foods, horse serum, insect bites, exposure to cold, and
drugs such as ampicillin, erythromycin, penicillin, quini-
dine, and quinine may precipitate HSP. Infectious causes
include bacteria such as Haemophilus, Parainfluenzae,
Mycoplasma, Legionella, Yersinia, Shigella, or Salmonella
and viruses such as adenoviruses, Epstein-Barr virus,
parvovirus B19, and varicella which may precipitate HSP
as well.

Vaccines such as those against cholera, measles, para-
typhoid A and B, typhoid, and yellow fever have also been
implicated (8).

Clinical Manifestations

The signs and symptoms are listed in Table 26.1.
Palpable purpura usually occurs first on the lower limbs

and then spreads to the buttocks. Purpura is usually most
prominent over the buttocks, the posterior aspects of the
lower legs, and the elbows. Scalp edema can occur. Hemor-
rhagic vesicles and bullae are rare. In most patients, skin
lesions are the first sign of HSP. Hives, angioedema, and
target lesions can also occur. Vesicular eruptions and swel-
ling and tenderness of an entire limb have been noted.
Erythema multiforme–like lesions can be present.

The most serious complication of HSP is renal involve-
ment, which occurs in 50% of older children but is serious
in only approximately 10%of patients. In 80%of patients,
renal involvement becomes apparent within the first
4weeks of illness. The main kidney histopathological
abnormalities of HSP-renal disease and IgA nephropathy
are summarized in Table 26.2. The common and different
clinical aspects of HSP-renal disease and IgA nephropathy
are listed in Table 26.3.

Abdominal pain and bloody diarrhea may precede the
typical purpuric rash of HSP in 14–36% of patients, com-
plicating the initial diagnosis and even resulting in unne-
cessary laparotomy. Gastrointestinal (GI) manifestations
occur in approximately 50% of cases and usually consist of

colicky abdominal pain, melena, or bloody diarrhea.
Hematemesis occurs less frequently. Intussusception should
be suspected in HSP patients with abdominal pain and/or

melena. Barium enema is frequently therapeutic.
Arthralgias occur in 60–85% of patients with HSP. The

pain most commonly affects the knees and ankles and less
frequently the wrists and fingers. Arthritis is very rare.
HSP leaves no permanent joint deformities. Less frequent

manifestations occur in other organs, mostly by vasculitis.
Cardiac manifestations: vasculitis involving the myocar-

dium, pulmonary manifestations: pulmonary hemorrhage
or severe bilateral pulmonary hemorrhage, urinary man-
ifestations: stenosing uteritis, priapism, penile edema, or

TABLE 26.1. Symptoms and signs of HSP at presentation.

Prevalence

Purpura 90%

Hematuria, proteinuria 50%

Abdominal pain 75%

Arthralgia/arthritis 60–85%

TABLE 26.2. Renal Histopathology in HSP and IgA nephropathy

HSP IgA

nephropathy

Sclerosis 3% 35%

Mesangial sclerosis 6% 42%

Endothelial

proliferation

65% 30%

Thin basement-

membrane

nephropathy

6% 0%

Electronically dense

deposits

Sparse, loose, widely

spread in glomerular

mesangium

subendothelial area,

intrabasement

membranes

Dense, lumpy

limited in

mesangium,

paramesangium

IgG glomerular

deposits

72% 20%

Linear IgG deposits

in the glomerular

capillary wall

6% 0%

IgA and

immunoglobulin

M (IgM) and/or

C3 deposit

Capillary wall

staining for IgA

70% 43%

TABLE 26.3. HSP and IgA nephropathy.

HSP IgA nephropathy

Extrarenal manifestation Common Rare

IgA nephropathy þ þ
Both occur in the same family þ þ
Same prevalence in certain

geographical areas

þ þ

Changes in IgA (9) þ þ
Age at onset >12y (10,11) 10% 26%

Abdominal pain 60% 3%

Purpura 90% 0

Arthralgia 50% 0

Renal pathology (Table 3) þ þ
Long-term remission 73% 20%

Urinary podocytes excretion (12) þ þ
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orchitis. Central nerve system (CNS) involvement: vasculitis
involving the CNS and intracranial hemorrhage.

Eye manifestations: Bilateral subperiosteal orbital hema-
tomas have been noted. Adrenal hematomas have occurred.
In rare patients, acute pancreatitis is the sole presenting
feature of HSP (13).

Serological Features

There is no immunoserological marker in HSP. Elevated
levels of serum IgA and IgA-containing circulating immune
complexes are frequently detected in HSP. IgA1 in the cir-
culation and glomerular deposits of patients with IgA
nephropathy (IgAN) and children with HSP is aberrantly
glycosylated; the hinge-region O-linked glycans are galactose
deficient (6). The neoepitopes on IgA1 responsible for the
formation of pathogenic immune complexes were recently
identified. These studies may lead to the development of
non-invasive diagnostic assays and future disease-specific
therapy (7). Serum levels of IgA anticardiolipin antibody
(aCL) are elevated in the initial active stage of adult HSP,
suggesting that the IgA aCLmay play some role in the onset
of adult HSP (14).

Diagnostic Criteria

The former criteria for the diagnosis of HSP are the Amer-
ican College of Rheumatology 1990 criteria (15). The four
criteria, of which two are necessary to make the diagnosis,
were: age <20 years at onset, palpable purpura, ‘‘bowel
angina’’—diffuse abdominal pain or bowel ischemia usually
with bloody diarrhea, and biopsy evidence of granulocytes
in the walls of the arterioles or venules. The new (revised)
criteria, from 2006 are listed in Table 26.4.

Prognosis

HSP is fatal only in the rarest of cases. Initial attacks of
HSP can last several months, and relapses are possible.
Kidney damage related to HSP is the primary cause of
morbidity and mortality. Patients with no renal symptoms
at onset have a good outcome at adulthood. Overall, an

estimated 2% of cases of HSP progress to renal failure; as
many as 20% of children who have HSPN and are treated
in specialized centers require hemodialysis. The renal prog-
nosis appears to be worse in adults than in children.
Women during pregnancy have a high rate of complica-
tions, such as hypertension, proteinuria, or both (17).

Therapy

Several modes of treatment have been used. Currently, no
widely accepted treatment protocols exist for patients with
significant renal involvement. Corticosteroids (CS) are still
the drug of choice, either as intravenous pulse methylpred-
nisolone or oral prednisone.
Cyclosporin A has been described as an optional ther-

apy in combination with CS. The results show effectiveness
in both reducing proteinuria and improving the histologi-
cal grade. The histological grade of the International Study
of Kidney Disease in Children (ISKDC) was improved in
all patients who received a follow-up kidney biopsy (18).
Azathioprine with CS is an effective combination which
shows reduction in proteinuria and serum creatinine and
improvement in creatinine clearance in a high percentage
of the treated children in a long-term follow-up (19). Ton-
sillectomy combined with steroid therapy was described by
few groups as a therapeutic modality for children with
HSP, in combination with CS. Tonsillectomy was per-
formed after 1–4 cycles of methylpredisolone during oral
CS. In all patients, proteinuria disappeared without any
case of recurrence of both HSP and HSP nephritis. Early
tonsillectomy was correlated with better outcome.
Treatment of children with HSP nephritis associated

with nephritic-range proteinuria and significant histo-
pathological changes on biopsy, including crescentic
nephritis with high-dose corticosteroids plus oral cyclo-
phosphamide is effective, safe, and significantly reduces
proteinuria.
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27
Cryoglobulinemic Syndrome

Suk Seo and Natalie Julia Török

Abstract Cryoglobulinemia (CG) is a systemic inflammatory syndrome that generally involves small to medium vessel

vasculitis because of cryoglobulin-containing immune complexes. It is now recognized that the majority of clinically

significant CG have concurrent chronic hepatitis C virus (HCV) infection. Ineffective immune response toHCV has been

hypothesized as a culprit. Clinical course of CG, however, is protean, and successful treatment of HCV does not

guarantee resolution of CG. The role of HCV in the pathogenesis of CG and basis for its current treatment practice

are discussed here.

Keywords Cryoglobulinemia � cryoglobulin � chronic hepatitis C

Background/Historical Note

Cryoglobulins are a mixture of immunoglobulins and com-
plement components that precipitate at temperature lower
than 37C8. Cryoglobulinemia (CG) literally means the pre-
sence of cryoglobulins in a patient’s serum, but it is a term
often used to refer to a clinically apparent systemic inflam-
matory syndrome that generally involves small to medium
vessel vasculitis secondary to cryoglobulin-containing
immune complexes.

Before the identification of the hepatitis C virus (HCV) in
1989, CG was largely termed ‘‘essential’’ in patients who did
not have associated lymphoproliferative or autoimmune dis-
eases. It is now recognized that up to 90% of patients with
clinically evident CG have chronic HCV infection. Therefore,
anti-HCV treatment options offer a chance for causal therapy
of the majority of patients with CG. In this chapter, we
describe the current diagnostic approaches based on the clas-
sificationofCGandabrief summaryof the treatmentoptions.

Diagnostic Criteria

Classification and Pathomechanism

Although the phenomenon of cryoprecipitation and asso-
ciated hyperviscosity was described in the 1930s, the associa-
tion of CG with so-called Meltzer’s triad (palpable purpura,
arthralgia,andmyalgia)wasnotdescribeduntilthe1960 s(1,2).

In 1974, Brouet et al. devised the current system of classi-

fication of the three types of CG based upon its immuno-

chemical composition and reported frequency of each type
(Table 27.1) (3). Because of the biochemical basis for

Brouet’s classification, it is not surprising that the patho-

genicity and clinical findings generally correlate with its

corresponding types.
Type I GC is caused by hypersecretion of monoclonal

antibodies (IgG or IgM, and much less likely IgA and free

light chains) because of underlying lymphoproliferative

disorders such as multiple myeloma, Waldenstrom’s

macroblobulinemia, or chronic lymphocytic leukemia.

The hypersecretion leads to clinical symptoms and signs

related to hyperviscosity, by aggregating to form immune

complexes and precipitating in vivo depending upon anti-

body-specific conditions of temperature, pH, CG concen-

tration, and weak noncovalent factors.
Unlike the type I GC, the type II and III (mixed) CG

have rheumatoid factor-binding activity differentiated by

its clonality (the type II with the monoclonal Ig with RF

activity and the type III with the polyclonal Ig with RF

TABLE 27.1. Brouet classification for cryoglobulinemia (1).

Type Prevalence (%) Immunoglobulins

I 25 Monoclonal IgM, Monoclonal IgG

II 25 Monoclonal IgM

III 50 Polyclonal IgM

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_27,

� 2008 Humana Press, Totowa, NJ
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activity). Most cases of type II CG are associated with
chronic HCV infection. Although the type III CG is some-
times seen in chronic autoimmune disorders as well as
hematological malignancies, the majority of the type III
CG patients also have chronic HCV infection.

In CG patients with HCV, anti-HCV antibody and
HCV RNA are found in high concentrations in the cryo-
precipitate, as well as the vessel walls of affected organ. It is
now known that HCV proteins are important in the dif-
ferent steps of the pathogenesis. HCV core protein is a
ligand for IgM/IgG complex and serves as a binding site
for the vascular endothelium through the globular domain
of the C1q receptor. This interaction, in turn, activates the
complement cascade, with complement fragments (C3a,
C5a) acting as chemotactic mediators (4). Furthermore,
the HCV core protein has also shown to inhibit suppressor
T-cell proliferative responses (5). Therefore, the potential
mechanism for CG development could be that the HCV
core in the cryoglobulin complex may inhibit the suppres-
sion of B-cell clones that produce RF autoantibodies,
which causes further progression of CG production.

Rarely, CG is also seen in some patients with Epstein–
Barr virus and human immunodeficiency virus (HIV) and
human T-cell lymphotropic virus-1 (HTLV-1), as well as
chronic systemic infections secondary to bacteria or fungi.
In such cases, how cryoglobulins are produced and which
antigen triggers this process is still largely speculative.
Increased prevalence of the mixed-type CG is also reported
in patients with chronic liver diseases of non-HCV-related
etiologies (6). The associationofCGwith chronic hepatitisB
virus (HBV) infection in particular has been disputed as the
prevalence of cryoglobulins in HBV-infected patients is
similar to that in other chronic liver diseases (6).

At the present time, there is no clear consensus on the
diagnostic criteria of the CG syndrome. Correct diagnosis
and management requires a careful consideration of com-
bined clinical, laboratory, and pathological data.

Clinical Presentation

Majority of patients with detectable type I GC are asymp-
tomatic with only rare history suggestive of Raynaud’s
phenomenon, digital ischemia, livedo reticularis, and palp-
able purpura that usually occur on the lower extremities.
However, the classic description of type I GC is related to
the hyperviscosity resulting in focal thrombotic events,
such as gangrene and catastrophic cardiovascular, pul-
monary, renal, or neurological events.

Although most CG patients have HCV (therefore would
have type II or III CG), HCV-infected patients develop CG
in 30–50% of cases (7). Among these, only 2–15% of cryo-
globulin-positive patients develop symptoms attributed to
it, with cutaneous manifestation seen in nearly all patients
with GC syndromes (7). Indeed, as in type 1, the cutaneous

finding is one of the earliest systemic signs seen in themixed-
type CG. Dore et al. reported the frequency of specific
symptoms, signs, and associated disease states seen in the
patients with mixed CG andHCV at the initial presentation
(Table 27.2) (8). However, it is important to note that the
clinical manifestations of CG are protean, and significant
overlap exists among different types of CG, contrary to the
historical descriptions of CG. Symptoms often wax and
wane over time, each episodes lasting weeks to months,
with spontaneous remissions and exacerbations.
Clinically apparent major end-organ damage is rare in

the mixed CG, with an exception of renal dysfunction,
which is present in approximately 20% of patients at the
time of diagnosis (9). Histological examination is very
characteristic of GC-induced renal disease, and most CG
patients with renal complications have hematuria, protei-
nuria, and hypocomplementemia, although the plasma
creatinine concentration itself is initially normal or only
mildly elevated (10, 11, 12). However, acute renal failure
and/or the nephrotic syndrome may be seen in some
patients.
Inmore recent studies, other clinical features were added,

including an evolution to low-grade non-Hodgkin lym-
phoma, observed in some patients with CG. Indeed, HCV
is also a lymphotropic virus and it is worth noting that
6–28% of patients with type II cryoglobulinaemia develop
symptomatic lymphoma after 4–10 years of follow-up (13).

Laboratory Data

Persistently elevated cryocrit (>1% for 3–6months) is
often used for confirmation of diagnosis. In real practice,
however, the diagnosis is often delayed because of impro-
per handling of the blood collection, although the patient
may have clinical history otherwise suggestive of CG.
Because it requires coordinated effort by the patient and
the laboratory personnel for accurate measurement of
cryoglobulins, false-negative results are often reported. If
clinically the suspicion is high, revisiting the steps for

TABLE 27.2. Frequency of clinical and serologic features of
essential mixed cryoglobulinemia associated with hepatitis C

virus infection (8).

Fatigue 100% Peripheral neuropathy 50%

Monoclonal

rheumatoid factor

99% Splenomegaly 40%

Reduced complement

level (C4)

95% Raynaud’s phenomenon 25%

Cutaneous vasculitis 95% Sjögren’s syndrome 25%

Palpable purpura 90% Neurocognitive

impairment

25%

Hepatitis 85% Lymphadenopathy 15%

Arthralgias 75% Skin ulcers 15%

Female gender 70% Thyroiditis 5%

Glomerulonephritis 55% Low-grade non-Hodgkin

lymphoma

5%
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special handling of the blood sample and communication
with the laboratory may be necessary.

Flamm et al. (14) and Peng et al. (15) summarized key
steps in correctly measuring cryoglobulin. First, the blood
is collected at fasting state because lipids may interfere with
the test. When drawing blood, it is also important to know
that the routine laboratory testing for cryoglobulin is per-
formed only on serum because plasma treated with antic-
oagulants can cause false-positive result by formation of
cryofibrin and heparin-precipitable complexes. For correct
detection, blood samples must be constantly kept at 378C
on the way to the laboratory (use pre-warmed tube). After
it is spun in temperature-controlled centrifuge, the serum is
cooled to 48C then observed for precipitation over a 48- to
72-h period. It is important to remember that the cryopre-
cipitate for type 1 CG is usually observed within hours,
whereas it may take up to 1week for cryoprecipitate for-
mation of the mixed CG. The tube is then centrifuged in the
cold. A cryocrit is then determined by measuring the
packed (centrifuged) volume of the precipitate as a percen-
tage of the original serum volume at 48C.

Approximately 40% of normal individuals possess CG,
but their quantity is usually too small for detection by
cryocrit (measurable level by cryocrit is generally 1% or
1mg/dL). Highest cryocrit (approaching 50%) is generally
seen in type I CG **whereas 2–7% in type II, and 1–3% in
type III. Although the cryocrit itself can suggest the type of
CG, there is no correlation between the cryocrit and the
severity of organ involvement. The type of abnormal pro-
tein (IgM or IgG), hence a specific type of CG, can be
determined by immunoelectrophoresis and immunofixa-
tion, but the more sensitive methods for detection of oli-
goclonal components of type III cryoglobulins are
immunoblotting and two-dimensional electrophoresis.

The presence of cryoglobulin in the serum can affect
other blood tests, which may hinder prompt diagnosis of
CG in some cases. High cryoprecipitates can interfere with
automated analyzers in measurement of complete blood
count, resulting in pseudothrombocytosis and/or pseudo-
leukocytosis, which can be mistaken for primary bone
marrow dysfunction as seen in type I CG. Cryoprecipitates
may also deplete HCV antibody and HCV antigens from
the serum, leading to a false-negative hepatitis serology,
which can delay the correct diagnosis. When suspicion for
underlying chronic hepatitis C is high, but the initial ser-
ologic test is negative for HCV, dual measurement of
serum and cryoprecipitate for HCV antibody and HCV
antigen could avoid this problem. In addition, HCV RNA
should be tested by using PCR.

Complements may be important adjuncts in the diagno-
sis and monitoring treatment response because diminished
serum complement components may reflect ongoing con-
sumption by CG. Type I CG typically produces few sero-
logical complement abnormalities, but mixed CG sera often
demonstrate reduced levels of all complements, except the

levels of C3 that are generally unaffected, or only mildly
diminished. It is important to remember that such changes
in complement levels are not specific or sensitive to CG, and
are seen in other active connective tissue diseases, which
may or may not be associated with the type III CG.

Histological Data

In rare cases where a definitive diagnosis cannot be made
based on clinical presentation and laboratory data, direct
immunohistochemistry on involved tissues can often confirm
that cryoglobulins are responsible for the patient’s signs and
symptoms. Biopsy of purpuric skin lesion is most commonly
performed, and more invasive procedures such as nerve or
renal biopsy is reserved for those patients whose diagnosis is
otherwise in doubt. In the skin, typical pathological finding
would be leukocytoclastic vasculitis. Direct immunofluores-
cence microscopy of acute lesions often reveals deposits of
IgM, IgG, and/or C3 complements. Peripheral nerve biopsy
will showpauci-inflammatoryocclusive small vessels in type I
GC and necroinflammatory epineural vasculitis in the mixed
GC. All three main types of cryoglobulinaemic vasculitis can
lead to kidney disease,most typically causing type Imembra-
noproliferative glomerulonephritis, and rarely,mesangiopro-
liferative glomerulonephritis. Renal biopsy may show
striking influx of macrophages that is not seen in any other
types of proliferative glomerulonephritis. Patients suspected
of having type I CG should have bonemarrow biopsy to rule
out underlying hematological conditions such as multiple
myeloma.

Prognosis

Mortality and morbidity in a patient with CG often depend
on concomitant diseases, but patients with renal involvement
and lymphoproliferative disorder haveworse prognosis over-
all. Ameta-analysis of 19 studies published between 1994 and
2001, CG was associated with increased risk of cirrhosis and
higher overall mortality with chronic hepatitis C (16).
Cryoglobulin levels alsomay decrease and clinical symp-

toms of CG often improve as underlying conditions (i.e.,
HCV or primary malignancies) are successfully treated.
However, as mentioned earlier, there is no correlation
between the cryocrit and the severity of end-organ involve-
ment or treatment response.

Treatment

BecauseHCVhas a clear biological role in the pathogenesis of
CG inmost patients, onemust consider eradicatingHCVwith
antiviral therapy. Interferon-based treatment reduces viral
replication rate (evenwithout complete or permanent elimina-
tion), inhibits lymphocyte proliferation and immunoglobulin
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synthesis, and improves immune complex clearance by enhan-
cing macrophage activity. Current standard treatment for
HCV is PEG-interferon a plus ribavirin. The rate of sustained
viral response to PEG-interferon plus ribavirin is comparable
in hepatitis C patients with or without CG. In a recent rando-
mized control study with 18patients affected by mixed CG,
the efficacy and safety of PEG-interferona-2b in combination
with ribavirinwas confirmed for the initial treatment ofHCV-
associated CG (17).

When considering antiviral therapy on CG patients with
HCV, physicians should pay particular attention to the
patient’s renal function. Using ribavirin (and to a lesser
degree, PEG-interferon) is contraindicated in patients with
significant renal insufficiency (Cr Clearance <50mg/dL),
whichmay bemore common inHCVwith CG versus HCV
without CG. Although there are anecdotal reports of suc-
cessful treatment of patients with moderate renal insuffi-
ciency with a proportionate reduction in ribavirin dose,
this approach has not been well studied (18).

Moreover, interferon-based therapy should be consid-
ered with a caveat in that its direct immunomodulating
effect can induce de novo autoimmune diseases that may
aggravate clinical manifestations of CG. In active CG,
some advocate first using immunosuppression with ster-
oids and cyclophosphamide. In the most severe cases,
additional use of plasma exchange may be beneficial, par-
ticularly in active cryoglobulinemic nephropathy. Because
immunosuppressive medications increase HCV RNA level
and serum cryoglobulin, they should be administered in
low doses and reduced as soon as possible, and one may
consider initiating antiviral therapy once the disease activ-
ity is stabilized in few months.

The latest attempt against the abnormal B-cell clones dri-
ven by HCV is the anti-CD 20monoclonal antibody ritux-
imab. This agent has previously shown activity in B-cell
lymphomas and autoimmune disorders. Recent studies
showed rituximab resulted in a significant and rapid improve-
ment of clinical signs and end-organ function, andadecline of
RF activity and cryocrit in most patients with CG, including
patients who were resistant to PEG-interferon. However,
because rituximab decreases anti-HCV antibody titers and
increases viremia, the long-term effect of rituximab on the
progression of liver disease is not known (19).

It is also important to note that CG is also seen in HCV-
negative patients or patients who have achieved complete
HCV clearance. Furthermore, clinical recovery fromCG is
observed in patients with persistent viral replication. Such
cases demand more complete understanding of CG and its
pathophysiology.
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28
Hypersensitivity Angiitis

Shimon Pollack

Abstract Hypersensitivity vasculitis (HSV) or angiitis is also termed allergic vasculitis and has been defined to describe
vasculitis of small blood vessels which is believed to be secondary to hypersensitivity mechanisms. This is a relatively
common condition characterized clinically by the development of palpable purpuric rash over the lower limbs, buttocks,
and forearms. With the exception of the skin, other organs and tissues such as joints and kidneys may also be involved.
The main symptoms and signs are palpable purpura, fever, arthralgia, proteinuria, and microscopic hematuria. HSV is
typically associated with chronic bacterial and viral infections and also with the use of various drugs. Histological
examination of purpuric lesions reveals prominent vasculitis with endothelial swelling, intense polymorph or lymphocyte
infiltration, and disintegration of polymorphs (leucocytoclasis), resulting in ‘‘nuclear dust’’. The small blood vessels
may also be thrombosed with fibrinoid changes and epidermal necrosis. The course of HSV is variable; it may last for
2–3weeks or even several years.

Keywords Leukocytoclasis � palpable purpura � immune complexes

Hypersensitivity vasculitis (HSV) or angiitis is a small
blood vessel vasculitis which is believed to be secondary
to hypersensitivity mechanisms (1, 2, 3, 4). It is character-
ized by the development of palpable purpuric rash, mostly
over the lower limbs (Figure 28.1). Histological examina-
tion shows intense polymorph or lymphocyte infiltration
and disintegration of polymorphs (leucocytoclasis), result-
ing in ‘‘nuclear dust’’ (Figure 28.2).The course of HSV is
short in general and does not last for more than 3weeks.
However, in rare cases, repeated bouts of vasculitis may
last for years.

History and Classification

A broad and heterogenous group of syndromes may result
from the inflammation and damage to small blood vessels.
The heterogeneity and overlap between syndromes have
been major impediments to the development of a coherent
classification for the various vasculitides.

The concept that inflammatory vascular disease secondary
to hypersensitivity or allergic mechanism should exist as a
distinct nosologic entity was first proposed in 1948 by Zeek

et al. (5). Certain features, such as the prominent involvement

of the skin and the observation that these vasculitic syndromes
appeared to be precipitated by use of serum or drugs, sug-

gested a difference between HSV and other forms of small-

vessel vasculitis that were recognized at that time (6).
Thus, in accordance with the old and classical classification

of Fauci et al. in 1978 (2), hypersensitivity angiitis is being

related to either endogenous antigens (connective tissue

diseases or malignancies) or exogenous antigens (infections,

drug reactions, or serum sickness) and is grouped together
with other small-vessel vasculitides such asHenoch-Schönlein

purpura, cryoglobulinemia, or microscopic polyangiitis

(Table 28.1). It may be the primary manifestation of a disease

(like in cutaneous leukocytoclastic angiitis) or, alternatively, a

secondary component of another primary disease (like in

autoimmune diseases or malignancies).
Despite these distinguishing features, difficulties have

arisen in definingHSV as a distinct illness. Inmany patients,
no inciting antigen could be found (7). In spite of that, the

American College of Rheumatology (ACR) has developed

some 18 years ago distinct criteria for the classification of

HSV as a separate definable clinical syndrome Ref. (4) and
(Table 28.2).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_28,
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In this chapter, we will refer mainly to HSV-defined

clinical entities, namely HSV related to infection, drugs,

and malignancies and also to related clinical entities

such as serum sickness, urticarial vasculitis, and cuta-

neous vasculitis.

Immunopathogenesis

Zeek, in his first classification scheme for vasculitides,

coined the term ‘‘hypersensitivity’’ for allergic vasculitis

in relation to animal models of vasculitis induced by the

administration of exogenous antigens (allergens) such as

horse serum and sulfonamides (8). In this animal vascu-

litic model, a prominent cutaneous involvement has been

observed together with involvement of small blood ves-

sels, i.e. arterioles, venules, and capillaries. All lesions

were approximately the same age and the vasculitis reac-

tion was self-limited. The identification of an inciting

antigen in this model raised the possibility of an

immune-complex mechanism. However, in many patients
who fit the clinical and pathological picture of the dis-

ease, no inciting antigen can be identified (7). Thus, the

1994 Chapel Hill Consensus Conference on nomenclature
of the vasculitides (9) proposed an alternative term for
hypersensitivity vasculitis—cutaneous leucocytoclastic

FIGURE 28.1. Purpuric rash and palpable purpura.

FIGURE 28.2. Leukocytoklastic vasculitis.

TABLE 28.1. Small vessel vasculitisa.

Wegener’s granulomatosis

Churg-Strauss syndrome

Microscopic polyangiitis (polyarteritis)

Henoch-Schönlein purpura

Essential cryoglobulinemic vasculitis

Cutaneous leukocytoclastic angiitis

Hypersensitivity angiitis

aModified from Jennette JC et al Nomenclature of systemic vasculitides.

Proposal of an International Consensus Conference Arth Rheum 1994;

37:189.

TABLE 28.2. 1990 Criteria for the classification of hypersensitiv-

ity vasculitisa.

Criterion Definition

Age at disease onset

>16 years

Development of symptoms after age 16

Medication at disease

onset

Medication was taken at the onset of

symptoms that may have been a

precipitating factor

Palpable purpura Slightly elevated purpuric rash over one or

more areas of the skin; does not blanch with

pressure and is not related to

thrombocytopenia

Maculopapular rash Flat and raised lesions of various sizes over

one or more areas of the skin

Biopsy including

arteriole and venule

Histological changes showing granulocytes in

a perivascular extravascular location

a hypersensitivity vasculitis is defined if at least 3 of these 5 criteria are

present. The presence of any 3 or more criteria yield a sensitivity of 71%

and specificity of 83.9%.

Modified from Calabrese et al. The American College of Rheumatology

1990 criteria for the classification of hypersensitivity vasculitis. Arthritis

Rheum 1990; 33: 1110.
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angiitis. However, these two histopathological patterns
appear to represent two distinct processes. In addition,
although most lesional skin biopsies of HSV demonstrate
a neutrophil predominance, others show primarily lympho-
cytic infiltration (7).

Diagnosis

The diagnosis of hypersensitivity vasculitis should be
considered in any patient with palpable purpura asso-

ciated with an unexplained systemic illness. Sometimes
there are also certain clinical abnormalities, such as poly-

arthralgia/polyarthritis and microscopic hematuria,
which suggest a diagnosis of a multisystem disease (see
Table 28.3). A number of nonvasculitic diseases may also

produce some or all of these abnormalities. Thus, the
clinical approach should especially exclude certain infec-

tious diseases such as Rocky Mountain spotted fever,
Lyme disease, syphilis, disseminated gonococcal infec-
tion, and some cases of bacterial endocarditis (most

cases of bacterial endocarditis produce small-vessel vas-
culitic disease). Also, atrial myxoma and cocaine abuse

should be considered and excluded. Once these diseases
and others have been excluded, it is important to estab-
lish in a short course the diagnosis of HSV. Whereas

most HSV syndromes resolve spontaneously or require
mild treatment only, certain types may require a more
aggressive therapy. The definitive diagnosis is usually
made upon biopsy of involved skin with the typical
pathological finding of leucocytoclastic vasculitis: peri-

vascular polymorphonuclear leukocytes with fragmenta-
tion and extravasation of erythrocytes with fibrinoid
necrosis of vessel wall (Figure 28.2). Immunofluores-
cence staining shows variable quantities of immunoglo-

bulin (mostly IgG) and complement deposition.
Laboratory tests may add some support to the diagno-
sis, and additional imaging measures may help,

sometimes, to establish a more defined diagnosis (see
Table 28.4). If an offending antigen, such as a drug, is
recognized, it should be removed if possible. If an under-
lying disease such as an infection or a neoplasm is recog-
nized, it should be treated appropriately. If there is no
recognizable underlying disease, treatment should be
initiated according to the clinical manifestations that are
present.

Differential Diagnosis

The single most difficult disorder to differentiate fromHSV
is Henoch-Schönlein purpura (HSP). Some have suggested
in the past that because of the very similar clinical picture,
it may represent HSV with a different allergic reaction to
some other exogenous antigens (10). However, the results of
established immunopathological studies, with the demon-
stration of circulating IgA immune complexes and IgA
deposits in vascular lesions of HSP, support the distinction
of HSP from HSV (11). Thus, HSP will be discussed sepa-
rately in detail in another chapter of this book.
Drugs act probably as haptens to stimulate an immune

response. Also, certain infections such as chronic bacte-
remia (e.g. bacterial endocarditis), hepatitis, and HIV may
chronically stimulate immune response and be associated
with immune-complex formation and the generation of
HSV. Chronic bacterial infections that may be compli-
cated by HSV should be treated efficiently and carefully
because HSV in these cases may progress to a more
systemic disease, such as adult Henoch-Schönlein purpura,
and have the potential to display a severe prognosis (12).
Leukocytoclastic vasculitis predominantly involving the

skin with occasional involvement of other organ systems
may be the presenting sign of some neoplasms (1). In
most cases, surgical removal of tumor and/or appropriate
therapy is associated with the disappearance of vasculitic
lesions. Several immunopathologicalmechanisms underlying

TABLE 28.4. Work-up for patients with possible HSVa.

Skin biopsy with immunofluorescence

Complete blood count

Serum creatinine

Liver transaminases

Serum and urine electrolytes

Urinalysis with microscopy

Chest radiograph

Antinuclear antibody assay (ANA)

Serum complement levels

Antineutrophil cytoplasmic antibodies (ANCA)

Cryoglobulins

Hepatitis C antibody

ESR

aModified from ref. 20 Rich RR, Fleisher TA, Shearer WT, Kotzin BL,

Schroeder Jr HW (Ed): Clinical Immunology – principles and practice.

2 nd Edition, Mosby 2001, p. 67.14.

TABLE 28.3. Clinical and laboratory features of 93 patients with
HSVa.

Criterion % positive

Palpable purpura 63

Neutrophils around arterioles or venules 54

Medications at onset 53

Transient arthralgias 46

ESR > 50mm (Westergren) 40

Hematuria (gross or micro) 37

Low C4 36

Cutaneous ulcers or pitted scars 33

Monoarthritis or oligoarthritis 30

aModified from Michel BA, Hunder GG, Bloch DA, Calabrese LH.

Hypersensitivity vasculitis and Henoch-Schönlein purpura: a comparison

between the 2 disorders. J Rheumatol 1992; 19:723.
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the malignancy-associated vasculitis have been proposed.
Cytokine production by malignant cells may be one of the
precipitating factors that lead to vasculitis (13).

Patients with leukocytoclastic angiitis which is confined
exclusively to the skin are diagnosed as localized cutaneous
vasculitis. The pattern of disease associations with localized
cutaneous vasculitis includes underlying systemic illness
like infection or malignancy and also connective tissue dis-
ease (14, 15, 16). Some patients also have drug etiology—up
to 10–20% (16). The annual incidence of localized cutaneous
angiitis is at 15.4/million (14), which is higher than the annual
incidence of both Wegener’s granulomatosis (8.5/million)
and microscopic polyangiitis (3.6/million). Some patients
may initially be diagnosed as having cutaneous leuko-
cytoclastic angiitis but will subsequently be found to have
systemic form of small-vessel vasculitis.

Hypersensitivity reactions commonly cause rash also,
which may be presented as urticarial lesions. If urticarial
lesions persist for at least 24hours and sometimes leave traces
of hyperpigmentation, urticarial vasculitis should be consi-
dered. Three subtypes are known (17): (a) normocomplemen-
temic form, which is generally idiopathic and benign; (b)
hypocomplementemic form, which is often associated with
a systemic inflammatory disease; and (c) hypocomplemente-
mic urticarial vasculitis syndrome (HUVS), which is a poten-
tially severe condition associatedwith autoantibodies toC1q.
The lesions of urticarial vasculitis are often accompanied by
stinging or burning and not by pruritus as in common urti-
caria. The classic histological picture is of leukocytoclastic
vasculitis. Most patients with urticarial vasculitis have the
hypocomplementemic subtypes (17) and are likely to mani-
fest signs of an underlying systemic autoimmune disease.

Vasculitis may be the result of an ongoing reaction to an
unidentified antigenic stimulus (18) as in essential mixed cryo-
globulinemia (EMC). Although rheumatoid factor is present
in most patients, the inciting antigen is still undefined. In the
broad sense, EMC may represent a chronic form of HSV.
Indeed, small amounts of cryoglobulins are frequently found
in HSV, probably as part of an immune-complex reaction.
Thus, the differentiation of EMC from HSV may pose theo-
retical and also practical problems. EMC is also characterized
by palpable purpura and vasculitis of small vessels with
leukocytoclasia. However, in contrast to HSV, ECM is not
self-limited and generally runs a chronic course (19).

Treatment

Once the diagnosis of HSV has been established, a decision
regarding treatment must be made. Management strategy is
largely empiric. The type, intensity, and duration of therapy
are based on the degree of disease severity in an individual
patient. When there is an involvement of organs and tissues
except skin or synovial membranes, glucocorticoids should
be instituted immediately. Cytotoxic/immunosuppressive

therapy should be added only if an adequate response does
not result or if remission can only be achieved or maintained
with high doses of steroids. Many of the side-effects of
glucocorticoid therapy are marked by decrease in frequency
and severity in patients on alternate-day regimens compared

to daily regimens.
On the contrary, many of the HSV syndromes resolve with

only symptomatic treatment (nonsteroidal anti-inflammatory
drugs and/or H1 antihistamines) or after the removal of the
offending agent, as in infection or malignancy. Colchicine,
hydroxychloroquine, or dapsone may also be tried for per-
sistent disease.
As in every other disease, it should be remembered that

each patient requires individual decision-making and

should be practiced in order to provide maximal therapeu-
tic efficacy with minimal toxic side-effects.
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29
Polymyositis

Georgina Espı́gol and Josep M. Grau

Abstract Polymyositis (PM) represents one of the three major forms of idiopathic inflammatory myopathies. Its
prevalence is not known because of overdiagnosed cases [muscular dystrophies, inclusion body myositis (IBM)]. PM
usually presents in middle age, particularly in women. Pathogenic mechanisms include the abnormal expression of major
histocompatibility complex (MHC)-class I antigens and the activation of CD8 cells. The clinical pattern consists in a
subacute or chronic proximal muscle weakness, with a marked increment of serum CK values. The diagnosis of muscle
pathology requires an experienced team because some muscular dystrophies and IBM may resemble PM. In contrast to
dermatomyositis, neoplastic-associated cases do exist but in a lesser proportion. PM may be associated with other
autoimmune diseases or with some infectious diseases. Inmost cases, a satisfactory clinical response can be obtainedwith
corticosteroids and immunosuppressive agents, but a fatal evolution may occur in a small percentage of cases.

Keywords Inflammation � myositis � MCH class I � dystrophy

Polymyositis (PM) is one of the three major forms of
inflammatory myopathies. It is defined as a subacute myo-
pathy that basically affects adults and presents with weak-
ness of the proximal muscles.

Epidemiology

Inflammatory myopathies are uncommon diseases. They
can be differentiated into three major subsets: dermatomyo-
sitis (DM), PM and inclusion body myositis (IBM) (1, 2).
PM is rare in childhood and is mainly seen after the second
decade of life, being more common in females. The preva-
lence of PM is unknown. The incidence of the different
forms of inflammatory myopathies has been estimated
using outdated criteria and in addition a few studies not
distinguished between PM and IBM (1,3).

Pathogenesis

The association with other autoimmune disorders and the
response to immunotherapies supported the autoimmune
origin of PM, although target antigens have not been
identified. Recent studies of the molecular immunology
of autoantibodies, the MHC and other genetic factors

have emphasized their role in the pathogenesis of this dis-
ease (4). In PM, CD8-T cells invadeMHC antigens, expres-
sing muscle fibers (5). Expression of cytokines has been
demonstrated in mononuclear cells in affected muscles
and may contribute to local inflammatory response and
to perpetuation of the autoimmune response. Therefore,
better knowledge of the immune mechanisms will allow
identification of new potential therapeutic targets (6).

Clinical Manifestations

PM presents with muscle weakness that evolves over sev-
eral weeks or months. The pattern of muscular weakness is
nonselective.
Patients report difficulty with everyday tasks such as

climbing steps, rising from a seat, or lifting objects. Distal
muscles are affected late, and facial muscles remain nor-
mal. Patients with myalgias but normal strength do not
have PM (1,7).
Weakness of the respiratory muscles develops in some

cases of severe PM and may lead to the need for assisted
ventilation (8).
Extramuscular findings are more common in DM but

may also occur in PM. Cardiac manifestations include
myocarditis, arrhythmias or congestive cardiac failure.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_29,
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These manifestations may sometimes occur in hyperten-
sive patients because of long-term steroid treatment.
Arthralgias may occur even without an association with
connective tissue diseases. Other symptoms such as fever,
weight loss or Raynaud’s phenomenon appear in associa-
tion with other connective tissue diseases. Interstitial lung
disease is more common in patients with anti-Jo-1 or other
antisynthetase antibodies (9).

PM may be associated with many autoimmune diseases
and viral infections such as systemic lupus, rheumatoid
arthritis, vasculitis, HIV and HTLV-1 infection. Although
significantly less frequent than in adult DM patients, there
is an association with malignant disorders, the most com-
mon being the ovaries and breast in females and the lung
and gastrointestinal tracts in males. The highest risk in PM
is during the 1- to 5-year period after diagnosis of the
myopathy and in patients over 50 years of age (10), making
surveillance for early diagnosis highly recommended.
Screening with a complete physical examination and com-
plementary tests (according to age and personal history)
should be made yearly (6,11).

PM should be considered as a syndrome that occurs
alone or in association with other disorders such as auto-
immune diseases or viral infections. All myopathies have a
lot of manifestations in common and could be difficult to
separate them. PM remains a diagnosis of exclusion. PM
as a stand-alone entity is uncommon (Table 29.1) (7).

Diagnosis

The diagnosis of PM requires clinical manifestations and
three laboratory tests: serum muscle enzyme concentra-
tions, electromyography and muscle biopsy.

The main serum muscle enzyme is creatine kinase (CK)
(up to 50-fold normal). Other enzymes, aspartate and
alanine aminotransferases, lactate dehydrogenase and
aldolase may also be elevated but CK is always increased
in patients with active disease (7,12).

Electromyography shows a myopathic process with
increased spontaneous activity with fibrillations, complex

repetitive discharges and positive sharp waves (7).

Pathology

Muscle biopsy is the definitive examination for the diag-

nosis. Whenever possible it should be performed before

initiating treatment. An open biopsy provides a larger

tissue sample that allows not only conventional micro-

scopic examination but also immunohistochemical studies

and electron microscopy. In some cases, the biopsy is
normal or shows minimal changes. Some studies have

suggested that magnetic resonance imaging (MRI) may

be helpful to diagnose a myopathy and to also select a

biopsy site (13).
The positive biopsy shows multifocal lymphocytic infil-

trates surrounding and invading healthy muscle fibers

(Figure 29.1). The muscle cells express MHC-class I anti-

gens (Figure 29.2) and the lymphocytes are CD8þ cells (5).

Dalakas et al. refer to this lesion as the CD8/MHC-I

complex (7).

Serological Features Autoantibodies

The most common autoantibodies in PM are the anti-

synthetases directed against aminoacyl tRNA synthetases.

The antibody against histidyl-tRNA synthetase, anti-Jo-1,

is the best known and has a high specificity for the ‘anti-

synthetase syndrome’ (myositis, arthritis and Raynaud’s

phenomenon). The pathogenic importance of these auto-

antibodies remains unclear (6,14). In rare cases of PMwith

associated signal recognition particle (SRP) antibodies the

prognosis is poor.

TABLE 29.1. Features the patient does not have (7).

Rash (characteristic of dermatomyositis)

Family history of neuromuscular diseases

Exposure to myotoxic drugs, especially penicillamine, zidovudine, and

(rarely) statins

Endocrine disease (hypothyroidism, hyperthyroidism,

hypoparathyroidism, hypercortisolism)

Neurogenic disease (exclude by electromyography and neurological

examination)

Dystrophiesa and metabolic myopathies (excluded by history and muscle

biopsy)

Inclusion body myositis (excluded by clinical examination and muscle

biopsy)

aDysferlin deficiency and facioscapulohumeral muscular dystrophies in

particular because severe inflammation can be found in muscle biopsies.

FIGURE 29.1. Lymphocytic infiltrate surrounding and invading
an otherwise normal cell. Gomori’s trichrome on frozen tissue.
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Diagnostic Criteria

Several criteria proposed have not been successful. For
instance, the criteria proposed by Bohan and Peter do
not distinguish between PM and IBM. Because histo-
pathology and immunopathology are mandatory to
achieve a diagnosis of PM, Dalakas proposed the term
definite PM if a patient has an acquired, subacute myo-
pathy fulfilling the inclusion and exclusion criteria, raised
concentrations of serum CK and primary inflammation in
the muscle biopsy (7) (Table 29.2).

Treatment

Few controlled trials have been published and most of the
experience with the use of drugs has arisen from case
reports. Corticosteroids are the main initial treatment for
inflammatory myositis, although their efficacy has not
been established in randomized studies. Not all patients
respond to the use of these drugs andmany have iatrogenic

complications. Second line agents such as immunosup-
pressives or intravenous immunoglobulin should be con-
sidered when the disease is not controlled with
corticosteroids (relapses, ineffectiveness of 3months of
high-dose prednisone and rapidly progressive disease).
The medical approach must be individualized. New thera-
pies directed to cytokine modulation and the use of mono-
clonal antibodies are promising (6,7,15).
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FIGURE 29.2. Abnormal MHC class I expression in the sarco-
lemma of muscle cells. Immunohistochemistry on frozen tissue.

TABLE 29.2. Diagnostic criteria for PM (7).

Criterium Definite Probable

Myopathic muscle

weakness

Yes Yes

Electromyographic

findings

Myopathic Myopathic

Muscle enzymes High (up to 50-fold

normal)

High (up to 50-fold

normal)

Muscle-biopsy

findings

Primary inflammation,

with the CD8/MHC-1

complex and no

vacuoles

Ubiquitous MHC-

1, but no CD8þ

infiltrates or

vacuoles

Rash or calcinosis Absent Absent
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30
Dermatomyositis
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and Riccardo Rondinone

Abstract Dermatomyositis (DM) is an acquired disease, characterized by complement-mediated microangiopathy which
results in an inflammatory infiltrate primarily affecting skin and muscle. The major clinical manifestations are proximal
muscle weakness and skin rash. However, articular, esophageal, and pulmonary manifestations may coexist. The increase
of muscle enzymes, particularly creatine kinase (CK), and characteristic electromyographic and histopathologic findings
are the prominent laboratory features. Bohan and Peter’s diagnostic criteria, proposed in 1975, have been widely accepted
and used until now. However, muscle immunopathology, myositis-specific autoantibodies testing, and the use of muscle
ultrasound (US) or Magnetic Resonance Imaging (MRI) have been recently introduced in the diagnostic work-up of
patients with myositis. Although the role of these new investigations in diagnosing DM is still to be fully elucidated, they
may assist clinicians in the management of difficult cases increasing the diagnostic accuracy of the old criteria.

Keywords Dermatomyositis � idiopathic inflammatory myopathies � cancer � connective tissue disease

Dermatomyositis (DM) is an idiopathic inflammatory
myopathy (IIM) characterized by an inflammatory infil-
trate primarily affecting the skeletal muscle and skin.

Polymyositis (PM) and inclusion body myositis (IBM)
are the other two major categories of IIM. Although IIM
might share some similarities, they have distinct clinical,
histopathological, immunological, and pathogenetic fea-
tures and it is crucial to distinguish the three disorders
because they differ in prognosis and response to treatment.

Classification

According to Bohan and Peter (1, 2), DM can be subdi-
vided into 4 groups: idiopathic DM, juvenile DM, DM
associated with cancer, and DM associated with other
connective tissue diseases. Other DM subsets have been
subsequently identified (3, 4, 5), including amyopathicDM
(ADM), in which the disease affects only the skin; hypo-
myopathic DM, in which cutaneous manifestations of DM
are associated with subclinical evidence of myositis; post-
myopathic DM, in which patients with previous classic
DM present a recovery of the myositis, but skin rashes
remain active; DM sine dermatitis, in which no rash is
detected but the biopsy sample is typical for DM; and the
last subset in which DM is drug induced (Table 30.1.).

Epidemiology

DM is the most common IIM in all age group; however, it

is a rare disease. The reported incidence of DM and PM

ranges between 2 and 8 new cases per 1,000,000 inhabitants

per year with a prevalence between 5 and 11 cases per

100,000 individuals (4, 5). Hengstman GJ et al. suggested
a latitude gradient with an increasing relative prevalence of

DM along with geographical latitude in Europe (6). The

cause of the gradient is unknown and both genetic and

environmental factors may be involved. DM affects both
children and adults with an overall female/male ratio of

about 2:1. However, inside each subgroup of DM there are

TABLE 30.1. Classification of dermatomyositis.

1. Idiopathic DM

2. Juvenile DM

3. DM associated with cancer

4. DM associated with other connective tissue

diseases

5. Amyopathic DM

6. Hypomyopathic DM

7. DM sine dermatitis

8. Drug-induced DM

DM: dermatomyositis.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_30,

� 2008 Humana Press, Totowa, NJ
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sex-related differences: the female/male ratio is 1:1 in juve-
nile DM, 1:2 in cancer-associatedDM, and 9:1 in the forms
associated with other connective tissue diseases.

Pathogenesis

DM is a microangiopathy that affects skin and muscle,
where early activation and deposition of complement
causes lysis of endomysial capillaries and muscle ischemia
(7). DM is commonly regarded as an autoimmune rheu-
matic disease; however, the causative autoantigen is yet to
be identified. A recent study on a large population showed
that African-American and European-American patients
with DM shared the risk factor HLA-DRB1*0301,
whereas these two ethnic groups differed regarding HLA
risk for anti-Mi-2 antibodies which was DRB1*0302 in the
former and DRB1*0701 in the latter group (8).

Clinical Manifestations

DM is primarily characterized by muscular and cutaneous
manifestations (3, 4, 5). The main symptoms are weakness,
affecting mainly the proximal muscles, and myalgias. The
onset of DM may be acute (days) or insidious (several
months), with patients complaining of increasing fatigue
while rising from a chair, lifting their arms, climbing steps,
combing their hair or hanging clothes. Distal muscles are
involved late in DM. The extensor muscles of the neck may
be involved, causing difficulty in holding up the head (head
drop). In severe cases, the respiratory and oropharyngeal
muscles are involved causing dysphagia and respiratory
difficulties. In some cases, a lack of coordination of the
swallowing muscles occurs which may lead to ab ingestis
pneumonia.Myalgias are less frequent thanmuscular weak-
ness, and,whenpresent, accompany theweakness.Themost
common clinical signs are reduction of the muscular
strength in the proximal muscles, contractures and, late in
the course of the disease, muscular atrophy (40% of cases).

Skin manifestations sometimes accompany, but more
often precede by several months or years the signs of muscle
involvement (1, 3, 4, 5). A classification of skin manifesta-
tions observed in DM is reported in Table 30.2 (9). The
most common and peculiar skin manifestations are (a)
violaceous erythematous papules which may be observed
on the extensor surface of metacarpophalangeal, proximal
and distal interphalangeal joints (Gottron’s sign), and, less
frequently, on the elbows, knees, malleoli, and other bony
prominences (Gottron’s papules); (b) heliotrope rash, i.e. a
purplish erythema of the eyelids, often associated with
periorbital edema; (c) symmetrical macular violaceous
erythema (photosensitive rash) overlying the face, neck,
upper chest, and the extensor surface of the arms. Other
cutaneous manifestations may also be observed, including

periungual teleangiectasia with or without dystrophic cuti-
cles, vasculitic skin manifestations consisting of subcuta-
neous nodules, erythema, periungual infarctions, and
digital ulcers, calcifications in the subcutaneous tissues
leading to subcutaneous painful hard nodules which can
ulcerate the overlying skin with leakage of calcareous mate-
rial, andRaynaud’s phenomenon which is more common in
patients with idiopathic DM and in DM associated with
connective tissue diseases.
Arthralgias, interstitial lung disease, cardiac abnormal-

ities, and renal involvement as a result of a persistent
myoglobinuria or glomerulonephritis are other manifesta-
tions of DM (3, 4, 5).
In children, DM resembles the adult disease, except for

more frequent subcutaneous calcifications, vasculitic skin
changes, and extramuscular manifestations.
Patients with inflammatory myopathies have a higher

risk of malignancy than the normal population. Cancer
seems to be more common in patients with DM than in
those with PM (3, 4, 5). In DM, it has been reported to
occur in approximately 30% of cases with a higher occur-
rence in men and in old age (3, 4, 5).
Finally, DM can overlap with other connective tissue

diseases, particularly systemic sclerosis.

Pathological Features

Histopathologically, in DM the inflammation is perivascular
or in the interfascicular septae and around fascicles; the
inflammatory infiltrate consists primarily of B cells, macro-
phages, and CD4þ cells (5, 7). Early in the inflammatory
process, there is activation of the complement that leads to
the formation and deposition of the C5b-C9 complement
membrane attack complex (MAC) on or around the endo-
mysial blood vessels, with consequent capillary necrosis,

TABLE 30.2. Cutaneous manifestations of dermatomyositis.

Skin lesions pathognomonic of DM

1. Gottron’s papules

2. Gottron’s sign

Skin lesions highly characteristic of DM

1. Periorbital violaceous (heliotrope) erythemawith or without associated

edema of the eyelids and periorbital tissue.

2. Grossly visible periungual telangiectasia with or without dystrophic

cuticles.

3. Symmetrical macular violaceous erythema overlying the dorsal aspect

of the hands and fingers (where it can track the extensor tendon

sheaths), extensor aspects of the arms and forearms, deltoids, posterior

shoulders and neck (the shawl sign), V-area of anterior neck and upper

chest, central aspect of the face and forehead.

Skin lesions compatible with DM

1. Poikiloderma atrophicans vasculare (poikilodermatomyositis)

2. Calcinosis cutis

DM: dermatomyositis.
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microinfarcts, inflammation, endofascicular hypoperfusion,
and eventually perifascicular atrophy, which is the character-
istic histological feature of DM. The skin lesions show peri-
vascular inflammation with CD4-positive cells in the dermis;
in chronic stages there is dilatation of superficial capillaries.

Laboratory Abnormalities

High serum levels of muscular enzymes are characteristic
of the disease (5). The most sensitive muscle enzyme is
serum creatine kinase (CK), which increases in the acute
phase. Elevation in serum aldolase, lactate dehydrogenase
(LDH), and aspartate and alanine aminotransferase (AST
and ALT) may also occur. Myoglobin is a protein present
in skeletal and cardiac muscle, but not in other tissues,
whose blood concentration can rise during muscular dis-
eases, and can also be present in the urine. During the
active phases of the disease, serum inflammation indexes
(erythrocyte sedimentation rate (ESR), C-reactive protein)
may also be increased.

Serological Features

Anti-nuclear antibodies are detected in 50% of cases by
indirect immunofluorescence and in 80% by ELISA. Tra-
ditionally, autoantibodies associated with IIM have been
divided into myositis-specific autoantibodies (MSA) and
myositis-associated autoantibodies (MAA), the latter
occurring also in autoimmune diseases without myositis
(10, 11, 12). MSA are present in 30–40% of patients with
DM. Anti-Mi-2 antibodies are directed against a nuclear
protein of 7 subunits, which is part of a protein complex
involved in gene transcription (11). Anti-Mi-2 antibodies
are present in 25% of patients with DM and seem to be
associated with acute onset of disease, good prognosis, and
good response to the therapy (10).

Autoantibodies directed against cytoplasmic aminoacyl
tRNA synthetases, especially anti-hystidil-tRNA synthe-
tase (anti-Jo-1) antibodies, are reported in 10–25% of
patients with DM in association with pulmonary fibrosis
(10, 12). Anti-SRP antibodies are occasionally observed in
DM patients (10). A new antibody to a 155-kd antigen or
Se antigen, which appears to be a marker of ADM, has
been recently described (3). Finally, the most common
MAA in DM is anti-Ro/SSA (10). When other MAA are
detected, an overlap syndrome is suggested (10).

Electromyography

Like in other IIM, needle electromyography (EMG) shows
increased spontaneous and insertional activity with fibril-
lation potential, complex repetitive discharges, positive

sharp waves, small polyphasic motor units potentials
(MUPs), and early recruitment. The amount of sponta-
neous activity reflects an ongoing disease activity. Late in
the course of the disease, insertional activity may be
decreased as a consequence of fibrosis. These abnormal-
ities may be observed in 70–90% of patients; however, they
are not specific because they can be detected in other
muscular diseases.

Muscle Biopsy

Muscle biopsy is the gold standard in the diagnosis of IIM
and is indicated before the beginning of treatment. Gen-
erally, the biopsy is performed in the proximal muscles of
the legs, choosing areas with active muscle involvement.
The characteristic histological findings were reported ear-
lier under the section Pathological Features.

Muscle Magnetic Resonance
Imaging (MRI)

MRI represents the gold standard of the imaging study of
muscle diseases, providing a detailed anatomic view of the
extent of muscle damage. In DM, T2-weighted images and
short-tau inversion recovery (STIR) show symmetric
alterations with edematous aspects, particularly in the
musculature close to the limbs which correlate very well
with the disease activity (4).

Muscular Ultrasound

Muscular Ultrasound (US), although still not widely used, is
a promising noninvasive method which seems to have a high
sensitivity in the diagnosis of myositis (4). In DM, the acute
inflammatory aspects, revealed by US hypoechogenicity,
prevail on muscular hypotrophy/atrophy characteristic of
chronic forms and are shown by US hyperechogenicity.

Diagnostic Criteria

The diagnosis of DM is based on the presence of charac-
teristic skin manifestations associated with inflammatory
myopathy. Skin manifestations are recognized by physical
examination and they do not usually require histological
confirmation. Inflammatory myopathy is suspected on the
basis of clinical features and confirmed by laboratory tests,
including high serum muscle enzyme concentration, elec-
tromyography and muscle biopsy abnormalities. More
recently, autoantibodies (MSA and MAA), muscle MRI,
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and US have been introduced in the diagnostic work-up of
patients with IIM. However, the role of these new investi-
gations in the diagnosis of DM has not yet been clarified.

Several diagnostic criteria for IIM have been proposed;
however, none of them has been properly validated. Bohan
and Peter criteria (1, 2) have been widely accepted and used
till now. They include four muscular criteria (symmetric
proximal muscle weakness, serum elevation of skeletal-
muscle enzymes, the classic EMG and muscle-biopsy
abnormalities of inflammatory myopathy) and one cuta-
neous criterion, i.e. the typical skin rashes of DM
(Table 30.3.). According to these criteria, the diagnosis of
PM is considered definite, probable, and possible in pre-
sence of 4, 3, or 2muscular criteria, respectively, whereas
the diagnosis of DM is considered definite, probable, and
possible when skin rash is associated with 3, 2, or 1mus-
cular criteria, respectively. It is worthy to note that these
criteria incorporate exclusion of other diagnosis. The
Bohan and Peter criteria showed high sensitivity when
tested in patients with PM and DM, and high specificity
when tested against patients with other connective tissue
diseases. However, their specificity has never been evalu-
ated in patients with neuromuscular conditions which may
mimic IIM. One of the major criticisms addressed to
Bohan and Peter criteria was that they cannot distinguish
PM from IBM or other myopathies, particularly dystro-
phies (5), leading to misdiagnosis and inappropriate ther-
apy. Therefore, in order to increase the specificity of
Bohan and Peter criteria, it has been suggested to add
MSA and muscle RMN findings (13). Because the
advances in muscle immunopathology now let us to dis-
criminate among the different inflammatory myopathies,
Dalakas and Hohfeld have recently proposed muscle biop-
sy–based diagnostic criteria (4). One of the most interest-
ing aspects of these new criteria is to have emphasized the
role of the MHC-1/CD8 complex as a specific marker in
differentiating PM and IBM from other muscular diseases,

particularly dystrophies. According to these criteria

(Table 30.4), the diagnosis of DM is definite if myopathy

is accompanied by characteristic rash and histopathology.

If no rash is detected but the biopsy sample is typical for
DM, the diagnosis is probable. Finally, if the typical DM

rash is present but muscle weakness is not apparent, the

clinical diagnosis is ADM. This classification was also

criticized because of a low sensitivity of some items leading

to non-diagnostic muscle biopsy in some patients with
myositis. The major concerns were: the pathogenesis of

myositis is patchy, the reading of the biopsies is subjective,

and the specialized immunopathology testing for CD8 and

MHC-1 is not widely available (14). It has also been argued

that biopsy abnormalities characteristic of PM and DM

are nonspecific (except for perifascicular atrophy) and do

not clearly distinguish PM from DM or any myopathy

with necrosis, including IBM and muscular dystrophies

(15, 16). Even the MHC-1/CD8 complex is not pathogno-

monic of PM because it was occasionally seen in patients

with IBM and dystrophies (15, 16). However, a muscle

biopsy–based diagnostic criteria SEEM to be less useful

for the diagnosis of DM than for PM or IBM. In fact, in

DM skin manifestations, including Gottron’s papules and

sign and heliotrope rash are very specific features, making

the histological diagnosis not always necessary.
A new classification of IIM based on overlap syndrome

features and autoantibodies (MSA and MAA) has been

proposed. This classification was tested in patients affected

with IIM according to Bohan and Peter criteria and seems to

bemore accurate in dividing patients into IIM subcategories,

particularly in distinguishing patients with PM or DM from

those with myositis associated with overlap syndrome (17).
The International Myositis Assessement and Clinical

Study Group (IMACS)—a multidisciplinary coalition of

more than 100 experts in adult and juvenile IIM—has

recently tried to develop a consensus on these issues (18).

Both adult and pediatric specialists agreed that probable

TABLE 30.3. Bohan and Peter diagnostic criteria for dermato-

myositis (Ref. 1, 2).

1) Symmetric proximal muscle weakness determined by physical

examination

2) Elevation of serum skeletal muscle enzymes, including CK, aldolase,

serum glutamate oxaloacetate and pyruvate transaminases, and

lactate dehydrogenase

3) The electromyographic triad of short, small, polyphasic motor unit

potentials; fibrillations, positive sharp waves, and insertional

irritability; and bizarre, high-frequency repetitive discharges

4) Muscle biopsy abnormalities of degeneration, regeneration, necrosis,

phagocytosis, and an interstitial mononuclear infiltrate

5) Typical skin rash of DM. Including a heliotrope rash and Gottron’s

sign/papules

The diagnosis of DM is considered definite, probable, and possible when

skin rash is associated with 3, 2, or 1muscular criteria, respectively.

Exclusion criteria: central or peripheral neurologic diseases, muscular

dystrophies, granulomatous and infectious myositis, metabolic and endo-

crine myopathies, and myastenia gravis.

TABLE 30.4. Dalakas and Hohlfeld diagnostic criteria for
dermatomyositis (Ref. 5).

Criterion Myopathic DM Amyopathic DM

Definite Probable Definite

Myopathic muscle

weakness

Yes Yes No

Serum skeletal

muscle enzymes

High or

normal

High High or normal

Electromyographic

findings

Myopathic Myopathic Myopathic or

non-specific

Muscle biopsy

abnormalities

Perifascicular, perimysial

or perivascular infiltrates;

perifascicular atrophy

Non-specific or

diagnostic for

DM

Rash or calcinosis Present Not

detected

Present

DM: dermatomyositis.
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or definite PM and DM as defined by Bohan and Peter
criteria are appropriate for enrolling patients into clinical
trials. However, in order to rule out other forms of myo-
pathies and to distinguish PM from IBM, abnormal biopsy
results consistent with PM have been considered manda-
tory. Conversely, although experts concurred that Got-
tron’s sign/papules or heliotrope rash alone would be
sufficient to distinguish DM from PM or IBM, adult spe-
cialists were unable to reach a consensus on whether mus-
cle biopsy has to be considered mandatory, and left this
decision to the investigators of the individual clinical trials
(for children, muscle biopsy criteria are not required when
pathognomonic skin rashes are present).

Finally, the diagnosis of ADM has to be made when hall-
mark manifestations of classical DM persist for 6months or
longer with no clinical evidence of proximal muscle weakness
and no serum muscle enzyme abnormalities, provided that
they do not fulfill exclusion criteria, i.e. either the treatment
with systemic immunosuppressive agents for two consecutive
months or longer within the first six months after the skin
disease onset, or the previous use of any drug capable of
inducing isolated DM-like skin changes. This raised the

question of the definition of ‘‘hallmark cutaneous manifesta-
tions of classical DM,’’ and therefore a set of classification
criteria has been proposed (Table 30.5) (19).

Prognosis

As DM is responsive to immunotherapy in most cases, the
prognosis of the disease significantly improved after the
introduction of steroids, immunosuppressants, and/or
Intravenous Immunoglobulin (IV Ig). Early diagnosis
and treatment are crucial for avoiding atrophic changes
of the muscle with consequent loss of function.Mortality is
mostly related to cardiopulmonary disease, malignancies,
and infections.

Prediction

No disease predictive factors have been identified to date.
Factors predictive of a bad prognosis are old age at onset,
myositis severity, dysphagia, cardiac and pulmonary involve-
ment, poor response to therapy, and the presence of malig-
nancy (3). CK levels and the extent of muscular involvement
at onset do not seem to be determinants for the prognosis.

Therapy

Corticosteroids remain the elective drugs for the treatment
of DM (3, 4, 5). Starting therapy consists of prednisone
1–2mg/Kg orally for 2–4weeks, and then it should be
gradually tapered to the lowest effective dosage. In some
cases, IV methylprednisolone may be considered.
Among the immunosuppressants,methotrexate (7.5–20mg/

week), azathioprine (1.5–2.5mg/kg/day), and cyclophospha-
mide (1–2mg/kg/day orally or 0.75–1g/m2 intravenously per
month for 5–6months) are currently used (3, 4, 5, 20). In some
cases, cyclosporine A (3–4mg/kg/day) has also been reported
to be efficacious alone or in association with other immuno-
suppressants. Emerging evidence points to the efficacy of
different immunosuppressive agents (mycophenolate mofetil
and tacrolimus), biological agents (tumor necrosis factor-
TNF inhibitor and anti-CD20), and IV Ig (2g/kg/month) (20).
The cutaneousmanifestations ofDMmay be triggered or

worsened by exposure to ultraviolet light and therefore the
avoidance of excessive sun exposure and the use of sunsc-
reens are required. Moreover, cutaneous manifestations
may be controlled by the application of topical corticoster-
oids or the more recent class of calcineurin inhibitors, such
as tacrolimus and pimecrolimus (3). Antimalarials, such as
hydroxychloroquine sulfate or choroquine phosphate, may
be used in patients with ADM and in resistant cases may be
associated with quinacrine (3).

TABLE 30.5. Proposed minimal set of hallmark cutaneous man-
ifestations ofDM for the purpose of defining amyopathic DM for

future clinical studies.

Major cutaneous criteria:
l ‘‘Heliotrope rash’’
l Gottron’s papules
l Gottron’s sign of DM

Minor cutaneous criteria
l Macular violaceous erythema (with or without associated scale/

hyperkeratosis, pigmentary change, and/or telangiectasia) involving:
l Scalp and/or anterior hairline
l Malar eminences of face and/or forehead and/or chin
l V-area of neck and/or upper chest (open collar area; V-sign)
l Nape of the neck and/or posterior aspects of shoulders (shawl sign)
l Extensor surfaces of the arms and/or forearms
l Linear streaking overlying extensor tendons of the dorsal aspects of

the hands
l Periungual areas
l Lateral surface of thighs and/or hips
l Medial malleoli

(Involvement of each of the above anatomical region qualifies as a single

minor criterion)
l Periungual nailfold telangiectasia and/or cuticular hemorrhage/

infarct and/or dystrophic cuticles
l Poikiloderma (concurrence of hyperpigmentation,

hypopigmentation, telangiectasia, and superficial atrophy)
l Mechanic’s hand lesions
l Cutaneous calcinosis
l Cutaneous ulcers
l Pruritus and/or cutaneous burning sensation

The hallmark cutaneous manifestations of DM will be presumed to be

present if the following conditions are met: presence of two major criteria

or one major criterion and two minor criteria (biopsy of at least one skin

lesion should show changes consistent with cutaneous DM).
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31
Clinically Amyopathic Dermatomyositis

Richard D. Sontheimer, Pedram Gerami and Hobart W. Walling

Abstract There has been increased interest recently in the concept of dermatomyositis (DM) skin disease occurring for

unusually long periods (<6months) without the development of muscle weakness (i.e., amyopathic DM [syn. DM sine

myositis]). This interest has been heightened by the realization that adult-onset clinically amyopathic DM (CADM) and

classic DM patients might have similar levels of risk for systemic complications such as interstitial lung disease and

internal malignancy. Contrastingly, in juvenile-onset CADM, patients might have a significantly lower risk of the

complications of severe calcinosis and cutaneous vasculitis compared with those with juvenile-onset classical DM. This

chapter will provide an overview of the diagnostic criteria for CADM, a comparison of the clinical and laboratory

features of CADM and classical DM, and a discussion of management issues of DM skin disease including topical and

systemic therapy.

Keywords Dermatomyositis � amyopathic � hypomyopathic � sine myositis

Description of the Disease

Over the past 15 years, there has been a widening interest

within the dermatology community in the concept of

DM skin disease occurring for unusually long periods

of time without the development of muscle weakness

(i.e., DM sine myositis). This interest was sparked in

part by the renaming of DM sine myositis as ‘‘amyo-

pathic DM’’1 in order to direct attention to the need for

more work in this area (1). The concept of ‘‘amyopathic

DM’’ then evolved into one of ‘‘clinically- amyopathic

DM’’ (CADM) (see Table 31.1 for definitions) (2). Our

recent work in this area has demonstrated that there are

important similarities and differences in CADM patients
relative to classic DM patients. Importantly, adult-onset

CADM and classic DM patients might have a similar

risk for systemic complications such as interstitial

lung disease and internal malignancy. Contrastingly, in

juvenile-onset CADM, patients might have a signifi-

cantly lower risk of the complications of severe calcinosis

and cutaneous vasculitis compared with patients with

juvenile-onset classical DM (3, 4).
Further interest in CADM has developed as a result of

the realization that it is not as rare as previously thought.

Before 1990, DM sine myositis was thought to be an

extremely rare entity as reflected by the fact that there

was virtually no written record of it in the medical litera-

ture. In the early 1990s, amyopathic DM was estimated to

account for 10–20% of the DM patients seen in Dermatol-

ogy clinics at USA academic healthcare centers. Today,

CADM patients are recognized to account for even higher

percentages of the DM patients.
The authors of this chapter have recently presented sys-

tematic reviews of the published literature on adult-onset

CADM (5) and juvenile onset CADM (3). This chapter will

summarize these and related efforts to better understand the

clinical and prognostic significance of CADM.

Diagnostic Criteria

The definitions of amyopathic DM and CADM, as pre-

sented in Table 31.1, hinge upon the presence of the hall-

mark inflammatory cutaneous manifestations of DM.

1 A designation originally coined by the rheumatologist, Carl
M. Pearson, M.D. who was a highly visible leader in the field of
DM/PM research in the United States during the second half of
the 20th century.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_31,

� 2008 Humana Press, Totowa, NJ
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Experienced dermatologists and rheumatologists have lit-

tle difficulty in recognizing these hallmark skin changes of
DM and distinguishing them from cutaneous manifesta-
tions of related disorders such as lupus erythematosus

(LE). However, it is curious that the minimal set of indivi-
dual DM skin changes that must be present in order to
justify a diagnosis of cutaneous DM (syn. DM-specific

skin disease) has never been agreed upon. One of the
authors of this chapter (RDS) previously proposed an
approach to identifying a minimal set of hallmark cuta-

neous manifestations of DM for defining amyopathic DM
for research studies (4) (Table 31.2). However, to date
there has been no formal effort to test and validate this

approach.
Some clinicians, including the authors of this chapter,

feel that some of the individual hallmark skin changes of
DM are pathognomonic of this illness (e.g. the concurrent
presence of Göttron papules and periungual/nail fold
telangectasia) while others are highly characteristic (eg,

periorbital heliotrope erythema, Göttron’s sign). It is this

diagnostic certainty of the hallmark skin lesions of DM
with characteristic histologic changes that has led to the
concept of DM skin disease existing in some individuals

for long periods of time as isolated clinical entities (i.e.
amyopathic DM and hypomyopathic DM).
The early definition of amyopathic DM was the pre-

sence of biopsy-confirmed hallmark skin changes of DM
for 6months or longer without clinical evidence of prox-

imal muscle weakness or muscle enzyme abnormalities (6).
This definition was subsequently criticized by others on the
basis that had more extensive muscle testing been carried

out in such patients not exhibiting weakness (e.g., electro-
myography [EMG], muscle biopsy, magnetic resonance
imaging, muscle spectroscopy, muscle ultrasonography),

subclinical evidence of myositis might be identified. And in
fact that is the case in some patients. This resulted in the
addition of the term ‘‘hypomyopathic DM’’ to the DM
lexicon and the coining of the umbrella designation

TABLE 31.1. Definitions of terms relating to cutaneous DM.a

Terms(abbreviation) Definitions

Amyopathic DM (ADM)b A subset of DMpatients characterized by biopsy-confirmed hallmark cutaneousmanifestations of

classical DM occurring for 6months or longer with no clinical evidence of proximal muscle

weakness and no serummuscle enzyme abnormalities. If more extensivemuscle testing is carried

out, the results should be within normal limits (if such results are positive/abnormal, the patient

can be classified as having ‘‘hypomyopathic dermatomyositis’’ [see below]). Exclusion criteria

for amyopathic DM include:

1. Treatment with systemic immunosuppressive therapy for two consecutive months or longer

within the first six months after skin disease onset (such therapy could prevent the

development of clinically significant myositis).

2. Use of drugs known to be capable of producing isolated DM-like skin changes

(e.g., hydroxyurea) at the onset of cutaneous changes.

Classical DM (CDM)b Patients having the hallmark cutaneous manifestations of DM, proximal muscle weakness, and

objective evidence of muscle inflammation characteristic of DM.

Clinically-amyopathic DM (CADM)b An umbrella designation used to refer to amyopathic DM and/or hypomyopathic DM patients as

defined here (i.e., clinically amyopathic DM = amyopathic DM þ hypomyopathic DM). This

designation was coined to emphasize the fact that the predominant clinical problem is skin

disease in patients so affected.

Clinically amyopathicDM evolving into classical

DM (CADM! CDM)b
A working designation for those individuals in whom the onset of clinically significant muscle

disease (i.e., weakness) appears greater than 6months after an initial disease presentation as

CADM.

Cutaneous DM A clinicopathological pattern of skin change seen only in DM (syn. hallmark cutaneous lesions of

DM)

DM siné myositisb A term of primarily historical significance that is synonymous with amyopathic DM.

Hallmark cutaneous lesions of DM Skin lesions that alone or in combination are seen only in patients with some form of DM (syn.

cutaneous DM)

Hypomyopathic DMb Patients with cutaneous DM and no clinical evidence of muscle disease (i.e., weakness) that are

found to have subclinical evidence of myositis upon laboratory, electrophysiological, and/or

radiological evaluation.

Idiopathic inflammatory dermato-myopathies

(IIDM)

A more inclusive umbrella designation proposed by one of the authors (RDS) for the spectrum of

illness that is currently referred to conventionally as the ‘‘idiopathic inflammatory myopathies’’

Idiopathic inflammatory myopathies

(IIM)

The traditional umbrella designation for the spectrum of illness that results from characteristic

clinicopathological patterns of autoimmune inflammatory injury of skin and skeletal muscles.

Premyopathic DM (PRPDM)b A holding designation for patients having hallmark DM skin lesions without muscle weakness for

less than 6months.

aAdapted from prior publication (2) with publisher’s permission.
b Each of the indicated DM clinical subgroups can be subcategorized according to age of onset, i.e., adult-onset clinically amyopathic DMand juvenile-

onset clinically amyopathic DM.
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‘‘CADM’’ to emphasize the fact that while hypomyopathic
DM patients might have abnormalities on muscle testing
their only clinically manifest problem is DM-specific skin
disease for extended periods of time. It might be presumed
that patients with hypomyopathic DM would be at high
risk for subsequently developing frank muscle weakness
due to myositis. However, to date this has not been found
to be the case (5, 3). In fact in our extensive review of the

literature, patients with HDM often continued to be
asymptomatic after prolonged periods of follow-up.

Tools for Assessing Cutaneous Disease
Activity and Injury

Progress in better understanding the clinical significance
and optimal management of DM skin disease has been
hindered by the absence of validated tools for assessing
changes in skin disease activity and injury. Werth and
coworkers have recently begun to address this issue by
developing the Cutaneous Dermatomyositis Disease Area
and Severity Index (CDASI) (7).
This instrument was patterned after the Cutaneous Lupus

Activity and Severity Index (CLASI), which has been shown
to be a valid and reproducible measure of cutaneous LE
disease activity and injury (8). The CDASI was recently
compared with two other preliminary indices relating to
dermatomyositis skin disease activity, the DM Skin Severity
Index (DSSI), and the DM Cutaneous Assessment Tool
(CAT). In a systemic comparison of these three instruments
by 10 dermatologists in 16DM patients, the CDASI was
found to be the optimal outcome measure for studies of
cutaneous DM (7). Validated instruments such as these
that reproduciblymeasure changes inDMskin disease activ-
ity and injury over time provide a new outcome measure for
future clinical trials of DM.

Comparison of Features in CADM
and Classical DM

Table 31.3 presents a comparison of the signs and symp-
toms of CADM patients to those with classical DM. A
comparison of laboratory findings of CADM patient to
those of classical DM patients is presented in Table 31.4.

Can the Course of the Disease
be Predicted?

CADM is currently a clinical diagnosis supported by cuta-
neous histopathological findings (the clinical and histopatho-
logical manifestations of CADM are indistinguishable from
those of classical DM). As such, there is currently no way to
predict the initial appearance of CADM. Preliminary studies
have suggested that individuals who develop CADM might
have an immunogenetic predisposition that is different from
that of patients with classical DM. However, the predictive
value of several autoantibody specificities that have been
suggested in preliminary studies to be associated with
CADM (eg, 155kDa, 140kDa, Se) (9, 10) has yet to be
determined.

TABLE 31.2. A proposed minimal set of hallmark cutaneous
manifestations of DM needed for defining amyopathic DM for

future clinical studies.a

For this purpose, the hallmark cutaneous manifestations of DM will be

presumed to be present if the following conditions are met: Presence of two

major criteria or one major criterion and two minor criteria. (A biopsy of at

least one skin lesion should show changes consistent with cutaneous DM.)

ªMajor cutaneous criteria:

& Heliotrope erythema

Macular violaceous erythema with or without associated scale of the

eyelids and/or periorbital skin. Secondary or associated cutaneous

findings such as scale, pigmentary change, telangiectasia and/or edema

can also be present.
& Gottron’s papules

Violaceous papules or small plaques overlying the dorsal or dorsal-lateral

aspects of interphalangeal and/or metacarpophalangeal joints. When

fully formed, these papules become slightly depressed at the center

which can assume a white, lacy appearance. Associated scale/

hyperkeratosis, pigmentary change, and/or telangiectasia may be

present.
& Gottron’s sign

Macular violaceous erythema with or without associated scale/

hyperkeratosis, pigmentary change, and/or telangiectasia involving

extensor aspects of the knuckles and/or elbows and/or knees and/or

medial malleoli.

ªMinor cutaneous criteria:

& Macular violaceous erythema (with or without associated scale/

hyperkeratosis, pigmentary change, and/or telangiectasia) involving:
l Scalp and/or anterior hairline
l Malar eminences of face and/or forehead and/or chin
l V-area of neck and/or upper chest (open collar area; V-sign)
l Nape of the neck and/or posterior aspect of shoulders (shawl sign)
l Extensor surfaces of the arms and/or forearms
l Linear streaking overlying extensor tendons on the dorsal aspects of

the hands
l Periungual areas
l Lateral surface of thighs and/or hips (holster sign)
l Medial malleoli

(involvement of each above-mentioned anatomical region qualifies as a

single minor criterion)
& Periungual nailfold telangiectasia and/or cuticular hemorrhage/infarct

and/or dystrophic cuticles
& Poikiloderma (concurrence of hyperpigmentation, hypopigmentation,

telangiectasia, and superficial atrophy)
& Mechanic’s hand lesions
& Cutaneous calcinosis
& Cutaneous ulcers
& Pruritus

a This criteria set was originally presented and discussed at the Third

Annual Meeting of the Medical Dermatology Society in San Francisco

on March 20th, 1997.

Table reprinted here from prior publication (4) with the publisher’s

permission.
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Therapy and Prevention

When possible, the hallmark inflammation skin changes of
cutaneousDM should bemanaged with sun avoidance and

sun protection including the use of broad-spectrum,

photostable sunscreen having a sun protection factor of

30 or more. Local therapy should begin with topical corti-

costeroids and topical antipruritics. Typically, stronger

topical corticosteroid preparations (class I-II) are

required. Solution, spray, or foam-based corticosteroid

preparations are best for pruritic scalp involvement while

creams, ointments, and gels are best for other areas of the

body. Nonsteroidal topical immunomodulators such as

tacrolimus ointment and pimecrolimus cream can be used

in steroid-sensitive areas such as the periocular tissue, face,

and intertriginous areas.
However, most patients with active cutaneous DM will

require some form of systemic therapy to control the

inflammation and pruritus (11). Systemic corticosteroids

when indicated for systemic disease activity such as myo-

sitis or interstitial lung disease can be of benefit for the

cutaneous inflammation. However, because of associated
adverse effects, long-term systemic corticosteroids should

not be relied upon when treating isolated DM skin disease.

Other agents that can be of benefit include single-agent or

combination therapy with the aminoquinoline antimalar-

ials (hydroxychloroquine, chloroquine, quinacrine). In
addition, Dapsone can provide a steroid-sparing effect

for cutaneous DM activity in patients with mild to limited

forms of skin disease. Oral therapy with long-acting, non-

sedating antihistamines during the day (e.g. cetirizine, fex-

ofenadine) and long-acting sedating antihistamines during

the evening (doxepin) can also provide symptomatic ben-

efit while trying to control the active inflammation with the

above-mentioned immunomodulatory agents.
Some patients with widespread, highly symptomatic,

refractory forms of cutaneous DM can experience psycho-

social and occupational disability unless the skin disease

activity is controlled. Such patients might require tradi-

tional systemic immunomodulatory therapy with agents
such as high-dose intravenous immunoglobulin, metho-

trexate, azathioprine, and/or mycophenolate mofetil.

Anecdotal evidence would suggest that different classes

of recombinant biological immunomodulators might

also be of benefit for refractory cutaneous DM (e.g.,

TNF-alpha inhibitors—etanercept, infliximab, adalimu-

mab; memory B-cell depleters—retuximab; costimulatory
pathway inhibitors—efalizumab).

TABLE 31.3. Comparison of signs and symptoms (numerals
represent %).

CADMa Classical DMb

Adult-

onset

Juvenile-

onset

Adult-

onset

Juvenile-

onset

Hallmark skin lesions 100c 100c 100c 100c

Clinically evident

muscle weakness

0c 0c 100c,d 100c,d

Male/female ratio 27/73 8/9 1/2 1/2

Interstitial lung

disease

13 0 10–40 rare

Risk of internal

malignancy

14 NSe 20 NS

Calcinosis cutis Rare 4 20f 50f

Pruritus Frequent Frequent Frequent Frequent

Photosensitivity NR NR 30–50 NR

Late onset weakness

(>6mos)

13 26 NAg NA

Cutaneous

vasculopathy

0 0 10f 20f

aData from references (5, 3).
b Consensus values from general rheumatology and dermatology literature.
c By definition.
d The Bohan and Peter classification of DM requires the presence of the

hallmarkDMrash plus one ormore of the following criteria: (a) symmetric

muscle weakness, (b) muscle biopsy evidence of myositis, (c) elevation of

muscle enzymes, and (d) electromyographic evidence of myositis. (Definite

DM—three of the four criteria plus rash; probable DM—twoof the criteria

plus rash; possible DM—one criterion plus rash.) Thus, it is theoretically

possible tomake a diagnosis of classicalDMwithout the presence ofmuscle

weakness. However, it has been the authors’ experience that many modern

rheumatologists would probably question the diagnosis of DM in the

absence of a typical pattern of symmetrical muscle weakness. Therefore,

CADM patients have traditionally been excluded from modern epidemio-

logical studies of DM performed outside of Dermatology.
e Not significantly elevated.
f Rates dependent upon length of period of observation.
g Not applicable.

TABLE 31.4. Laboratory findings in CADM and classical DM
(numerals represent %).

CADM Classical DM

Adult-

onset

Juvenile-

onset

Adult-

onset

Juvenile-

onset

Elevated creatine

kinase

38a 33 85 85

Elevated ESRb 25 22 50 50

Autoantibodies

ANA 63 53 40–60 50–80

Jo-1 4 0 20 5

Mi-2 NRc NR 15 5

140 kD 100d NR 15d NR

155 kD 74e NR 21d 29d

Se 60e NR NR NR

aBy definition, all patients with amyopathic DM have normal muscle

enzymes. In our systematic reviews of the CADM patients having the

hypomyopathic DM subphenotype, 14 of 37 (38%) adult-onset patients

and 1 of 3 (33%) juvenile-onset patients had elevated creatine kinase

levels.
b Erythrocyte sedimentation rate.
cNot reported.
d Single unconfirmed report.
eUnconfirmed preliminary observation (9).
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There was an initial current of thought that early aggres-
sive systemic therapy of CADMpatients might prevent the
subsequent delayed development of clinically significant
muscle weakness. However, the preponderance of the pub-
lished data to date addressing this issue would suggest that
this is not the case and that both adult-onset and juvenile-
onset CADM patients should be managed conservatively
with symptomatic measures and carefully observed for the
appearance of any systemic manifestations/associations of
DM (muscle weakness, interstitial lung disease, internal
malignancy) (5, 3). This is particularly important because
juvenile CADM patients do not typically develop the
severe degree of calcinosis or vasculitis that is character-
istic of juvenile classic DM. At the outset of their illness,
adult-onset CADM patients like adult-onset classical DM
patients should undergo a careful surveillance examination
for associated internal malignancy. Such exams should be
repeated every 6–12months for several years after the
initial presentation of DM.
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32
Sporadic Inclusion Body Myositis

Josep M. Grau and Albert Selva-O’Callaghan

Abstract Sporadic inclusion body myositis (sIBM) is the most common acquired muscle disease in elderly individuals,
particularly men. Its prevalence varies among ethnic groups, but it is estimated at 35 per onemillion people over 50 years.
Genetic as well as environmental factors and autoimmune processes might both have a role in its pathogenesis. Unlike
other inflammatory myopathies, sIBM causes very slowly progressive muscular weakness and atrophy. It has a
distinctive pattern of muscle involvement and different forms of clinical presentation. In some cases a primary
autoimmune disease coexists. Diagnosis is suspected on clinical grounds and is established by a typical muscle pathology.
The rule for sIBM is its refractoriness to conventional forms of immunotherapy.

Keywords Inclusion body � myositis � myopathy � inflammation

Sporadic inclusion body myositis (sIBM) is one of the three
main subsets of inflammatory myopathies, the other two
being polymyositis and dermatomyositis. Although in all
these conditions there are inflammation in the endomysium,
muscle fibernecrosis, elevationof serummuscle enzymes, and
varying degrees of muscle weakness, sIBM is often misdiag-
nosed as polymyositis. sIBM should be distinguished from
hereditary inclusion body myopathies (hIBM) in which his-
tologic and ultrastructural findings resemble those of sIBM
with one clear exception: the absence of inflammation.

Epidemiology

The prevalence of sIBM is estimated at between 4.5 and 9.5
per one million rising to 35 per million for people over
50 years old. A number of discrepancies suggest that these
numbers underestimate the true prevalence of this myo-
pathy. On the basis of clinical reports from reference cen-
ters worldwide, it seems that sIBM is the most common
acquired myopathy in patients above 50 years, affecting
men slightly more frequently than women (1, 2).

History

In 1971, Yunis and Samaha coined the term IBM for
the definition of a myopathy that clinically resembled a
chronic polymyositis but was pathologically characterized

by the presence of vacuoles containing cytoplasmic degra-
dation products with fibrillary nuclear and cytoplasmic
inclusions. A few years earlier, some authors had reported
clinical cases suggestive of IBM. Since then, large series of
patients have been described.

Pathogenesis

Although the underlying cause of sIBM is unclear, it seems
that at least two processesmight occur in parallel: a primary
immune process becauseofT-cell-mediated cytotoxicity and
a non-immune process characterized by vacuolization and
intracellular accumulation of amyloid-related molecules
probably because of MHC-class I-induced stress (2).
Recently, Choi et al. (3) demonstrated the elevated

expression of transglutaminases 1 and 2 in the vacuoles
of sIBM, co-localized with amyloid-related proteins. They
suggest that these enzymes participate in the formation of
insoluble amyloid deposits and may thereby contribute to
progressive and debilitating muscle disease. This topic has
recently been explored by Selva et al. (4) with interesting
results. Genetic factors are presumed to play a role in
sIBM based on an association between sIBM and certain
human leukocyte antigen (HLA) genes, in particular
HLA-DR3. This association is present in nearly 75% of
the cases, but this figure may vary in different ethnic
groups (2, 5, 6).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_32,

� 2008 Humana Press, Totowa, NJ
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Clinical Manifestations

sIBM causes weakness and atrophy of the distal and prox-
imal muscles, and involvement of the quadriceps and deep
finger flexors are clues to early diagnosis. The pattern is
sometimes asymmetric resembling a motor neuron disease.
Neck flexors and extensors are frequently affected. Heat
drop and camptocormia (selective atrophy and weakness
of paraspinal muscles) may occur, even as a form of clinical
presentation. Dysphagia occurs in up to 60% of patients
with sIBMandagainmaybe the formof presentation in rare
cases. Sensory function is normal aswell are tendon reflexes,
but they become diminished or absent as the atrophy of
major muscles occur. The clinical course is always chronic
or very chronic, lasting for years after the onset of symptoms
and the diagnosis of the disease. Disease progression is slow
but steady resembling that of a muscular dystrophy.

Differential Diagnosis

sIBM is often misdiagnosed as polymyositis or other dis-
eases and is frequently only suspected retrospectively when
a patient with presumed polymyositis does not respond to
therapy. In a patient complaining of falls because of weak-
ness at the knees and feet with atrophic thighs and without
paresthesias or cramps the most plausible diagnosis is
sIBM. Useful data regarding differential diagnoses are
summarized in Table 32.1.

Pathological Features

The common findings in muscle biopsy are perivascular
and endomisial inflammatory infiltrates of varying degrees,
rimmed vacuoles in atrophic fibers (Figure 32.1), the pre-
sence of partial cellular invasion by CD8 cells, frequent
cytochrome oxidase (COX)-negative cellules, amyloid
deposits, and the upregulation of MHC-class I antigens in
healthy muscle cells. Nuclear and/or cytoplasmic filamen-
tous inclusions of 16–20 nm are seen in electron microscopy
examination (7) (Figure 32.2). On some occasions, an

additional muscle biopsy must be performed if pathological
changes are suggestive but not consistent.

Biochemical Features

Creatine kinase (CK) serum levels are moderately elevated

but can be normal. Unlike other inflammatory conditions,

acute phase reactants are normal in sIBM.

Serological Features

Different autoantibodies can be detected in a percentage of
sIBM patients. Antinuclear antibodies (20%), rheumatoid

factor (13%), anticardiolipin antibodies (10%), and anti-Ro
antibodies (10%) are themost frequently reported. In about

10% of the cases dysproteinemia can also be detected (8).

TABLE 32.1. Differential diagnoses (prominent data
for each condition).

Motor neuron disease:

Hyperreflexia, cramps, fasciculations

Typical EMG

Polymyositis:

Subacute (weeks to months)

Proximal and symmetrical muscle weakness

High CK levels

Vacuolar myopathies (myofibrillar myopathies, hIBM):

Lack of inflammation, negative MHC-HLA-class I

FIGURE 32.1. Rimmed vacuoles in two muscle fibers. Note also
the marked variability in fiber size and the excess of connective

tissue. Gomori’s trichrome in frozen tissue.

FIGURE 32.2. Cytoplasmic filamentous inclusions in a case of
sporadic inclusion body myositis (sIBM). Electron-microscopy.
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Associated Immune Disorders

Several autoimmune disorders have been reported in asso-
ciation with sIBM (2, 8, 9, 10), including pernicious anemia,
dermatitis herpetiformis, psoriasis, Sjögren’s syndrome,
SLE, rheumatoid arthritis, common variable immunode-
ficiency, idiopathic thrombocytopenic purpura, Hashimo-
to’s thyroiditis, dermatomyositis, and gluten sensitivity
enteropathy. Unlike dermatomyositis, sIBM should not
be considered as a paraneoplastic condition.

Diagnostic Criteria

The definite diagnostic procedure is a biopsy of the muscle.
Although pathological features individually are all non-
specific and can also be seen in othermyopathies and neuro-
genic disorders, their co-occurrence in the same biopsy
allows the diagnosis of sIBM. Table 32.2 shows the pro-
posed diagnostic criteria for sIBM.The criteria for diagnosis
of sIBM were first proposed by Griggs et al. in 1995, with
minor modifications in 2002 and were finally reviewed by
Dalakas in 2007. Table 32.3 presents the diagnostic cate-
gories (definite, probable, and possible sIBM) (1, 2, 11).

Prognosis

The severity of the disease is poorly associated with the
degree of inflammatory changes found in muscle biopsies,
and although treatment with corticosteroids might reduce

the inflammation, it does not stop the degenerative
changes and has little or no effect on the degree of weak-
ness. sIBM is a relentlessly progressive disorder: most
patients requiring a walking aid after 5 years and the use
of wheelchair by about 10 years. sIBM patients often die
because of a complication of their debilitating progressive
disease (aspirative pneumonia) or for an unrelated
condition.

Therapy

Most patients do not respond to antiinflammatory, immu-
nosuppressant, or immunomodulatory drugs currently
available. Corticosteroids, cytotoxic drugs, intravenous
immunoglobulins, antithymocyte globulin, and cytokine-
based therapies have been used with poor results on
follow-up (1, 2). A small proportion of patients do respond,
at least initially, and this probably represents a subgroup in
whom the disease is diagnosed early and/or is associated
with a primary autoimmune condition (12). In some
centers, an initial 3- to 6-month trial of prednisone and
methotrexate or azathioprine is recommended.
Other empirical therapies such as coenzyme Q10, carni-

tine, and even statins have been used or are under investi-
gation. Exercise therapy and orthotic appliances have
confirmed their efficacy in stabilizing muscle strength
and functional ability.
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33
Antisynthetase Syndrome

Ira N. Targoff

Abstract Autoantibodies to many of the aminoacyl-transfer RNA synthetases have been identified, the most common of
which is directed at histidyl-tRNA synthetase (anti-Jo-1).Most individual patients have AuAbs to only one of these enzymes,
but each autoantibody has been associated with a similar set of clinical manifestations including inflammatory myopathy,
interstitial lung disease, arthritis, Raynaud’s phenomenon, andmechanic’s hands. The antisynthetaseswere first recognized as
myositis, autoantibodies, and myositis is present in over 95% of anti-Jo-1patients in most studies, but some patients have
interstitial lung disease, or occasionally arthritis, without myositis, particularly those with certain of the non-Jo-1 antisynthe-
tases. Clinically similar myositis and other connective tissue disease features can occur in association with other autoanti-
bodies, but when associated with an antisynthetase autoantibody, it has been referred to as the antisynthetase syndrome.
Patients often do not have all features of the syndrome. Although there are no defined criteria for this condition, patients with
two major clinical features along with the autoantibody could reasonably be considered to have the syndrome. Identifying
patients as having antisynthetases may be helpful in diagnosis, patient characterization, and patient management.

Keywords Polymyositis � interstitial lung disease � autoantibodies

Introduction

The aminoacyl-tRNA synthetases (aaRS) are cellular
enzymes that catalyze the binding of an amino acid to a
corresponding transfer RNA. The amino acid can then be
incorporated into a polypeptide chain at the ribosome.
Each amino acid has a separate aaRS enzyme, which
must be distinct enough to enable it to specifically recog-
nize the amino acid and the transfer RNAs for that amino
acid, in order to maintain the fidelity of the translation
process. These enzymes are immunologically distinct;
autoantibodies (AuAbs) to one of the enzymes generally
do not cross-react with other aaRSs, and most patients
with AuAbs to one of the enzymes do not have AuAbs to
others, with occasional exceptions. However, the clinical
pictures observed in association with each of the described
anti-aaRS AuAbs have shared very significant similarities,
leading to the use of the term ‘‘antisynthetase syndrome’’.

History

Anti-Jo-1 AuAbs, named for the prototype patient, were
first described in 1980 using immunodiffusion against calf
thymus extract, as the most common precipitin among

patients with polymyositis (PM) (1). It was determined
that anti-Jo-1was directed against histidyl-tRNA synthe-
tase when protein A-assisted immunoprecipitation showed
the antigen to be a protein associatedwith a specific transfer
RNA, identified as a transfer RNA for histidine, and that
the AuAbs specifically inhibited the activity of the histidyl-
tRNA synthetase but not other aaRSs (2). Subsequent
reports confirmed the strong association of anti-Jo-1with
inflammatory myopathy in different populations, particu-
larly clinical PM (3). In addition, early reports noted the
marked increase in interstitial lung disease (ILD) in anti-Jo-
1-positive compared with antibody-negative myositis, and
later, an increase in other extra-muscular, connective tissue
disease features was observed (Table 33.1) (4, 5). Shortly
thereafter, two other AuAbs that immunoprecipitated
different sets of transfer RNAs were shown by specific
inhibition to be directed at threonyl-tRNA synthetase
(anti-PL-7, for ‘‘precipitin line’’) and alanyl-tRNA synthe-
tase (anti-PL-12) (5, 6). Three other antisynthetases have
since been found by using similar methods of immunopre-
cipitation of proteins and transfer RNAs, and specific
enzyme inhibition (autoantibodies to gly-RS, ile-RS,
asn-RS (7, 8)), and later confirmed by demonstrating reac-
tion with recombinant proteins and/or microsequencing
techniques. A preliminary report identified AuAbs to

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_33,

� 2008 Humana Press, Totowa, NJ
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tyrosyl-tRNA synthetase using immunoprecipitation,
enzyme inhibition, and mass spectrometry for microsequen-
cing (9). Most recently, AuAbs reacting with phenylalanyl-
tRNA synthetase were described, that immunoprecipitated
the a and b components, whichwere independently identified
by mass spectroscopy (10). Seven of these 8 antisynthetases
were initially found in patients who had myositis, and anti-
KS was later found in myositis patients (8). Each AuAb has
also been seen in association with ILD (alone or with
myositis).

Epidemiology

Several studies have found the frequency of anti-Jo-1 in
adult inflammatory myopathy to be in the range of 20%
(4, 11). Of the AuAbs considered to be relatively ‘‘myositis-
specific’’ (MSAs), anti-Jo-1 has consistently been the most
frequent overall. In most populations, the non-Jo-1 anti-
synthetases are each individually, and usually collectively,
much less frequent than anti-Jo-1. Each is usually present
in<1%–5% ofmyositis patients. The relative frequency of
the different non-Jo-1 anti-synthetases has varied in

different populations. Some studies suggest anti-EJ may

be more common in Asian populations.

Clinical Manifestations

In most studies, myositis has been the most consistent and

frequent clinical manifestation in anti-Jo-1 patients,

usually present at some point in the course in the range

of 95% (93–100%). Clinical PM, as defined by the Bohan

and Peter criteria (see chapter on PM), is usually the most

common form associated with anti-Jo-1 (3, 12), but typical

dermatomyositis (DM) can occur, and in some studies can

be as common (4). In some studies, groups with non-Jo-1

antisynthetases, such as anti-EJ, have had more DM than

PM. Studies suggest that this also may vary with the popu-

lation studied. Antisynthetases occasionally occur in juve-

nile myositis, but in a considerably smaller proportion

than in adult myositis. There have been very rare reports

in inclusion body myositis; in one reported case, the
clinical course was more typical of PM (13). As compared

to patients without the antibodies, the myositis of

TABLE 33.1. Anti-synthetases autoantibodies.

Name Antigen

Molecular

weight

(kDa)a Test

Frequency

(%)b HLAc Clinical Comments (Ref)

Jo-1 Histidyl-tRNA

synthetase

-tRNAhis

50 ID; IPP;

WB;

EIA

18–20 (6%

for

tRNA)

HLA-DR3

HLA-DQA1

*0501 or

*0401

Myo(95); ILD(80); Arth(60);

RP(60); MH(70); Fever

1) PM >DM

2) Adult > child

3) anti-tRNA only

with anti-enzyme

PL-7 Threonyl-tRNA

synthetase

80 ID; IPP;

EIA

<3 HLA-DQA1

*0501 or

*0401

(see Jo-1) May have more DM

than anti-Jo-1

PL-12 Alanyl-tRNA

synthetase

-tRNAala

110 ID; IPP;

EIA

<3 (<3 for

tRNA)

(Similar to

PL-7)

(see Jo-1; lower frequency

myo, 60–80%- less in

Japan)

Most anti-enzyme

have anti-tRNA

OJ Isoleucyl-tRNA

synthetase

Multi-enzyme

complex

150

170 130

75

IPP; WB;

AAI

<2

<1

(Similar to

PL-7)

(see Jo-1; Lower freq myo) Ile-RS usual main

antigen;

leu-RS, lys-RS can

be seen with ile-RS

EJ Glycyl-tRNA

synthetase

75 IPP; WB <2 (Similar to

PL-7)

(see Jo-1) More DM than anti-

Jo-1

KS Asparaginyl

-tRNA

synthesis

65 IPP <2 (see Jo-1; less myo) Some with only ILD

YRS Tyrosyl-tRNA

synthetase

IPP <1 Myo þ ILD Single patient

preliminary report

Zo Phenylalanyl-

tRNA

synthetase

IPP <2 Myo þ ILD Single patient report

aMolecular weight is that of subunits (His-tRNA synthetase is a dimer of 50 kDa subunits).
b Frequency is that in all myositis in most US studies. Percents are estimated from available studies and experience.
c In Japanese patients, anti-synthetases were associated with HLA-DQA*0102 and *0103.

Arth – arthritis; DM – dermatomyositis; EIA – enzyme immunoassay; Freq – frequency; ID – immunodiffusion; ILD – interstitial lung disease; IPP –

immunoprecipitation; kDa – kilodaltons; MH – mechanic’s hands; Myo – myositis; PM – polymyositis; RP – Raynaud’s phenomenon; WB –Western

immunoblotting. Adapted from Targoff IN. Laboratory testing in the diagnosis and management of idiopathic inflammatory myopathies. Rheum Dis

Clin North Am. 2002; 28: 859–890.
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antisynthetase patients may be more likely to recur after
initial suppression as treatment is withdrawn (4). No other
clinical differences from antibody-negative myositis have
been consistently observed.

Although the antisynthetases as a group are considered
MSAs, the frequency of myositis with certain non-Jo-1
antisynthetases has been lower than with anti-Jo-1. With
anti-PL-12, anti-KS, and anti-OJ, some studies have found
ILD to bemore frequent thanmyositis (7, 8). The observed
relative frequency of myositis and ILD may be affected by
referral patterns and by the clinical groups screened. There
may also be differences between ethnic groups; the fre-
quency of myositis with anti-PL-12 and anti-KS was
lower in Japanese than in US patients (6, 8). ILD may be
the most important extra-muscular feature of the syn-
drome because of prognostic and therapeutic implications.
Some patients are asymptomatic or do not have progres-
sive disease, but ILD may be severe, and acute respiratory
distress syndrome has been observed. Almost all anti-
synthetase patients have myositis, ILD, or both. Arthritis
is also common and can occasionally be the predominant
manifestation. It is typically symmetrical, often involving
fingers, wrists, and knees, and is usually non-erosive,
although it can be deforming. An erosive form associated
with calcinoses in the distal fingers has been observed. An
increase in the frequency of Raynaud’s phenomenon has
been observed in some studies (4). A skin manifestation
may occur, referred to as ‘‘mechanic’s hands,’’ marked by
hyperkeratotic lines along the edges of the fingers (4). This
is not specific for antisynthetase patients, and it can be seen
with other AuAbs (anti-U1RNP and anti-PM-Scl). In gen-
eral, the antisynthetases would be better considered speci-
fic for the antisynthetase syndrome than for myositis in
particular.

Pathogenesis

A detailed pathologic picture has been described in
patients with PM, marked by endomysial infiltration of
lymphocytes with CD8þ-T cells that surround and invade
non-necrotic muscle fibers. A different pattern was
observed for DM, with perimysial inflammation, more
prominent B cells, and vasculopathy with complement
deposition and capillary loss. In the one study comparing
the pathology of anti-Jo-1-associated myositis to that of
antibody-negative PM and DM (14), neither pattern was
observed. Infiltration tended to be perimysial as in DM,
even in the absence of the DM rash. But the features of
vasculopathy, complement deposition, and reduced capil-
lary index, were not observed. Changes suggestive of fas-
ciitis were observed that were not seen in most with PM or
DM. These findings support considering antisynthetase
patients as a separate syndrome, but further study is
needed.

The role of antisynthetases in the pathogenesis of anti-
synthetase clinical manifestations is unknown. In a recent
preliminary report, immunization of mice with Jo-1 antigen
reproduced antisynthetase features. However, in another
animal model, myositis was induced by expression of
MHC Class I on muscle fibers, and some of the animals
developed anti-Jo-1, suggesting the antibody was a second-
ary phenomenon not involved in pathogenesis. The rele-
vance of either model to human disease is not yet clear.

The recent observation that anti-Jo-1 levels can vary with
disease activity (15), confirming previous reports, also sug-
gests that antibody production is tied to fundamental dis-
ease mechanisms.
Relatively little information is available about the histol-

ogy of the ILD of anti-Jo-1patients. One study found non-
specific interstitial pneumonia to be the predominant pattern,
but other patterns can occur, including bronchiolitis obliter-
ans organizing pneumonia. The well-documented strong
association of the anti-Jo-1with ILD often makes lung
biopsy unnecessary.

Serological Features

As noted, eight antisynthetases have been described
(Table 33.1). Each antibody immunoprecipitates one or
more proteins, along with a characteristic transfer RNA
or set of transfer RNAs (Figure 33.1). In each case, the
AuAb reacts with the synthetase enzyme, but some
patients may also have AuAbs that react directly with the
tRNA. This is most common with anti-PL-12 patients (6),
most of whom have anti-tRNAala, while about a third of
anti-Jo-1 patients have anti-tRNAhis. These antibodies
appear to be unusual with other antisynthetases. The
others presumably immunoprecipitate the transfer RNA
indirectly by their reaction with the synthetase enzyme. No
clinical differences have been observed between anti-Jo-
1 patients with and without anti-tRNA autoantibodies.
Most anti-OJ sera react with isoleucyl-tRNA synthetase,
which is a component of a multienzyme complex of aaRS
that contains the aaRS enzymes for 9 amino acids. Immu-
noprecipitation with anti-OJ shows the multiple proteins
of the complex and one or two tRNAs, which appear to be

tRNAile (7). Inhibition and blotting data suggest that some
patients with anti-OJ react with other components of the
synthetase complex; usually these are in addition to iso-
leucyl-RS (7). Most antisynthetase sera inhibit the activity
of the enzyme antigen. It is not yet known whether auto-
antibodies to the other 4 aaRSs can occur (cysteine, serine,
valine, tryptophan). However, antibodies that immuno-
precipitate significant amounts of specific unidentified
transfer RNAs are rare among myositis patients. Some
studies have demonstrated areas of common epitopes,
including an area in the N-terminal region for anti-Jo-1.
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However, no clinical differences have yet been associated

with differences in targeted epitopes.
AuAbs reacting with the 52 kDa form of Ro/SSA anti-

gen have been observed to occur frequently in myositis,

and are significantly more common in anti-Jo-1 and other

antisynthetase patients than in antibody negative myositis

(16). An unusual feature is that this frequently occurs in
patients without anti-Ro60 or anti-La. It has been sug-

gested that this finding can be used to aid in diagnosis of

myositis. Anti-Ro60 and anti-La do occur in some patients
with anti-Jo-1, however, andmay bemore common than in
other myositis patients. Anti-U1RNP has also been
observed in association with antisynthetases, although
less commonly. It is unusual for individual patients to
havemore than one antisynthetase, but this has been rarely
observed. Similarly, most antisynthetase patients do not
have other myositis autoantibodies (anti-Mi-2, anti-PM-
Scl, or anti-SRP).

Diagnostic Criteria

The antisynthetase syndrome has not been formally
defined, and criteria have not been developed. The term
is generally used only for patients shown to have an anti-
synthetase AuAb. The manifestations of the antisynthe-
tase syndrome are not specific for this condition, nor is any
combination of symptoms. Thus, a patient with myositis,
ILD, arthritis, andmechanic’s hands who does not have an
antisynthetase is not considered to have the antisynthetase

syndrome. A similar clinical picture can be seen in associa-
tion with anti-U1RNP, with specific antibodies to other
U-RNPs such as anti-U2RNP or anti-U5RNP, or with
anti-PM-Scl, and other autoantibodies. The physician
can recognize the possibility of the syndrome, but the anti-
body cannot be reliably predicted from the clinical picture.
However, as a group, those with antisynthetases are dis-
tinctive in the prominence of myositis and significant ILD.
It is important to use a method that is as specific for

detection of the antibody as possible, because the value of
the antibody is in its disease specificity. ELISA is currently
clinically available only for anti-Jo-1; this test is usually
highly sensitive but has the potential for false positives.
Confirmation of positives by a second detection method is

often helpful, particularly when clinically unexpected.
Immunodiffusion is also used for detection of anti-Jo-1.
Although less sensitive, it is an intrinsically more specific
method. Immunoprecipitation is often used to look for
myositis AuAbs and can detect all of the described anti-
synthetases. This is most specific when tests for both the
transfer RNAs and the proteins are used to demonstrate
the presence of the antibody.
Patients with anti-synthetases almost always have some

component of the antisynthetase syndrome, usually
including either myositis or ILD. Occasional patients
have had only arthritis. Because this can be the presenting
feature, additional patients may go through a period of
time when arthritis is the only feature evident. Sometimes
treatment of one component (such as arthritis) may delay
appearance of another. Limitations from ILD may delay
recognition of weakness. It would be exceedingly rare for a
patient with an antisynthetase to lack evidence of myositis,
ILD, or arthritis.

FIGURE 33.1. Immunoprecipitation for nucleic acids using anti-

aminoacyl-tRNA synthetase sera. Protein A-Sepharose was

coated with anti-synthetase sera, then incubated with HeLa
cell extract, followed by phenol-extraction and analysis by 7M

urea, 10% polyacrylamide gel electrophoresis developed with

silver stain. TNA= total nucleic acid; a= anti; NHS= normal
human serum; TRNA= transfer RNA. Sera used are marked at
top, including anti-Jo-1, anti-PL-7, anti-PL-12, anti-Sm, proto-

type sera for anti-EJ and anti-OJ along with another anti-OJ

serum (NJ), a serum with anti-Jo-1 along with anti-Ro/SSA and
anti-La/SSB, and NHS. Each anti-synthetase shows a recogniz-

able set of tRNAs that can be distinguished from total tRNA

and from each other. (From Targoff IN. Autoantibodies to
aminoacyl-transfer RNA synthetases for isoleucine and glycine:

Two additional synthetases are antigenic in myositis. J. Immu-
nol 1990; 144: 1737–43.).
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Patients who have only one of these clinical manifesta-
tions could be considered to have the individual conditions
(PM, ILD, or inflammatory arthritis). Thus, to consider
the condition to instead be the antisynthetase syndrome,
the patient should have at least two of the recognized
manifestations that have been associated with the antibody
(that occur more frequently in association with the anti-
body), including those in Table 33.1. If one of these fea-
tures were myositis, the patient could be considered to
have ‘‘overlap myositis’’ according to the recent clinical
and antibody classification of Troyanov et al. (17).

In order to be considered to have PM, ILD, or inflam-
matory arthritis, the patient would be expected to satisfy
criteria as discussed in this volume under the individual
conditions. However, the antisynthetase AuAbs also have
value in diagnosis of these conditions. The AuAbs are very
rare among normal individuals and those with other myo-
pathies, especially as detected by reliable and specific tech-
niques. It has been suggested that the antibodies could be
useful as part of a criteria set for diagnosis of myositis (18).
The question often arises as to whether muscle biopsy is
necessary in antisynthetase-positive patients with a clinical
picture consistent with PM based on history, physical
examination, muscle enzymes, electromyography and/or
magnetic resonance imaging, and the exclusion of compli-
cating issues such as use of medications with potential to
cause myopathy, hypothyroidism, or others. The presence
of other features of the antisynthetase syndrome would
further support the diagnosis. However, such patients
would not satisfy Bohan and Peter’s criteria for definite
PM, which were formulated before the availability of myo-
sitis autoantibody testing. Although formal studies are not
available to answer this question, it might be considered
that such patients would have a high likelihood of PM even
if the biopsy were normal. The primary clinical value of a
muscle biopsy in such a circumstance would thus be to
exclude other causes of myopathy; however, as in the case
noted above with anti-Jo-1 and histologic IBM, the anti-
body may be more relevant to patient management than
the muscle biopsy results. We have previously suggested
that because of their high disease specificity, addition of an
MSA (including any antisynthetase) to the Bohan and
Peter criteria set would be a simple way to incorporate
antibodies, and thus increase the sensitivity, without
significantly degrading specificity. Thus, unlike with the
original Bohan and Peter criteria, patients could be con-
sidered to have definite PM without a biopsy. Criteria for
the use of antisynthetases in diagnosis of ILD are not
available. It may be reasonable to use the finding of an
antisynthetase similarly to how one might use the knowl-
edge of an associated connective tissue disease in
approaching a patient with suspected ILD.

The antibodies may also help predict later development
of extra-muscular features in patients with myositis. The
presence of an antisynthetase is thought to increase the

risk that a myositis patient will develop ILD, or that an
ILD patient will develop myositis. Antisynthetase patients
often present with manifestations other than myositis. In

one study, myositis was an uncommon initial presentation;
it was present in only 4 of 18 anti-Jo-1 patients at onset, but
14 over the course of disease (19). Patients may present with
the ILD, with signs of myositis, such as an elevated CK,

incidentally noted during initial evaluation or developing
later. Since fever may also be present, the initial impression
may be that of pneumonia. Arthritis can be a common

presenting feature (19), often leading to an initial diagnosis
of rheumatoid arthritis. This suggests that early recognition
of the antibody could help with prediction of later manifes-

tations. A clue to the possible presence of an antisynthetase
would include a cytoplasmic pattern by indirect immuno-
fluorescence testing. Testing might also be considered in

patients with ILD, even if the patient carries a diagnosis of
rheumatoid arthritis or another connective tissue disease.
The recent study demonstrating variation of anti-Jo-1 level

with myositis activity supports a potential role in predicting
or diagnosing an exacerbation of myositis (15).

Therapy

The approach to treatment of antisynthetase-associated
myositis is similar to that used for treatment of other PM

patients. It is usually started with high-dose corticosteroids.
An immunosuppressive agent (usually methotrexate or
azathioprine) is added when there is resistant disease, dis-

ease that recurs as treatment is withdrawn, or significant
steroid side effects. Some start an immunosuppressive agent
with the corticosteroids initially, particularly for severe dis-

ease. Because antisynthetase-associated myositis is more
likely to recur, these patients might also be considered for
this approach. A disadvantage of methotrexate in this

group, which has frequent ILD, is the potential for metho-
trexate to induce hypersensitivity pneumonitis. They may
have less pulmonary reserve, and there may be diagnostic

confusion. However, one retrospective analysis suggested
that methotrexate may be more effective than azathioprine
in this group.Agents used for resistant PMandDM, such as

tacrolimus, have been used in antisynthetase patients.
Whether B-cell targeted therapies such as rituximab will be
more effective in this group than antibody-negativemyositis

is not known.
Antisynthetase-associated ILD has been treated in a

similar manner to ILD in other connective tissue diseases.
For progressive disease not responding to corticosteroids,
immunosuppressive agents including cyclophosphamide

have been used. In a recent report, a series of patients
with antisynthetase-associated ILD responded well to
tacrolimus, suggesting a promising alternative warranting
further study (20).
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34
Granulomatous Myositis

Sergio Prieto and Josep M. Grau

Abstract Granulomatous myositis is extremely infrequent. Epitheliod granuloma on muscle biopsy is nearly always
associated with sarcoidosis, but other causes have been reported, including an idiopathic form. Symmetrical proximal
or distal muscle weakness is the rule in the clinical presentation and is sometimes associated with dysphagia. Although
the clinical profile together with electromyography (EMG) studies may be useful, definite diagnosis requires a
pathological examination. Systemic glucocorticoids are the treatment of choice, but the clinical outcome is not always
satisfactory.

Keywords Granulomatous myositis � sarcoidosis

Epidemiology

On the basis of a large series of muscular biopsies and in

pathological terms, the estimated prevalence of granulo-
matous myositis is 0.4%, regardless of the clinical mani-

festations (1). There is little information on granulomatous

myositis because most papers include only case reports or

short series of patients.
Similar to sarcoidosis, this disease is more frequent in

women, while idiopathic forms are more often seen in men.

The onset of the disease occurs in the 50 s and in cases

associated with sarcoidosis the average time from the diag-
nosis to the initial systemic clinical manifestations is

12months (2, 3).

Etiology

Table 34.1 shows the different causes of granulomatous

myositis. Sarcoidosis is the most frequent (1), followed

by the idiopathic forms and those associated with infec-

tions. The remaining causes are considered anecdotical.

There is controversy regarding the idiopathic forms

because some authors consider them as an exceptional
form of sarcoidosis.

Clinical Manifestations

Muscle involvement in sarcoidosis is asymptomatic in
50–80% of the cases (4). In symptomatic cases, muscle
weakness and dysphagia is the form of presentation of
granulomatous myositis.
Muscle weakness is symmetrical and bilateral. Lower

limbs are particularly affected in cases of sarcoidosis (2),
while distal involvement as well as upper limbs are more
frequently affected in the idiopathic forms (3).
The different forms of clinical presentation in the

sarcoidosis-related cases are summarized in Table 34.2.
Dysphagia is not constant but is frequent in both sarcoi-

dosis-related cases and in idiopathic forms (3, 5).

TABLE 34.1. Etiology of granulomatous myositis.

- Sarcoidosis (the most frequent)

- Idiopathic

- Infectious diseases: Tuberculosis (6), Syphillis (7)Pneumocystis jirovecci (8).

- Neoplastic diseases: Lymphoma (9).

- Intestinal inflammatory disease (10).

- Graft-versus-host disease (11).

- Foreign-body reaction (12).

- Thymoma/Myasthenia Gravis (13).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_34,

� 2008 Humana Press, Totowa, NJ
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Pathological Features

The presence of granulomas inmuscle biopsy is mandatory
for diagnosis. Granulomata are typically located between
the muscle cells. Cellular infiltrate contains giant cells
(Langerhans), epithelial cells, macrophages and T cells in
a lesser proportion. A mononuclear perivascular infiltrate
can also be found. (Figure 34.1).

Biochemical Features

There are no specific biochemical abnormalities in granu-
lomatous myopathy. Serum creatine kinase (CK) levels are
typically normal.

Diagnosis

Typical muscle biopsy findings are mandatory for achiev-
ing a definite diagnosis. Electromyography (EMG) may
show a myopathic pattern with spontaneous fibrillations
and a reduction in amplitude and duration of the poten-
tials. EMG can be useful in the selection of muscle biopsy.
The same occurs with the presence of erythema nodosum,
increasing the possibility of finding a typical granuloma
in muscle tissue. With respect to EMG studies, there are
no differences between sarcoidosis-related and idiopathic
forms of granulomatous myositis. The remaining diagnos-
tic tests such as thoracic CT scan, angiotensin-converting
enzyme (ACE) serum values, 67Ga scintigraphy or biopsy

of the other organs are used to rule out secondary forms,
mainly sarcoidosis.

Therapy

The various therapies used in the treatment of granuloma-
tous myositis are described in Table 34.3. Systemic corti-
costeroids are the treatment of choice at 0.5–1.0mg/kg
body weight for 4–6weeks with a gradual dosage reduc-
tion. In refractory cases and in those requiring prolonged
steroid treatment, methotrexate at 10–20mg per week
represents a valid option. No beneficial effects have been
reported with the use of the remaining classical immuno-
suppresive agents. Experimental biological approaches
with infliximab and adalimumab have been successfully
used in refractory cases of sarcoidosis (3).

Prognosis

The clinical outcome in granulomatous myositis varies
widely. While good response is obtained with corticoster-
oids in acute myopathic symptomatic cases, poor response
is the rule in chronic cases (4). There are also differences
among the idiopathic forms and sarcoidosis-related cases,
with a better outcome observed in the latter (3).
Globally, there are no major disabilities for patients

with granulomatous myositis, although complete recovery
is achieved in only 10% of the cases (3).
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1. Chronic. The most frequent. Insidious and late evolution.
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TABLE 34.3. Treatment of granulomatous myositis.

- Systemic glucocorticoids.

- Methotrexate.

- Cyclophosphamide.

- Cyclosporine.

- Azathioprine.

- Infliximab.

- Adalimumab.
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35
Eosinophilic Myositis

Albert Selva-O’Callaghan and Josep M. Grau

Abstract Eosinophilic myositis (EM) constitutes a group of rare, clinically and pathologically heterogeneous disorders
characterized by eosinophil infiltration of skeletal muscle. Parasitic infection is the commonest cause worldwide, but it
can also be a feature of other conditions such as hypereosinophilic syndrome or muscle dystrophies. Most cases have no
known etiological factor and are considered as idiopathic. EM should be distinguished from dermatomyositis and other
systemic diseases such as Churg-Strauss granulomatosis. Idiopathic EM can be classified into three subtypes: focal
EM, eosinophilic polymyositis, and eosinophilic perimyositis. Pathological studies are mandatory to differentiate and
diagnose these entities.

Keywords Eosinophilic polymyositis � perimyositis � focal eosinophilic myositis

Eosinophilic myositis (EM) constitutes a group of rare,

clinically and pathologically heterogeneous disorders

characterized by eosinophilic infiltration of skeletal mus-

cles or, in the absence of eosinophil muscle infiltration, by

the damage attributed to cytotoxicity caused by major

basic protein (MBP) released by eosinophils (1, 2, 3, 4).

Peripheral blood and/or bonemarrow hypereosinophilia is

common. The main causes of skeletal muscle eosinophil

infiltration are parasitic infections and idiopathic inflam-

matory muscle disorders therefore, diagnosis of idiopathic
EMmay be achieved after exclusion of parasitic infections,

systemic disorders with hypereosinophilia such as Churg-

Strauss granulomatosis (CSG), or intake of various drugs

or toxics. Occasionally, EM is the muscle expression of a

hypereosinophilic syndrome (5, 6). In this case, muscle
damage or dysfunction is caused by toxicity derived

from eosinophils and helps to define the hypereosinophilic

syndrome.

Clinical Manifestations

Idiopathic EM is classified into three subtypes: focal EM,

eosinophilic polymyositis, and eosinophilic perymyositis.

The clinical and laboratory data are reflected in Table 35.1

and 35.2.

Focal Eosinophilic Myositis

This is considered a benign entity, which usually affects the

lower limbs mimicking deep-vein thrombosis. Pain and

calf swelling are typical manifestations and the absence

of systemic symptoms is characteristic. Laboratory tests

demonstrate raised creatine kinase levels and electromyo-
graphy and image techniques such as magnetic resonance

imaging (MRI) reveal focal myositis features. Muscle

biopsy shows deep eosinophilic muscle infiltration with

invasion of muscle fibers and necrosis (1, 3, 7). Symptoms

usually resolve spontaneously.

Eosinophilic Polymyositis

This is a systemic disease. Proximal muscle weakness is indis-

tinguishable from idiopathic polymyositis, although pitting
edema is more frequent in EM. Serum creatine kinase levels

are markedly elevated indicating extensive damage and some

authors have reported cardiac involvement as a frequent

manifestation, at times in the context of a hypereosinophilic

syndrome. Histopathology reveals a diffuse perivenular and

deep muscle eosinophil infiltrate with CD8þ and CD4þ T

cells andmacrophages affecting the endomysium andmuscle

fibers. MRI can be useful in defining the extent of muscle

involvement and directing muscle biopsy (8). Prednisone

(0.5–1mg/kg/d) is the therapy of choice.

From: Y. Shoenfeld et al. (eds.), Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_35,

� 2008 Humana Press, Totowa, NJ
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Eosinophilic Perimyositis

Myalgias and mild muscle weakness are usually seen in

patients diagnosed with perimyositis, a benign condition

as a rule. Histopathological studies in these patients show that

muscle fibers are normal, and perimysial eosinophilic infiltrate

observed at the muscle surface extends into the fascia.

Perimyositis can be related to eosinophilic fasciitis. Peripheral

blood eosinophilia is variable. In rare cases, corticosteroid

therapy is needed to improve symptomatology.

The relationship between eosinophilic muscle disease
and the pathological proposals of the different subtypes
of eosinophilic myositis are shown in Figures 35.1 and 35.2
(from Hall FC, et al (1), modified).

Diagnosis

Establishing the diagnosis of EM requires rigorous evalua-
tion to exclude an underlying infectious process (1, 2, 3, 4).
Careful evaluation of patients with EM should include

FOCAL PERYMIOSITIS

POLYMYOSITIS

EOSINOPHILIC
MYOSITIS

CONNECTIVE TISSUE
DISORDERS

HYPEREOSINOPHILIC
SYNDROME

INFECTION
CANCER
TRAUMA

FASCIITIS

FIG 35.1 Proposed pathological relationship
in eosinophilic muscle disease
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PERYMYOSITIS
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MUSCLE FIBERS INFLAMMATORY CELLS

PERIMISYUM

FIG 35.2 Drawing representing the
different subtypes of eosinophilic

myositis
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investigation for parasitic infection, the commonest cause
of eosinophilia worldwide, which can cause systemic disease.

Blood serologies for trichinosis, echinoccocosis, toxoplas-

mosis, toxocarosis, schistosomiasis, distomatosis, filariosis,

borreliosis, some viruses (coxsackie and Epstein-Barr virus),

and parasite studies in stool are generally recommended.
Systemic cancer, rarely, and lymphoproliferative disorders

such as Ki-1 lymphoma, monoclonal T-cell expansion,

and Kimura disease can be confused or accompanied by

EM (9).
Systemic diseases such as CSG, polyarteritis nodosa

(PAN), and dermatomyositis (DM) or polymyositis (PM)

can resemble EM (10). Histology shows vasculitis in CSG

and PAN, whereas eosinophilia is uncommon in inflamma-

tory myopathies (DM, PM). Nevertheless, is important to

keep inmind that PM is considered as an exclusion diagnosis;

thus, eosinophilic polymyositis may occur as a part of other

well-recognized diseases such as the hypereosinophilic

syndrome, which may have therapeutic implications. Ima-

tinib, an inhibitor of tyrosine kinase, and mepolizumab, a

human monoclonal antibody against interleukin IL-5, seem

to be effective in the treatment of different manifestations of

the hypereosinophilic syndrome. A mutation of the gene

encoding calpain-3, a muscle-specific protein, has recently

been described in six patients with idiopathic eosinophilic

myositis (11, 12), and calpainopathy should be taken into

account as a possible cause of EM, at least in a subset of

patients. This issue is relevant because this type of dystrophy

does not benefit from glucorticoid or immunosuppressive

therapy.
In the case of perimyositis, inflammation is localized in

the perimysium. This subtype of EM can resemble eosi-

nophilic fasciitis as well as two well-known syndromes

related to ingestion of toxic substances: the toxic oil

syndrome, which appeared in Spain in 1981 in patients

who consumed rapeseed oil, and the eosinophilia-myalgia

syndrome, described in New Mexico in 1989 after con-

sumption of contaminated L-tryptophan. Both diseases

present with eosinophilia and internal organ involvement

in addition to cutaneous and muscle disease (2, 10).

TABLE 35.1. Main signs and symptoms in patients diagnosed

with eosinophilic myositis (3).

Muscle pain, cramping, or tenderness 68

Upper or lower extremity swelling edema 45

Muscle weakness 16

Arthralgias/arthritis 10

Myocarditis/pericarditis 10

Vasculitis 6

Inflammatory eye disease 6

Raynaud’s phenomenon 6

Eosinophilic pneumonia 3

Angioedema 3

Values are expressed in percentages.

TABLE 35.2. Laboratory findings in patients diagnosed with
eosinophilic myositis (3).

Eosinophilia 77

" ESR 77

" CPK 68

" Aldolase 44

Rheumatoid factor (þ) 33

ANA (þ) 6

ESR: erythrocyte sedimentation rate. CPK: creatine kinase. ANA: antinu-

clear antibodies. Eosinophilia: peripheral eosinophil count of >0.5� 109/l.

Values are expressed in percentages.

TABLE 35.3. Proposed criteria for diagnosis of patients with

suspected eosinophilic myositis.

(I) Focal eosinophilic myositis
a

Major

1. Pain and calf swelling (other muscles can be affected)

2. Deep eosinophilic infiltration with muscle fiber invasion and necrosis

on muscle biopsy

Minor

a) Elevated serum levels of creatine kinase and aldolase

b) MRI or electromyographic evidence of focal myositis

c) Absence of systemic illness

d) Eosinophilia > 0.5� 109/l

Exclusion

(i) Deep-vein thrombosis, cellulitis, parasitic infections

(II) Eosinophilic polymyositisb

Major

1. Proximal weakness affecting limb-girdle muscles. (may be severe)

2. Widespread deep infiltration of eosinophils into muscle, with

eosinophilic cuffing, on histology study.Myonecrosis and endomysium

inflammation are usually present. In the absence of eosinophil

infiltration, deposition of major basic protein (MBP) should be

demonstrated by specific immunostaining

Minor

a) Elevated serum levels of creatine kinase and aldolase

b) Eosinophilia > 0.5� 109/l

c) Systemic illness with frequent cardiac involvement

d) Corticosteroids are needed

Exclusion

(i) Hypereosinophilic syndrome, cell T clonality, dermatomyositis,

vasculitis (Churg Strauss syndrome), drugs, calpainopathy, parasitic

infections

(III) Eosinophilic perimyositisc

Major

1. Myalgias, proximal mild weakness

2. Eosinophilic infiltrate confined to fascia and superficial perimysium,

absence of myofiber necrosis

Minor

a) Absence of systemic manifestations

b) Normal creatine kinase and aldolase levels

c) Eosinophilia > 0.5 � 109/l

Exclusion

(i) Toxic oil syndrome, myalgia-eosinophilia, exposure to inorganic or

organic substances

aThe presence of two major criteria or one major and all the three minor

criteria allows diagnosis.
bThe presence of both major criteria or one major and two minor criteria

allows diagnosis.
cThe presence of either major criteria or major criteria number 2 and the

two minor criteria allows diagnosis.
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Pathology

Histopathological findings usually help to confirm the
diagnosis of EM, and in cases caused by parasitic infection,
it can be seen on microscopy as in Trichinella spiralis.
It should be noted that on occasions eosinophils may be
not apparent on muscle biopsy, with immunostaining
being necessary to identify eosinophilic major basic pro-
tein (MBP), which may, nonetheless, be positive (12, 13).
MBP, which is stored in the crystalloid cores of eosino-
phils, is responsible for muscle fiber damage owing to
cytotoxicity as the result of non-enzymatic physical inter-
actions (13).

Diagnostic criteria

Till now no specific or systematized diagnostic criteria
have been defined for these different subtypes of EM. We
propose a set of criteria taking into account the current
knowledge of these disorders. (Table 35.3)

Treatment and prognosis

In general terms, the prognosis of EM is good (1, 2, 3, 4, 10),
especially in the localized forms of focal EM. More gene-
ralized forms can benefit from glucocorticoid therapy at a
dose of 0.5–1mg/kg body weight. Occasionally, EM appears
as a manifestation of a hypereosinophilic syndrome (more
than 6months with persistent hypereosinophilia of more
than 1,500� 109/l with no known etiology and organ damage
or dysfunction as a result of local release of the toxic contents
of eosinophils), and may therefore be catastrophic (14). In
these rare cases, the determination of the abnormal fusion
FIP1L1 and PDGFRA genes is mandatory to confirm
the diagnosis, because treatment with imatinib mesylate
could improve the clinical picture (6). Mepolizumab, a fully
humanized anti-IL-5monoclonal antibody, seems to produce
sustained eosinophil reductions and may be a therapeutic
option in patients with clinically poor prognosis or in those

who do not response to corticosteroids. Patients with peri-
myositis within amore generalized toxic disease donot always
have a favorable outcome.
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36
Eosinophilic Fasciitis

Albert Selva-O’Callaghan and Josep M. Grau

Abstract Eosinophilic fasciitis (EF) is an uncommon scleroderma-like syndrome with an unknown etiology and
pathogenesis. Peripheral blood eosinophilia, hypergammaglobulinemia, and elevated erythrocyte sedimentation rate
are the main laboratory findings. Full-thickness wedge biopsy of the clinically involved skin is essential for establishing
an accurate diagnosis. Differential diagnosis includes systemic sclerosis and other fasciitis syndromes caused by
substances such as L-tryptophan myalgia-eosinophilia and toxic oil syndrome. Diagnosis of EF can be established by
clinical, laboratory, and histological findings. Nevertheless, universally accepted criteria are lacking. Corticosteroids are
effective in the treatment of EF. Some patients improve spontaneously.

Keywords Eosinophilic fasciitis � scleroderma-like � eosinophilia

Eosinophilic fasciitis (EF) is a scleroderma-like disorder
first described by Shulman (1) in 1974. This skin fibrosis
disorder is relatively uncommon and occurs in a sporadic
rather than epidemic form. It can be localized, with disease
involving one extremity, or less frequently generalized,
affecting the four extremities, the trunk and abdomen,
causing ventilatory restriction in some cases. EF is char-
acterized by induration of the skin, peripheral eosino-
philia, and hypergammaglobulinemia. The onset of the
disease is usually abrupt and, in some cases, follows exces-
sive physical activity, and positivity for Borrelia serology
testing had occasionally been reported (2). Associated
hematological diseases and autoimmune thyroid disorders
have rarely been reported in some series. Visceral and
extracutaneous involvements in FE are unusual (3).

Clinical Manifestations

Painful and erythematous swellings of the affected extremi-
ties are the main cardinal clinical features. Edema is pro-
gressively replaced by thickening of the skin which is firmly
bound to the underlying tissue. Peau d’orange appearance
(Figure 36.1) and the ‘‘groove’’ sign (Figure 36.2), a long-
itudinal depression in the skin along the course of blood
vessels, are characteristic findings in these patients. Skin
induration can lead to joint contractures with limited mobi-
lity. EF can easily be differentiated from systemic sclerosis

(SSc), because of the absence of sclerodactylia. The facies is

spared and the typical features of SSc are not found in EF.

Physical examination does not reveal microstomia, telean-

giectasias, or sclerodactylia. Raynaud’s phenomenon is

usually absent in patients with EF, and capillaroscopy

does not reveal the distinctive nailfold microvascular find-

ings generally seen in SSc. Main clinical and laboratory

data of EF are reflected in Tables 36.1 and 36.2.
Pathological features. A full-thickness wedge biopsy of

the involved skin usually reveals characteristic findings (4).

Fascia muscularis shows accumulation of lymphocytes,

FIGURE 36.1. Thickened skin (Peau d’orange appearance) in a

case of eosinophilic fasciitis.

From: Y. Shoenfeld et al. (eds.), Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_36,

� 2008 Humana Press, Totowa, NJ
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macrophages, and plasma cells but not always eosinophils

or their degranulation product (major basic eosinophilic

protein) are found in the tissue affected, which do not

contravene the diagnosis. Fascia muscularis is usually 2–15

times the thickness of normal fascia and is firmly adherent

to the subjacent skeletal muscle. The dermis and epidermis

are usually normal. The epimysium near the fascia and

perimysium among muscle fibers are often inflamed given

the so-called perimyositis (Figure 36.3) (5, 8).
Diagnosis. Universally accepted diagnostic criteria in

patients with EF are lacking. Most articles and rheumatol-

ogy textbooks state that patients can be diagnosed with

EF, a scleroderma-like disorder, when characteristic skin

lesions, which can affect trunk and extremities are present,

and the distal fingers, toes, and facies are clinically spared.
Exclusion of SSc is mandatory and investigation of known

causes of scleroderma-like syndromes such as the toxic

oil syndrome, silica exposure, gadolinium administration

in patients with renal failure, and L-tryptophan-induced

eosinophilia myalgia-epidemic syndrome is necessary.
Typically, there is no involvement of internal organs such

as the lung or kidney in patients with EF, and the char-

acteristic autoantibodies which help diagnosis of SSc (anti-

topoisomerase or Scl-70 and anticentromere) are absent.

The Raynaud’s phenomenon, which is nearly constant

in SSc patients, is rare if not exceptional in EF, as is the

peripheral microvascular damage in the nailfold study

with capillaroscopy. Deep cutaneous biopsy including

the fascia muscularis is essential for diagnostic support.

Biopsy findings usually show striking inflammation and

thickening of the fascia. Even in the absence of tissue

eosinophils, the thickened fascia and its lymphocyte infil-

tration allow the diagnosis. Magnetic resonance imaging

(MRI) and serum aldolase concentration seem to be useful

in the diagnosis and follow-up of patients diagnosed with

FE (10, 11).

FIGURE 36.2. Longitudinal depressions in the skin (arrows).

Groove sign in eosinophilic fasciitis.

FIGURE 36.3. Thickened fascia (barr) and moderate inflamma-
tory infiltrate in eosinophilic fasciitis.

TABLE 36.1. Main signs and symptoms in patients diagnosed

with eosinophilic fasciitis.

References (2) (7) (8) (9)

Skin induration 100 96 100 100

Localizeda – 60 30 74

Diffuseb – 40 70 26

Erythema 100 – 10 –

Pitting edema 82 44 70 –

Hyperpigmentation 9 – 30 –

Facial edema 9 6 0 –

Groove sign 18 – 40 –

Peau d’orange – 21 20 –

Contractures 27 56 40 –

Fever – – 20 –

Weight loss (> 15%) – – 40 –

Ventilatory restriction 0 7 40 –

Perymyositis – 7 60 –

Raynaud’s 0 2 10 –

Sclerodactylia 9 0 0 –

Pruritus – – 30 –

Arthritis – 40 20 –

a Localized: either lower extremities or forearms, asymmetric.
b Diffuse: skin induration of trunk, abdomen, and four extremities.

TABLE 36.2. Laboratory findings in patients diagnosed with
eosinophilic fasciitis.

References (2) (7) (8) (9)

Eosinophilia 64 63 100 92

Hypergammaglobulinemia 18 34 40 50

ANA 18 6 10 22

Autoantibodies 0 4 0 –

Aldolase – – 40 –

Cytopenias 9 2 10 –

Thyroid dysfunction 1 – 10 –

Borrelia burgdorferi serology 2 – 0 –

Elevated ESR 64 29 – 74

Eosinophilia: > 0.5 � 109/l. ANA: antinuclear antibodies. ESR: erythro-

cyte sedimentation rate.
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Diagnostic criteria. Some authors have attempted to
define diagnostic criteria for EF, at least to include or
exclude patients published as a case report or small series
in the medical literature. Three years after the initial
description of Shulman (1), Bennett et al (5) suggested
that cardinal manifestations of EF should include the
following five items: (i) localized nature of the skin invol-
vement, (ii) pronounced thickening of the subcutaneous
fascia, (iii) absence of visceral changes and Raynaud’s
phenomenon, (iv) association with eosinophilia and
hypergammaglobulinemia, and (v) beneficial response to
corticosteroids. In a recent review of the literature, Endo
et al (9) included patients with EF when: (i) the charac-
teristic clinical findings are present (symmetric swelling,
induration and/or tightness of the skin and subcutaneous
tissues, mainly affecting the extremities; (ii) the character-
istic histopathological findings are shown, including deep
fascia, or in patients with MRI revealing inflammation
and/or thickening of the deep fascia. Finally, other
authors (2) have defined the following criteria in a study
on patients with EF from a single center in Switzerland:
(i) characteristic skin lesions such as cutaneous erythema
and induration, cutaneous swelling of the upper and/or
lower extremities; and (ii) fascial biopsy with histopatho-
logical findings such as thickening of the fascia with
chronic inflammatory infiltrate containing eosinophils.

In our opinion, some of the previous commented issues
related to EF are more important than others, and suggest
that some, such as cutaneous induration, which respects
the acral zones or typical fascia thickening with inflamma-
tory infiltration, and not necessarily eosinophils, should
be included as main or major diagnostic criteria, while
other features such as elevated erythrocyte sedimentation
rate (ESR), hypergammaglobulinemia, or even peripheral
eosinophilia may help achieve diagnosis but alone does
not allow correct diagnosis of EF. Exclusion of SSc by
clinical as well as immunological and capillaroscopic stu-
dies is essential, as recommended to discard exogenous
substances that could be responsible for this disorder.
Studies are needed to determine the validity of these cri-
teria or the positive and negative predictive value, but the
rarity of EF and the small number of new cases made this
topic difficult to address.

Taking into account the case reports and published
series of patients with EF, it seems logical to define the
following criteria, described in Table 36.3.

Therapy and prognosis. Although some patients
improve spontaneously without treatment, the mainstay
therapy in patients with EF includes an initial full dose
of glucocorticoids (1mg/kg/d), which usually resolve the
edema and induration. This clinical improvement can take
weeks or months and is heralded by resolution of periph-
eral blood eosinophilia. Cimetidine, a histamine 2 antago-
nist, may be useful in combination with prednisone (12).
Antimalarials, methotrexate, cyclosporine and, recently,

mycophenolate mofetil and infliximab, chimeric monoclo-

nal antibody with specificity to tumor necrosis factor

alpha, have been reported in sporadic and refractory

cases (13). Fortunately, few patients present with refrac-

tory fibrosis and generalized involvement, which includes

the trunk, abdomen, and the four extremities. In these

cases, aggressive therapy not only with steroids but also

with other coadjuvant immunosuppressive drugs seems

warranted. Physical therapy should be recommended in

all cases to prevent or improve joint contractures.
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37
Sarcoidosis

Juan Mañá

Abstract Sarcoidosis is a multisystemic granulomatous disease of unknown etiology. The available evidence suggests
that the disease results from an exposure of genetically susceptible hosts to specific environmental agents, which trigger
a Th1 immunological response in the involved organs, leading to granuloma formation. Sarcoidosis usually presents
with bilateral hilar lymphadenopathy, and pulmonary, cutaneous and ocular involvement, although any organ can
be affected. The diagnosis is based on a compatible clinical and radiological picture, demonstration of noncaseating
granulomas with negative cultures for mycobacteria and fungus, and exclusion of other granulomatous diseases. In
general, an acute onset, particularly Löfgren’s syndrome, has a good prognosis, whereas an insidious presentation
heralds a chronic disease. Corticosteroids should be administered when severe and progressive disease involves major
organs such as lungs, eyes, heart and central nervous system. Several drugs may be useful as alternative therapies in cases
refractory to corticosteroid treatment.

Keywords Sarcoidosis � Löfgren’s syndrome � granulomatous diseases

Sarcoidosis is a multisystemic disease of unknown etiology
characterized by the accumulation of T lymphocytes,
mononuclear phagocytes and noncaseating granulomas
in the affected organs. It frequently presents with bilateral
hilar lymphadenopathy (BHL), and pulmonary, cuta-
neous and ocular involvement, although any organ can
be affected. The diagnosis requires the exclusion of other
granulomatous diseases (1, 2).

Epidemiology

Sarcoidosis occurs throughout the world. However,
because of the lack of a precise definition and the fact
that some cases are asymptomatic, the true incidence is
unknown. The prevalence ranges from 10 to 40 per 100,000
in the USA and Europe. Most of patients are young and
middle-aged adults with a slight predominance in women,
more evident in Löfgren’s syndrome (LS). Afro-American
and Asian Indians have more severe disease, whereas
asymptomatic cases are more common in Caucasian. LS
is more frequent in the Northern European countries and
Spain, and predominates during the spring months. Spa-
tial clusters of illness have suggested person-to-person
transmission or shared exposure to environmental agents

(1). Recent studies have demonstrated that several environ-
mental and occupational factorsmay trigger the disease (3, 4).

Etiology

The cause of sarcoidosis is not known. The available
evidence suggests that the disease results from an exposure
of genetically susceptible hosts to specific and persistent
environmental agents, which trigger a heightened cellular
immune response in the involved organs. Recently, multi-
ple studies have focused on the relationship between sar-
coidosis and human leukocyte antigen phenotypes. Genetic
factors are important in defining the pattern of disease
presentation and prognosis (5). Although some studies
have speculated on a role for Mycobacterium spp in the
etiology of the disease, to date there is not evidence that
sarcoidosis is caused by an infectious agent.

Immunopathogenesis

Sarcoidosis characterizes by a Th1 immunological res-
ponse. Initially there is accumulation in the involved
organs of activatedCD4þT lymphocytes andmononuclear

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_37,
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phagocytes, which release interleukin (IL)-2, interferon-�,
and other cytokines, leading to the formation of noncaseat-
ing granulomas. Granulomas may resolve spontaneously
or evolve to fibrosis with permanent tissue damage. Tumor
necrosis factor-a plays a role in the inhibition of apoptosis
in the granuloma, which contributes to the persistence of
inflammation and evolution to fibrosis (6).

Clinical Presentation and Organ
Involvement

Sarcoidosis is occasionally discovered by chance in an
asymptomatic individual, usually as BHL on chest X-ray
(CXR). The onset of sarcoidosis may be acute or insidious.
Acute, or subacute, sarcoidosis develops over a period of
weeks or a few months, and it usually heralds a good
prognosis. It is characterized by mild constitutional symp-
toms such as fatigue, malaise, anorexia, weigh loss, low-
grade fever, arthralgias, and respiratory symptoms. One of
themost typical forms of acute sarcoidosis is LS. It consists
in the association of erythema nodosum with BHL, some-
times with pulmonary involvement, on CXR. Some
patients present only a periarticular ankle inflammation
without erythema nodosum, which has been considered a
clinical variant of LS. Polyarthralgias, low-grade fever,
anterior uveitis, and transient unilateral facial paralysis
may be present as well (7). On the contrary, an insidious
onset for several months is usually associated with respira-
tory complaints without constitutional symptoms, or with
symptoms referable to organs other than the lung. It rather
correlates with a chronic course and permanent organ
damage (8).

Intrathoracic

Intrathoracic involvement occurs in 90% of cases, so 10%
of patients have isolated extrathoracic sarcoidosis (stage 0).
The inflammatory process is mainly located on alveoli,
small bronchi, and small blood vessels and predominates
on the upper lung zones. Patients may be asymptomatic
or present dry cough and dyspnea with exercise. Asso-
ciated bronchial hyperreactivity may be present. Hemop-
tysis is rare. Rales are not frequent. Table 37.1 summarizes
the classical radiological stages of sarcoidosis. Hilar bilat-
eral and right paratracheal adenopathy and reticulono-
dular infiltration with upper lung zone predominance is
the most typical pattern. Atypical radiological findings
include large nodules, alveolar infiltrates, hilar calcifica-
tion, pleural effusion, and pneumothorax. External com-
pression by enlarged hilar adenopathies or endobronchial
involvement may cause distal atelectasis. The evolution
to fibrosis may cause large airway distortion with severe
dysfunction (9).

Skin

Granulomatous skin lesions are present in 15–25% of

patients with sarcoidosis. The most common are macu-

lopapular eruptions, infiltration of old scars and tattoos,

subcutaneous nodules, plaques, and lupus pernio. The last

two are associated with chronic sarcoidosis (10).

Eye

Ocular involvement occurs in 15–20% of patients. Because

it may be asymptomatic, slit-lamp and ophthalmoscopic

examinations should be performed on every patient with

sarcoidosis. Fluorescein angiography may be indicated if

posterior uveitis is suspected. The most frequent findings

are anterior or posterior uveitis, choroidoretinitis, periph-

lebitis, papiledema, and retinal hemorrhages. Conjunctivi-

tis, lacrimal gland involvement, and keratoconjunctivitis

sicca may be present as well (1, 8).

Reticuloendothelial System

Peripheral lymphadenopathy involving the cervical,
supraclavicular, epitroclear, axillary, and inguinal nodes

may be present. In addition to intrathoracic, mesenteric

chain and retroperitoneal lymph nodes may be present

as well. Splenic involvement is frequent, although spleno-

megaly occurs only in 5–10% of cases and may result in

pancytopenia. Multiple low-attenuation nodules may

be seen in the spleen on CT. Bone marrow involvement
is rare (1, 8).

TABLE 37.1 Chest X-ray stages in pulmonary sarcoidosisa

%at onset

% with

resolution

Stage 0: Normal chest X-ray (CXR) <10%

Stage I: Bilateral hilar

lymphadenopathy (BHL)

without pulmonary involvement

50% 65%; <10%

progress to

pulmonary

involvement

Stage II: BHL with pulmonary

involvement

30% 20–50%

Stage IIIb: Pulmonary involvement

without BHL

10–15% <20%

aClassification based on CXR. Although high-resolution thoracic CT

and gallium-67 scan may suggest a different stage, it is not necessary to

change the criteria since these tests are indicated only in a limited number

of patients.
bStage III may be subclassified in stage IV, which includes cases with

advanced pulmonary fibrosis (hilar retraction, coarse linear opacities,

honeycombing, bullae, emphysematous changes, architectural distortion,

and pulmonary hypertension).
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Liver

Although liver involvement at biopsy is very frequent in

sarcoidosis, mild hepatomegaly with slight cholestasis
occurs in 20–30% of patients. Hepatic sarcoidosis affects

the periportal areas. Severe chronic cholestasis syndrome,
portal hypertension, and Budd–Chiari syndrome are rare.

Multiple low-attenuation nodules in the liver on CT may
be observed (1, 8).

Neurosarcoidosis

About 5–10% of patients with sarcoidosis have clinical
recognizable neurological involvement. It has a predilec-
tion for the basal meninges of the brain, so cranial nerve
involvement, particularly facial paralysis, are common.
Other central nervous system (CNS) manifestations
include aseptic meningitis, seizures, pyramidal tract
signs, optic nerve dysfunction, papilledema, hypothala-

mic and pituitary lesions with diabetes insipidus or hypo-
pituitarism, and cognitive impairment. Spinal cord

involvement is rare. Cerebrospinal fluid (CSF) analysis
may show lymphocytosis, increased proteins, and oligo-
clonal bands. Gadolinium-enhanced magnetic resonance
imaging (MRI) may reveal nonenhancing multifocal peri-
ventricular and subcortical white matter lesions mimick-
ing those of multiple sclerosis, meningeal enhancement,
space-occupying lesions, and hydrocephalus. Peripheral
axonal polyneuropathy is not frequent. Recently, small
fiber neuropathy with autonomic involvement has been
reported (11).

Musculoskeletal System

Transient or chronic polyarthralgias are common but
frank arthritis is not frequent. Asymptomatic muscle

involvement is common, but symptomatic diffuse or nod-
ular myopathy is rare. Bone lesions, usually osteolytic, are
not frequent and predominate on the hands and foot, but
any bone may be affected (1, 8).

Heart

Clinical heart involvement occurs in 5% of patients.

Arrhythmias, complete heart block, sudden death, papil-
lary muscle dysfunction, and congestive heart failure may
be present. Cor pulmonale is usually secondary to chronic
pulmonary fibrosis. Twenty-four-hour Holter monitoring,
Doppler echocardiogram, nuclear imaging techniques,
and cardiac Positron emission tomography and MRI are
useful for the diagnosis. Endomyocardial biopsy may
reveal granulomas although the diagnostic yield may be
low (12).

Other Manifestations

Parotid involvement is frequent and may produce parotid
enlargement and xerostomia. Transient or persistent
hypercalcemia, hypercalciuria, rarely with nephrocalcino-
sis and nephrolitiasis, may be present. Interstitial lympho-
cytic and granulomatous nephritis and renal failure have
been reported. Sarcoidosis may involve any structure of
the upper respiratory tract, causing more frequently nasal
stuffiness. Gastrointestinal, genital, and endocrine gland
involvement is rare (1, 8).

Ancillary Tests

In addition to the alterations according to the organs
involved, lymphopenia, mild eosinophilia, and hyperglobu-
linemia may be observed. At diagnosis, at least 60% of
patients have increased serum angiotensine-converting
enzyme (SACE) level, although it is not specific. Pulmonary
function tests (PFT) may reveal decreased forced vital
capacity (FVC) and Diffusing capacity for carbon monox-
ide (DLco). Advanced pulmonary fibrosis may cause air-
ways distortion and decreased forced expiratory volume in 1
second (FEV1). Gallium-67 scanning has a limited sensitiv-
ity and specificity, and should not be routinely performed.
It may be useful in cases with diagnostic difficulties, parti-
cularly in patients with normal or doubtful CXR in which
extrathoracic sarcoidosis is suspected. The demonstration
of the typical lambda and panda patterns supports the diag-
nosis and reinforces the indication of histological confirma-
tion. High-resolution thoracic CT (HRCT) is not indicated
when the CXR is typical, but is useful in patients with
atypical radiological findings, to detect areas of active
alveolitis in cases with pulmonary fibrosis, and to detect
specific complications in the lung. In addition to the BHL,
the most common findings are widespread small nodules
with a bronchovascular and subpleural distribution, thick-
ened interlobular septae, ground-glass areas, and confluent
nodular opacities with air-bronchograms, with predilection
for mid- and upper-lung zones. With advanced fibrosis,
architectural distortion, hilar retraction, fibrous bands,
bronchiectasis, and bullae may be observed. The demon-
stration on bronchoalveolar lavage (BAL) of a lymphocytic
alveolitis with a proportion of CD4/CD8 >3.5 has a sensi-
tivity of 53%and a specificity of 94%.However, BAL is not
routinely performed unless a transbronchial lung biopsy
(TLB) is indicated. Tuberculin skin test is negative in more
than 80% of patients (1, 9).

Diagnostic Criteria

The diagnosis of sarcoidosis is based on a compatible clinical
and radiological picture, demonstration of noncaseating
granulomas with negative cultures for mycobacteria and
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fungus, and exclusion of other granulomatous diseases

(1, 8). Table 37.2 summarizes the basic study protocol, and
Figure 37.1 provides an algorithm for the diagnostic assess-

ment of sarcoidosis.
The type of biopsy will depend on the involved organ

and its accessibility. The most commonly used are TLB,

mediastinoscopy, and skin and peripheral lymph node
biopsies. Less frequently, biopsies of liver, lacrimal and
parotid glands, conjunctiva, muscle, upper respiratory
tract, scalene lymph node (Daniels biopsy), nervous sys-
tem, spleen, bone, heart, and kidney may be used as well.
When available, the Kveim–Siltzbach test has a sensitivity
of 70–90% and a specificity of 97%. Occasionally, granu-
lomatous cells may be seen in cytological specimens
obtained by fine needle aspiration, either transbronchial
or percutaneous, of mass lesions in patients with suspected
sarcoidosis. This may useful in excluding malignancy, and
may support the diagnosis, although it is not an absolute
proof. Importantly, a biopsy with the typical noncaseating
granulomas is non-specific for sarcoidosis, and the differ-
ential diagnosis varies according to every organ. Infectious
diseases, particularly tuberculosis, and tumor-related sar-
coid reactions should always be excluded. When the clin-
ical and radiological findings are not typical, it is
recommended to obtain at least two positive biopsies.
However, 15–20% of biopsies with granulomas remain
without a specific etiology. This has been named as gran-
ulomatous lesions of unknown significance (GLUS) syn-
drome (1). On the contrary, some clinical and radiological
pictures, such as LS and asymptomatic patients with a
stage I on CXR detected by chance, are so typical of
sarcoidosis that histological confirmation may not be
necessary. However, these patients must be followed up
at least until the hilar adenopathy is completely resolved
(7). Once the diagnosis has been established, the work-up
for patients with sarcoidosis includes an assessment of the
extension and severity of organ involvement, an evaluation
to see whether the disease is stable or progressing, and so
determine whether therapy is indicated (1, 8).

Prognosis and Therapy

In most patients, particularly those with an acute presenta-
tion, the disease resolves spontaneously without sequelae.
LS has an excellent prognosis. Rest, nonsteroidal anti-
inflammatory drugs, potassium iodide (300mg/t.i.d. orally),
or a short course of low-dose prednisone are useful to treat
erythema nodosum (7). In other cases, the disease persists
active for long time, or with a tendency to wax and wane,
but with minimal organ damage and no significant clinical
repercussion. About 10–30% of patients follow a chronic
and progressive course despite therapy (1). Occasionally,
recurrence of sarcoidosis many years after spontaneous
remission may occur (13). Pregnancy is not contraindicated
except in severe chronic disease. However, it may be
relapsed after parturition. Mortality is less than 5%.
Corticosteroids are the therapy of choice. However,

there is a controversy about when to treat a patient with
sarcoidosis. Although corticosteroids suppress the inflam-
matory process, it has not been demonstrated that they

* Combined PET-CT may have a role in the  assessment of sarcoidosis in the future
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FIGURE 37.1. Algorithm for the diagnostic assessment of sarcoi-
dosis (Adapted from: Mañá J, van Kroonenburg M. Clinical

usefulness of nuclear imaging techniques in sarcoidosis. In:
Drent M, Costabel U (eds.), Sarcoidosis. Eur Respir Mon 2005;

10(32): 284–300).

TABLE 37.2. Recommended basic assessment of patients with
sarcoidosis.

History (including occupational and environmental exposures)

Physical examination

Ophthalmologic examination (slit lamp and ophthalmoscopic

examination)

CXR

Standard hematological and biochemistry profiles (including urine and

serum calcium level, hepatic enzymes, and renal function tests), and

serum angiotensine-converting enzyme level

ECG

Pulmonary function tests (including spirometry and DLco)

Tuberculin skin test

Biopsies (including culture for mycobacteria and fungus)
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alter the long-term outcome of the disease. In consequence,
the objective of treatment must be the symptomatic con-
trol and prevention of irreversible organ damage, particu-
larly in major organs such as lung, eye, heart, and CNS,
trying to cause the minimum secondary effects (14). Alter-
nate-day therapymay be used. Relapses a fewmonths after
the suppression of treatment may occur.

Pulmonary Sarcoidosis

In CXR stages II and III treatment should be administered
in presence of symptoms, radiological progression, or
decreased lung function. In asymptomatic patients with
normal lung function, a period of 6-12months observation
is indicated, and treatment should be administered if the
patient becomes symptomatic, or there is persistence or
progression of radiological findings, or lung function dete-
riorates. In stage IV, fibrosis may coexist with active alveo-
litis, and treatment is recommended with a re-assessment
of symptoms and lung function 3–6months later. The
recommended therapy is prednisone, 0.5mg/kg/day, with
slow tapering, at least for 1 year. The best way to assess the
treatment efficacy in pulmonary sarcoidosis is periodical
evaluation of symptoms, CXR, and lung function. Inhaled
corticosteroids may be useful if associated bronchial
hyperreactivity is present (9).

Extrathoracic Sarcoidosis

The main indications for treatment are posterior uveitis,
CNS, and cardiac involvement, and persistent hypercalce-
mia. Severe cutaneous lesions, hypersplenism, and severe
liver, upper respiratory tract and kidney involvement may
also require treatment. The recommended therapy is pre-
dnisone, 1mg/kg/day, with slow tapering, at least for
2 years. However, some patients may needmore prolonged
treatment (15). Severe cases, particularly CNS, may be
treated initially with high-dose corticosteroid intravenous
pulse therapy. Mild anterior ocular involvement is treated
with topical corticosteroids.

Refractory Sarcoidosis

Some cases of sarcoidosis may be refractory to corticoster-
oid treatment. If the dose of prednisone needed to keep
the disease under control is superior to 20mg/day for
prolonged time, various second-line medications may act
as steroid-sparing agents. They are usually administered
combined with low-dose prednisone. The most used are
methotrexate and hydroxychloroquine. Other drugs
reported to be useful in uncontrolled reports include
azathioprine, cyclophosphamide, pentoxifylline, tetracy-
clines, and infliximab (Table 37.3) (16, 17). Pacemaker
and automatic implantable cardioverter defibrillator may
be necessary in cardiac sarcoidosis. Lung and other organ

transplantations have been successfully performed for
end-stage disease.
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A study of 186 patients. Am J Med 1999; 107: 240–5.

8. Judson MA, Baughman RP, Teirstein AS, Terrin ML,

Yeager H Jr, and the ACCESS Research Group.Defining

organ involvement in sarcoidosis: The ACCESS proposed
instrument. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16:

75–86.

9. Lynch JP,White ES. Pulmonary sarcoidosis. Eur Respir Mon
2005; 32: 105–29.
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38
Spondyloarthropathies

Michael Ehrenfeld

Abstract Spondyloarthropathies (SPA) are a group of common inflammatory rheumatic disorders characterized by
axial and/or peripheral arthritis, associated with enthesitis, dactylitis, and potential extra-articular manifestations such
as uveitis and skin rash. The diseases that comprise the group share a common genetic predisposition, theHLA-B27 gene;
however, this association varies markedly among the various SPAs and among different ethnic groups. Environmental
factors seem to be triggering the diseases in the genetically predisposed. The radiographic hallmark of the group is
sacroiliitis, which when present is of help in the diagnosis. Various sets of diagnostic and classification criteria were
developed over the years with the latest European Spondyloarthropathy Study Group (ESSG) criteria, which are the
most widely used. Until recent years, there were no real disease-modifying anti-rheumatic drugs that were able to halt the
disease progression. Tumor necrosis factor (TNF)-alfa-blocking agents have now become the mainstream of therapy
providing the patients an effective treatment option.

Keywords Spondyloarthritis � spondyloarthropathy � ankylosing spondylitis � psoriatic spondylitis � reactive arthritis �
inflammatory bowel disease � spondylitis

The spondyloarthropathies (SPA), now better termed
spondyloarthritides, are a group of diverse inter-related
inflammatory arthritides that share multiple clinical fea-
tures as well as common genetic predisposing factors
(1, 2, 3). The group includes the prototypical disease anky-
losing spondylitis (AS), reactive arthritis (ReA) or spon-
dyloarthritis, psoriatic arthritis (PsA) or spondyloarthritis,
SPA associated with inflammatory bowel disease (IBD)
(Crohn’s disease or ulcerative colitis), undifferentiated
SPA (USPA) (3), and juvenile-onset spondyloarthritis.

Spondyloarthritides are characterized by sacroiliitis with
inflammatory back pain, peripheral arthropathy, absence
of rheumatoid factor and subcutaneous nodules, enthesitis,
extra-articular or extra-spinal involvement, including of
the eye, heart, lung, and skin. There is a tendency toward
familial aggregation as well as varying association with
HLA-B27, depending on the population studied. The simi-
larities in clinical manifestations and the genetic predispo-
sition suggest that these disorders share some pathogenic
mechanisms. The prevalence of AS is about 0.3–0.8% and
the overall prevalence of SPA is similar to that of rheuma-
toid arthritis (4, 5). Classification criteria for the whole
group of the SPA are generally accepted and applied in
clinical studies.

Signs and Symptoms

Ankylosing Spondylitis

AS is the most common andmost typical form of SPA. It is
two to three times more common in men than in women.
The initial symptoms, typically in the early adulthood, are
usually of dull pain over the buttock and lower lumbar
area, accompanied by morning stiffness, relived with exer-
cise and worsened with inactivity. This inflammatory back
pain, which usually responds well to NSAIDs, may be
unilateral or bilateral and may alternate from side to
side. Other initial features include localized pain as a sign
of enthesitis depending on the affected location (heels,
ischilal tuberosities, costosternal junctions, greater tro-
chanters, and other locations). Frank arthritis may occur
in 25–35% of the patients, usually involving large joints in
an asymmetrical fashion (shoulder, knee, ankle, hip).
Involvement of the cervical spine with neck pain leading
to a reduced range of motion, is generally a later manifes-
tation in the course of the disease. Dactylitis, inflammation
of an entire digit, commonly termed sausage digit, is
another typical feature of the SPA, mainly in PsA and
ReA. It is thought to arise from joint and tenosynovial

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_38,

� 2008 Humana Press, Totowa, NJ
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inflammation. Other clinical features include recurrent
acute anterior uveitis, which occurs in about 30% of the
patients and can antedate the spondylitis, cardiovascular
manifestations (aortic insufficiency, congestive heart fail-
ure, aortitis, angina, pericarditis, and cardiac conduction
abnormalities). Dyspnea, cough, or hemoptysis can result
from upper lobe pulmonary fibrosis.

Psoriatic Arthritis

PsA develops in 5–40% of psoriasis patients (1, 6). The
arthritis is often asymmetric, involving small and large
joints. A number of patterns of joint involvement have
been described: arthritis mutilans, peripheral oligoarthritis
or polyarthritis, spondylitis, and distal interphalangeal
joint arthritis (fingers and toes), which are commonly
affected (>50%). Cervical spine disease is common
(>50%) and usually progresses in severity in parallel with
the peripheral joint disease. Psoriasis of the nails (in 83%)
or skin may precede or follow joint involvement. The
typical psoriatic lesions may be hidden in the scalp, behind
the ears, gluteal folds, or umbilicus, occasionally even un-
noticed by the patient. Extra-articular features include
constitutional symptoms, fatigue, and iritis or uveitis.

Reactive Arthritis

ReA usually manifests itself as arthritis, 2–4weeks follow-
ing a urogenital or enteric infection, often in patients bear-
ing the HLA-B27 antigen. Enthesitis, the typical feature of
ReA, occurring in 70% of the patients, usually manifesting
itself as a calcaneal spur with heel pain or Achilles tendi-
nitis. The knees may be involved with large effusions.
Sacroiliitis and spondylitis may occur in almost 50% of
the patients. Dactylitis of the fingers or toes is also typical
for ReA. A wide range of extra-articular features of ReA
include urethritis, cervicitis, vulvovaginitis, salpingitis, and
prostatitis. There are also typical dermatological manifes-
tations, oral ulcers, erythema nodosum, conjuncitivitis, as
well as cardiac involvement.

IBD

IBD (enteropathic)-associated arthritis is usually a large
joint, lower limb asymmetric oligoarthritis. It accompanies
IBD in about 10% of patients and occasionally antedates it.
As with the other SPA, extra-articular and extra-intestinal
features such as uveitis, erythema nodosum, pyoderma
gangrenosum, and others, are more common in Crohn’s
disease than in ulcerative colitis, and occur more often in
patients with arthritis. The synovitis runs in parallel with
the bowel disease, and may resolve completely following
colectomy. The spondyloarthritis and sacroiliitis run how-
ever an independent course compared to the bowel disease.

Undifferentiated Spondyloarthropathy

Undifferentiated spondyloarthropathy or spondyloarthri-
tis, is used to describe manifestations of SPA in patients
who do not meet criteria for any of the well-defined SPA.
There is a female predominance of 1:3 and the clinical
manifestations of this type of SPA are basically similar to
all other SPAs with fewer extraarticular manifestations.
Long-term follow up of these patients shows that even
after years of active disease, sacroiliitis and spondylitis
are either absent or appear very mildly on routine radio-
graphs. Prognosis is generally good.

Juvenile-onset Spondyloarthropathy

Juvenile-onset spondyloarthropathy is an asymmetric, mostly
lower extremity peripheral arthritis, similar to adult AS, that
begins most commonly in boys aged 7–16. Enthesitis and
dactylitis are prominent features of the disease in children.
Systemic manifestations are more frequent in the juvenile
SPA than in the adult form.

Laboratory Findings and Serological
Markers

There are no specific laboratory tests for the SPAs. The
diagnosis is therefore made by combining clinical criteria
with radiological findings. Inflammatory disease markers,
such as CRP and erythrocyte sedimentation rate (ESR),
are generally elevated, though not in all patients, and are
therefore less useful for monitoring disease activity of AS.
A mild normocytic anemia and thrombocytosis may be
present in the more severe cases. Rheumatoid factor and
antinuclear antibodies are generally absent in the SPAs.
Radiographic changes of the sacroiliac joints are usually
symmetric and consist of blurring of the subchondral bone
plate, followed by erosions and sclerosis of the adjacent
bone. Conventional plain radiographs of the pelvis serve as
a good screening tool for evaluation of the sacroiliac joints
in patients with inflammatory back pain. Nuclear scan-
ning, computed tomography (CT), or magnetic resonance
imaging (MRI) (7) may be employed if the plain X-rays of
the pelvis are negative or equivocal.
In most ethnic groups, HLA-B27 is present in approxi-

mately 90–95% of patients with AS (2, 8). In the general
population AS is likely to develop in up to 6% of HLA-
B27-positive adults. Approximately 4–8% of the healthy
population is positive for HLA-B27. Sixty percent of psor-
iatic patients with spondylitis and IBD associated spondy-
litis are positive for B27, whereas 60–80% of ReA patients
and 20–25% of patients with USPA are positive for B27.
HLA typing for B27, should however not be used as a
routine diagnostic test, and should be only reserved for
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rare clinical situations in which the presentation is atypical
or complex.

Diagnostic Criteria

Table 38.1 describes the older various sets of validated
diagnostic criteria which have been proposed over the
years for the diagnosis of the SPAs. These criteria starting
from the Rome (1961) first diagnostic criteria for AS (9),
through the New York (1966) criteria (10), followed by the
Modified New York criteria (1984) (11). The Rome cri-
teria, which were developed for AS, carry a sensitivity of
89.2% and a specificity of 96.3%. The New York criteria
as well as the modified NewYork criteria, which were both
also developed for AS, carry a sensitivity of 75.8 and
83.4%, respectively, and a specificity of 98.9 and 97.8%,
respectively.

Two more validated sets of criteria were later proposed
in the early nineties, the first known as the Amor criteria
(12) and based on multiple entry criteria, and the second as
the European Spondyloarthropathy Study Group (ESSG)
criteria, which is based on two entry criteria (13). These
sets of more modern criteria are easy to apply in clinical
practice, and themoderate level of positive predictive value
(73.1 and 60.3%, respectively) and the high level of nega-
tive predictive value (99.5 and 99.2%, respectively) of both
sets, mean that physicians often use them in daily practice.
Tables 38.2 and 38.3 describe these two sets of criteria. A
recent attempt to set up even newer candidate classification
criteria for young patients with early inflammatory back
pain, suggested that fulfilling two of the 4 suggested criteria

(specificity of 81% and a sensitivity of 70%), would be
sufficient for the diagnosis of inflammatory back pain
(14). Their criteria, which have not been validated so far,
include morning stiffness of more than 30min, improve-
ment in back painwith exercise but notwith rest, awakening
because of back pain during the second half of the night
only, and alternating buttock pain. All criteria developed so
far, were developed as classification criteria, although they
are often used as diagnostic criteria. Obviously, the use of
classification criteria in an attempt to diagnose individual
patients leads to an overestimation of the probability of the
diagnosis. The modified New York as well as the ESSG
criteria have been widely used until now in clinical studies
and for diagnosis; however, all criteria sets suffer from
limitations due to the fact that they were developed and
evaluated in patients with established diagnoses and that
they are rather complicated. Furthermore, none of the cri-
teria include MRI interpretations, which carry very high
sensitivity and specificity values, as a diagnostic/classifica-
tion tool (7).

Prognosis

SPA are characterized by mild to moderate flares of active
inflammation alternating with periods of little or no
inflammation. Proper treatment will result inmost patients
withminimal or no disability, and in productive life despite
back stiffness. A small minority of patients with chronic
progressive incapacitating disease will develop disability
due to spinal fusion, often with thoracic kyphosis or ero-
sive disease involving peripheral joints, especially of the

TABLE 38.1. Classification criteria for ankylosing spondylitis.

Rome, 1961 New York, 1966 Modified New York, 1984

Clinical criteria Clinical criteria Clinical criteria

1. Low back pain & stiffness for more

than 3 months, not relieved by rest

1. Limitation of motion of the lumbar spine in all 3 planes:

ant. flexion, lat. flexion, & extension.

1. Low back pain of at least 3months.

Duration improved by exercise and not by

rest.

2. Pain and stiffness in the thoracic

region.

2. Pain at the dorsolumbar junction or in the lumbar spine. 2. Limitation of lumbar spine in sagittal and

frontal planes.

3. Limitedmotion in the lumbar spine. 3. Limitation of chest expansion to 2.5 cm or less measured

at the level of the IV intercostal space.

3. Chest expansion decreased relative to

normal values for age and sex.

4. Limited chest expansion. 4. Bilateral sacroiliitis grade 2–4.

5. History or evidence of iritis or its

sequelae.

5. Unilateral sacoiliitis grade 3–4.

Radiologic criteria Grading of radiographs Definite AS if:

1. Bilateral sacroiliac changes

characteristic of AS (excluding OA).

Normal 0; suspicious 1; minimal sacroiliitis 2; moderate

sacroiliitis 3; ankylosis 4.

Unilateral grade 3 or 4, or bilateral grade 2–4

sacroiliitis and any clinical criterion.

Definite AS if: Definite AS if:

1. Grade 3–4 bilateral sacroiliitis with

at least 1 clinical criterion.

1. Grade 3–4 bilateral sacroiliitis with at least one clinical

criterion.

2. At least four clinical criteria. 2. Grade 3–4 unilateral or grade 2 bilateral sacroiliitis with

clinical criterion 1 or with both clinical criteria 2 and 3.

Probable AS if: Probable AS if:

Grade 3–4 bilateral sacroiliitis with no clinical criteria. Three clinical criteria present; or radiologic

criterion present with no clinical criteria.
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hips and shoulders. Apart from this hip involvement
and cervical spine disease (associated with earlier age at
onset), it is unknown why some patients do better than
others. Uveitis is a marker for more severe disease. Poor
prognostic indicators include peripheral joint involvement,
young age of onset, elevated ESR, and poor response
to NSAIDs. Mortality is increased in patients with AS
who have severe long-standing disease and significant
extra-articular manifestations.

Prevention

Since genetic factors appear to play a role in AS and
other SPAs, it is not possible to prevent the disease.
Being aware, however, of any personal risk factors for
the disease may help in early detection and treatment.

People who have a family member with AS and bear the
HLA-B27 gene, and are younger than 40 years, have a
chance of about 20% to develop the disease. If they are
however older than 40 years, their chances of getting AS
are low. Proper and early treatment can relieve joint
pain and help to prevent or delay the onset of physical
deformities.

Therapy of the Spondyloarthritides

Nonsteroidal anti-inflammatory drugs (NSAIDs) taken in
full anti-inflammatory doses, in combination with physical
therapy, were and still are the basic essential therapeutic
modality for patients with SPAs, which are aimed only
at symptomatic control of the disease. Management of
patients with AS should be based on the symptoms and

TABLE 38.3. The ESSG criteria for the classification of spondyloarthropathy.

Major criteria:

1. Inflammatory spinal pain

History or present symptoms of spinal pain, with four of the five following characteristics: – onset before age 45 years – insidious onset – with morning

stiffness – improved by exercise – at least 3months duration

2. Synovitis

Past/present asymmetric or lower limb predominant arthritis.

Minor criteria:

1. Family history: presence in first-degree or second-degree relatives of any of the following characteristics: – ankylosing spondylitis -psoriasis-acute

uveitis -reactive arthritis – inflammatory bowel disease

2. Psoriasis: past/present psoriasis diagnosed by a physician.

3. Inflammatory bowel disease: past/present Crohn’s disease or ulcerative colitis, diagnosed by a physician, confirmed by X-ray examination or

endoscopy.

4. Alternating buttock pain: past/present pain alternating between right or left gluteal region.

5. Enthesopathy: past/present spontaneous pain or tenderness at examination of the site of the insertion of the Achilles tendon or plantar fascia.

6. Acute diarrhea: episode of diarrhea occurring within 1month before arthritis.

7. Urethritis: non-gonococcal urethritis or cervicitis occurring within 1month before arthritis.

8. Sacroiliitis: bilateral grade 2–4 or unilateral grade 3–4 [ radiographic grading system: 0 = normal; 1 = possible; 2 = minimal; 3 = moderate;

4 = ankylosis].

Number of required criteria: 1major þ 1minor criteria. Sensitivity – 93.6%; Specificity – 87%.

TABLE 38.2. The Amor criteria for the classification of spondyloarthropathy.

Clinical symptoms or past history of: Criterion value

1. Lumbar and dorsal pain at night � morning stiffness of lumbar or dorsal area 1

2. Asymmetric oligoarthritis 2

3. Buttock pain (if alternate buttock pain) 1 (2)

4. Dactylitis 2

5. Heel pain or other well defined enthesopathy 2

6. Acute anterior uveitis 2

7. Nongonococcal urethritis or cervicitis within 1month before the onset of arthritis 1

8. Acute diarrhea within 1month before the onset of arthritis 1

9. Psoriasis or balanitis or IBD 2

Radiological findings:

10. Sacroiliitis �grade 2 if bilateral, �grade 3 if unilateral 2

Genetic background:

11. Presence of HLA B27 antigen and/or family history of AS, ReA, uveitis, psoriasis, or IBD 2

Response to treatment:

12. Clear cut improvement within 48 h after taking NSAID or rapid relapse of pain after discontinuation 2

Number of required points = 6; Sensitivity: 93%; Specificity: 89.9%;
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signs, disease activity and severity, and functional status.
Sulfasalazine (SZA) is often used in the treatment of AS
and other SPAs, mainly for the control of peripheral joint
involvement, for which it has been shown to be efficacious.
In AS, SZA has demonstrated its efficacy in reducing
spinal stiffness, and peripheral arthritis, but not on the
enthesitis, the mobility of the spine, or the physical activ-
ity. Methotrexate also appears to have some influence on
peripheral joint, but studies on its effect on the spine have
shown conflicting results. Systemic corticosteroids have
been relatively ineffective in controlling the spinal and
axial inflammatory process, in contrast to their benefit
seen in most other inflammatory arthritides. Bisphospho-
nates may have a modest effect on both the underlying
osteoporosis and the inflammatory disease itself, with a
beneficial effect on the spinal symptoms. Extra-articular
manifestations of SPAs should be treated based on the
clinical setting. Patients might need a total hip arthro-
plasty, but spinal osteotomy is rarely performed. The
Assessment in Ankylosing Spondylitis working group
(ASAS) in conjunction with the European League Against
Rheumatism (EULAR) task force, have recently set up the
first international evidence-based recommendations for
the optimal management of AS (15). These recommenda-
tions contain 10 key components that provide practice
guidelines for appropriate monitoring and treatment of
patients, and include functional assessment, pain, stiffness,
spinal mobility, patient’s global assessment, peripheral
joint involvement, enthesitis, acute phase reactants, and
radiographs. Until recent years, there were no real disease
modifying anti-rheumatic drugs that were able to halt the
disease progression. Tumor necrosis factor (TNF)-alfa-
blocking agents, which were introduced only few years
ago, have now become the mainstream of therapy provid-
ing the patients an effective treatment option. All three
available anti-TNF inhibitors (Infliximab, etanercept,
and adalimumab) have been shown to be remarkably effec-
tive in AS without the need to combine them with another
disease-modifying drug such as methotrexate (16). Multi-
ple large randomized, placebo-controlled trials of the use
of all three TNF blockers in AS and PsA, showed impress-
ive short-term as well as long-term improvements in spinal
pain, stiffness, physical function, quality of life, as well as
in inflammatory markers and MRI inflammation (17).
Several studies have demonstrated that active inflamma-
tion of the sacroiliac joint or spine, as shown by MRI, is
significantly reduced by all three TNF-blocking agents
(18, 19). It has also been recently shown that survival of
TNF antagonists in SPA is better than in rheumatoid
arthritis (20). Thus, though TNF antagonists seem so
far to be a safe and effective option for long-term treat-
ment of patients with SPA, it is meanwhile believed that
they should only be introduced in patients who are
uncontrollable with conventional therapy, because their
long-term safety and effect on the prevention of structural

damage have yet to be evaluated and demonstrated in
prospective randomized controlled trials.
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39
Periodic Fever Syndromes

Shai Padeh and Yackov Berkun

Abstract Human autoinflammatory diseases are a heterogeneous group of genetically determined diseases character-
ized by seemingly unprovoked inflammation, in the absence of autoimmune or infective causes. These diseases are caused
by proteins that involve in the innate immunity and interact with other proteins to form an inflammasome (1), which acts
as an early sensor to detect danger signals and initiates the host defense reactions (2). Members of the ‘‘NALP’’ family of
proteins (which includes cryopyrin) are components of the inflammasome. Two types of inflammasomes have now been
described: the NALP1 inflammasome and the NALP3, or cryopyrin, inflammasome. The stimulation of cryopyrin
triggers a series of reactions, which ultimately result in the activation of the proinflammatory cytokine interleukin-13.

The past decade has witnessed tremendous advances in the understanding of these disorders. These advances have
allowed for therapeutic interventions, resulting in improvement in the short-term and long-term morbidity of all of these
diseases. As these syndromes often have overlapping symptoms, diagnostic criteria are essential.

Keywords Familial mediterranean fever � periodic fever accompanied by aphthous stomatitis � pharyngitis � and cervical
adenitis syndrome � tumor necrosis factor receptor–associated periodic syndrome (TRAPS) � hyperimmunoglobulinemia
D and periodic fever syndrome � familial cold autoinflammatory syndrome � muckle-wells syndrome � neonatal-onset
multisystem inflammatory disease/chronic infantile neurologic cutaneous and articular syndrome

Periodic Fever Syndromes

The term hereditary autoinflammatory disease has been

proposed to describe a group of disorders characterized by

attacks provoked by no known trigger and no evidence for

autoimmunity, such as autoantibodies or autoreactive T

cells. All syndromes (with the exception of periodic fever,

aphthous stomatitis, pharyngitis, and adenitis (PFAPA))

derive from defects of the innate immunity; nine hereditary

autoinflammatory syndromes have been identified in the past

9 years: Familial Mediterranean fever (FMF); Tumor necro-

sis factor (TNF) receptor–associated periodic syndrome

(TRAPS); Hyperimmunoglobulinemia D and periodic fever

syndrome (HIDS); Familial cold autoinflammatory syn-

drome (FCAS)/familial cold urticaria syndrome (FCUS);

Muckle-Wells syndrome (MWS); Neonatal-onset multi-

system inflammatory disease (NOMID)/chronic infantile

neurologic cutaneous and articular (CINCA) syndrome;

Blau syndrome; PAPA (Pyogenic sterile Arthritis, Pyoderma

gangrenosum, and Acne) syndrome; and Chronic recurrent

multifocal osteomyelitis (CRMO) (Mageed syndrome).

This chapter discusses those syndromes that are associated

with recurrent fevers. The growing list of mutations of these

Mendelian disorders (544 so far) is routinely updated in

INFEVERS (3), run by Toitou et al., a mutational database

accessible on the World Wide Web at http://fmf.igh.cnrs.fr/

infevers. The proteins coded by these genes participate in

the inflammasome, a complex of proteins that have distinct

roles in the innate defense system and acts as an early

sensor to detect danger signals and initiates the host defense

reactions (2).

Familial Mediterranean Fever

FMF is an autosomal recessive disease mainly affecting

ethnic groups living around the Mediterranean basin:

Sephardic and Ashkenazi Jews, Armenians, Turks, Arabs,
and Druze. Scattered cases of FMF have been reported

throughout the world. FMFwas first described as a separate

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_39,

� 2008 Humana Press, Totowa, NJ
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nosologic entity in 1945. The benefit of prophylactic treat-

ment with colchicine was first suggested by Goldfinger (4),

and was later assessed by double-blind studies. The gene

responsible for FMF,MEFV, was identified in 1997 (5) that

encodes pyrin/Marenostrin, which is present almost exclu-

sively in neutrophils and their precursors (6).

Clinical Manifestations

Repeated attacks at irregular intervals and in an unpre-

dicted sequence, rather than truly periodic attacks, are

typical of the disease. In children, about 50% of the cases

have symptoms before the age of 6 years, and 80% have

symptoms before the age of 10 years (7). The symptoms

and signs characteristic of this disease are summarized in

Table 39.1.

Biochemical Features

Leukocytosis and elevated acute-phase reactants, includ-

ing accelerated erythrocyte sedimentation rate (ESR) and

elevated levels of C-reactive protein (CRP), fibrinogen,

haptoglobin, C3, C4, and serum amyloid A (SAA) are

characteristic (8). CRP correlates better with FMF

attacks, with levels much higher than that in other inflam-

matory conditions.

Pathological Features

The MEFV gene. In 1992, the gene responsible for FMF,
MEFV, was found to reside on the short arm of chromo-
some 16 (6). Five years later, the MEFV gene locus was

discovered (6). MEFV codes a protein, pyrin (from the
Greek word for fire and fever, or marenostrin by French
FMF Consortium, the Latin for ‘‘our sea’’), which plays a

role in mitigating an inflammatory response (3). To date,
more than 100 disease-causing mutations have been
described (2). Molecular diagnosis fails to confirm the

diagnosis of FMF in a large number of patients with
typical presentation, even after the entire gene has been
sequenced (9). Most laboratories providing routine genetic

testing of FMF screen for at least the five most frequent
mutations (M694V, V726A, V680I, E148Q, and M694I),
because other mutations are found in less than 1%of FMF

alleles. One specific mutation, M694V, has been impli-
cated as a risk factor for amyloidosis.

Diagnostic Criteria

Until 1997, the diagnosis of FMF was based on clinical
grounds alone. A short time before the discovery of

MEFV gene, diagnostic criteria for FMF were proposed
(Table 39.2). Today there is a need to add the MEFV
genotype to diagnostic criteria. We suggest homozygosity
or compound heterozigosity to MEFV mutations to be

TABLE 39.1. Symptoms and signs of FMF.

Symptoms & signs Prevalence

Fever 96% 38.5 to 408C, 1 to 3 days, resolve without treatment

Sterile peritonitis 91% The hallmark of the disease, generalized abdominal pain, guarding, rebound, tenderness, and

distention, mimicking acute appendicitis. May result in fibrous adhesions, at times the cause of

sterility or ileus.

Pleurisy 57% Acute one-sided febrile, painful breathing, diminished breath sounds, small pleural effusion or mild

pleural thickening.

Arthritis, arthralgia 45% Monoarticular, large joints, lower extremities, lasts longer, often precipitated by minor trauma or

effort, leaving no residua. Synovial fluid varies in appearance from cloudy to purulent, large

numbers of neutrophils.

Pericarditis 3% Signs of pericarditis.

Erysipelas like

erythema

22–30% Tender, hot, swollen, sharply bordered red lesions on skin of lower extremities. Edema of the

superficial dermis and sparse perivascular infiltrate without vasculitis, deposits of C3 in the wall of

the small vessels of the superficial vascular plexus.

Headache 90%

Proteinuria Variable in different

populations

Frequently in untreated patients, mostly affecting the kidneys, begins with persistent heavy

proteinuria leading to nephrotic syndrome. Prevalence in the colchicine era is unknown, and

different magnitude has been reported in different centers. Derived from circulating acute-phase

reactant serum amyloid A protein (SAA). Median SAA concentration >10mg per liter correlates

with poor outcome.

Amyloidosis Variable in different

populations

Acute scrotum 2% Inflammation of the tunica vaginalis testis may mimic episodes of torsion of the testis.

Myalgia 10% Severe debilitating myalgia, prolonged fever (6–8weeks), a higher ESR than commonly found,

leukocytosis, and hyperglobulinemia.

Henoch Schonlein

Purpura

3–11% HSP in up to 11% of FMF patients. Polyarteritis nodosa (PAN) more commonly, with a younger age

of onset (13).

Splenomegaly 3%

Glomerulonephritis Sporadic Various types of glomerulonephritis
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included as major criterion. Because only one or no known
MEFV mutations are found in 50–60% of FMF patients,
heterozygous state is suggested as minor criteria.

The most common differential diagnosis of FMF is
functional abdominal pain, irritable bowel syndrome,
and recurrent (intercurrent) infections in young children,
in addition to all other disorders that belong to the auto-
inflammatory periodic diseases.

Therapy

Until 1973, the treatment of FMF was restricted to alle-
viating pain. Daily prophylactic treatment with colchicine
was suggested byGoldfinger, and assessed by double-blind
studies (10). Treatment is started with 1mg colchicine per
day regardless of age or body weight. This dose is increased
to 1.5 or 2mg until remission is achieved.

Periodic Fever Accompanied
by Aphthous Stomatitis, Pharyngitis,
and Cervical Adenitis Syndrome

First described in 1987 (11), PFAPA syndrome is a chronic
disease of unknown cause characterized by periodic epi-
sodes of high fever accompanied by aphthous stomatitis,
pharyngitis, and cervical adenitis, often associated with
headache or abdominal or joint pain (11).

Clinical Manifestations

Typically, patients present with febrile attacks, which last for
3–6days, and recur every 3–8weeks, with fever, chills,
sweats, headache, and muscle and bone pain. The affected
children had no long-term sequelae. Episodes of fevers begin
at the age of 4.2 � 2.7 years. General malaise, resembling
streptococcal pharyngitis, tonsillitis with negative throat

cultures, and cervical adenopathy are typical of the syn-

drome. The clinical presentation of patients with PFAPA

in two large series is summarized in Table 39.3.

Diagnostic Criteria

The differences between the two series probably derive

from the differences in the diagnostic criteria of the two

centers (Table 39.4).

Pathological Features

The cause of PFAPA is unknown. Long (12) has hypothe-

sized that the periodicity of the PFAPA syndrome derives

from intermittent expression or suppression of antigens or

epitopes of infectious agents or an alteration in the nature

or kinetics of immunological response.

TABLE 39.2. Simplified criteria set for diagnosis of familial
Mediterranean fever (FMF) (9).

Major criteria 1–4. Typical attacks Minor criteria

1. Peritonitis (generalized)

2. Pleuritis (unilateral) or pericarditis

3. Monoarthritis (hip, knee, ankle)

4. Fever alone

5. Incomplete abdominal attack

1–2. Incomplete attacks

involving one or more of the

following sites:

1. Chest

2. Joint

3. Exertional leg pain

4. Favorable response to

colchicine

Diagnosis of FMF if �1major criteria, or �2minor criteria. Typical

attacks are recurrent (�3 of the same type), febrile (�388C), and short

(12 hours and 3 days). Incomplete attacks differ from typical attacks in

1 or 2 features, as follows: 1) < 388C; 2) longer or shorter attacks; 3) no
signs of peritonitis; 4) localized abdominal attacks; 5) atypical joints.

TABLE 39.3. Clinical presentation of patients with PFAPA of
PFAPA in two large series.

Symptom Thomas et al (%)(22) Padeh et al (%)(23)

Fever 100 100

Exudative tonsillitis 72a 100

Malaise NA 100

Cervical adenopathy 88 100

Aphthae 70 68

Headache 60 18

Abdominal pain 49 18

Arthralgia 79 11

Chills 80 NA

Cough 13 NA

Nausea 32 NA

Diarrhea 16 NA

Rash 9 NA

Abbreviations: NA, not available; aPharyngitis rather than exudative

tonsillitis

TABLE 39.4. Diagnostic criteria for PFAPA syndrome from two

centers.

Thomas et al (%) Padeh et al (%)

Regularly recurring fevers with an early

age of onset (<5 years of age)

Monthly fevers—cyclic fever

at any age group

Constitutional symptoms in the absence

of upper respiratory infection with at

least one of the following clinical

signs:

Aphthous stomatitis Possibly aphthous stomatitis

Cervical lymphadenitis Cervical lymphadenitis

Pharyngitis Exudative tonsillitis þ
negative throat culture

Exclusion of cyclic neutropenia

Completely asymptomatic interval

between episodes

Completely asymptomatic

interval between episodes

Normal growth and development Rapid response to a single

dose of corticosteroids
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Therapy

Most patients who are given one dose of corticosteroid
(2mg/kg/day prednisone or prednisolone or, preferably,
0.3mg/kg of bethamethasone) report a dramatic resolu-
tion of fever within 2 to 4 hours after the ingestion of the
corticosteroid.

Tumor Necrosis Factor
Receptor–Associated Periodic
Syndrome (TRAPS)

TRAPS, formerly known as familial Hibernian fever
(FHF), is an autosomal dominant periodic disease char-
acterized by recurrent attacks of fever, abdominal pain,
localized tender skin lesions, andmyalgia, first described in
persons of Irish-Scottish ancestry. Pleurisy, leukocytosis,
and high ESR are other features. A germline mutation in
the TNFRSF1A gene causes the disease (13). The type 1
receptor (the p55 TNF receptor) is encoded by a gene
located on chromosome 12p13.2. (14).More than 82muta-
tions in TNFRSF1A have been associated with TRAPS so
far (2). TNFRSF1A is expressed in various cells (15) and
has been shown to induce cytokine secretion, expression of
adhesion molecules leukocyte activation, host resistance to
intracellular pathogens, pyrexia, and cachexia.

Clinical Manifestations

The median age of onset is 3 years. Attacks last for 21 days
on average and occur every 5–6weeks. Attacks begin with
a subtle onset of deepmuscle cramping that crescendo over
the course of 1–3 days. Myalgia, typically affecting only a
single area of the body, is waxing and waning throughout
the course of the attack. The rash is a centrifugal, migra-
tory, erythematous patch, most typically overlying a local
area of myalgia. Abdominal pain, often mimicking acute
appendicitis, occurs in 92% of patients. Conjunctivitis,
periorbital edema, or periorbital pain is reported in 82%
of patients. Chest pain (57%) may be either musculoske-
letal or pleural in origin.

Biochemical Features

Elevation of ESR, CRP, haptoglobin, fibrinogen, and ferri-
tin is the rule. Diagnostic criteria. No valid criteria has been
published. Suggested criteria are summarized in Table 39.5.

Therapy

Unlike in FMF, glucocorticoids decrease the severity of
symptoms but not the frequency of attacks. Colchicine,
azathioprine, cyclosporine, thalidomide, cyclophosphamide,
chlorambucil, intravenous immunoglobulin, dapsone, and

methotrexate have been tried but have not been found to be
beneficial. Etanercept, resulted in 66% response rate, and
more recently, Anakinra has been reported beneficial in a
patient with TRAPS.

Hyper-IgD and Periodic Fever
Syndrome (HIDS)

HIDS is a syndrome characterized by periodic febrile
attacks occurring every 4–8weeks with an intense inflam-
matory reaction accompanied by lymphadenopathy,
abdominal pain, diarrhea, joint pain, hepatosplenomegaly,
and cutaneous signs. HIDSwas originally described by Van
der Meer (16) in 1984. In 1995, by consensus, the acronym
of HIDS was selected to designate the hyper-IgD syndrome
(17). Mutations in the mevalonate kinase (MVK) gene are
responsible for this syndrome. MVK deficit has also been
reported in mevalonic aciduria, a rare inherited disorder
that is characterized by developmental delay, failure to
thrive, hypotonia, ataxia, and myopathy, which is a com-
pletely different disease (18). Most patients originated from
Europe, namely the Netherlands (28 cases, 56%), France
(10 cases, 20%), and Italy (3 cases, 6%). One patient was
from Japan. Patients present as early as 0.5 year of age and
have a life-long persistence of periodic fever.

Clinical Manifestations

The clinical manifestations are summarized in Table 39.6.

TABLE 39.6. Clinical presentation of HIDS.

High spiking fever, preceded by chills 76%

Lymphadenopathy 94%

Abdominal pain 72%

Vomiting 56%

Diarrhea 82%

Headache 52%

Skin lesions (erythematous macules, papules,

nodules, urticarial lesions)

82%

Polyarthralgia 80%

Nondestructive arthritis large joints (knee and

ankle),

68%

Serositis Rare

Amyloidosis Not reported

TABLE 39.5. TRAPS should be considered when:

1. A combination of the inflammatory symptoms, as described previously,

recurs in episodes lasting >5 days.

2. Myalgia is associated with an overlying erythematous rash that

together displays a centrifugal migratory pattern over the course of

days and occur on the limbs or trunk.

3. There is ocular involvement with attacks.

4. Symptoms respond to glucocorticosteroids but not to colchicine.

5. Symptoms segregate in the patient’s family in an autosomal dominant

pattern.

6. Mutations in the TNFRSF1A gene on mutation analysis.
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Biochemical Features

During an attack, there is a brisk acute-phase response,

with leukocytosis, and high levels of CRP and serum amy-

loid A. The serum IgD level is persistently elevated

(>100U/mL). In 82% of cases, the serum IgA is likewise
elevated (�2.6 g/L). Mevalonate kinase is an important

enzyme in the cholesterol metabolic pathway and follows

3-hydroxy-3-methylglutaryl–coenzyme A reductase. In

classic HIDS, the activity of mevalonate kinase is reduced

to 5% to 15% of normal.

Pathological Features

Most patients are compound heterozygotes for missense
mutations in the MVK gene. More than 100mutations

have been reported (2). How a deficiency of mevalonate

kinase is linked to an inflammatory periodic fever syn-

drome remains known.

Diagnostic Criteria

The diagnostic criteria are summarized in Table 39.7.

Therapy

No effective treatment is known. Thalidomide and simvas-

tatine had a limited effect. Favorable experiences with

etanercept in three patients, and anakinra in one patient

have been reported.

Cryopyrin-Associated Periodic
Syndromes (CAPS)

The CIAS1 (Cold-Induced Autoinflammatory Syn-

drome) gene, located on chromosome 1p44, encodes a

pyrin-like protein, cryopyrin, expressed predominantly

in peripheral blood leukocytes. CIAS1-related autoin-

flammatory syndromes (CRAS) are three different dis-
eases caused by mutation in the CIAS1 gene: familial cold

autoinflammatory syndrome (FCAS), Muckle–Wells

syndrome (MWS), and neonatal-onset multisystem

inflammatory disease (NOMID, also called chronic

infantile neurologic cutaneous and articular syndrome

or CINCA syndrome). FCAS, MWS, and NOMID/

CINCA syndrome appear to represent a spectrum of

diseases, with FCAS being the mildest and NOMID/

CINCA syndrome being the most severe. Over time, the

number of mutations in CIAS1 is growing (up to 90), with

a spectrum of diseases ranging from FCUS to MWS to

OMID/CINCA syndrome (2). A summary of the clinical

and genetic characterization of these syndromes is pre-

sented in Table 39.8.

TABLE 39.7. Diagnostic criteria for HIDS.

The diagnosis is established by

1. Detection of elevated excretion MVA in urine.

2. Increased immunoglobulin (Ig) D (> 100 U/mL and A (� 2.6 g/L).

3. Elevated excretion of mevalonic acid.

4. The diagnosis is confirmed by demonstration of deficient MVK

enzyme activity or by identification of two disease-causing

mutations in the MVK gene.

TABLE 39.8. A summary of the clinical and genetic characterization of the autoinflammatory fevers syndromes.

Syndrome Abbreviation Distinguishing clinical findings

Inheritance

pattern Gene Protein

Familial Mediterranean Fever FMF Episodes 1–3 days, polyserositis,

amyloidosis common

Autosomal

recessive

MEFV Pyrin (Marenostrin)

TNF-receptor associated

periodic syndrome

TRAPS Long episodes (often >1week),

periorbital edema, migratory

myalgia and rash

Autosomal

dominant

TNFRSF1A TNF-receptor type 1

(p55, CD120a,

TNFR1)

Hyper-IgD syndrome HIDS Lymphadenopathy, starts in first

year, high IgD, attack after

immunization

Autosomal

recessive

Mevalonate

kinase

(MVK)

Mevalonate kinase

(MK)

Syndrome of pyogenic arthritis,

pyoderma gangrenosum,

acne

PAPA Pyogenic arthritis, Pyoderma

gangrenosum

Autosomal

dominant

PSTPIP1

(CD2BP1)

PSTPIP1 (CD2BP1)

Blau syndrome BS Granulomatous Inflammation Autosomal

dominant

NOD2

(CARD15)

NOD2/CARD15

Cryopyrin-associated periodic syndrome (CAPS)

Familial Cold

Autoinflammatory

syndrome

FCAS Provoked by cold exposure, brief

episodes (hours)

CIAS1/

NALP3/

PYPAF1

Muckle-Wells syndrome MWS Hearing loss, amyloidosis common CIAS1/

NALP3/

PYPAF1

Neonatal onset multisystemic

inflammatory disease

NOMID/

CINCA

Almost continuous, chronic aseptic

meningitis, hearing loss,

arthropathy

Autosomal

dominant

CIAS1/

NALP3/

PYPAF1

Cryopyrin

(NALP3, PYPAF1)
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NOMID/CINCA Syndrome

The triad of cutaneous rash, chronic meningitis, and
arthropathy characterizes CINCA syndrome. First
described in 1981, it is a disease of chronic inflammation,
often starting at birth, which lasts the entire lifetime. Only
recently, it has been linked to mutations in the CIAS1 gene
on chromosome 1q44.

Clinical Manifestations

Fever and rash are dominant symptoms; lymphadenopa-
thy and hepatosplenomegaly are often present during
flares. Headaches, seizures, transient episodes of hemiple-
gia, and spasticity of the legs reflect chronic aseptic menin-
gitis. Skull anomalies include increased cranial volume,
frontal bossing, and late closure of the anterior fontanelle.
Progressive visual defect evolving to blindness in the most
severe cases, progressive perceptive deafness, hoarseness
and saddle-nose deformity are other features of the dis-
ease. Shortening of the hands and feet, clubbing of the
fingers, patellar overgrowth, and wrinkled palms and
soles are characteristic of the disease.

Biochemical Features

High levels of acute-phase reactants, anemia, and high
platelet counts are often found.

Diagnostic Criteria

No diagnostic criteria has been suggested so far as only 100
cases have been identified worldwide (2). Diagnosis is
suggested when the above clinical signs are presented in a
patient. Genetic analysis confirms the diagnosis in only
50% of the cases.

Therapy

No effective treatment is known, but recently success with
the IL-1 receptor antagonist Anakinra was reported (19).

Muckle–Wells Syndrome (MWS);
Urticaria-Deafness-Amyloidosis
Syndrome

In 1962, Muckle and Wells described a dominantly inher-
ited syndrome of urticaria, progressive perceptive deaf-
ness, and amyloidosis (20). First symptoms usually start
in infancy and consist of nonpruritic urticaria, low-grade
fever, and often arthritis and conjunctivitis. Neurosensory
hearing loss begins during adolescence and slowly evolves

into deafness. Absent organ of Corti, atrophy of the
cochlear nerve, and amyloid infiltration of the kidneys
have been found on autopsy. The severity of the disease
resides in the development of AA amyloidosis (20). No
diagnostic criteria are available, and the diagnosis is con-
firmed in clinically suspected cases by genetic analysis.

Familial Cold Autoinflammatory
Syndrome (FCAS)

FCAS, formerly known as familial cold urticaria, is a rare
autosomal dominant syndrome characterized by fever,
rash, and arthralgia brought about by exposure to cold.
After exposure to cold (0.5 to 6 hours), patients develop
urticarial wheals, pain and swelling of joints, chills, and
fever (21). Systemic amyloidosis with nephropathy is a
frequent cause of death. The clinical phenotype varies
largely, and some patients report a very regular periodic
fever, irregular severe febrile episodes, relatively mild
arthralgia, dry cough, inflammatory cardiomyopathy and
nephropathy, and euthyroid thyroiditis (21).

Diagnostic Criteria

No diagnostic criteria are available, and the diagnosis is
confirmed in clinically suspected cases by genetic analysis.

Therapy

Therapy includes educating the patients, movement to war-
mer climates, and warming treatments. Anti-inflammatory
agents, anabolic steroids, high-dose corticosteroids, and
colchicine have variable effect in these patients. Antihista-
mines are generally not effective. Stanozolol and anakinra
have also been reported to be effective (19).

Summary

Human autoinflammatory diseases (except for PFAPA)
are a heterogeneous group of genetically determined dis-
eases characterized by seemingly unprovoked inflamma-
tion, in the absence of autoimmune or infective causes, and
are caused by defect in proteins of the innate immunity.
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40
Fibromyalgia Syndrome

Arnson Yoav, Dvorish Zamir, Amital Daniela and Amital Howard

Abstract Not many disorders raise debate and questioning as fibromyalgia (FM).
Although FM has classification criteria many physicians worldwide doubt the existence of FM as a distinct clinical

entity. This pain syndrome characterized by diffuse symmetric muscular pain has no distinct biological marker, coexist
with multiple psychiatric and organic disorders and often develops secondary or subsequent to another established
disease.

The following review will elaborate on the basic clinical characteristics of FM, will cover and question the considera-
tions behind the currently used classification criteria and discuss the various scales and scoring systems that are used in
order to assess the severity of this syndrome.

Keywords Fibromyalgia � tender points � disability � pain � tenderness

Introduction

FM is a common cause of chronic musculoskeletal pain. It

is a disease that affects muscles and soft tissues such as
tendons and ligaments. The condition is not associated

with tissue inflammation and the etiology of the disease is
not yet fully understood. Clinical descriptions of what we

now call FM have been reported since the mid-1800s.
Various terms, including ‘‘neurosthenia’’ and ‘‘muscular
rheumatism’’ had originally been applied. In 1904, Gowers
was the first to use the term ‘‘fibrositis,’’ which was used
until the mid)1980s.

The estimated prevalence of FM in the general commu-
nity is 2% for both sexes, 3.4% for women and 0.5% for
men. The prevalence increases with age, reaching greater
than 7% in women aged 60–79 years (1). The cardinal
manifestation of FM is diffuse musculoskeletal pain.

Although the pain may initially be localized, often in the
neck and shoulders, it eventually involves many muscle

groups. Patients typically complain of diffuse pain over
the neck, middle and lower back, chest wall, and upper and

lower limbs. The pain is chronic and persistent, although it
usually varies in intensity. Patients often have difficulty
distinguishing joint from muscle pain and also report
a sensation of swelling; however, the joints do not
appear swollen or inflamed on examination. Pain is often

aggravated by exertion, stress, lack of sleep, and weather
changes. Sensations of numbness, tingling, burning, or a
crawling perception are often described (1, 2).
Patients also may have a variety of poorly understood

pain symptoms, including abdominal and chest wall pain
and symptoms suggestive of irritable bowel syndrome,
pelvic pain, and bladder symptoms of frequency and
urgency suggestive of the female urethral syndrome or of
interstitial cystitis (3).

Signs and Symptoms

Fatigue is present in more than 90% of cases and is occa-
sionally the chief complaint. Most patients report light
sleep and feeling unrefreshed in the morning whereas
others report symptoms suggestive of pathologic sleep
disturbances such as sleep apnea or nocturnal myoclonus.
Light-headedness, dizziness, and feeling faint are common
symptoms. Headaches (either muscular or migraine-type)
are present in a majority of patients (3). Psychiatric
features presented including mood disturbances, especially
depression, anxiety, post-traumatic stress disorder and
heightened somatic concern, and cognitive dysfunction
especially short-term memory loss (2, 3, 4, 5, 6).
Additional symptoms and clinical manifestations

may include complaints of ocular dryness, multiple
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chemical sensitivity and ‘‘allergic’’ symptoms, palpita-
tions, dyspnea, vulvodynia, dysmenorrhea, nonderma-
tomal paresthesias, weight fluctuations, night sweats,
dysphagia, dysgeusia, glosodynia, and weakness.

FM is often accompanied by other diseases. As many as
80% of patients with FM also fulfill criteria for chronic
fatigue syndrome, up to 80% have headaches, 75% have
temporomandibular disorders, and up to 60% may have
irritable bowel syndrome (2, 5, 7, 8).

Diagnosis

Diagnosing FM is based on the combination of patient
history, physical examination, laboratory evaluations,
and exclusion of other causes for symptoms attributed
to FM. The clinical diagnosis of FM is based largely upon
the patient’s history of chronic, generalized pain and
associated features. The features include fatigue, sleep
disturbances, headache, cognitive difficulty, and mood
disturbances (Table 40.1).

FM is currently diagnosed using the American College
of Rheumatology (ACR) classification criteria from 1990

(Table 40.2). The diagnostic criteria are widespread mus-

culoskeletal pain and excess tenderness in at least 11 of 18

predefined anatomic sites (Figure 40.1). The existence of

both criteria confers an 80% sensitivity and specificity
differentiating patients with FM from patients with other

chronic pain disorders.
A thorough general physical examination is valuable to

assess existing concomitant disorders. Musculoskeletal

and neurological examination should routinely be per-

formed to help exclude any obvious arthritis, connective

tissue disorder, or neurological condition from FM.

Nevertheless, existing secondary FM to another primary

rheumatic or other illness should be considered.

Tender Point Examination

To establish the diagnosis, a tender point examination

should be done, Applying pressure equivalent to about

4 kg/cm to selected anatomic locations. This can be accu-

rately measured with a dolorimeter or estimated by palpa-

tion with a finger. An easy bedside test may be applied by
pressing examiner’s fingers strong enough to whiten the

fingernail bed, this degree of pressure is approximately

equivalent to 4 kg/cm. The pressure should be applied

gradually over a few seconds and to both right and left

sides of the body. Control locations, such as over the
thumbnail or the mid-forearm, should also be examined

and should not be as tender as the predefined tender

points.
The sensitivity and specificity of a threshold of 11 tender

points were approximately 50% and 95%, respectively.

Using pain diagrams, rather than a tender point examina-

tion, provides similar diagnostic utility.

TABLE 40.1. Clinical characteristics of fibromyalgia.

Cardinal signs:

Generalized pain

Tender points sensitive to pressure

Characteristic manifestations (more than 75% of the patients):

Fatigue

Non-restorative sleep

Sleeping disorders

Stiffness (especially in the morning)

Common manifestation (More than 25% of the patients):

Irritable colon

Raynaud’s Phenomena

Headache

Sensation of swelling

Parastesia

Functional impotence

Psychiatric comorbidities (e.g. anxiety, depression)

Symptomatic sensitivity (e.g. cold or stress)

TABLE 40.2. The American College of Rheumatology 1990 Classification Criteria for FM (9).

History of widespread pain. Pain is considered widespread when all of the following are present: pain in the left side of the body, pain in the right side of

the body, pain above the waist, and pain below the waist. In addition, axial skeletal pain (cervical spine or anterior chest or thoracic spine or low back)

must be present. In this definition shoulder and buttock pain is considered as pain for each involved side. ‘‘Low back’’ pain is considered lower

segment pain

Pain in 11 of 18 tender point sites on digital palpation

Pain on digital palpation must be present in at least 11 of the following 18 tender point sites:

Occiput: Bilateral, at the sub-occipital muscle insertions

Low cervical: Bilateral at the anterior aspects of the intertransverse spaces at C5–C7

Trapezius: Bilateral at the midpoint of the upper border

Supraspinatus: Bilateral, at origins above the scapula spine near the medial border

Second rib: Bilateral, at the second costochondral junctions just lateral to the junctions on upper surfaces

Lateral epicondyle: Bilateral, 2 cm distal to the epicondyles

Gluteal: Bilateral, in upper outer quadrant of buttocks in anterior fold of muscle

Greater trochanter: Bilateral, posterior to the trochanteric prominence

Knee: Bilateral, at the medial fat pad proximal to the joint line

Digital palpation should be performed with an approximate force of 4 kg. For a tender point to be considered ‘‘positive,’’ the subject must state that the

palpation was ‘‘painful.’’ ‘‘Tender’’ is not to be considered painful. For classification purposes, patients will be said to have FM if both criteria are

satisfied.Widespread pain must have been present for at least 3months. The presence of a second clinical disorder does not exclude the diagnosis of FM
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Laboratory Testing

Extensive laboratory testing is unnecessary for diagnostic

purposes. There are no biomarkers or serologic tests that

are specific or of diagnostic value in FM. The pathophy-

siology of FM is considered to be related to aberrant

central pain mechanisms. Various central nervous system

processes in the brain and spinal cord manifest abnormal-

ities in patients with FM (Table 40.3). Fluctuations of

arious neurotransmitters concentrations were reported in
FM, especially serotonin and substance P; however, it is
far from being clear whether these changes are causative or
consequential. The hypothalamic-pituitary-adrenal axis,
which is responsible for stress response exhibits mostly
diminished response to TRH (3, 4, 10).

Functional Assessment

The assessment of the FMS patients consists on various
clinical scores borrowed from psychology, neurology,
rheumatology, and pain. The various trials are required
because of the disease versatile nature. No single scoring
system has been validated specifically for tracking FM
progression and response. The key features that are
meaningful while assessing the disease severity, the
clinical course and the response to treatment are pain,
fatigue, sleep quality, quality of life, and psychiatric
assessment.

Pain Assessment

Pain assessment of chronic generalized pain is a core fea-
ture of FM. Several tools are available for the assessment
of pain, including the daily pain diary, the Short Form-
McGill Pain Questionnaire (SF-MPQ), the Brief Pain
Inventory, and theLeeds Assessment of Neuropathic Symp-
toms and Signs (LANSS).
A daily diary has been used to assess the impact of pain

on patients with FM and has been reported to be useful for
demonstrating the manner by which pain influences activ-
ities of daily living in these individuals.
The McGill Pain Questionnaire provides detailed infor-

mation on the characteristics of pain in FM. It includes
78 pain adjectives that are divided into four major cate-
gories (sensory, affective, evaluative, and miscellaneous
sensory). The SF-MPQ consists of 15 adjectives (11 sen-
sory, 4 affective) taken from the full MPQ.
The Brief Pain Inventory, originally developed for

the assessment of cancer pain but currently is validated
and commonly used in chronic pain states. It comprises
multiple questions regarding pain intensity, the role
of pain in interference in the patient’s life, pain relief,
pain quality, and patient perception of the cause of
pain (12).
The LANSS Pain Scale is an instrument developed to

diagnose neuropathic pain and to differentiate it from
nociceptive pain. The LANSS Pain Scale items may be
particularly useful for differentiation of FM pain from
pain present in RA and other arthritic diseases. Tender
point assessment is a useful part of the official ACR criteria

FIGURE 40.1. Illustration demonstrating the anatomical location

of the tender points assessed in Fibromyalgia.

TABLE 40.3. Central nervous system anomalies reported in fibro-

myalgia (10,11,9).

Reduced levels of serotonin and 5-hydroxyindole acetic acid (5-HIAA) in

plasma and cerebrospinal fluid.

Elevated levels of substance P in cerebrospinal fluid.

Reduced plasma levels of Somatomedin C.

Elevated plasma levels of Prolactin.

Anomalies of the Hypothalamic-pituitary-adrenal axis (mainly

hyporeactivity to CRH).

Hypoperfusion of certain regions of the brain (particularly in the caudate

nucleus and the thalamus).
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for the diagnosis of FM. However, tender points are not
unique to the syndrome. In addition to tender point count,

tender point intensity has been developed as an assessment

tool. The FM Intensity Score (FIS) is obtained by aver-

aging the pain intensity scores (on a 0–10 scale) for the 18
sites assessed in the Manual Tender Point Survey. It has

been suggested that the FIS might be helpful when patients

are followed through serial examinations over time and for
making comparisons among patients. Tender point count

only partially correlates to the over all disability patients

report (5, 13).

Fatigue and Sleep Quality

Fatigue and sleep quality Fatigue is one of the core fea-

tures of FM, and its measurement is important in both the

research and clinical settings. The Multidimensional
Assessment of Fatigue index is a 16-item instrument devel-

oped to provide information about this symptom (14). The

Fatigue Severity Scale, originally developed for multiple
sclerosis and lupus fatigue assessment, may also prove

useful.
Sleep quality can be assessed on a 100mm linear scale

with ‘‘sleep is no problem’’ at one extreme and ‘‘sleep is a

major problem’’ at the other extreme. Similar scales can be

used to rate number of awakenings, and ‘‘restedness’’ on

awakening in the morning.

Quality of Life and Functional
Assessment

Quality of Life and Functional Assessment-Measurement

of global sense of well being, quality of life, and functional

capacity in multiple dimensions (physical, vocational,

social, emotional) is a key area of assessment and is con-
sidered essential by regulatory agencies when contemplat-

ing approval of medications for chronic pain states.
The MOS Short Form-36 (SF-36) Health Survey is a

generic instrument with 8 subscales (15). Assessment with

the SF-36 has shown that patients with FM have reduced

physical functioning, physical role functioning, body pain,
general health, vitality, and social functioning versus

healthy subjects.
The FM Impact Questionnaire (FIQ) is a simple instru-

ment specifically designed to reflect changes in the FM

patient’s general status over time. It includes 10 questions

and takes about 5minutes to complete. The questions are
designed to quantify functional disability, pain intensity,

sleep disorder, muscular stiffness, anxiety, depression, and
overall sense of well being; visual analog scales (VAS) are

used to evaluate pain, fatigue, morning stiffness, stiffness

severity, depression, and anxiety. The FIQ is regarded as a
reliable tool assessing the severity of FM (16).

Critiques to the Validity of Classification
Criteria and Use of Tender Points

Tender points (TP) are central to the concept of FM, but
their use has drawn a number of criticisms (17):

Tender Points are Arbitrary
and Exclusionary

When a cutoff point of 11/18 TP is used, those who fail to
meet that criterion don’t have FM. What, then, do those
who have chronic widespread pain but fewer than 11 TP
have? The opposite issue, having the requisite number of
TP but not meeting the definition of FM because pain isn’t
sufficiently widespread, has also been raised. Perhaps for
clinical purposes a ‘‘borderline’’ range for FM could be
defined, taking into account both variation in TP counts
and the definition of ‘‘widespread pain.’’

Tender Points are Subject to Bias

Manual TP counts and to some extent, dolorimetry-based
counts, are subject to psychophysical biases. As such, they
are an imperfect measure of mechanical pain threshold.
Patients may also learn where the TP are and become
‘‘expectant,’’ such that the number of TP is overestimated.
Similar biases may also occur on the part of the examiner.
For example, if the first few points are positive the exam-
iner may be biased toward positive findings for remaining
points. Nevertheless, the extent to which such biases lead
to a misdiagnosis remains undocumented. Interestingly, in
one study in which blinded observers were asked to distin-
guish FM patients from simulators and healthy controls,
they did so with 80% accuracy (18).

TP Counts do not Reflect
the Complexity of FM

Although TP are used to classify patients who have a
syndrome that is complex ill defined, TP do not reliably
reflect its severity. An alternative would be to redefine FM
by either the degree of disability or the combination of
underlying pathophysiological processes (i.e., pain thresh-
old, affective distress, fatigue). Undoubtedly, this would be
a difficult undertaking, given the range and variation in
symptoms in FM. An advantage of such an approach
would be direct evaluation and consideration of symptoms
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that now seem only incidentally related to TP, such as
fatigue, sleep disturbance, and mood disturbance.

The Relationship of Tender Points
to Underlying Pathology is Unclear

The significance of TP is still undetermined. These anato-

mical locations are more sensitive in healthy controls as

well as patients with FM. Peripheral tissue abnormalities

such as muscle hypoxia and sympathetic nervous activa-

tion can lead to stimulation of nociceptors that, in turn,

leads to CNS sensitization and chronic pain (11). It is

possible that TP represent such areas of increased nocicep-

tor activation.

Treatment

Many patients with FM benefit from a multidisciplinary

approach in clinical practice. The range of pharmacologic

therapies that have efficacy in relieving at least some symp-

toms in subsets of patients with FM and the fact that no

single treatment is completely effective in all patients sug-
gest that multiple pathogenic mechanisms may contribute

to FM, and that their influence may differ from one patient

to another. The complex nature of FM suggests that multi-

modal, individualized treatment programs that combine

pharmacologic and nonpharmacologic therapies as well

may be necessary to achieve optimal outcomes in patients

with this syndrome.

Pharmacotherapy

A wide range of agents have been employed in the treat-

ment of patients with FM. However, only a small number

of these medications have demonstrated effectiveness in

controlled clinical trials. Antidepressants, primarily tricyc-

lics, are effective, but they have a relatively narrow ther-

apeutic index, and their use may be limited by poor

tolerability. SSRI have better tolerability than tricyclics,
but do not appear to be as effective in relieving the wide

range of FM-associated symptoms. Medications that inhi-

bit reuptake of both norepinephrine and serotonin (SNRI)

show promise in treating both pain of FM and associated

symptoms of sleep disturbance and fatigue, yet with fewer

side effects than traditional tricyclics (19). The new anti-

epileptic pregabalin has been shown to be effective for

reducing many of the symptoms associated with FM and
is well tolerated (20). Recently this drug was granted an

FDA approval for the indication of FM.

Non-pharmacologic Treatment

A variety of non-pharmacologic treatments have been
demonstrated to have at least modest efficacy in patients
with FM. A 2004 systematic review found strong evidence
for effectiveness of cardiovascular exercise, cognitive beha-
vioral therapy (CBT), patient education, and multidisci-
plinary interventions that combined elements of aerobic
exercise, CBT, and patient education (2). The same review
found moderate evidence for efficacy of strength training,
hypnotherapy, biofeedback, and mineral springs or salt
baths (balneotherapy). Weak evidence exists for manipu-
lative and manual therapies (chiropractic, massage) and
physical modalities including electrotherapy and therapeu-
tic ultrasound, whereas moderate evidence was also found
for acupuncture.

Multidisciplinary Treatment

There is strong evidence that multidisciplinary treat-
ment is effective in treating FMS. Five studies of multi-
disciplinary treatment that combined education, CBT,
or both with exercise found beneficial effects on patient
self efficacy and overall FMS impact as measured by
the FIQ.
The current guidelines for treating FM are that FMS

diagnosis must first be confirmed and the condition
explained to the patient and family. Any comorbid illness,
such as mood disturbances or primary sleep disturbances,
should be identified and treated. Medications to consider
initially are low doses of tricyclic antidepressants or cyclo-
benzaprine. Some SSRIs, SNRIs, or anticonvulsants may
become first-line FMS medications as more trials are
reported.
All patients with FM should begin a cardiovascular

exercise program. Most patients will benefit from CBT or
stress reduction with relaxation training. A multidisciplin-
ary approach combining each of these modalities may be
the most beneficial. Patients with FM not responding well
to these steps should be referred to a rheumatologist,
physiatrist, psychiatrist, or pain management specialist.
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41
Hashimoto Thyroiditis

Roberto Rocchi, Noel R. Rose and Patrizio Caturegli

Abstract Hashimoto thyroiditis is one of the most common autoimmune diseases in humans. It is characterized by a

marked lympocytic infiltration of the thyroid gland, which ultimately results in loss of function and hypothyroidism.

This chapter reviews the major clinical and therapeutic features of Hashimoto’s thyroiditis.

Keywords Thyroiditis � autoimmunity � thyroxine

Definition

Hashimoto thyroiditis (HT), also known as chronic lym-
phocitic thyroiditis, is one of the most common autoim-
mune diseases in humans (1). HT comprises several
clinicopathological types: the goitrous (or classic) form,
the atrophic form (also known as idiopathic myxedema),
post-partum thyroiditis, and the hyperthyroid ‘‘Hashitox-
icosis’’. Clinically, the most prevalent goitrous HT form is
characterized by a diffuse enlargement of the thyroid (goi-
ter), with or without hypothyroidism. Pathologically, all
HT variants feature a marked lymphocytic infiltration of
the thyroid. HT is a prototypic example of organ-specific
autoimmune diseases mediated byCD4þT cells, and often
associates with other autoimmune diseases, such as
atrophic gastritis, type 1 diabetes, Addison’s disease, and
hypophysitis.

Epidemiology

HT is frequent, representing the most frequent cause of
spontaneously acquired hypothyroidism in industrialized
countries. Its prevalence is estimated to be about 1 in 1000
people (1); its incidence is 0.2, 1, and 1.3% in regions with
low (mean urinary iodine excretion <50 mg/l), normal, or
high iodine intake (>150 mg/l), respectively (2). Accurate
epidemiological data are scanty, however, because defini-
tion of HT can vary (3). HT affects significantly more
women than men: the female-to-male ratio is about 18:1,
with a peak frequency during the fourth decade of life.

History

The first description of chronic autoimmune thyroiditis
belongs to Hakaru Hashimoto, a surgeon who described
in 1912 four women with a chronic disorder of the thyroid
gland. He named the condition struma lymphomatosa
because of a diffuse lymphocytic infiltration of the gland
with fibrosis and parenchymal atrophy. In 1956, Rose and
Witebsky first proved that HT was caused by an autoim-
mune response to thyroglobulin, inducing the disease in
rabbits by immunization with homologous thyroid extract
and Freund’s adjuvant (4). In the same year, Roitt and
Doniach reported that patients with HT had high serum
concentrations of thyroglobulin antibodies (5). In 1957,
the microsomal fraction of thyroid homogenates was iden-
tified as second thyroid autoantigen, subsequently proved
to be thyroperoxidase. These observations opened a new
view on HT, focusing the interest of researchers on auto-
immunity as the actual cause of the disease.

Pathological Features

The pathological lesions of all HT types involve both the
interstitium around the thyroid follicles, and the thyroid
follicular cells (thyrocytes). Interstitial lesions are charac-
terized by a marked infiltration of hematopoietic cells,
mainly composed of lymphocytes, dendritic cells, and
some plasma cells. Lymphocytes organize into true lym-
phoid follicles (called tertiary or ectopic lymphoid folli-
cles), with topological compartmentalization of T cells in
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the cortex and B cells in the center, often with clear germ-
inal centers. Lymphocytes come in close contact with the
thyrocytes, and are believed to be the direct mediators of
thyrocyte destruction. Occasionally, lymphocytes are seen
to penetrate the cytoplasm of the thyrocyte, a phenomenon
known as emperipolesis. Thyrocyte lesions vary in inten-
sity from one part of the gland to another. In some areas,
thyrocytes are hyperplastic and encircle small follicles con-
taining minimal colloid. In other areas, thyrocytes acquire
a striking appearance; hence, they have been named
Hürthle cells (or oxyphilic cells or oncocytes). Hürthle
cells are thyrocytes that have increased size, hyperchro-
matic nucleus and, most characteristically, a cytoplasm
that stains intensely pink with eosin and is filled with
eosinophilic granules (6).

In the goitrous variant, the thyroid is enlarged, has a
rubber-like consistency, and a pale gray appearance. In the
atrophic variant, the thyroid is markedly reduced in size,
often not detectable when palpating the neck, and has an
intense deposition of fibrous tissue in the interstitium, with
almost complete disappearance of the thyroid follicles. The
post-partum and Hashitoxicosis variants resemble patho-
logically the goitrous variant.

Clinical Manifestations

The goitrous HT form with hypothyroidism and the
atrophic form are clinically characterized by the signs
and symptoms of hypothyroidism. These typically have
an insidious onset and can go unrecognized for prolonged
periods. Thyroid hormones affect the metabolic status of
practically all organs and tissues, and therefore a lack of
thyroid hormones has systemic consequences, which are
summarized in Table 41.1. The most typical clinical mani-
festations are described below.

a. Skin and appendages: skin alterations are due to intra-
dermal accumulation of hydrophilic mucoproteins with
consequent edema (myxedema). The skin is usually dry,
cold, pale, yellowish, and thickened. The face is swollen
and the tongue thickened. Hairs are coarse, the nails
thin and frail, and the patients often refer hair loss.

b. Cardiovascular system: bradycardia is the most common
cardiac symptom, along with reduced systolic output
and low voltage at electrocardiogram. Cardiomegaly
may be present and accompanied by pericardial effu-
sion. Severe hypothyroidism leads to hypercholesterole-
mia and hypertriglyceridemia, with increased risk of
coronary atherosclerosis and increased risk of angina
and myocardial infarction.

c. Skeletal muscles and bones: muscle contraction and
relaxation are delayed. Owing to myxedematous infil-
tration of connective tissue, muscles can appear falsely
hypertrophic (pseudohypertrophy). Muscle cramps

and pain can be observed. Joints pain is sometimes
reported.

d. Neuropsychiatric system: aphasy, sleepiness, and mem-
ory impairment are common. Less common is depres-
sion. Carpal tunnel syndrome may occur.

e. Gastroenteric tract: severe constipation is the most com-
mon gastrointestinal symptom.Atrophic gastritiswith a
defect in iron absorption can occur in patients with HT
and antibodies against gastric cells.

f. Hemopoietic system: anaemia is frequent. It can be nor-
mocitic (because of a reduction in the renal secretion of
erythropoietin), hypochromic andmicrocytic (because of a
defect in iron absorption), or megaloblastic (because of
gastric atrophy with vitamin B12 malabsorption).

g. Endocrine system: oligomenorrhea and/or menometror-
rhagia are frequent, and HT can sometimes co-occur
with other endocrine autoimmune diseases such as
primary cortical adrenal insufficiency and insulin-
dependent type I diabetes.

h. Urogenital system: the bladder can be atonic with con-
sequent urine retention.

In the goitrous form without hypothyroidism, the clinical

manifestations are limited to the presence of a small goiter,
usually not associated with significant compression symp-

toms of major anatomical structures in the neck, such as

dyspnea (from compression of the trachea), dysphagia

(from compression of the esophagus), and dysphonia
(from involvement of the laryngeal nerves). Often patients

develop a so-called subclinical hypothyroidism, character-

ized by normal serum thyroid hormone levels but increased
serum thyrotropin (TSH) levels. These patients often are

asymptomatic but may complain of fatigue and cold

intolerance.
HT rarely presents with hyperthyroidism, a condition

sometimes termed Hashitoxicosis that is almost indistin-

guishable from Graves’ disease.
Postpartum thyroiditis occurs after pregnancy. It is

found in about 7% of women during the first 6months

TABLE 41.1. Symptoms and signs of overt hypothyroidism.

Symptom or Sign Frequency

Adynamia Up to 99%

Dry and pale skin Up to 97%

Sleepiness 90%

Slow discourse 90%

Palpebral edema 90%

Macroglossia 80%

Edema of the face 80%

Hair fragility 75%

Cardiomegaly 65%

Constipation 60%

Weight gain 55%

Peripheral edema 55%

Dyspnea 55%

Hoarse voice 50%

Memory impairment 50%
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after delivery (7). It can cause hypothyroidism and/or
hyperthyroidism that are usually transient but can be ser-
iously symptomatic (8). Postpartum thyroiditis increases
the risk of developing later permanent hypothyroidism,
and is often misdiagnosed as postpartum depression (9).

Laboratory Findings

Laboratory tests most commonly performed in HT
patients include serum levels of thyroid stimulating hor-
mone (TSH), free thyroxine (fT4), and thyroperoxidase
(TPO) antibodies. Detectable TPO antibodies are found
in 90 to 95% of HT patients, depending on the presence of
the atrophic or classical types. Serum thyroglobulin anti-
bodies are positive in 60–80% of patients with HT, and
they are not considered a good clinical marker of autoim-
mune thyroiditis as the TPO antibodies, although they
may have predictive value. Some patients with the atrophic
form of HT develop antibodies that block the TSH recep-
tor, contributing to the induction of hypothyroidism.
Thyroid antibodies are also found in Graves’ disease, and
in a small percentage of patients with nodular goiter, thyr-
oid cancer, and even in normal individuals.

Overt hypothyroidism can induce severe alterations of
the lipid profile, increasing the serum levels of triglycerides
and cholesterol.

Ultrasound scan of the thyroid gland in HT shows a
peculiar pattern characterized by a diffusely reduced echo-
genicity. Ultrasound scan of atrophic variant reveals a
thyroid gland smaller than normal with hyperechogenic
striae due to parenchymal fibrosis.

Radioiodine uptake (RAIU) and radionuclide scan do
not provide fundamental information for the diagnosis of
HT. RAIU can be normal, reduced, or increased in HT
depending on the functional phase of the disease. Radio-
nuclide scan shows diffuse or irregular distribution of the
tracer, sometimes mimicking hypo-hyperfunctioning
nodules (Table 41.2).

Fine needle aspiration (FNAB) is usually not performed
for the diagnosis of HT. It can be helpful, however, in the

presence of thyroid nodules and primary hypothyroidism
with negative thyroid autoantibody tests. A FNAB posi-
tive for HT reveals the presence of lymphocytes and
Hürthle cells.
Functional evaluation of the thyroid gland is performed

byTSHand fT4measurement. The hypothalamic-pituitary-
thyroid axis is very sensitive to even minimal variations of
circulating thyroid hormones, adjusting the TSH secretion
accordingly. Therefore, serum TSH is the most important
index to monitor the thyroid function. Increased TSH levels
can occur before any reduction in fT4 levels, a condition
called subclinical hypothyroidism. Overt hypothyroidism is
characterized by increased levels of TSH, reduced levels
of fT4 and sometimes of free triiodothyronine (fT3)
(Table 41.1). Low levels of fT3 (and fT4) with normal
TSH levels direct the diagnosis to a nonthyroidal illness
syndrome (central hypothyroidism). Although thyroid
hormone fluctuations are described, HT usually follows a
chronic downward course from a functional point of view.
In most cases, once hypothyroidism appears, no recovery is
observed but rather a progressive loss of thyroid function.

Therapy

The therapy of permanent primary hypothyroidism is
based on the daily, lifelong oral administration of synthetic
T4 (levo-thyoxine, L-T4) (10). Immunosuppressive agents
such as corticosteroids are not required in a disease such as
HT that can be easily, safely, and economically treated
with L-T4.
Replacement therapy in adult patients with overt

hypothyroidism requires a mean dose of 1.6-1.8mg/kg
body weight of L-T4. Therefore, daily doses usually
range from 75 to 125mg/day and 100-175 mg/day for men.
The goal of L-T4 replacement therapy is to return TSH
levels to the normal range. Elderly patients usually require
20-30% lower doses to normalize serum TSH. In severe,
long-lasting hypothyroid L-T4 treatment should be admi-
nistered starting from very low doses (12.5mg/day), and
then reaching the full substitutive dose in several weeks.
This regimen is designed to avoid angina, myocardial
infarction, and/or atrial fibrillation.
Replacement therapy with L-T4 in subclinical hypothyr-

oidism is debated, although the trend among clinical endo-
crinologists is to treat patients with borderline high levels
of TSH (cutoff levels ranging from 4 to 10mU/L have been
conventionally used to define an elevated TSH serum con-
centration) (11), and high titers of thyroid antibodies,
because they are likely to develop overt hypothyroidism.
L-T4 therapy for treatment of goiter in patients with

euthyroid HT is controversial. L-T4 administration may
prevent goiter growth and protect patients from the possi-
ble evolution to hypothyroidism but there is no universal
consensus on this issue. Owing to differences in the half-life

TABLE 41.2. Biochemical and instrumental features of overt

hypothyroidism.

Parameter Changes

fT4 Reduced

fT3 Normal or reduced

TSH Increased

TgAb Highly positive

TPOAb Highly positive

Total cholesterol Increased

Triglycerides Increased

Ultrasound echogenicity Reduced

Radionuclide thyroid scan Usually irregularly distributed

Radioiodine thyroid uptake Normal, increased, or reduced
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of thyroid hormones (that of T4 is about a week, whereas
T3 half-life is only a few hours), and the fact that T4 is
entirely produced by the thyroid gland whereas most of T3
(80%) comes from the peripheral enzymatic conversion of
T4 to T3, addition of T3 to the administration of T4 does
not provide advantage for treating overt hypothyroidism.
Once euthyroidism is restored by L-T4 therapy, annual
thyroid hormones and TSH monitoring is recommended.
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42
Atrophic Thyroiditis

Luis J. Jara, Olga Vera-Lastra and Gabriela Medina

Abstract Atrophic thyroiditis is an organ-specific autoimmune disease characterized by thyroid autoantibodies,
functional hypothyroidism, and absence of goiter. Atrophic thyroiditis is a rare entity, which occurs between the ages
of 40–60 years especially in elderly women. Immunogenetical analysis suggests that atrophic thyroiditis may be a distinct
entity from Hashimoto’s disease. Genetic and environmental factors appear to interact leading to appearance of
autoantigens with autoantibody formation. The frequency of HLA-DR8 and HLA-DQB1*0302 is significantly
increased in AT patients positive for TSH-binding inhibitor immunoglobulin compare with controls and goitrous
autoimmune thyroiditis. Atrophic thyroiditis is a Th2 disease with blocking anti-TSH receptor antibodies. It has been
suggested that Hashimoto’s thyroiditis, primary myxedema or AT, and Graves’ disease are different expressions of a
basically similar autoimmune process, and that the clinical appearance reflects the spectrum of the immune response in
the particular patient. This response may include cytotoxic antibodies, stimulatory antibodies, blocking antibodies, or
cell-mediated immunity. The clinical presentation varies from asymptomatic AT, overt hypothyroidism, andmyxedema.
The pathological features are atrophic thyroid gland with lymphocytic infiltration and fibrous tissue replacing normal
thyroid parenchyma. There are no current diagnostic criteria for AT. We propose the following bases for AT diagnosis:
clinic or subclinic hypothyroidism, positive thyroid stimulation blocking antibodies and thyroid ultrasound with diffuse
low thyroid echogenicity associated with a reduced thyroid volume.

In asymptomatic AT, preventive thyroid replacement therapy is indicated in patients with elevated basal TSH levels.
Overt hypothyroidism always requires hormonal substitution.

Keywords Atrophic thyroiditis � antithyroid antibodies

Atrophic thyroiditis (AT) is an organ-specific autoimmune
disease characterized by thyroid autoantibodies, func-
tional hypothyroidism, and absence of goiter. Patients
with autoimmune overt hypothyroidism may present
with goitrous Hashimoto’s disease, postpartum thyroidi-
tis, or AT. The available evidence is not enough to prove
that the goitrous precedes the atrophic form, but immuno-
genetical analysis suggest that AT may be a distinct entity
(1, 2).

History

The initial report of autoimmune thyroid disease (AITD)
dates back to 1912, when Hakira Hashimoto described four
women in whom the thyroid gland was enlarged and
appeared to have transformed into lymphoid tissue (‘‘struma
lymphomatosa’’) as an organ-specific autoimmune disease

with diffuse infiltration of lymphoid cells and parenchymal
atrophy. There is controversy on whether AT is considered
the end-stage of goitrous disease because little histological
progression has been observed in patients up to 20 years of
follow-up (1).

Epidemiology

AITD is the most common of all autoimmune diseases
affecting 1.5%of the population, mainly women; however,
AT is not very frequent. AT is, after ablation hypothyroid-
ism, the most common cause of thyroid failure in adults
and it usually occurs between the ages of 40 and 60 years.
In Tunisia, AT was present in 32.2% of a cohort of
1079 patients (3). In Germany, AITD usually manifests
as AT with functional hypothyroidism affecting elderly
women in particular (4).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_42,

� 2008 Humana Press, Totowa, NJ
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Pathogenesis

Antagonist antibodies to the TSH receptor are present in

20–50% of patients with AT. In contrast, these antibodies

are also found in up to 10% of patients with goitrous

thyroiditis and overt hypothyroidism. AT with blocking

anti-TSH receptor antibodies may be regarded as the

opposite end to that of Graves’ disease. Here again, pre-

dominance of humoral immunity may enhance production
of anti-TSH receptor antibodies. In fact, AT is a Th2

disease (Figure 42.1) (5). Genetic and environmental fac-

tors appear to interact leading to appearance of autoanti-

gens, and T lymphocytes are crucial in the pathogenesis of

autoimmune thyroiditis.

Genetic Factors

HLA associations with AT have been described since the

1970 s. Subsequent studies found that HLA-DR3 increased

in patients with AT, and HLA-DR5 in patients with goi-

trous autoimmune (Hashimoto’s), compared with controls.

These findings stress the immunogenetic heterogeneity
between goitrous thyroiditis and AT (6). HLA A, B, C,
DR, and DQ alloantigens serologically and HLA-DQ by
gene analysis were determined in patients with AT and
randomly chosen controls. The genetic susceptibility to
AT was closely associated to HLA-DR5 and DQ7 and
was not distinct from goitrous disease. Factors other
than genetic ones explain the different immunological
and clinical manifestations of chronic lymphocytic thyroi-
ditis (7). In contrast, using the same methods, Cho et al (8)
investigated in Korean patients whether the associations
betweenHLAalleles of patients with autoimmune hypothyr-
oidism varied according to the presence or absence of
TSH receptor-blocking antibody (TRBab). The frequency
of HLA-DR8 and HLA-DQB1*0302 was significantly
increased in AT patients who were significantly positive
for TSH-binding inhibitor immunoglobulin compared
with controls and those with goitrous autoimmune thyr-
oiditis. This study concluded that TRBab-positive AT is
immunogenetically different from goitrous autoimmune
and TRBab-negative AT.
The localization and functional characteristics of tumor

necrosis factor (TNF) beta gene (short arm of chromo-
some 6) raise the possibility that it may be involved in the
susceptibility to AITD. Chung et al (9) analyzed the TNF
beta gene polymorphism with the restriction enzyme NcoI
in Korean AT patients with and without TRBab, goitrous
autoimmune thyroiditis, and healthy controls. The fre-
quency of HLA-DR8 antigens was significantly increased
in patients with TRBab-positive AT compared with con-
trol subjects. The DR8-positive patients with TRBab-
positive AT had more homozygotes for the TNF beta* 1
allele compared with the DR8-negative patients with
TBRab-positive AT andDR8-positive controls. This asso-
ciation may be related to susceptibility markers responsi-
ble for the production of TRBab in AT patients. Recently,
Zantut-Wittmann et al (2) demonstrated that DRB1*04
and DQB1*03 alleles are associated with AT only, sup-
porting the concept that there are genotypic differences
between goitrous and atrophic forms.

Immunological Factors

Immunological mechanisms have been sequentially pro-
posed to be responsible for autoimmune thyrocyte deple-
tion in AT.
Early reports showed that AT is associated with the

production of antibodies that block the thyroid-growth-
promoting activity of TSH. The effects of IgG from patients
with AT on cAMP responses and iodine metabolism (post-
receptor processes), using cultured thyroid cells, were
examined. Two types of thyroid function-blocking anti-
bodies in AT were found: TSH-binding blocking anti-
bodies and antibodies which block post-receptor processes.

FIGURE 42. 1. The proposed pathogenic mechanisms of AT

include the interaction between environmental and genetic fac-

tors. The consequence is thyroid cell damage with expression of
neoantigens and stimulation of immune response leading to Th2

cytokines production and consequently blocking autoantibody

formation. These cytotoxic autoantibodies (anti-TRBAb) seem
to be responsible for autoimmune thyrocyte depletion (adapted
from Fountoulakis and Tsatsoulis, Ref. (5)).
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These antibodies might be responsible for thyroid dysfunc-
tion in AT and may induce AT. The frequency of TSH-
binding inhibitory immunoglobulins (TBII), TSH-stimu-
lated cAMP response inhibitory immunoglobulins (TSII),
and TSH-stimulated cell growth inhibitory immunoglobu-
lins (TGII) in patients with AT was higher than in patients
with autoimmune goitrous thyroiditis. These antibodies
block not only TSH-induced cAMP production but also
TSH-induced DNA synthesis and iodine uptake in cul-
tured thyroid cells (10). Antithyroid stimulation blocking
antibodies are detectable in 46% of AT patients and
almost exclusively in overt hypothyroid patients (11).
Their prevalence is higher in hypothyroid patients with
AT than in Hashimoto’s disease suggesting a role in the
development of hypothyroidism and AT (12). Analysis of
cytotoxicity regarding thyroid size showed a higher inci-
dence of cytotoxic antibodies in AT vs. goitrous disease.
The specific lysis in AT patients was significantly higher
than in goitrous patients (13). The histopathological fea-
tures of AT with TBII antibodies were carried out using
immunohistochemical procedures. Significant follicular
atrophy with epithelial flattening including decreased posi-
tive staining of the follicular epithelial cells for thyroglo-
bulin in AT was characteristically observed. These results
suggest that the mechanism for the development of
hypothyroidism in AT with TBII might be because of
suppression of thyroid cell function through the inhibition
of endogenous TSH stimulation by the blocking antibody
with subsequent epithelial degenerative destruction (14).

Autoimmune destructive mechanisms, such as
antibody-dependent cytotoxicity, K andNK cytotoxicity,
T-lymphocyte cytotoxicity, lymphokine cytotoxicity, and
apoptosis have been proposed to be responsible for auto-
immune thyrocyte depletion in Hashimoto’s thyroiditis
and Graves’ disease (15). However, there are scarce studies
in AT. It has been suggested that Hashimoto’s thyroiditis,
primary myxedema or AT, and Graves’ disease are differ-
ent expressions of a basically similar autoimmune process,
and that the clinical appearance reflects the spectrum of
the immune response in the particular patient. This
response may include cytotoxic antibodies, stimulatory
antibodies, blocking antibodies, or cell-mediated immu-
nity. Thyrotoxicosis is viewed as an expression of the effect
of circulating thyroid stimulatory antibodies. Hashimoto’s
thyroiditis is predominantly the clinical expression of cell-
mediated immunity leading to destruction of thyroid cells,
which in its severest form produces thyroid failure and
idiopathic myxedema or AT (16).

Clinical Manifestations

The clinical presentation of AT varies from asymptomatic
AT, overt hypothyroidism, and myxedema. Asympto-
matic AT is characterized by the presence of serum

antithyroid antibodies in good correlation with thyroid
lymphoplasmocytic infiltrations. Asymptomatic AT
affects 5–15% of the general population, especially elderly
women. Patients with asymptomatic AT have no goiter
and are clinically euthyroid. While circulating thyroid hor-
mones are always in the normal range, peak TSH and
TRH and basal TSH values are increased in two-third of
the cases (17). There is a familial aggregation of asympto-
matic AT and a frequent association with other autoim-
mune diseases such as Sjögren’s syndrome, autoimmune
hepatitis, atrophic gastritis, type I diabetes mellitus, adre-

nal insufficiency, and vitiligo (4). Development of overt
hypothyroidism with classic symptoms/signs (lethargy,
constipation, cold intolerance, and myxedematous facies)
in these patients is common (17). Occasionally, patients
with AT may present asthenia, diffuse myalgia, notable
hair loss, and sinus bradycardia. Young patients with
muscular fatigability, myalgia, cramps, or proximal weak-
ness, of uncertain origin, may have AT, and the evaluation
of thyroid function is appropriate (16).
The rare AT mostly presents as primary myxedema and

is discovered less frequently during the exploration of an
unclear hypercholesterolemia. It is generally admitted that
primary myxedema in adults is the outcome of autoim-
mune AT. Other rare manifestations of AT and associa-
tions include myxedema pericarditis, cardiac tamponade,
dissecting aneurysm of the aorta, neuropsychological def-
icits, multiple sclerosis, and myocardial infarction (1). The
differential diagnosis of AT is showed in Table 42.1.

Pathological Features

AT is characterized by atrophic thyroid gland with lym-
phocytic infiltration and fibrous tissue replacing normal
thyroid parenchyma.
To investigate the histopathological features of AT with

blocking type-TSH-binding inhibitor immunoglobulins
(TBII), morphological observations were carried out
using additional immunohistochemical procedures. There

TABLE 42.1 Differential diagnosis in AITD.

Characteristic Subclinical

autoimmune

thyroiditis

Classic

Hashimoto’s

thyroiditis

Atrophic

Thyroiditis

Stage Early Advanced Final

Antithyroid

antibodies

Positive Positive Positive

Goiter None or very

small

Large None

Soft to firm Firme

Thyroid

function

Euthyroid Euthyroid

Hypothyroid

Destructive

thyrotoxicosis

Hypothyroid
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exist apparent differences between AT and Hashimoto’s
thyroiditis. Significant follicular atrophy with epithelial
flattening including decreased positive staining of the fol-
licular epithelial cells for thyroglobulin in AT was charac-
teristically observed. These results suggest that the
mechanism for the development of hypothyroidism in
AT with blocking type-TBII might be due to suppression
of thyroid cell function through the inhibition of endogen-
ous TSH stimulation by the blocking antibody with sub-
sequent epithelial degenerative destruction (14).

Diagnostic Studies

The main laboratory abnormalities and image findings
observed in AT are summarized in Table 42.2. An abnor-
mal thyroid echographic pattern characterized by a diffuse
low thyroid echogenicity associated with a reduced thyroid
volume was found in 96% of patients with AT. Of interest,
in 18% of patients, the scintiscan was normal. Thyroid
echography can be considered the first morphological
study in AT with high specificity and sensitivity (18).
Other studies are necessary to define the positive and
negative predictive value of antibodies in AT.

Treatment

In asymptomatic AT, preventive thyroid replacement ther-
apy is indicate in patients with elevated basal TSH levels.
Overt hypothyroidism always requires hormonal substitu-
tion (1, 16).

Diagnostic Criteria

There are no current diagnostic criteria for AT. Therefore,
we propose the following bases for AT diagnosis:

1. Clinic or subclinic hypothyroidism: Clinical picture of
overt hypothyroidism or increase of TSH and TRH
values without symptoms.

2. Positive thyroid autoantibodies: Positive thyroid stimu-
lation blocking antibodies (TRBAb).

3. Thyroid ultrasonographic characteristic: Abnormal
thyroid echographic pattern characterized by diffuse

low thyroid echogenicity associated with a reduced
thyroid volume.
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43
Subacute Thyroiditis

Yemil Atisha-Fregoso and Mario Garcia-Carrasco

Abstract Subacute thyroiditis (SAT), also known as giant cell thyroiditis, subacute granulomatous thyroiditis,
de Quervain’s thyroiditis or pseudogranulomatous thyroiditis, is the most common cause of thyroid pain.

It is a self-limiting inflammatory disorder associated with many viral infections, although there is not an established
role for them in the pathogenesis of SAT. Autoantibodies may be present, but their importance is probably negligible.
The classical course of the disease includes an initial stage of hyperthyroidism followed by a second stage of hypothyr-
oidism, usually transitory. Treatment is for support only and consists of non-steroidal anti-inflammatory drugs and, in
more severe cases, corticosteroids. Symptoms of hyperthyroidism should be treated with beta-blockers.

Keywords Subacute thyroiditis � De Quervain’s thyroiditis � thyrotoxicosis

Epidemiology

The estimated incidence is four to five cases per 100,000
persons. It affects four times more women than men, and
occurs most often at 40–50 years of age (1); it is rare in
childhood and in the elderly. A tendency to a seasonal and
geographical aggregation of cases has been noted, being
more frequent in summer, and so there has been a
suggested linkage with certain viruses such as echovirus
and coxsackevirus groups A and B (2); also, an association
with other viruses such as measles virus and Epstein–Barr
virus has been reported (3).

History

The first description of cases of subacute thyroiditis (SAT)
was made by Mygind in 1895who described 18 cases
defined as ‘‘thyroiditis acute simplex.’’ In 1904DeQuervain
described the entity formally, as well as the association
with the granulomatous changes and giant cells in thyroid
tissue (4).

Pathogenesis

The cause of the clinical picture seen in SAT is the destruc-
tion of the follicular epithelium, mainly by apoptosis,
which releases the preformed hormone stored inside the
gland. What triggers this phenomenon is still unknown.

As previously mentioned, SAT has been usually attrib-

uted to a viral infection, but currently there is not enough

evidence to establish a cause-effect pattern.
A genetic predisposition has also been suggested, and it

is recognized that there is a higher incidence of SAT in

those with the HLA-Bw35 haplotype, and a family

aggregation has been proposed (5).
Autoantibodies are found in low titers andprobably have

only a secondary role after initial tissue alteration. T-lym-

phocytes sensitized against thyroid antigens may be found,

and tissue samples contain large numbers of antigen-reac-

tive T cells (6), but these alterations, not unlike the found

antibodies, are probably part of the inflammatory process

after thyroid destruction.

Clinical Manifestations

The clinical picture begins with a prodrome of generalized

myalgias, pharyngitis, low-grade fever, and fatigue. After

that, the patients develop pain in the anterior region of the

neck, and it must be distinguished from other disorders

that may arise from the same area. On palpation, the gland

is exquisitely tender and is usually affected asymmetrically.

In some cases thyroid nodules can be found on

examination.
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Up to 50% of patients have thyrotoxicosis, and they
usually complain of palpitation and nervousness. Even
though the elevation of thyroid hormones and clinical
picture is mild, in most extreme cases thyroid storm caused
by SAT has been described (7).

After depletion of thyroid hormones storages, there is a
characteristic second phase of the disease consisting of
hypothyroidism; this state could be considered a recupera-
tion period that usually lasts from 6–12months; in its latter
part, the thyroid architecture and function are restored
and most patients return to euthyroidism without sequels
of the disease.

Pathological Features

The follicular lesions seen in SAT are characterized by a
central core of colloid surrounded by multinucleate giant
cells; these lesions progress to form granulomas. With
progression of the disease, there are areas with a variable
degree of fibrosis and areas of follicular regeneration.
Usually, the biopsy material shows various stages distrib-
uted irregularly. At a late stage, when the disease remits,
the normal architecture of the gland is restored.

Biochemical Features

At the initial stages of the disease, the first change seen is an
increase in thyroglobulin concentration (8). The erythrocyte
sedimentation rate and the C-reactive protein levels are
increased. In accordance with the clinical evolution, there
is an increment in thyroid hormones, with a T4 : T3 ratio
greater than 20 (9), that reflects the proportion of stored
hormones, and helps to differentiate from the real
hyperthyroideum states (e.g., Graves’ disease, where the
gland is hyper-functional). Initially, when the hypothyroid-
ism develops, the thyroid-stimulating hormone (TSH) levels
remain suppressed and if the first studies are taken by this
time it could be misdiagnosed as a central hypothyroidism.
Later, there is a compensatory response with high TSH.

Serological Features

Thyroid autoantibodies (including thyroid-stimulating

antibodies) may be found in SAT (10) but these are usually

transitory, and have no correlation with the thyroid func-

tion (11). In one study, TSH receptor-blocking antibodies

were found more frequently in SAT patients with a pro-

longed hypothyroidism than in patients with a faster

recovery (20 versus 3%) (12).

Diagnostic Criteria

Usually, there is a preceding upper tract viral infection. The

levels of thyroid hormones vary with time; during the first
stages, there is a temporary increase of free T4, but later the

levels decline, even though hypothyroidism usually

develops later in the course of disease. The radioactive

iodine uptake at 24 h is less than 5%. The Doppler ultra-

sonography shows a heterogeneous parenchyma with flow
reduction in the hypoechoic areas and a normal or only

slightly increased flow in the rest of the gland. The results

obtained in diagnostic tests in SAT are summarized in

Table 43.1.

Prognosis

Painful SAT recurs in only about 2% of individuals (13).

When hypothyroidism presents itself, it usually persists for

less than 6months, but this state may persist for a year and

in 10–15% of cases it requires substitution treatment for

the long term.

Prediction

There are not an established prediction score.

TABLE 43.1. Main characteristics of subacute thyroiditis.

Diagnostic test Expected result in SAT

TSH levels Suppressed at initial stages, posterior increase

RAIU at 24 h Less than 5%

Anti-TPO antibodies Absent, if positive low titer

CRP and ESR High

Vascularity in Doppler ultrasonography Low to normal

T4 and T3 levels Initially high, posterior depletion

Anti-TPO: antithyroid peroxidase; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; RAIU:

radioactive iodine uptake test; T3: triiodothyronine; T4: thyroxine; TSH: Thyroid stimulating hormone.
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Therapy

The first line of treatment for SAT consists of nonsteroidal
anti-inflammatory drugs. The median time from start of
therapy to complete relief of pain is 5weeks. If after one
week of treatment no improvement occurs, prednisone
may be added in a dosage of 40–60mg daily tapered to
complete discontinuation over 4–6weeks (14); symptoms
may reappear after withdrawal of treatment, but in these
cases response is obtained with the reinstitution of treat-
ment. Both the medications previously mentioned are only
tried to provide pain relief. Symptoms of hyperthyroidism
are treated with beta-blockers until the free T4 concentra-
tion returns to normal.

References

1. Fatourechi V, Aniszewski JP, Fatourechi GZ, et al. Clinical

features and outcome of subacute thyroiditis in an incidence
cohort: Olmstead County, Minnesota, study. J Clin Endocri-

nol Metab 2003; 88: 2100–5.
2. Martino E, Buratti L, Bartalena L, et al. High prevalence

of subacute thyroiditis during summer season in Italy.

J Endocrinol Invest 1987; 10: 321–3.
3. Espino-Montoro A, Medina-Perez M, González-Martı́n
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44
Graves Disease

Francesca Menconi, Yael L. Oppenheim and Yaron Tomer

Abstract Graves disease (GD) is an autoimmune thyroid disease characterized by the formation of thyrotropin
receptor-stimulating antibodies that activate the thyrotropin receptor causing thyrotoxicosis. Although the etiology of
GD is unknown, it is believed to be a complex autoimmune disease caused by an interaction between susceptibility genes
and environmental triggers, such as iodine and infection. GD is diagnosed mainly by demonstrating the presence of
thyrotoxicosis and the pathognomonic thyrotropin stimulating antibodies. GD is associated with two main complica-
tions, Graves’ ophthalmopathy and dermopathy. The etiology of these complications is unknown, but is believed to be
due to a cross-over autoimmune response. Therapy of GD is directed at the thyrotoxicosis and not at the autoimmune
mechanisms causing the disease, which are still not fully understood. The thyrotoxicosis is treated by either suppressing
the production of thyroid hormones with anti-thyroidmedications, or removing/ablating the thyroid gland by surgery or
radioactive iodine.

Keywords Thyroid � Graves disease � autoimmunity � thyrotoxicosis � ophthalmopathy

Graves disease (GD) is an autoimmune thyroid disease

characterized clinically by the presence of hyperthyroid-
ism, diffuse goiter, and, in some patients, ophthalmopathy

and dermopathy. GD is caused by circulating antibodies

directed against the thyrotropin receptor (TSHR). These

antibodies mimic the effect of pituitary thyrotropin (TSH),

and induce thyroid hormone over-production and

hypersecretion, as well as hypertrophy and hyperplasia of

the thyroid follicles, resulting in diffuse goiter. The cause

of Graves ophthalmopathy (GO) and dermopathy is still

unknown, but a cross-reaction between thyroidal and

orbital and/or connective tissue antigens has been

postulated.

Epidemiology

GD is the most common cause of hyperthyroidism in

iodine-sufficient areas, accounting for 70–80% of all

cases of hyperthyroidism. According to some estimates, it

is the most prevalent autoimmune disorder in the USA

[reviewed in ref (1)]. Epidemiological surveys from various,

mostly iodine sufficient, regions have shown an annual

incidence of GD of approximately 20–25 per 100,000, in

Caucasian populations (2). The prevalence of GD is

similar among Caucasians and Asians, but it is lower

among Africans [reviewed in (1)]. GD typically affects
women at ages 30–50 years. The incidence of GD is 5–10

times greater in women than inmen, andGD is uncommon

in children.

History

GD is named after the Irish physician Robert Graves who

first described the association of palpitations, goiter, and

proptosis of the eyes in 1835. In 1840, the same constella-

tion of symptoms was described by the German physician

von Basedow. Therefore, in continental Europe, GD is

sometimes referred to as Basedow disease. The eponym

GD is more commonly used in the USA. In 1956, Adams

and Purves identified in the serum of patients with GD a

thyroid-stimulating factor that was not thyrotropin

(TSH), which they called long-acting thyroid stimulator

(LATS) because of its sustained activity. The LATS were

later identified as immunoglobulin G antibodies that can

bind to and stimulate the TSH receptor on the thyroid cell

membranes (TSH receptor antibodies, TRAb) (3). The

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_44,
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TRAb were later shown to compete with TSH for binding
to thyroid membranes, forming the basis for the com-
monly used assay to detect TRAb.

Pathogenesis

GD is a complex disease caused by an interaction
between susceptibility genes and environmental triggers
(e.g., dietary iodine, infection) (2). When genetically
susceptible individuals are exposed to certain environ-
mental triggers, thyroid-specific T cells are formed that
infiltrate the thyroid gland and activate B cells to
produce TSH receptor (TSHR)-stimulating antibodies.
TSHR-stimulating antibodies stimulate thyroid cells to
proliferate and secrete excess thyroid hormones causing
goiter and hyperthyroidism. It is not known what
causes the production of thyroid specific T cells. The
current paradigm is that certain genes, such as CTLA-4
and CD40, induce a state of hyperactivity of T cells
and antigen-presenting cells, whereas additional genes,
such as HLA-DR alleles containing arginine at position
74 of the DRB1 chain, direct the thyroid specificity of
the immune response (2). The trigger of the autoim-
mune response to thyroid antigens is believed to be an
environmental insult, likely an infectious agent. Infec-
tious agents can trigger an autoimmune response to the
thyroid either by molecular mimicry or by bystander
activation. Molecular mimicry occurs when sequence or
structural similarity exists between infectious agents
and thyroidal antigens resulting in the formation of
thyroid-specific T cells and/or antibodies because
of cross-over specificity. However, so far no specific
infectious agent protein has been conclusively linked
to GD. Bystander mechanisms can lead to thyroid
autoimmunity when thyroidal injury, such as caused
by infection or excess iodine, stimulates thyroid inflam-
mation and infiltration by T cells because of secretion

of cytokines and chemokines. This can lead to expo-
sure of cryptic epitopes of thyroidal proteins resulting
in an autoimmune response to thyroid antigens.
Through epitope spreading, the autoimmune response
can focus on the TSHR. Thyroid-specific T cells can
then stimulate B cells to produce TSHR-stimulating
antibodies (4). Because GD is characterized by thyro-
cyte proliferation while Hashimoto’s thyroiditis is char-
acterized by thyrocyte apoptosis, it is believed that the
thyroid infiltrating T cells in GD activate anti-apopto-
tic pathways.
Up to 10–20% of GD patients develop severe form of

GO. The cause of GO is still unknown, but GO is believed
to result from a cross-over autoimmune response to eye
antigens. Several studies have shown expression of the
TSHR and insulin-like growth factor (IGF)-1 receptor in
orbital fibroblasts and adipocytes. Stimulation of the
TSHR and IGF-1 receptor on orbital fibroblasts can lead
to the production of hyaluronic acid and cytokines/
chemokines which trigger infiltration of the orbits by
T cells, thereby leading to GO (5).

Clinical Manifestations

Signs and symptoms of GD can be divided into those
caused by the excess circulating thyroid hormones
(hyperthyroid symptoms) and those that are specific to
GD. Typical symptoms of hyperthyroidism are present in
most patients with GD, and are summarized in Table 44.1.
Patients can present with various combinations of these
symptoms, but the most common presenting symptoms
are nervousness, heat intolerance, weight loss, and palpita-
tions (6). In the elderly these classical symptoms may not
be present, and GD may be asymptomatic (the so-called
apathetic hyperthyroidism), or may present only with
fatigue and weight loss. In other cases, mostly in older
individuals, the presenting signs are cardiac, such as atrial

TABLE 44.1. Symptoms and signs of Graves’ disease.

General In females In elderly Specific to GD

Palpitations/Tachycardia Oligomenorrhea Apathetic Diffuse goiter

Hyperthyroidism

Nervousness Amenorrhea Atrial Fibrillation Bruit over thyroid

Tremor Ophthalmopathy

Weight loss Swelling of legs

Goiter Dermopathy

Heat sensitivity Splenomegaly

Perspiration Acropachy

Fatigue

Dyspnea

Diarrhea

Supra-ventricular tachycardias

Increased appetite

Gynecomastia
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fibrillation, or, more rarely, congestive heart failure.
Besides symptoms caused by thyroid hyperfunction one

or more of the following characteristic signs of GDmay be

present:
l Goiter: a diffuse enlargement of thyroid gland that

ranges from minimal to marked. It is more common in
young people but can be present also in older patients.
Often a loud bruit can be heard over the thyroid with a
stethoscope because of the increased blood flow to the
thyroid.

l Ophthalmopathy: it is clinically evident in up to 50% of
GD patients (1), whereas severe ophthalmopathy is seen
in 5–10% of patients. Ophthalmopathy usually appears
within a year before or after the onset of hyperthyroid-
ism. Orbital involvement is, in most cases, bilateral, but
it can be unilateral (in up to 15% of cases) (reviewed in
ref 7). The majority of GD patients have a mild and
non-progressive ocular involvement, but in its most
severe form ophthalmopathy can be disfiguring, and it
is associated with significant visual impairment that can
lead to visual loss (reviewed in ref 7). The clinical
features of ophthalmopathy are summarized in
Table 44.2.

l Dermopathy: it is present in 1–2% of GD patients, most
commonly in those affected by severe ophthalmopathy.
Graves’ dermopathy usually manifests by non-pitting
edema with occasional raised, hyperpigmented papules,
and it is commonly localized over the anterior shins
(pretibial mixedema). In severe cases it can lead to
elephantiasis.

l Thyroid acropachy: it is a very rare manifestation of
GD. It is usually associated with pretibial mixedema
and ophthalmopathy. It is characterized by soft tissue
swelling and periosteal bone changes in the fingers and
toes, causing clubbing.

Pathological Features

Grossly the thyroid gland can be enlarged. Microscopic eva-
luation reveals hypertrophy and hyperplasia of thyroid folli-
cular cells. There is lymphocytic infiltration, and colloid is
sparse. The thyroid follicular cells have an elongated colum-
nar appearance, are folded over in papillary configurations,
and they protrude into the lumen of the follicle (8).

Biochemical and Serological Features

Blood counts and chemistries do not show specific changes
in patients with GD. In some patients, mild abnormalities
in liver functions and hypercalcemia can be observed. All
patients exhibit low or undetectable TSH levels accompa-
nied by increased serum concentrations of thyroxine (T4)
and/or triiodothyronine (T3), demonstrating primary
hyperthyroidism. In some patients only T3 levels are
elevated (T3 toxicosis). To avoid diagnostic difficulties
caused by changes in thyroid-binding proteins, free
thyroxine (fT4) and free triiodothyronine (fT3) levels
should be measured (reviewed in ref 6). Serum TRAb are
measured using assays that test for inhibition of binding of
labeled TSH to thyroid membranes or cells. When
measured with high-sensitivity assays, TRAb are positive
in >95% of GD patients. The serum levels of thyroid
peroxidase (TPO) antibodies are elevated in about 75%
of GD patients whereas thyroglobulin antibodies are
detectable in about 50% ofGD patients (reviewed in ref 9).

Diagnostic Criteria

Clinical and/or biochemical features of hyperthyroidism
are present in nearly all GD patients. The findings of high-
serum fT4 and/or fT3 levels, in combination with low or
undetectable TSH concentrations, are necessary to con-
firm the diagnosis of primary hyperthyroidism. As sum-
marized in Table 44.3, the diagnosis of GD is confirmed in
a patient with primary hyperthyroidism based on the pre-
sence of one or more of the following: (a) ophthalmopathy
and/or dermopathy; (b) detectable TRAb in the serum;
and (c) diffuse radioactive iodine uptake. TRAb are

TABLE 44.2. Symptoms and signs of ophthalmopathy.

Symptoms

Burning sensation in the eyes

Retroocular pressure

Excessive tearing

Photophobia

Ocular pain, related or unrelated to eye movement

Diplopia

Blurred vision

Signs

Redness of the eyelids

Redness of the conjunctiva

Swelling of periorbital tissue

Inflammation of caruncle and/or plica

Conjunctival edema (chemosis)

Eyelid retraction

Protrusion of the eyes (proptosis)

Extra-ocular muscle dysfunction

Visual loss (rare)

TABLE 44.3. Diagnostic criteria for GD. For diagnosis the major

criterion and at least one of the three minor criteria should be

positive.

Major criterion

Hyperthyroidism (clinical and/or biochemical)

Minor criteria

Clinical manifestation of ophthalmopathy

Positive serum TRAb

Diffuse radioactive iodine uptake
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pathognomonic for GD, and their levels correlate with
disease severity. Measurement of TRAb is mandatory in
pregnant women with a past or present history of GD,
because TRAb can cross the placenta, stimulate the fetal
thyroid gland, and cause neonatal hyperthyroidism (10).
Measurement of TRAb is also helpful in predicting
remission of GD after a course of anti-thyroid drugs
(reviewed in ref 6). Twenty-four-hour radioactive iodine
uptake is increased in GD as in most hyperthyroid states
and is not generally needed to make the diagnosis.
However, it can be helpful for ruling out destructive thyr-
oiditis (painless thyroiditis or post-partum thyroiditis),
conditions in which hyperthyroidism is associated with a
low 24-h radioactive iodine uptake.

Prediction

Currently, there is no algorithm to predict GD. However,
there arewell-known risk factors that can give some estimate
of the risk of developing disease. Known risk factors for GD
include genetic susceptibility (2), the presence of thyroid
antibodies, female gender, dietary iodine, pregnancy, and
infection. Abundant epidemiological data demonstrate a
strong genetic predisposition to the development of GD. It
is well known that GD clusters in families. Our group has
recently calculated the sibling risk ratio for GD, i.e. the ratio
of the prevalence of GD in siblings of affected individuals to
the prevalence of GD in the general population, to be 11.6
(reviewed in ref 2). Moreover, twin studies have shown a
35% concordance rate in monzygotic twins compared with
3% in dizygotic twins, demonstrating a strong genetic
predisposition to GD (reviewed in ref 2). So far six genes
have been shown to contribute to the etiology ofGD, includ-
ing immune-modulating genes and thyroid-specific genes.
The first group includes theHLA-DR, CD40, CTLA-4, and
PTPN22 genes, whereas the second group includes the
thyroglobulin and TSHR genes. It is clear that additional
genes contribute to the genetic susceptibility to GD and that
these genes interact. Indeed, we have recently shown a
16-fold increased risk for GD in individuals carrying HLA-
DR alleles containing arginine at position 74 of the DRB1
chain and a certain thyroglobulin gene amino acid variant.
However,we do not anticipate being able to predictGDwith
high predictive values based on gene polymorphisms (2).

Therapy

Treatment options for Graves’ hyperthyroidism include
medical therapy, radioactive iodine, and surgery. Therapy
should be targeted to the specific individual, based on
severity of thyrotoxicosis, the presence of goiter and
ophthalmopathy, and individual patient concerns and
preferences. Medical therapy consists primarily of

suppressing the hyperthyroid symptoms with beta block-
ers, and blocking thyroid hormone synthesis with thiona-
mides (e.g. Tapazole, propylthiouracil). Beta blockers are
often used initially as they can alleviate the symptoms and
allow time for more definitive therapy.
Thionamides are often used as the initial treatment of

hyperthyroidism of any cause, as response rate is high.
Potential toxicities of thionamides include bone marrow
toxicity (agranulocytosis) and hepatotoxicity, both of
which can be potentially life threatening. Thionamides
are considered the treatment of choice in children, adoles-
cents, and pregnant women with GD (6). However, the
rates of persistent remission after thionamides are discon-
tinued are reported to be 20–50%. In the USA, persistent
remission rates after 1–2 years of thionamide treatment are
about 20–30% (11). In those patients who do not achieve
long-term remission, most physicians prefer definitive
treatment with radioactive iodine ablation (most com-
monly) or surgery. In severe cases of hyperthyroidism,
steroids and iodine such as Lugol’s iodine or potassium
iodide (SSKI) are given in addition to high doses of
thionamides.
Radioactive iodine therapy is an alternate effective

means of treating Grave’s disease. This modality can take
several months to fully treat the hyperthyroidism. In the
interim, some patients require thionamide treatment.Most
patients receiving radioactive iodine therapy become
hypothyroid and require life-long thyroid hormone repla-
cement. Although radioactive iodine is a relatively safe
therapy, it can worsen GO. In patients with ophthalmo-
pathy who are treated with radioactive iodine, a 4- to 5-
week course of steroids, starting at the day of radioactive
iodine therapy, is recommended.
Surgery to remove the thyroid can also be used to treat

Grave’s disease. Total thyroidectomy will cure the
hyperthyroidism, but render the patient hypothyroid,
requiring life-long levothyroxine replacement therapy.
Patients should receive beta blockers, and their thyroid func-
tions should be normalized with thionamide treatment
before surgery to avoid complications of accelerated
hyperthyroidism during surgery. None of the above-
mentioned modalities specifically targets the autoimmune
mechanisms causing GD.
GO is treated with steroids, orbital irradiation, or sur-

gery, but all these therapies do not cure the disease.
Recently, anti-CD20 monoclonal antibodies have been
successfully tried in GO.
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45
Postpartum Thyroiditis

Alex Stagnaro-Green

Abstract Postpartum thyroiditis is an autoimmune condition marked by hormonal abnormalities in the first post-
partum year in women who were euthryoid before conception. The presence of thyroid antibodies in the first trimester of
pregnancy is associated with a 33–50% chance of developing postpartum thyroiditis. Treatment is rarely needed in the
hyperthyroid phase of postpartum thyroiditis whereas levothyroxine therapy is frequently required in the hypothyroid
phase.Most women are euthyroid by the end of the first postpartum year. Nevertheless, themajority of womenwho have
had postpartum thyroiditis develop permanent primary hypothyroidism within 10 years.

Keywords Postpartum thyroiditis � thyroid peroxidase antibodies

Description of the Disease

Postpartum thyroiditis (PPT) is an autoimmune disorder
that occurs in the first postpartum year in women with no
history of thyroid disease before pregnancy. The classical
form, which occurs in 25% of women, consists of a
hyperthyroid phase followed by a hypothyroid phase, with
a return to euthyroidism before the end of the first postpar-
tumyear. Thirty-two percent ofwomen have a hyperthyroid
phase in isolation and 43% present solely with a hypothyr-
oid phase (1). Although the majority of women are euthyr-
oid by the end of the first postpartum year, a small
percentage of women remain permanently hypothyroid.

Epidemiology

The incidence of postpartum thyroiditis varies between 1
and 16%with most studies indicating an incidence between
5 and 10%. Women with a history of type 1 diabetes melli-
tus, another autoimmune disorder, have a threefold increase
in the incidence of postpartum thyroiditis. Specifically, the
incidence of PPT in the general population of women in the
New York metropolitan area was 8.8% (2), whereas it
increased to 25% in women with type 1 diabetes (3).

History

In 1948, Roberton described the first series of women with
thyroid disease after pregnancy (4). Evaluation of 483
pregnancies revealed 114women with symptoms of an

underactive thyroid and who responded to thyroid extract.

Amino and colleagues published a seminal article on PPT

in 1982 in the New England Journal of Medicine (5). In a

prospective study, 507women were evaluated postpartum

for thyroid disorders, of whom 5.5% developed abnormal

thyroid function tests in the postpartum period.

Pathogenesis

Postpartum thyroiditis is an autoimmune disorder trig-

gered by the immune changes which occur during

pregnancy and postpartum. Multiple lines of evidence

support the autoimmune nature of PPT. First, 33–50%

of women who are thyroid antibody positive in the first

trimester (thyroid peroxidase antibody and/or thyroglo-

bulin antibody) develop PPT, whereas PPT is extremely

rare in thyroid antibody negative women. Second, the

higher the titer of the thyroid antibody, the more likely

that PPT will occur. Third, there are specific HLA predi-

lections for PPT, namely HLA-DR 3, 4, and 5 (6). Finally,

a prospective study has demonstrated distinct immune

changes, specifically an elevation in the CD4þ/CD8þ
ratio in women who develop PPT (2). On the basis of the

overwhelming evidence of the autoimmune nature of PPT,

Muller et al. concluded that, ‘‘The natural course of

thyroid autoimmune disease often encompasses a long

subclinical prodromal phase. . . From this perspective,

postpartum thyroiditis is ‘just’ an aggravation of an exist-

ing thyroiditis after an amelioration of the inflammation

during pregnancy’’ (7).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_45,
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Clinical Manifestations

The clinical manifestations can vary from a complete lack
of symptoms, to mild hyperthyroidism, to profound
hypothyroidism. The presence and degree of symptoms
depends on a number of factors, including the severity of
the thyroid hormonal dysfunction and probably the rapid-
ity with which the hormonal changes occur. Furthermore,
it is often difficult to distinguish the symptoms of PPT
from the normal physiological changes that occur during
the postpartum period. Table 45.1 presents four studies
that have documented increased symptoms in women with
PPT, in either the hyperthyroid or hypothyroid phase,
compared with a control group of postpartum euthyroid
women (5, 8, 9, 10).

Pathological Features

Table 45.2 presents the findings of 15 thyroid biopsies in
women with clinical and laboratory-confirmed PPT. Eight
of the specimens were obtained while the patient was
hypothyroid, four were collected during the early euthyr-
oid recovery phase, and three were obtained during late
recovery (11).

Biochemical Features

The biochemical features of PPT depend upon which
phase of PPT the patient is in, or if the hormonal status
of the patient is in transition. During the hyperthyroid
phase, which typically lasts less than 3months, TSH is
suppressed and is often accompanied by a minor elevation
of T3 and T4. The hypothyroid phase, which is typically
more severe and longer lasting, can present with a mild to
marked elevation of the TSH and a moderate to dramatic
decrease in T4. During transition times, thyroid function

tests may be misleading. For example, it is feasible to have
perfectly normal thyroid hormonal levels during the tran-
sition period from hyperthyroidism to hypothyroidism, as
hormone levels pass through the normal range.

Serological Features

The immune marker for PPT is the presence of thyroid
peroxidase antibody and/or thyroglobulin antibody.
Thyroid antibodies decrease in titer throughout preg-
nancy, often becoming undetectable by the third trimester.
In the postpartum period, once released from the immu-
nosuppressive effect of pregnancy, antibody titers
rebound, often reaching levels that surpass those detected
in the first trimester (2). Although there are rare cases in
which PPT develops in the absence of thyroid antibody
positivity, it typically reflects an insensitivity of the assay
used.

Diagnostic Criteria

The diagnosis of PPT is based on an elevated or suppressed
TSH in the first postpartum year in women without a
pre-pregnancy history of thyroid disease. It is important
to differentiate PPT from the de novo presentation of

TABLE 45.1. Symptoms documented to be statistically more common in women with postpartum thyroiditis as compared with a

control group.

First author Year Country Hyperthyroid symptoms Hypothyroid symptoms

Amino (1) 1982 Japan Fatigue Not reported

Palpitations

Hayslip (8) 1988 USA No increase in symptoms Impaired concentration

Carelessness

Depression

Lazarus (9) 1999 UK Lack of energy Lack of energy

Irritability Poor memory

Dry skin

Cold intolerance

Aches and pains

Walfish (10) 1992 Canada Palpitations Hypothyroid phase reported as more symptomatic than the thyrotoxic phase

Heat intolerance

Nervousness

Reprinted with permission from the J Clin Endocrinol Metab 1992; 74: 645–653.

TABLE 45.2. Thyroid biopsy results of women with Postpartum
Thyroiditis.

Hypothyroid Phase and early recovery (n = 12)

-lymphocytic infiltration—diffuse and focal thyroiditis

-follicular destruction in various degrees

-hyperplastic follicular changes in various degrees

-7 of 12 showed an oxyphilic change of the follicular cells

Late recovery (n = 3)

-lymphocytic infiltration—only focal thyroiditis

-no follicular destruction

238 Stagnaro-Green



Graves’ disease. From an epidemiological perspective, new
onset hyperthyroidism in the postpartum period is 40 times
more likely to be PPT than Graves’ disease. Classical
stigmata of Graves’ disease, such as a bruit or exophthal-
mos, confirm the diagnosis of Graves’. In some cases, a
radionuclide scan is needed to differentiate PPT (low-
uptake scan) from Graves’ disease (high-uptake scan).

Prognosis

The vast majority of women who develop PPT return to
the euthyroid state by one year postpartum. Long-term
studies of women who have had PPT reveal a 23–63%
incidence of developing permanent hypothyroidism
(12, 13). Women who have had an initial episode of PPT
resolve have a 67% chance of developing PPT in a
subsequent pregnancy (14).

Prevention

Earlier attempts to prevent the occurrence of PPT
through the administration of either iodine or levothy-
roxine have been unsuccessful (15). Negro et al., in 2007,
demonstrated a decrease in the incidence of PPT
through selenium administration (16). Women who
were thyroid antibody positive in the first trimester
were given selenium after the 11th week of pregnancy
and into the postpartum. Women receiving selenium had
a 29% incidence of PPT compared with 49% in women
who received placebo (p < 0.01).

Treatment

Treatment of the hyperthyroid phase of PPT is typically
unnecessary as the symptoms are usually mild and the time
course sufficiently short. When treatment is required a
limited course of beta blockers, titrated to control the
symptoms of hyperthyroidism, is all that is required.
Treatment of the hypothyroid phase depends on the sever-
ity of the symptoms, the degree of elevation of the TSH,
and whether a subsequent pregnancy is being planned.
Intervention with levothyroxine is recommended if the
TSH exceeds 10 mU/ml or if the TSH is between 4 and 10
mU/ml and the patient is symptomatic. Asymptomatic
women with TSH levels between 4 and 10 mU/ml, and
who are planning to conceive in the near future, also require
levothyroxine therapy because of the risk ofmiscarriage and
impaired neurological function in the developing fetus.
Once levothyroxine is initiated, I recommend maintaining

treatment until the mother has completed her child bearing.
One year after the birth of the final child, I halve the

dose of levothyroxine to determine whether permanent

hypothyroidism has developed (1). Women who have been

successfully weaned from thyroid hormone replacement

require annual thyroid hormone testing to screen for per-

manent hypothyroidism, which is dramatically increased in

women who have had an episode of PPT (14).

References

1. Stagnaro-Green, A. (2002) Clinical Review 152: Postpartum

thyroiditis, J Clin Endocrinol Metab 87 (9), 4042–4047.

2. Stagnaro-Green,A.,Roman, S.H., Cobin,R.H., El-Harazy, E.,
Wallenstein S., Davis, T.F. (1992) A prospective study

of lymphocyte-initiated immunosuppression in normal

pregnancy: Evidence of aT-cell etiology for postpartum thyroid
dysfunction, J Clin Endocrinol Metab 74, 645–653.

3. Alvarez-Marfany, M., Roman, S.H., Drexler, A.J.,

Robertson, C., Stagnaro-Green, A.S. (1994) Long-term pro-

spective study of postpartum thyroid dysfunction in women
with insulin dependent diabetes mellitus J Clin Endocrinol

Metab 79, 10–16.

4. Roberton, H.E.W. (1948) Lassitude, coldness, and hair
changes following pregnancy, and their response to
treatment with thyroid extract British Med J 94, 2275–2276.

5. Amino, N.,Mori, H., Iwatani, Y., Tanizawa, O., Kawashima,

M., Tsuge, I., Ibaragi, K., Kumahara, Y., Miyai, K. (1982)
High prevalence of transient post-partum thyrotoxicosis and

hypothyroidism N Eng J Med 306, 849–852.

6. Vargas, M.T., Briones-Urbina, R., Gladman, D., Papsin,
F.R., Walfish, P.G. (1988) Antithyroid microsomal autoan-

tibodies and HLA-DR5 are associated with postpartum
thyroid dysfunction: Evidence supporting an autoimmune

pathogenesis J Clin Endocrinol Metab 67, 327–333.
7. Muller, A.F., Dexhage, H.A., Berghout, A. (2001) Postpar-

tum thyroiditis and autoimmune thyroiditis in women of

childbearing age: recent insights and consequences for
antenatal and postnatal care Endocr. Rev. 22, 605–630.

8. Hayslip, C.C., Fein, H.G., O’Donnell, V.M., Friedman,

D.S., Klein, T.A., Smallridge, R.C. (1988) The value of
serum antimicrosomal antibody testing in screening for
symptomatic postpartum thyroid dysfunction Am J Obstet

Gynecol 159, 203–209.

9. Lazarus, J.H. (1999) Clinical manifestations of postpartum
thyroid disease Thyroid 9, 685–689.

10. Walfish, P.G., Meyerson, J., Provias, J.P., Vargas, M.T.,

Papsin, F.R. (1992) Prevalence and characteristics of post-
partum thyroid dysfunction: results of a survey from

Toronto, Canada. J Endocrinol Invest 15, 265–272.
11. Mizukami, Y., Michigishi, T., Nonomura, A.,

Hashimoto, T., Nakamura, S., Tonami, N., Takazakura,

E. (1993) Postpartum thyroiditis: A clinical, histologic,
and immunopathologic study of 15 cases Anatomic Path

100, 200–205.
12. Othman, S., Phillips, D.I.W., Parkes, A.B., Richards, C.J.,

Harris, B., Fung, H., Darke, C., John, R., Hall, R.,

45. Postpartum Thyroiditis 239



Lazarus, J.H. (1990) A long-term follow-up of postpartum
thyroiditis Clin Endocrinol 32, 559–564.

13. Azizi, F. (2004) Age as a predictor of recurrent hypothyroid-

ism in patients with postpartum thyroid dysfunction J Endo-
crinol Invest 27, 996–1002.

14. Lazarus, J.H., Ammari, F., Oretti, R., Parkes, A.B.,

Richards, C.J., Harris B. (1997) Clinical aspects of recurrent

postpartum thyroiditis Br J Gen Prac 47, 305–308.

15. Kampe, O., Jansson, R., Karlsson, F.A. (1990) Effects of L-
thyroxine and iodide on the development of autoimmune post-

partum thyroiditis J Clin Endocrinol Metab 70, 1014–1018.

16. Negro, R., Greco, G., Mangieri, T., Pezzarossa, A.,
Dazzi, D., Hassan H. (2007) The influence of selenium
supplementation on postpartum thyroid status in pregnant

women with thyroid peroxidase autoantibodies J Clin

Endocrinol Metab 92, 1263–1268.

240 Stagnaro-Green



46
Autoimmune Diabetes Mellitus

Felicia Hanzu and Ramon Gomis

Abstract Diabetes mellitus is a metabolic disorder characterized by chronic hyperglycemia and following lifelong
complications in which exogenous insulin is required for surviving and prevention of ketosis. Clinical and experimental
data indicate that in genetically predisposed individuals, possibly triggered by exposure to certain environment factors,
there is primarily a cellular (through auto-aggressive lymphocytes T) and thereafter a humoral (by selective anti-islet
antibodies)-mediated destruction of pancreatic beta cells. Specific biochemical assayed auto-antibodies (anti-GAD65,
anti-insulin, and anti-IA-2) are the essential markers used for diagnostics and prediction. Treatment consists in daily
administration of exogenous insulin under self-monitoring conditions of blood glucose and diet; new non-invasive
insulin products are now available. Concomitant pancreas and kidney transplant can be performed in patients with end-
stage renal disease. Future goals include beta-cell substitution by islets transplant or stem cell therapy and prevention
therapy in order to permit early prophylaxis for persons at risk. Global immunosuppressant protocols carry an
unacceptable morbidity. Trials with non-Fc-binding anti-CD3 monoclonal antibodies and concomitant antigenic
immunization are in course.

Keywords Autoimmune diabetes � beta cell � insulin � auto-antibodies � anti-insulin � anti-GAD65 � anti-IA-2

Description of the Disease

Diabetes mellitus (DM) is a group of metabolic disorders
characterized by chronic hyperglycemia (from glucose

intolerance in early stage to franc hyperglycemia), with

disturbances of carbohydrate, fat, and protein metabolism

resulting from defects in insulin secretion, action, or both,

as result of three fundamental processes, which variably
accelerate the loss of beta cells through apoptosis: consti-

tution, insulin resistance, and autoimmunity (accelerator

hypothesis) regardless of specific etiology (1). This include

long-term complications of distinct organs, especially eyes,

nerve fibers, kidney, and blood vessels (ADA classification

of DM in Table 46.1) (2).
Type 1A DM is the major form of DM requiring exogen-

ous insulin for survival and preventing ketosis as a conse-

quence of beta-cell destruction and also the principal

autoimmune DM form because of a cellular-mediated,

organ-specific, progressive beta-cell destruction.Autoimmu-

nity is described by the presence of more than one of specific

auto-antibodies: anti-GAD65, anti-insulin, and anti-IA-2

(ICA512), IA-2b. Other rare forms of autoimmune DM

have been described (stiff-man syndrome, syndrome
type B). Autoimmune DM can be associated with other

autoimmune diseases singular or as a part of the autoim-
mune polyglandular syndrome type 1 and 2 (APS-I and
APS-II) (6).

Etiopathogenesis

DM type 1A is an autoimmune organ-specific chronic dis-
ease in genetically predisposed individuals possibly initiated

(triggered) by exposure to certain environmental factors.
There is primary a cellular destruction mainly from auto-
reactive and auto-aggressive effector T-cell-mediated process,
a selective infiltration of beta cells and insulitis (infiltrate with
CD4, CD8T lymphocytes, B lymphocytes, macrophages), and
destruction through perforin- and cytokine-mediated cytotoxic
mechanisms. A secondary immune response is marked by
the generation of auto-antibodies, humoral markers of
immune destruction [anti-glutamic acid decarboxylase-65
(GAD65), insulinoma-associated antigen IA-2(ICA512),
and IA-2ß and anti-insulin], and progressive destruction

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_46,

� 2008 Humana Press, Totowa, NJ

241



of the pancreas. This process progresses silently through
the years, the first metabolic evidence of beta-cell decline
being the alteration of first-phase insulin response to intra-
venous glucose, followed by the impairment of glucose
dynamics (alternate glucose tolerance and fasting hyper-
glycemia), and finally overt hyperglycemia and DM when
the great part of beta cells are destroyed (Figure 46.1).

Immune-inflammation markers are present since the onset
of autoimmune cascade through the entire evolution of
DM 1 (3, 4). Although in children, beta-cell destruction is
accelerated during rapid onset of overt hyperglycemia
and ketoacidosis, in adults there remains a residual cell

function for some years, form denominated ‘‘latent auto-
immune diabetes’’ (LADA) (5, 6).

Epidemiology

Incidence rate of DM type 1 varies with age (DM 1A can
appear at any age but have a high incidence under the age

of 15 years: 3/4 before 18 years of age; little known about
the determinants occurring in adult type 1 diabetes), race
(the risk is higher among white population), and countries

[highest frequency is according to recent studies in Nordic
countries but also in Portugal and Sardinia: ranging from
21.2 to 36.8 per 100,000 per year; the lowest frequency in
Asia and Latin America: ranging from 0.1 to 3.5 per
100,000 per year (4, 5)]. The Eurodiab study, a register

involving 44 countries in Europe, indicates annual rates of
increase in incidence of DM 1A, the larger increase being
noted in children 3–4 years of age. Range of variations
within white population is almost as great as between
races, suggesting the concomitant involvement of genetic

and environmental factors (6). Environmental trigger factors
that could initiate the autoimmune process are in discus-
sion: common viruses (large seasonal character peak in
winter, only proven association for congenital rubella,
contradictory results from animal experiments), nutrition

(exposure to cow milk proteins and absence of breast
feeding in new born) (6). Genetic susceptibility: DM 1A
is a complex genetic disorder with strong genetic associa-

tion to certain human leukocyte antigen (HLA) alleles at
the DQ (A and B) and DR (3 and 4) loci on chromosome 6

TABLE 46.1. Diabetes mellitus classification (2).

I. Type 1 diabetes (ß-cell destruction, usually leading to absolute insulin

deficiency)

a) Immune mediated

b) Idiopathic, non-autoimmune and non-HLA dependent

II. Type 2 diabetes (from predom. insulin resistance with relative insulin

deficiency to a predom. secretory defect with insulin resistance)

III. Other specific types

A. Genetic defects of beta cell function

1. Chrs 12, HNF-1a (MODY3)

2. Chrs 7, glucokinase (MODY2)

3. Chrs 20, HNF-4a (MODY1)

4. Chrs 13, insulin promoter factor-1 (IPF-1; MODY4)

5. Chrs 17, HNF-1ß (MODY5)

6. Chrs 2, NeuroD1 (MODY6)

7. Mitochondrial DNA

B. Genetic defects in insulin action: Type A insulin resistance,

Leprechaunism, Rabson-Mendenhall sdr, Lipoatrophic diabetes, etc

C. Diseases of the exocrine pancreas: Trauma, Pancreatectomy,

Neoplasia p., Cystic fibrosis Hemochromatosis, pancreatopathy, etc

D. Endocrinopathies: Acromegaly, Cushing’s sdr., Glucagonoma,

Pheochromocytoma Hyperthyroidism, Somatostatinoma,

Aldosteronoma,

E. Drug- or chemical-induced: Vacor, Streptazocina, Pentamidine ,

Nicotinic ac., Thyroid hormone, Glucocorticoids , Diazoxide, ß-adr.

Agonists, Dilantin, Thiazides, a-Interferon, etc
F. Infections: congenital rubéola, cytomegalovirus, etc

G. Uncommon forms of immune-mediated diabetes: ‘Stiff-man’ sdr,

Anti–insulin receptor antibodies, etc.

H. Other genetic syndromes: Down’s sdr, Klinefelter, Prader-Willi,

Turner, Wolfram, Friedreich ataxia, Huntington chorea, Laurence-

Moon-Biedl, Myotonic dystrophy, Porphyria

IV. Gestational diabetes mellitus (GDM)

Genetic
predisposition

Insulitis

Beta Cell Injury “Pre-”

Diabetes
Overt

Diabetes

FIGURE 46.1. Model of pathogenesis and natural
history ofDMtype 1A. (Modified afterEisenbarth

GS, ed. Type 1A diabetes: cellular, molecular and
clinical immunology, available in teaching slides

http://www.Barbaradaviscenter.org).
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(pathogenicHLA alleles: DQA1*0501,DQB1*0201 in link-
age disequilibrium with DR3; DQA1*0301, DQB1*0302
with DR4; protective association for DQA1*0102 and
DQB1*0602). HLA is responsible for half of the familial
clustering of DM 1A, the rest is presumably because of
other genetic factors or shared family environment. Over-
all, risk of DM of a sibling of a patient with DM 1A is 6%
and the general population risk is of 0.4%. Genetic risk is
estimated in general population with unknown HLA at
0.3%, for identical twins 50%, for heterozygote for HLA
DR3/4, DQ2/8 in general population 6%, for identical
twins 70%, for sibling 20%. Twins and family studies have
demonstrated that DM type 1 family clustering depends
from DM onset age and sex of affected parent and has a
20 times higher recurrence risk ratio (regarding normal
population) in sibling. Some other important genetic asso-
ciations between DM 1A and other polymorphic markers
as class I VNTR marker of the 5�-region of the insulin gene
on chromosome 11have been described (6).

History/Classification

Descriptions of DM symptoms are present since antiquity.
Marking events are in 1674,Willis first mentioned the term
of sweetness in relationship with diabetes (sweet urine); in
1797, Rollo introduced the low-carbohydrate diet; in 1880,
Lanceroux and Bouchardat grouped DM in diabete mai-
gre and diabete gras; in 1889, Minkovsky and Mering
established the role of pancreas; in 1893, Langerhans
described the islet organization of pancreas; in 1921–
1922, together with the development of the concept of
endocrine secretion, insulin is discovered and synthesized
concomitantly from Banting, Best, Collip, Paulescu, and
Macload. After 1922, DM enters in the insulin era treat-
ment beginning with the first animal crystal product to the
actual inhalator and synthetic insulin and insulin analo-
gous (IA). Insulin treatment has totally modified the life
expectancy of DM 1patients and leads over time to the
actually multidisciplinary complications and treatment

approach. In 1979, the first general institutionalized clas-

sification of DM in which the pathologic value of insulin

resistance is standed is accepted from ADA (American

Diabetes Association), EASD (European Association for

the Study of Diabetes), and NIH (National Institutes of

Health). The IDDM (insulin-dependent DM) and NON-

IDDM (non-insulin-dependentDM) forms of DMbecame

accepted. In 1997, 1999, 2003, and 2006, ADA and EASD

expert committee updated the classification by changing to

DM type 1 and 2 and created the prediabetes IFG and IGT

diagnostic stages (Tables 46.1 and 46.2). Diabetes research

was accelerated by the development of molecular biology,

biochemistry, and cell biology. Insulin radioimmunoassay

(1960), detection of auto-antibodies, discovery of proinsu-

lin and peptide C, and cloning of insulin gene (1970) are

only some of the marking events (6).

Diagnostics Criteria

Diagnostics criteria for DM are yearly revised by ADA,
EASD, NIH, and WHO. Complete diagnostics of DM1A
includeDMand autoimmunity criteria as follows: (a) general
diagnostics criteria of DM (Table 46.2) (2); (b) serological
markers of the autoimmune etiology: the presence of>1 of
biochemical-assayed specific antigen auto-antibodies:
anti-IA-2 (ICA512) and IA-2 b (phogrin), anti-GAD65
(only GAD65þ are slow progressors), and anti-insulin
(appears first in children, false positive in patients who
have previously received treatment with insulin) consi-
dering the set point values at �99th percentile of normal
individuals. Intracitoplasmatic antibody (ICA) screening
is less used (low specificity and selectivity) (7). Patients
with adult late onset of autoimmune DM (LADA) present
frequently only anti-GAD65 antibodies (5). (3) Additional
serum residual markers of beta-cell destruction: the
absence of serum peptide C and proinsulin. Biopsy and
histology of the endocrine pancreas (beta-cell islets)
are not rutinary necessary for the confirmation of auto-
immunity (2).

TABLE 46.2. Criteria for the diagnosis of autoimmune diabetes mellitus (2).

1. Symptoms of diabetes plus casual plasma glucose concentration �200mg/dl (11.1mmol/l).

Casual is defined as any time of day without regard to time since last meal. The classic symptoms of diabetes include polyuria, polydipsia, and

unexplained weight loss.

or

2. FPG �126mg/dl (7.0mmol/l). Fasting is defined as no caloric intake for at least 8 h.

or

3. 2-h postload glucose �200mg/dl (11.1mmol/l) during an OGTT. The test should be performed as described by WHO, using a glucose load

containing the equivalent of 75 g anhydrous glucose dissolved in water.

>one biochemically assayed selective islet antibody (anti-GAD65, anti-insulin, anti-IA-2 (ICA512), IA-2b) set at �99th percentile of normal individuals)

Note: In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat testing on a different day. The thirdmeasure (OGTT) is

not recommended for routine clinical use. The use of the hemoglobin A1c (A1C) for the diagnosis of diabetes is not recommended at this time. IFG,

IGT, and TTGO are defined as prediabetes (IFG: a jeun glucose:100–125mg/dl, IGT: glucose at 2 h: 140–199mg/dl). Histological confirmation of

pancreas insulitis is not routinely demanded.

46. Autoimmune Diabetes Mellitus 243



Laboratory Features

Laboratory features used in DM 1A include a large spec-
trum of biochemical, serological markers for (a) prediction
of DM 1A: serological autoimmune markers, �insulin
secretion dynamics with ICARUS protocol, and �GTT
(glucose tolerance test) (8); (b) diagnostics of DM 1A
(Table 46.2) (2); (c) metabolic follow-up (guidelines for
adults and children in Tables 46.3 and 46.4) and self-
monitoring of blood glucose (10); (d) diagnostics and
treatment of acute complication (Table 46.6) (6); and
(e) screening and follow-up of chronic complications:
DM-specific and autoimmune-specific (Table 46.6)(10).

Prediction (Screening)

The presence of a long prodromal autoimmune activity and
of serologic autoimmune markers permit the prediction
of autoimmune diabetes. Prediction would be useful for
relatives of patients with DM or for vigilance to escape
ketoacidotic coma at onset and cerebral edema and
death if we would have treatment. Best current predictor is
the presence of one of the specific autoimmunity serologic

markers biochemically assayed (auto-antibodies for insulin,
GAD65, ICA512) with the set point at �99th percentile of
normal individuals. Auto-antibodies are present in 80% of
DM; 1/300 from general population present >2 antibodies;
the number of antibodies is positively correlated with the
evolution rate of the autoimmune destruction. The predic-
tion dual-parameter model inglobates concomitant multiple
islet auto-antibody detection and insulin secretion dynamics.
Identification of adults with autoimmune serologic markers
(in particular present are anti-GAD65) through the pre-
sumed DM 2 (5–30% of patients thought to have DM type
2have DM type 1) marked the necessity of early insulin
therapy and the underlying autoimmune etiology (8).

Prevention of Beta-Cell Destruction

Prevention of beta-cell destruction at primary (to prevent
the development of autoimmunity), secondary (to prevent
beta-cell destruction), and tertiary (after the onset of
DM or pancreas transplant) levels is an attractive but
at times not a large-scale applicable measure regarding
the toxicity and side effects of efficient available medical

TABLE 46.4. Plasma blood glucose and A1C goals for DM for children (10).

Plasma blood glucose

goal range (mg/dl) Rationale

Age (years) Before meals Bedtime/overnight HbA1C

Toddlers and

preschoolers (0–6)

100–180 110–200 <8.5% (but >7.5%) High risk and vulnerability to hypoglycemia

School age (6–12) 90–180 100–180 <8% Risks of hypoglycemia and relatively low risk of

complications prior to puberty

Developmental and psychological issues

Adolescents and young

adults (13–19)

90–130 90–150 <7.5%

l Blood glucose goals should be higher than those listed above in children with frequent hypoglycemia or hypoglycemia unawareness.
l A lower goal is reasonable based on benefit-risk assessment.

TABLE 46.3. Metabolic control recommendations for adults with diabetes (10).

Glycemic control

Hb A1C <7.0 %*

Preprandial capillary plasma glucose adolescents and adults 90–130mg/dl (5.0–7.2mmol/l)

Peak postprandial capillary plasma glucose <180mg/dl (<10.0mmol/l)

Blood pressure (TA) <130/80mmHg

Lipids

LDL <100mg/dl (<2.6mmol/l)

Triglycerides <150mg/dl (<1.7mmol/l)

HDL >40mg/dl (>1.0mmol/l)?, >50mg/dl /

Key concepts in setting glycemic goals:
l A1C is the primary target for glycemic control* (Referenced to a non-diabetic range of 4.0–6.0% using a DCCT-based assay)
l Goals should be individualized
l Certain populations (children, pregnant women, and elderly) require special considerations
l More stringent glycemic goals (i.e., a normal A1C, <6%) may further reduce complications at the cost of increased risk of hypoglycemia
l Less intensive glycemic goals may be indicated in patients with severe or frequent hypoglycemia
l Postprandial glucose ( at 1–2 h after beginning of the meal)may be targeted if A1C goals are not met despite reaching preprandial glucose goals
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therapy. None of the prevention trials performed till
now [cyclosporine, metrotrexate, nicotinamide (ENDIT),
insulin (DPT-1)] has been useful. Immunosuppressive
therapies have important side effects. Anti-CD3 mono-
clonal antibodies are currently in trials (8, 9).

Clinical Manifestations

Symptoms at diagnostic varies in severity after acuteness
of insulin deficiency (Table 46.5). The rate of beta-cell
destruction is quite variable, being rapid in some indivi-
duals (mainly infants and children) and slow in others
(mainly adults). Others have modest fasting hyperglycemia
that can rapidly change to severe hyperglycemia and/or
ketoacidosis in the presence of infection or other stress.
Particularly, adults may retain residual beta-cell function
sufficient to prevent ketoacidosis for many years; such
individuals eventually become dependent on insulin for
survival and are at risk for ketoacidosis. At this latter
stage of the disease, there is little or no insulin secretion,
as manifested by low or undetectable levels of plasma
C-peptide (6).

Acute and Chronic Complications

Acute and chronic complications of DM are summarized
in Table 46.6. Acute DM 1-specific complications (dia-
betic ketoacidosis, hypoglycemia) can appear at any
moment along evolution of DM and can be triggered
from intercurrent infection, intensive insulin treatment,
insufficient treatment, or other pathological conditions.
Along the years of evolution, the natural history of
diabetes includes long-term complications of distinct
organs, especially eyes, kidney, nerve fibers, and blood
vessel (micro- and macropathology) with important
social, life quality, and morbidity and mortality conse-
quences. The mechanism of these alterations relies on
disturbance of carbohydrate, fat and protein metabolism,
and toxic accumulation of end products as cause of
insulin deficiency and chronic hyperglycemia. As a parti-
cularity regarding the characteristic autoimmune active
state, DM 1A associates frequently with autoimmune
diseases. The immune etiology of diabetes marks an
inherited failure in the maintenance of self-tolerance,
the presence of DM 1A being a marker of specific
HLA alleles; therefore, patients with DM 1A are

predisposed to autoimmune diseases. The most impor-
tant are thyroid autoimmunity, Addison’s disease,
celiac disease, vitiligo, pernicious anemia, and auto-
immune hepatitis – alone or as a part of the autoimmune
polyglandular syndrome type 1 and 2 (APS-I and
APS-II) (6).

Management

The basic treatment of DM 1 consists in lifelong indivi-
dualized daily exogenous insulin substitution (dose: 0.5–
1.0 UI/kg/24 h) required for survival and prevention of
ketosis, balanced with medical nutrition therapy. Physical
exercise and control of weight slows the development
of complications. All chronic complications necessitate
regular follow-up and lifelong treatment. Tight metabolic
control through intensificate insulin replacement treatment
which consist in prandial rapid (bolus) insulin (minimum
three injections daily), a basal lent insulin (1 injection), and
correction-dose insulin is today a consensus in DM therapy
(10, 11). After an initial slow-down in the development
of insulin products with the successful implementation of
human recombinant insulin and decrease of insulin allergy
and other immune-mediated reactions to pork insulin,
today new rapid absorbable insulin analogs (IA) are in
development, some of them being already in clinical prac-
tice (Table 46.7). Insulin rapid analogous, used as prandial
bolus, present the advantage of a rapid action and better
control of postprandial glycemia. Insulin long-acting
analogos bind to serum albumin and maintain a basal
insulin, mimicking better the physiological response.
Both types of IA diminished the risk of hypoglycemia.
There is no significant improvement in HbA1c using IA
but development of chronic complications seems to be
diminished by a better control of glycemic peri-prandial
variation, phenomena not well described by HbA1c. IA
permit patients a greater flexibility in timing of meals,
snacks, exercise, but still there is no perfect insulin treat-
ment available. CSII (continuous subcutaneous insulin
infusion pumps) using rapid IA are at times also in use
(12, 13). The inhalable dry-powder formulation-packaged
human recombinant insulin with a pharmacokinetics
close to IA recently approved in both the United States
and the European Union represents a new attractive non-
invasive therapy option (14).

TABLE 46.5. Clinical features at diagnosis of DM1 (6).
3⁄4 onset before 18 years age

Polyuria and thirst, weakness or fatigue, polyphagia with weight loss

Other children-specific symptoms: nocturnal enuresis, growth retardation

Acute complication at diagnosis: diabetic ketoacidosis (mort. 2,5–9%), mortality through cerebral edema especially in children
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TABLE 46.6. Complications of Diabetes mellitus (6).

Complications of DM 1 Screening/Follow-up Therapeutic approaches Special considerations

Acute complications in DM 1A
l Diabetic ketoacidosis

(Hyperglycemic hyperosmolar

coma)

-urine and serum:

-high glucose, acidosis, ketones,

high osmolality, electrolyte

disturbances

Intensive Care Unit

(ICU)

-mortality in children at DM onset

through cerebral edema

-search associated infection, other

pathologies
l Hypoglycemia

(neuroglicopenia to coma)

(�contrareglatory awareness

signs)

-blood glucose <70mg/dl -in function of severity

15–20 g CH, glucagon,

ICU

Chronic complications:
l Ocular disease

Retinopathy: (Microvascular

complication)

A. Non-proliferativ (NPR)

B. Proliferativ (PDR)

�Macular edema

Severe vision loss and

blindness

Cataract

Cornea ulcerations,

conjunctivitis

-detailed dilated eye

examination by ophtalmolog

within 3–5 years after the

onset ore at puberty (general

evaluation is not necessary

before 10 years age)

-blood pressure therapy

-therapy of nephropathy

-photocoagulation

-aspirin (AAS) and aldose reductase

inhibitors haven’t proved their use in

therapy.

-established risk factors are

nephropathy , high blood pressure,

pregnancy, puberty

-perspective therapy with inhibitors/

antagonists of growth factors

(VEGF, GH, IGF)

-DM retinopathy remains the primer

cause of blindness in adults
l Kidney disease:

(Microvascular complication)

Intercapilar diffuse or

nodular glomerulosclerosis:

-Microalbuminuria: 30–299 mg/
mg creatinine

-Macroalbuminuria�300 mg/mg

creatinine

-arterial hypertension (HTA)

-Renal failure and dialysis

(ESRD)

-annual screening of patients

with diabetes duration of �5
years

-albuminuria in spot collection

(mg/mg creatinine); or 24 h/

time course collection

-creatinine clearance (for GFR)

-ACE inhibitors or

ARBs (reduce

albuminuria, HTA

control)

-reduction of protein

ingestion to 0,8/kg/24h

-best prediction marker of evolution to

ESRD remains persistent

(microalbuminuria) in spot

collection

-nephropathy occurs in 20–40% of

patients with DM and is the single

leading cause of end stage renal

disease (ESRD)

-Renal failure is the major cause of

mortality in DM 1A.

l Macrovascular affectation

-accelerated, systemic

atherosclerosis

-cardiovascular,

cerebrovascular, peripheral

disease
l Cardiovascular disease

-diabetic cardiomiopathy

-macrovascular, atherosclerotic

disease

-arterial hypertension (HTA)

-lipoprotein profile

-eco Doppler and carotid

intimae-media thickness

-invasive selective investigation/

treatment

-weight control

-smoking cessation

-low dietary

-antiplatelet agents

-management of dietary Na

-TA�130/80mmHg

(therapy of choice: ACE

inhibitors,angiotensine receptor

blockers ARBs),

-pharmacological therapy of

disliproteinemias

-PTCA/stent

-proteinkinase C 1, 2b isoforms selective inhibitors and inhibitors of advanced glycated products are new

therapeutic perspectives of diabetic micro- and macrovascular disease

l Neuropathy (NP)

Generalized symmetric polyNP:

Chronic distal sensor motor

DPN (freq.)

Acute sensory ( rare)

Autonomic (freq.)

orthostatic hypotension, resting

tachycardia, loss of

sweetness, gastrointestinal

(gastroparesis, constipation,

diarrhea), urinary bladder

atony, impotence, sexual

feminine disturbances

-exclusion of other treatable NP

- clinical examination

-screening 5 years after onset of

DM for autonomic NP

-yearly screening for NP

-organ selective probes for

autonomic neuropathy

-inspection/self-care

-corticoids (focal,

multifocal NP)

-midodrine, 9-alfa-

fluorohidrocortisone,

metoclopramid,

-tricyclic drugs

anticonvulsants

paracetamol with

codeine, capsaicin

-autonomic neuropathy should be

always treated for symptoms relief

246 Hanzu and Gomis



Self-Monitoring, Patients’ Education,
and Metabolic Follow-up

Self-monitoring, patients’ education, and metabolic fol-

low-up are the three basic conditions for the manage-

ment of a multiple insulin injection regimen in DM type

1. ADA guidelines suggest blood glucose measuring for

three or more times a day. Table 46.3 presents a sum-

mary of goals for the principal laboratory parameters

used as metabolic markers (10). Treatment programs

should take into consideration age, sex, school or
work, cultural factors, and presence of complications.

Glycemic control is best judged by combination of the

patient’s self-testing results (as performed) and the

current HbA1C result (HbA1C should be measured: 2/

year in stable glycemic control and 4/year in therapy

changes) (10, 15).

Treatment Monitoring in Children
and Adolescents

As the incidence of DM is increasing and the majority

(3/4) of DM 1A patients are diagnosticated before 18

years, there is a need to adapt ADA adult therapy goal

criteria taking into account the different age-related

TABLE 46.6. (Continued)

Complications of DM 1 Screening/Follow-up Therapeutic approaches Special considerations

Focal and multifocal NP:

Cranial, Truncal, Focal limb,

Proximal motor
l Diabetic feet

(vascular and neuropathy

mechanism)

-bones and joint deformation,

osteomielitis

-foot and leg ulcers, gangrene,

osteomielitis

-self-care/medical

inspection each

3–6month

-podcare if case

l Others:

Unusual frequent infection

Diabetic dermopathy

-recurrent pielonefritis,

papillary renal necrosis,

necrotizing fasciitis/myositis,

cholecystitis emphysematous

-hospitalization

TABLE 46.7. Pharmacokinetics and bioavaibility of actual used insulin products (12, 13, 14).

Name and type Onset Peak Duration Observations Application form

Rapid-acting

Insulin

analogs

-aspart,

-glulisine

-lispro

10–300 300–3 h 3–5h Absorbed more quickly than short-acting insulin, but

effects wear off sooner

-permit a rapid control of glycemy

-less hypoglycemic events

inj.

Short-acting

Insulin

-regular (human) 30–608 2– 5 h up to 8 h Works quickly, but effects doesn’t last as long as

intermediate-acting insulin

inj.

Intermediate-

acting

Insulin

-NPH (human) 1–2 h 4–12 h 16–24 h Starts working later than short-acting insulin, but

effects last longer

inj.

Long-acting

Insulin

analogs

-glargine

-detemir

1–5 h No clear

peak

up to

24 h

-takes several hours to work, but provides insulin at a

steady level for up to 24 h

inj.

< nocturnal hypoglycemia’s

-dismininushed weight gain

Pre-mixed Combination of intermediate-acting and short- or rapid-acting insulin inj.

Inhaled

insulin

-human

rDNA

insulin

-exubera 10-200 30–900 6 h -starts working faster than regular injected insulin and

lasts as long

-short acting insulin

-produce transitory decrease of respiratory capacity

-pharmacokinetic and absorption depend from

airway and pulmonary permeability (1mg

correspond to 3 UI insulin)

inh.
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physical and social aspects as risk of hypoglycemia
because of increased insulin sensitivity, theoretical
absence of complications before puberty, physical and
psychical growth, neurological vulnerability and inabil-
ity to provide complete self-care and family dynamics,
and physiologic differences related to sexual maturity
(Table 46.4). A flexible therapy, with smaller hypogly-
cemic risk and less weight gain as permitted from IA or
CSII using rapid-acting IA, seems to better satisfy this
particular metabolic needs. A special attention should
be given to the correct diagnostics of the potential
associated autoimmune celiac disease which can be a
cause of growth retardation in apparently well-treated
DM children (10).

Complication/Adverse Effects of Insulin
Therapy

All insulin users should carry medical identification.
Insulin pens facilitate the multi-injection treatment.
Hypoglycemia and weight gain, classic side effects, less
frequent for IA and maybe for inhalator insulin, are still
the most common complication of a tight metabolic
control (12, 16). Other side effects regarding insulin pur-
ity and immunogenicity are decreasing. Inhalator human
insulin seems to present an unexpected production of
auto-antibodies and determines a transitory reduction
of pulmonary capacity. CSII potential complications
remain ketosis episodes from pump malfunction, infec-
tions, or inflammation at the needle site. Good weight
control and metabolic control were reported by adding
Metformin to insulin substitution (10).

New Therapy Perspectives

New Therapy Perspectives consist in the replacement (sub-
stitution) of beta cells by pancreas, islet, and finally stem
cell therapy.

Pancreas/islet transplant/stem cell therapy

The pancreas transplant may be done excepting a very
good defined patient subcategory simultaneous to, or
subsequent to, a kidney transplant (17). Pancreatic islet
cell transplants despite significant potential advantages
over whole-gland transplants remain a procedure per-
formed only within the setting of controlled research
studies (18). New no-corticoid systemic immunosuppres-
sant regimens with fewer side effects are in study. Stem
cell therapy remains an important future goal therapy in
pancreas substitution: recently, encouraging results have
been obtained with an autologous non-myeloablative

hematopoietic stem cell transplantation (AHST) protocol
in newly diagnosed type 1DM (19).

Global Immunosuppressant Protocols

Global immunosuppressant protocols of the types used for
transplant recipients clearly carry an unacceptable mor-
bidity. Immunologists caring for patients with autoim-
mune diseases have a need to establish organ-specific
immunological tolerance that is just as pressing as that
facing transplant surgeons. The lack of surrogate markers
for the desired therapeutic T-cell effects complicates inter-
pretation. Trials with non-Fc-binding anti-CD3 monoclo-
nal antibodies and concomitant antigenic immunization
with promising results in animals are in course for primary
and secondary prevention before complete destruction of
beta cells (20).
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47
Autoimmune Addison Disease or Autoimmune
Adrenalitis

Jozélio Freire de Carvalho and Rodrigo Antonio Brandão Neto

Abstract Autoimmune adrenalitis is the most common cause of adrenal failure in developed countries, accounting for

about 70% of the cases, characterized by primary adrenal failure and circulating antibodies against enzymes of adrenal

cortex. The clinical manifestations are similar to other causes of Addison disease and adrenal glands are usually small

and atrophic. This chapter discusses the clinical manifestations, pathology, diagnosis, and treatment of this condition

and proposes a diagnostic criteria for the disease.

Keywords Addison disease � adrenal � adrenal insufficiency � diagnostic criteria � adrenalitis

Epidemiology

Addison disease is a rare disorder; however, it is more
common now than how it was 30 years ago because its
prevalence in the general population has increased three
times since 1970 (1). Male patients are affected with iso-
lated AAD predominately (70%) during the first two dec-
ades of life; there is no predominance during the third
decade, and thereafter a female preponderance (81%).
The female gender is also more frequently affected, when
AAD is part of the clinical picture of polyglandular auto-
immune syndrome (70%) (2). Primary adrenal insuffi-
ciency is clinically evident in 1 in 8000 individuals in
Western countries (3, 4) and AAD is the most common
cause in these countries, accounting for 68–94% of cases in
different studies (1), but the real prevalence of the disease is
unknown. A survey of patients with Addison�s disease and
who are members of the National Adrenal Disease Foun-
dation revealed that 60% had sought the medical attention
of two or more physicians before the correct diagnosis was
ever made (5). No statistics is available on the number of
undiagnosed patients succumbing to adrenal insufficiency.

Pathogenesis

Humoral and cellular immunities play a role in the patho-
genesis of AAD. The role of autoantibodies is described
in a later section. On cellular immunity, decreased

suppressor T-cell function and increased number of circu-

lating Ia-positive T cells have been described in AAD
patients (6). With regard to genetic susceptibility, an asso-

ciation with HLA B8, DR3, and DR4 alleles has been
observed, except in cases of polyglandular syndrome, in
which no specific HLA association has been found (7).

Clinical Manifestations

The symptoms and signs of adrenal insufficiency depend
upon the rate and extent of loss of adrenal function. In the

acute scenario, nausea, vomiting, anorexia, abdominal
pain, fever, weakness, fatigue, lethargy, confusion, and
coma may appear. Shock not responsive to volume and
vasoconstrictor agents is a typical finding. In the case of
chronic disease, the usual complaints center on weakness,

fatigue, and weight loss. There are frequent gastrointest-
inal problems such as nausea and severe abdominal pain,
possibly related to loss of gut motility. Dizziness is also a
frequent complaint and appears when patients are stand-
ing; patients may present with darkening of the skin, hair,

and nails, but the symptoms could be so vague that the
patient may survive without diagnosis for many years
until a minor infection leads to cardiovascular collapse
(8). The major findings of the disease are described in
Table 47.1.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_47,

� 2008 Humana Press, Totowa, NJ
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Pathological Features

The adrenal glands are usually small, in contrast to larger

volumes observed in tuberculosis or neoplasias. Histo-

pathology reveals a widespread mononuclear cell infiltrate

with lymphocytes, plasma cells, and macrophages during
active phase. The normal three-layer histological structure

is not more distinguishable, and there is peliomorphism

and necrosis of the adrenocortical cells. Subsequently,

fibrous tissue can replace the cortex. Adrenal insufficiency

manifestations appear only after at least 90% of the cortex
has been destroyed (9).

Laboratory Features

Table 47.2 summarizes the laboratory findings in AAD.

Levels of cortisol, measured between 8 and 9 am,<3mg/dL
confirm the diagnosis of adrenal insufficiency. On the

contrary, levels >19mg/dL exclude this diagnosis. Levels

between 3 and 19mg/dL require additional tests. Alterna-

tively, a short ACTH stimulation test can be performed

using intravenous 250mg of synthetic ACTH. If after 30 or

60min of this injection there is an increase in serum corti-

sol level to a peak <18 mg/dL (500 nmol/L), the diagnosis
of adrenal insufficiency is established (Table 47.3).

Autoantibodies

For many years, the best marker for identifying AAD has

been high titers of cortex adrenal cortex autoantibodies

(ACAs), detected by indirect immunofluorescence on

cryostatic sections of adrenal glands (1). These antibodies

bind all three zones of the adrenal cortex. Low titers of

ACA have been described in unequivocal post tuberculo-
sis adrenalitis. More recently, the identification of the

enzyme steroid-21-hydroxylase as the antigen allowed

the development of highly sensitive and specific radio-

binding assays for steroid-21-hydroxylase (CYP21A2 or

P450c21) autoantibodies detection (10) The antigen tar-

gets are the steroidogenic enzymes: P450scc (CYP11A1,
side-chain cleavage enzyme), P450c17 (CYP17, 17-alpha-

hydroxylase), and P450c21 (CYP21A2, 21-hydroxylase).

These antibodies may be present in 80% of the cases (1).

Anti-adrenal antibodies are more common in women and

in patients with autoimmune disorders who have these

autoantibodies develop adrenal insufficiency at a rate of

up to 19% per year (11). In fact, the presence of ACA in

polyglandular autoimmune syndrome type 1 patients has

a predictive value for the development of adrenal insuffi-

ciency of 92% in this population.

Diagnostic Criteria

First, it is necessary to diagnose adrenal insufficiency

(Table 47.3).
The second step is to define the autoimmune nature

of this process; however, there are no diagnostic cri-

teria available. We therefore suggest in this chapter

some elements that can lead to AAD diagnosis. The

main point in the differential diagnosis is to exclude

secondary conditions that can cause adrenal insuffi-

ciency, such as tuberculosis, HIV, drugs, and genetic

disorders. After excluding these conditions, it is impor-

tant to have an image of adrenal glands; the finding of

an enlarged gland makes the autoimmune process less

probable. On the contrary, the presence of autoantibo-

dies to adrenal tissue or against steroid enzymes
practically confirms the diagnosis of autoimmune adre-

nal insufficiency. Alternatively, in the absence of these

antibodies and with concomitant autoimmune condi-

tions, the probable diagnosis can also be supported

(Table 47.3).

TABLE 47.1. Clinical manifestations of Addison disease.

Symptoms Frequency

Weakness and fatigue 95–100%

Anorexia 95–100%

Loss of weight 95–100%

Dehydration 80%

Hypotension and tachycardia 88–94%

Abdominal pain or cramps 31%

Nausea, vomiting 75–86%

Diarrhea 16%

Salt craving 16%

Postural symptoms 15%

Skin or mucosal

hyperpigmentation

90–94%

Listlessness 90%

Amenorrhea and reduced libido (frequency not reported in most

series)

TABLE 47.2. Laboratory and image findings in Addison disease.

Hypoglycemia

Hyponatremia

Hyperkalemia

Increasing of BUN and creatinine

Hypercalcemia

Mild acidosis

Normocytic and normochromic anemia

Neutropenia, lymphocytosis, and eosinophilia

Low cortisol levels

High ACTH levels

Computed tomography or magnetic resonance image with drenal

alterations
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Differential Diagnosis

There are some conditions that may mimic adrenal insuffi-
ciency shock such as sepsis, hypovolemia cardiogenic
shock, exogenous intoxication, hyperkalemia from renal
failure, and abdominal pain from porphyria. Malignancy
is an important differential diagnosis for those presenting
with gastrointestinal complaints and weight loss. Clinical
conditions that induce hyperpigmentation (antimalarial,
antineoplastic, tetracyclines, phenothiazines, zidovudine,
hemochromatosis, porphyria cutanea tarda, heavy metals)
should be also excluded. About 50% of the patients have
isolated autoimmune adrenal failure; the rest present an
autoimmune polyendocrinopathy (APS) including adrenal
failure (5). This syndrome has two forms, namely types I
and II. APS-1 is defined by the presence of three principle
components of the disease: chronic mucocutaneous candi-
diasis or moniliasis, acquired hypoparathyroidism, and
autoimmune Addison disease positive Addison disease.
APS-2 is defined by autoimmune Addison disease together
with autoimmune thyroid disease (Schmidt syndrome) and/
or IMD (Carpenter syndrome)

Prognosis

The survival of patients adequately diagnosed and treated
is the same as the normal population. Before steroid repla-
cement, the survival rate was usually 2 years or less.

Treatment

The standard initial therapy is replacement with corticos-
teroids. During an acute crisis, therapy should not be
delayed owing to performing diagnostic studies or
awaiting laboratories results. Hydrocortisone, 100mg
intravenous every 6 hours for 24 hours, should be given
for all patients with strong clinical suspicions of AAD,

associated with physiological saline (1 L in the first hour

is appropriated in most cases). After cardiovascular stabi-

lization, the hydrocortisone dose should be reduced to

50mg every 6 h and subsequently tapered to oral mainte-
nance in 4–5 days. In case of complications of persistence,

maintain or increase dose to 200 to 400mg/day. The cor-
rection of hem dynamical and metabolic disturbances with

large volumes of intravenous saline and glucose is manda-
tory. Looking for precipitating factors is recommended,

particularly infections.
The glucocorticoid chronic replacement is usually given

in two to three doses, with a half to two-thirds of the dose

in the early morning in order to mimic the physiologic
secretion pattern. Studies indicate that the daily cortisol

secretion is between 5 and 10mg/m2 (12, 13). It is equiva-

lent to the oral administration of 15–25mg of hydrocorti-
sone or 25–37.5mg of cortisone acetate.Mineralocorticoid

replacement is done using accomplished with fluorohydro-
cortisone (florinef, 0.05–0.2mg daily). Hypertension, bra-

dycardia, suppressed renin levels, and retardation in
growth rate are clinical signs of over-treatment withminer-

alocorticoids; this reposition is usually not necessary when
high doses of cortisol are used. However it should be given

if a synthetic glucocorticoid (prednisolone or dexametha-

sone) is used and when the cortisol dose has been tapered

to near-maintenance levels. Weight, blood pressure, and
electrolytes should be checked periodically.
‘‘Education about the disease, use of personal card or

bracelet/necklace containing the diagnosis are strongly

recommended for all patients with adrenal insufficiency.

Additionally, in stress periods . . .’’ to increase cortisol
dosage are strongly recommended for all patients, patients

who are to undergo surgery also need to adjust the
glucocorticoid dose. For major surgeries, administration

of intravenous hydrocortisone 100mg/m2 per day is neces-
sary for 24 h perioperatively and postoperatively, before

tapering over several days to a maintenance dose (5).
Patients should also learn when and how to inject dexa-

methasone during emergencies.

TABLE 47.3. Proposed diagnostic criteria for autoimmune Addison disease.

1. Basal cortisol <3 mg/dL (83 nmol/L) and/or ACTH >100 pg/mL (22 pmol/L), at 8 to 9 am

or

Serum cortisol is less than 18mcg/dL (500 nmol/L) after 30 or 60min of intravenous injection of 250mg of synthetic ACTH

2. Normal or reduced adrenal gland volume on computed tomography (CT) and magnetic resonance image (MRI) and absence of calcifications on

abdominal X-ray or CT.

3. Anti-cortex adrenal antibodies or high titers of anti-21-hydroxylase antibodies

4. Exclusion of other causes of primary adrenal insufficiency: genetic (clinical signs or symptoms: achalasia, alacrimia, deafness, or hypogonadotropic

hypogonadism in males or genotyping); adrenoleukodystrophy (levels of very long-chain fatty acids within normal range); infectious diseases

(tuberculosis, paracoccidiomycosis, histoplasmosis, HIV, CMV); drugs (mitotane, ketoconazoles, rifampin, etc); adrenal hemorrhage or thrombosis;

neoplasias; infiltrative (sarcoidosis, amyloidosis, hemochromatosis).

5. Other(s) concomitant autoimmune condition(s) (Hashimoto thyroiditis, pernicious anemia, rheumatological autoimmune disease, autoimmune

hemocytopenia, and others)

Definitive diagnosis 1, 2, 3, and 4

Probable diagnosis 1, 2, 4, and 5
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48
Autoimmune Hypophysitis

Daria La Torre, Alberto Falorni, Elena Bartoloni Bocci and Roberto Gerli

Abstract Autoimmmune hypophysitis (AH) is due to an immune-mediated inflammation of the pituitary gland. The
tissue damage proceeds through different stages: the initial pituitary enlargement, secondary to infiltration and oedema,
can evolve to remission for spontaneous or pharmacological resolution of the inflammation, or evolve to progressive
diffuse destruction with gland atrophy for fibrotic replacement, thus leading to various degrees of pituitary dysfunction.

The autoimmune process against the pituitary gland is made evident by the appearance of circulating anti-pituitary
autoantibodies (APAs), mainly detected by indirect immunofluorescence on cryostatic sections of human or primate
pituitary. Among the target autoantigens recognized by APA are alpha-enolase, gamma-enolase, and the pituitary
gland-specific factors (PGSFs) 1a and 1b. However, the low diagnostic sensitivity and specificity of APA for AH strongly
limits the clinical use of this marker.

Despite its low incidence, AH should be considered in the differential diagnosis of non-secreting space-occupying
lesions of sella turcica, to avoid misdiagnosis that may lead to an aggressive surgery approach, as endocrine dysfunction
and the compressive effect may be transient.

Keywords Anti-pituitary autoantibodies � lymphocytic hypophysitis � hypopituitarism � hyperprolactinemia

LymphocyticHypophysitis (LH) is an inflammatorydisorder
primarily affecting anterior (Lymphocytic Adenohypophysi-
tis, LAH), posterior (Lymphocytic Infundibuloneurohypo-
physitis, LINH), or both (Lymphocytic Panhypophysitis,
LPH) pituitary lobes. It is commonly referred to as ‘‘Auto-
immune Hypophysitis’’ (AH), because its epidemiological,
histomorphological, and clinical features are suggestive of
an autoimmune pathogenesis. The inflammatory destruction
can be self-limiting or can result in permanent endocrine/
neurological dysfunction, and even in potentially life-
threatening complications.

Epidemiology

AH is rare, although reported with increasing fre-
quency in the past years. The extrapolated incidence
on overall population is low, approximately 1 in 9mil-
lion/year (1), but probably underestimated. LAH is
more common in women and has an established strong
association with late pregnancy and postpartum (from
30 to 70% of cases) (1, 2, 3). Mean age is third to fourth
decade. No strict female predisposition is reported for

LINH and LPH, though a weak female predisposition

has been reported for LPH (1).

History

AH was first described in 1962 (4), as post-mortem finding

of extensive lymphocytic infiltrate of anterior pituitary in a

young woman affected by Hashimoto’s thyroiditis, dead

for circulatory shock one year after her second delivery.

The demonstration of the existence of pituitary autoanti-

bodies was first provided in 1965 (5) in sera from patients

with Sheehan’s syndrome, by using a complement con-

sumption test. From 1970, several case reports have docu-

mented the same histopathological features, though limited

to the infundibulum stem and neurohypophyseal tissue, in

patients presenting with diabetes insipidus. Although evi-

dence of global glandular involvement has been documen-

ted from 1991, to consider LAH and LINH as aspects of

the same nosologic entity with a common pathogenesis is

challenging, because of their different structural, histologi-

cal, and ontogenetical characteristics.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_48,

� 2008 Humana Press, Totowa, NJ

255



Pathogenesis

The autoimmune process probably targets specific pitui-
tary cell sub-types, with early selective loss of ACTH,
FSH/LH, or TSH-secreting cells and subsequent triggering
of an unselective destruction of the gland.

On the association with pregnancy, changes in both
immunologic system modulation and pituitary volume or
its blood supply may play a major role (1).

Clinical Manifestations

Clinical findings can be divided into three groups, as
reported in Table 48.1. Their relative frequency varies
depending on the involvement of anterior, posterior, or
both pituitary lobes. Most patients present with symptoms
related to compressive and inflammatory effects of
enlarged pituitary on sellar and parasellar structures, as
headache, described in>50%of cases at diagnosis (2, 3, 6).
Among the symptoms of hypopituitarism, those attributa-
ble to hypogonadism and hyperprolactinemia are reported
with different frequency (1, 2). With the exception of lac-
tating women, hyperprolactinemia does not occur com-
monly and may be secondary to stalk compression,
impaired dopamine effect for inflammation, immunologi-
cal destruction of lactotrophs with prolactin (PRL)
release, or supposed PRL-secretion stimulating autoanti-
bodies. Symptoms of hypocortisolism are also frequently
reported. Symptoms related to diabetes insipidus, reported
with an overall frequency that varies from 20 to 48% (2, 3),
are constantly present in LINH and LPH, due to direct

infundibulo-neurohypophyseal damage, but can also

occur in LAH as a consequence of stalk compression (3)

and impaired vasopressin transport. The coexistence of

other autoimmune diseases (Table 48.2), mainly Hashimo-

to’s thyroiditis, is reported consistently at about 25% of
cases.

Pathological Features

Histological examination with immunohistochemistry
shows polyclonal lympho-plasmacytic infiltrate with

plasma cells, rarely eosinophils and occasionally neutro-

phils and macrophages; aspects of focal or diffuse destruc-

tion of glandular acines and evolution to fibrosis are
common (3). More recently, mast-zellen and folliculo-

stellate cells, with chemotactic and antigen-presenting

role, have been described (1), supporting the role of immune

response. Documented neurohypophyseal, infundibular or

pituitary stalk tissue involvement is reported with varying
frequency ranging from 20 to 62% (1, 2).

Biochemical Features

Partial or complete impairment of one or more hormonal

axes is almost invariably present in all cases: more often

basal hypocortisolism, reduced gonadotrophins with or

without low levels of testosterone and estrogens, and
hypothyroidism. A transient hyperthyroidism during

the early stage of Hashimoto’s thyroiditis is possible.

Mono-hormonal deficits are rare and affect, in descending
order of frequency: ACTH, FSH-LH, TSH, PRL, and GH

(1, 2, 3).

TABLE 48.2. Autoimmune diseases associated with AH.

Disease Frequency (%)

Hashimoto’s thyroiditis

Autoimmune polyglandular syndrome 2

Graves’ disease

Systemic lupus erythematosus

Sjögren’s syndrome

Type 1 diabetes mellitus

Optic neuritis

Autoimmune gastritis

Addison’s disease

Sarcoidosis

Primary biliary cirrhosis

Myocarditis

Temporal arteritis

Beçhet’s disease

Erythema nodosus

Rheumatoid arthritis

Idiopathic thrombocytopenic purpura

7.4

1.8

1.6

1.3

0.8

0.8

0.8

0.5

0.5

0.5

0.3

0.3

0.3

0.3

0.3

0.3

0.3

From ref. (1) (adapted)

TABLE 48.1. Clinical manifestations of AH.

Effects Symptoms

Pituitary enlargement

Distension of dura

madre

Headache

Compression of

optic chiasm

Visual field, acuity

reduction

Expansion in

cavernous sinus

Cranial nerves palsy

(rare)

Hypocortisolism Hypotension,

hypoglycaemia

Anterior pituitary

defects

Hypothyroidism Fatigue, myxedema,

bradycardia

Hypogonadism Impotence,

decreased libido

Hypoprolactinemia Impaired lactation

Infundibulum/Posterior

pituitary defect

Diabetes insipidus Polyuria, polydipsia

Stalk impairment

Hyperprolactinemia Amenorrhea/

galactorrhea
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Serological Features

Currently, the most widely used method for detecting
anti-pituitary autoantibodies (APA) is indirect immuno-
fluorescence on cryostatic sections of human or primate
pituitary. However, the clinical use of this assay type is
strongly limited by low diagnostic sensitivity and specifi-
city, APA being detected also in healthy control subjects,
in patients with pituitary adenomas, and in patients with
endocrine autoimmune diseases with no clinical or ima-
ging signs of lymphocytic hypophysitis. The use of a four-
layer immunofluorescence technique has enabled the first
demonstration of prolactin cell-specific autoantibodies
(7). Subsequently, ACTH cell-specific autoantibodies
were also demonstrated, especially in patients with Cush-
ing’s disease or isolated ACTH deficiency. In these latter
patients, ACTH-cell autoantibodies seem to be directed
against aspartil protease (8). GH-secreting cell autoanti-
bodies have been detected in some patients with Turner’s
syndrome and partial or idiopathic GH deficiency (9),
but their role is still controversial. The use of an immu-
noblotting method has led to the identification of a-
enolase as the first pituitary autoantigen recognized by
human autoantibodies (10). However, a-enolase is widely
expressed in several human tissues and a-enolase auto-
antibodies have a very low diagnostic specificity for lym-
phocytic hypophysitis. More recently, enolase has also
been recognized as a target of pituitary autoantibodies
(11). Interestingly, gamma-enolase is expressed in both
the pituitary and the placenta, thus providing a theoreti-
cal basis for the strong association between pituitary
autoimmunity and pregnancy. Finally, the use of radioli-
gand-binding assays has shown the presence of autoanti-
bodies against GH, pituitary gland-specific factor 1a
(PGSF1a), and/or pituitary gland-specific factor 1b
(PGSF1b) in 18% of lymphocytic hypophysitis patients
with gland enlargement and in 36% of lymphocytic hypo-
physitis patients with no pituitary enlargement, as well as
in 10% of patients with other autoimmune diseases (12).
Although the research on pituitary autoantibodies is con-
stantly growing, at present the clinical applicability of
these immune markers in the routine diagnosis and man-
agement of patients with lymphocytic hypophysitis is
limited by a very low diagnostic sensitivity and specificity
and by conflicting results generated by different methods.

Diagnostic Criteria

AH should be suspected in females presenting with pitui-
tary enlargement in the peri-partum or with pituitary dys-
function and underlying autoimmunity and in all patients
with a rapidly growing pituitary mass. Although definitive
diagnosis can be achieved only by histology on trans-

sphenoidal biopsy specimen, non-invasive diagnosis can
be putatively assessed by MRI and endocrine deficit pat-

tern. Distinctive radiological characteristics of AH are
summarized in Table 48.3. In LAH, the mass, typically

isointense in T1-weighted sequences, is shaped as a triangle
or dumbbell, and often has a suprasellar extension. In
cases presenting with diabetes insipidus, MRI can be nega-
tive at first stages. Common features are posterior lobe
swelling and stalk thickening (2, 13), associated with loss
of neurohypophyseal pre-contrast hyperintensity and
alteration of early enhancement pattern, that are probably

due to vascular alterations (13). Atrophy with empty sella
is not uncommon.

Prognosis

Natural history of AH is unpredictable, from spontaneous
recovery with remission of clinical, laboratory, and ima-

ging data (1, 14, 15) to permanent hormonal/neurological
impairment or even death, mostly because of adrenal
insufficiency. Some authors report recurrence after phar-
macological improvement (6, 16), and biochemical and
imaging long-term follow-up is recommended. LINH is
often self-limiting (13).

Prediction

Pregnancy and occurrence of other autoimmune diseases
are the major risk factors for the development of AH,
though lymphocytic hypophysitis is extremely rare.
Because of the rarity of the condition and the low diag-
nostic sensitivity and specificity of pituitary autoantibo-
dies, no information is currently available on the

predictive value of these markers for AH. In a recent
study of patients with idiopathic hyperprolactinemia

(17), APA were detected in 26% of cases and a partial
anterior pituitary hormone impairment was detected in
35% of APA-positive individuals, which paves the way
to future studies aimed at testing the ability of APA in
identifying forms of subclinical lymphocytic hypophysitis.

TABLE 48.3. Differential imaging features in AH and pituitary
adenoma.

AH Adenoma

Pre-contrast mass aspect Symmetric

enlargement

Asymmetric

enlargement

Cystic aspect Rare Frequent

Anterohypophyseal

post-contrast

enhancement

Rapid – Uniform

Intense

Slow

Less intense

Sellar floor Intact Depressed – Eroded

Pituitary stalk Thickened Displaced
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Therapy

Most patients require therapy. Available treatment strate-
gies are symptomatic, aiming at reducing pituitary size.
Neurosurgery has been the most common treatment so
far (1). It provides a definitive histological diagnosis and
promptly relieves compressive symptoms that are the pri-
mary indication for surgical approach. It is rarely effective
in resolving endocrine dysfunctions, with the exception of
hyperprolactinemia-related hypogonadism (2). So far,
post-surgical follow-up reports have been short term and
have shown both recovery and recurrences (6, 16), with
significant incidence of iatrogenic hypopituitarism, espe-
cially diabetes insipidus (1, 3, 6). For these reasons, most
authors suggest to limit its indications, favouring a more
conservative treatment (2, 6). Among pharmacologic
therapies, high-dose glucocorticoids are reported both as
a first line (e.g. 20–60mg/d prednisone (16, 18), 120mg/d
methylprednisolone (19)) and as second instance after neu-
rosurgery, effective in reducing pituitary size in 75% of
cases (2) and in improving endocrine dysfunction (19).
Other reported pharmacological treatments include
azathioprine, used in a patient with a recurring, inoperable
mass (20), and metothrexate (6, 18). Efficacy of radiother-
apy is controversial (1). In conclusion, conservative man-
agement could consist of steroidal treatment, monitoring
for endocrine status (with possible hormonal replacement
and dopaminergic treatment of hyperprolactinemia) and
MRI, leaving surgery in case of lack of response and
worsening of symptoms.
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49
Autoimmune Parathyroid Disease

Corrado Betterle

Abstract The chapter takes into consideration the clinical manifestations, genetic patterns, histopathology, animal
models, cellular immunity, circulating autoantibodies, target autoantigens, laboratory diagnostic criteria, and the
therapy of the autoimmune parathyroid diseases. Much of these data satisfy the criteria for autoimmune diseases.

The mechanism of damage of the parathyroid glands in autoimmune parathyroid diseases may be related to a cell-
mediated immune response against parathyroid antigens. Ca-SRAbs appear to be serological markers of the disease;
however, the possible effect of the autoantibodies on the Ca-SR activity needs to be confirmed.

Keywords Chronic hypoparathyroidism � normocalciuric hyperparathyroidism � calcium sensing receptor antibodies �
autoimmune polyglandular syndromes � experimental parathyroiditis

Anatomy and Physiology
of Parathyroid

The parathyroid glands (usually four glands) are located

behind the thyroid gland and contain chief and oxypil

cells. The chief cells produce the parathyroid hormone

(PTH), which controls the homeostasis of the calcium and

phosphate concentration of the extracellular fluids and

expresses on the cell surface the calcium sensing receptor

(Ca-SR), a member of the G-protein-coupled receptor

family consisting of 1085 amino acids (AA) (1). The Ca-

SR is involved in detecting variations in ionized calcium

serum concentrations and modulation of the production

of PTH. Secretion of PTH is inversely correlated to the

serum concentration of ionized calcium. PTH itself has

the effects (a) on bone—it regulates calcium exchange at

osteocytic sites and enhances osteoclast-mediated bone

reabsorption; (b) on distal tubules of the kidney—it

increases the reabsorption of calcium, decreases the

reabsorption of phosphate and stimulates the conver-

sion of 25-hydroxyvitamin D to its active metabolite,

1,25-dihydroxyvitamin D (calcitriol). Calcitrol is impor-

tant for enhancing calcium bone reabsorption and absorp-

tion of dietary calcium. The combined actions of PTH and

calcitriol on target tissues regulate the serum levels of

calcium and phosphate (1).

Definition, Classification, and
Epidemiology of Hypoparathyroidism

The term ‘‘hypoparathyroidism’’ describes a group of
disorders characterized by hypocalcemia and hyperpho-
sphatemia resulting from either the destruction of the
parathyroid glands and low levels of PTH or an inability
of PTH to act on target tissues and high PTH levels (1).
Table 49.1 summarizes the main causes of hypoparathyr-
oidism. Spontaneous hypoparathyroidism due to genetic,
infiltrative, or autoimmune diseases is very rare, and the
most frequent cause of acquired hypoparathyroidism is
due to complications of thyroid surgery.

Parathyroid Autoimmune Disease

The original criteria for defining autoimmune diseases
proposed in 1957 included: (a) demonstration of serum
autoantibodies, (b) demonstration of lymphoplasmacellu-
lar infiltration in the target organs, (c) inducing the disease
experimentally by immunization with autoantigens or pas-
sive transfer of the disease by serum or lymphocytes (2).
Autoimmune parathyroid disease is a chronic inflamma-

tory disorder of parathyroid glands which usually is mani-
fested as chronic hypoparathyroidism (CHP), although
presentation in a form of hyperparathyroidism has been

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_49,
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recently described (see later). Features of autoimmune
parathyroid disease and analysis of published studies are
reviewed in this chapter.

Animal Models

It has been observed that rats immunized with parathyroid
tissue in Freund’s adjuvant developed parathyroid atro-
phy, with disaggregation of the parathyroid glands fol-
lowed by hypoparathyroidism, although parathyroid
autoantibodies were not detectable (3).

A spontaneous acquired hypoparathyroidism was
described in dogs; Saint Bernard, Cross-bred, German
Shepherd, and Terrier breeds were the most commonly
affected. The pathogenesis of primary hypoparathyroid-
ism in dogs is not clear but the presence of lymphocytic
infiltration and parathyroid gland atrophy suggest an
autoimmune background (4).

In non-obese diabetic (NOD) mouse developing type 1
diabetes mellitus, infiltration of parathyroid glands with
lymphocytes of helper/inducer phenotype was sometimes
observed (5).

However, to date, an experimental animal model of
autoimmune CHP has not been yet developed.

Histopathology

The few studies of parathyroid glands obtained at autopsy
from patients with CHP (either isolated or associated with
type 1 APS) show parathyroid atrophy with mononuclear
cell infiltration, but in many cases parathyroid tissue was
undetectable (6). Recently, a form of CHP associated with
the presence of autoantibodies to the Ca-SR (Ca-SRAbs)

that were able to mimic calcium and inhibit PTH produc-
tion in normal parathyroid tissue was also described (7).
Furthermore, patients with hypocalciuric hypercalcemia
associated with the presence of Ca-SRAbs that inhibit
the function of Ca-SR and induce production of PTH
together with parathyroid lymphocytic infiltration have
been reported (8). But these reports refer to a relatively
small number of cases.

Cellular Immunity

Peripheral blood lymphocyte subset phenotypes in
patients with adult-onset CHP show significantly higher
prevalence of CD4 (helper T cells), CD29/CD4 (inducer of
helper T cells), CD16 and CD56 (natural killer cells), and
CD3/DR (activated T cells) compared with lymphocyte
subsets found in normal controls (9). In two of the
patients, the mitogenic response of peripheral lymphocytes
to parathyroid cell membranes was also studied, but pro-
liferation response was not observed. To date, there is no
available information on the phenotype of lymphocytes
infiltrating the parathyroid tissue in CHP.

Parathyroid Autoantibodies

The history of parathyroid autoantibodies is very complex
and the data from 1966–1986 were reviewed by Betterle in
2006 (10). Parathyroid autoantibodies were first found by
Blizzard in 1966 using indirect immunofluorescence (IIF)
on human parathyroid adenoma or normal tissue sections
in 38% of the patients with CHP, mostly those affected
by type 1 APS; in 26% of CHP patients with autoim-
mune Addison’s disease; in 12% of CHP patients with
Hashimoto’s thyroiditis, and in 6% of controls. However,
the parathyroid cells involved were not specified.
Furthermore, autoantibodies reacting with both oxyphil

and chief cells were found by Irvine in 1969 using IIF in
11% of the patients with CHP and in 11% of the controls,
and this reactivity was not absorbed by rat liver extracts.
In 1985, it was revealed by Swana that the parathyroid

antibodies detected using IIF were reactive with human
mitochondria present in the oxyphil cells and the antigen
identified by Betterle with a 46-kDa molecular weight.
Autoantibodies reacting with the surface of human

parathyroid cells (or parathyroid sections) by IIF and
able to inhibit PTH secretion were reported in patients
with CHP in 1986. These autoantibodies were able to
mediate a complement-dependent cytotoxity in cultured
bovine parathyroid cells, but they lost their reactivity
after absorption with parathyroid endothelial cells.
In 1996, Li et al. (11) identified autoantibodies against a

human parathyroid membrane-antigen of 120–140kDa
molecular weight (the size of the Ca-SR) by immunoblot
in 5 of 25 patients (20%) with CHP (2 of 17=12% of type
1 APS and 3 of 8=37.5% of CHP associated with chronic
thyroiditis) and reported to be specific for Ca-SR

TABLE 49.1. Causes of hypoparathyroidism.

1. Surgery l Complications of the neck surgery (most

commonly thyroid surgery)

2. Radiation of the

neck

l For lymphomas or 131I therapy for thyroid

diseases

3. Infiltrative

processes

l Wilson’s disease
l Hemochromatosis
l Thalassemia
l Amyloidosis
l Cancers
l Granulomatous diseases

4. Autoimmunity l Isolated
l Associated with type 1 autoimmune

polyglandular syndrome (type 1 APS)
l Associated with other autoimmune diseases

5. Genetic

(Idiopathic)

l Autosomal recessive
l X-linked
l Barakat’s syndrome

6. Embryologic

defects

l Di George’s syndrome
l Parathyroid agenesia

7. Defective

production of PTH

l Hypomagnesiemia
l Hypermagnesiemia
l Alcohol
l Maternal hypercalcemia

8. Resistance to PTH l Type 1a,b,c pseudohypoparathyroidism
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(Ca-SRAbs). In immunoblotting analysis using a mem-
brane fraction of HEK-293 cells expressing the recombi-
nant human Ca-SR, Ca-SRAbs, were found in 8 of 25
(32%) patients with CHP (3 of 17=17.6% type 1 APS
and 5 of 8=62.5% CHP associated with thyroiditis) (11).
The higher prevalence of Ca-SrAbs found with the second
method might have been related to overexpression of the
Ca-SR in HEK-293 cells. In order to identify the autoepi-
topes involved, two fragments of the Ca-SR cDNA coding
for the extracellular or the intracellular partswere transcribed
and translated in vitro and the sera of 14 of 25 (56%) patients
with CHP (6 of 17 = 35% with type 1 APS and 8 of 8 =
100% with chronic thyroiditis) immunoprecipitated the
extracellular domain of the Ca-SR. In contrast, no reactivity
with the extracellular or intracellular domain of the receptor
was found with the sera from patients with other autoim-
mune diseases or from the normal controls (11).

Subsequently, using Western blotting analysis and pre-
parations of parathyroid adenomas, Ca-SRAbs were
found in 25 of 51 patients (49%) with CHP (45 with iso-
lated CHP and 6 with CHP associated with chronic thyr-
oiditis, or type 1 diabetes mellitus, or alopecia). However,
the Ca-SRAbs were also found in 13% of the normal
controls in the same study (12).

In a different study, using recombinant extracellular
domain of the human Ca-SR in an immunoblotting
assay, Ca-SRAbs were found in 7 of 31 (23%) patients
with CHP (6 of 17 isolated = 35%, 1 of 6 type 1 APS =
17%, 0 of 8 with other autoimmune diseases) (13).

In contrast, in an immunoprecipitation assay using
35S-labelled recombinant Ca-SR antigen, Ca-SRAbs could
not be detected in any of 90 type 1 APS patients, 73 of
whom had CHP (14).

More recently, however, using an immunoprecipitation
assay with the Ca-SR expressed in HEK 293 cells, Ca-
SRAbs were found in CHP sera from 12 of 14 (86%)
patients with type 1 APS and in 2 of 28 (7%) patients
with Graves’ disease (15).

In endocrine autoimmunity, it is well known that the
existence of autoantibodies to cell surface receptors can
cause hyper- or hypofunction of the receptors by mimick-
ing or blocking the actions of the respective hormones or
mediators (such as TSH-receptor autoantibodies, acetyl-
choline receptor autoantibodies, or insulin receptor auto-
antibodies). Also, the ability of Ca-SRAbs to either block
or stimulate the Ca-SR and induce hyper- or hypopar-
athyroidism in some patients has been described.

For example, two families with four members presenting
with a syndrome mimicking the genetic familial hypocal-
ciuria hypercalcemic and autoimmune diseases (one with
celiac disease and three with thyroid antibodies) were
reported (16). Antibodies reacting with the Ca-SR were
detected in serum samples from these patients, and
these Ca-SRAbs appeared to induce the secretion of
PTH in dispersed human parathyroid cells, in vitro (16).

In addition, a Ca-SRAb-positive patient who manifested
hypercalcemic hypocalciuria associated with multiple
autoimmune diseases (hypophysitis, bollous pemphigoid,
rheumatoid arthritis) was described (8). Serum Ca-SRAbs
of IgG4 class in this patient were reported to have ability to
inhibit Ca-SR activity and induce the secretion of PTH.
This patient did not benefit from parathyroidectomy (lym-
phocytic parathyroiditis was found on histopathological
examination) and the symptoms were controlled only by
high doses of corticosteroids (8).
In contrast, the familial hypocalciuric hypercalcemia is

an autosomal dominant inherited syndrome as a result of
inactivating mutations in the extracellular Ca-SR gene on
chromosome 3 and is characterized by mild-to-moderate
hypercalcemia with relative hypocalciuria and normal or
slightly elevated circulating levels of PTH and no evidence
of autoimmunity (16).
Ca-SRAbs activating the receptors and inhibiting the

secretion of PTH were also described in two patients with
a hypoparathyroid syndrome with low levels of PTH and
normal parathyroid tissue (7).
The autoantibodies and autoantigen profiles of para-

thyroid tissue are summarized in Table 49.2.

Addendum: on March 6, 2008 (358, 1018–28) a paper
appeared on N. Engl. J. Med. where immunoscreening of
a human parathyroid cDNA library with sera from APS-1
patients with hypoparathyroidism identified reactivity to
the NACHT leucine rich repeat 5 (NALP5). Sera from 87
APS-1 patients and 257 controls, were subsequently used
to determine the frequency and specificity of autoantibo-
dies against NALP5. NALP5-specific autoantibodies were
detected in 49% of APS-1 patients with hypoparathyroid-
ism but were absent in ABS-1 patients without hypopar-
athyroidism, in patients with Hypoparathyroidism
isolated or associated to other autoimmune disorders and
in healthy controls. NALP5 is predominantly expressed in
the cytoplasm of parathyroid chief cells. NALP5 is the first
tissue-specific autoantigen identified for hypoparathyroid-
ism in APS-1. Autoantibodies against NALP5 are highly
specific and diagnostic for this prominent component of
this autoimmune syndrome.

Genetics of Parathyroid Autoimmune Diseases

CHP in the context of type 1APS is a recessive inherited
disease associated with mutations in the AIRE

TABLE 49.2. Parathyroid autoantigens and autoantibody
profiles.

Autoantibodies(Abs): Autoantigen target

Parathyroid cytoplasmic Abs Not known

Oxyphilic Cells Abs Human mitochondria

Parathyroid Surface Abs Endothelial cells

Ca-SR Abs

NALP5 Abs

Ca-SR

NALP5
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(AutoImmune REgulator) gene (17, 18). The AIRE gene
maps to chromosome 21q22.3, consists of 14 exons and
encodes a 545-amino acid protein of 58kDa. To date more
than 58 mutations in AIRE gene associated with type 1 APS
have been described (18). The most frequent mutation is
R257X, present in exon 6 and found in 82% of the alleles of
Finnish patients with type 1 APS, but also frequent in other
central and eastern European populations. The second fre-
quentmutation described is del13, present in exon 8, themost
common mutation observed in Caucasian-American, British
and Irish patients. A Y85C mutation in exon 2 was the
mutation detected in Iranian-Jewish patients.

In Italy there are three hot spot areas for APS-1, one in
north east of Italy where the R257X in homozygous or
heterozygous combinations with del13 are the most fre-
quently found mutations. Another hot spot is in Sardinia
where R139X on exon 3 is the typical mutation and the
third is in Apulia where the mutationW78R on exon 2 and
Q358X on exon 9 are the two typically found mutations.
APS-1 is the first autoimmune disease that appears to be
caused by identified mutations in a single gene. The genetic
mutations observed in APS-1 may be responsible for the
break-down in immunotolerance in humans.

The identification of the main AIRE gene mutations
should be helpful in identifying healthy carriers of the
mutations in high-risk populations and in the screening
of unaffected family members of APS-1 patients.

In terms of HLA markers, HLA-DRB1*01 and/or
DRB1*09 were found to be significantly increased in
patients with isolated CHP or CHP associated with thyroid
or other autoimmune diseases but excluding Addison’s
disease or chronic candidiasis compared with controls (12).

In patients with idiopathic sporadic hypoparathyroidism,

no differences were found between the frequencies of para-

thyroid gene polymorphisms and normal controls (19).

CHP and Type 1 APS

APS type 1, also called APECED (autoimmune-
polyendocrine-candidiasis-ectodermal-dystrophy), usually
presents at first in childhood, with chronic candidiasis,
followed by CHP and Addison’s disease (17, 18). The esti-
mated prevalence of type 1 APS worldwide is very low,
ranging from 1 in 4400 in Veneto (Italy), 1 in 9000 among
the Iranian-Jewish community, 1 in 14.4.000 in Sardinia
(Italy), 1 in 25,000 in Finland, 1 in 35,000 in Apulia (Italy),
1 in 43,000 in Slovenia, 1 in 80,000 inNorway, 1 in 129,000 in
Poland, and 1 in 10,000.000 in Japan (20). The observed
female/male ratio ranged from 0.8 to 2.4 (17, 18).

Other autoimmune and non-autoimmune diseases
often appear in patients with APS-1: (a) autoimmune
endocrinopathies: hypergonadotropic hypogonadism
(18–60%) marked by the presence of steroid-producing
cell antibodies, Type 1 diabetes mellitus (0–12%)

characterized by islet-cell and glutamic acid decarboxy-
lase autoantibodies (GADAbs), chronic thyroiditis
(4–36%) marked by thyroid autoantibodies and lympho-
cytic hypophysitis (7%); (b) autoimmune gastrointestinal
and liver diseases: chronic atrophic gastritis (13–27%)
with parietal cell autoantibodies (PCA), pernicious ane-
mia (0–15%) with PCA and intrinsic factor autoantibo-
dies; coeliac disease, with endomysium autoantibodies or
tissue transglutaminase autoantibodies; autoimmune
hepatitis (5–31%), marked by liver–kidney microsomal
autoantibodies (LKM) recognizing the cytochrome P450
CYPIA2 and CYP2A6, or aromatic L-amino acid decar-
boxylase, (c) autoimmune skin diseases: vitiligo (0–25%)
associated with complement-fixing melanocyte autoanti-
bodies, or antibodies to SOX9 and SOX10 and alopecia
areata (13–72%), marked by anti-tyrosine hydroxylase
antibodies; (d) autoimmune exocrinopathies: Sjögren’s
syndrome (12–18%) associated with autoantibodies to
extractable nuclear antigens (ENAs); (e) rheumatic dis-
eases (f) malabsorption (6–22%) due to intestinal lym-
phangiectasia, exocrine pancreatic insufficiency, cystic
fibrosis, intestinal infections, deficiency in cholecystoki-
nin, or autoimmune gastrointestinal dysfunctions
marked by either tryptophan hydroxylase or histidine
decarboxylase autoantibodies, (g) cholelitiasis (44%);
(h) ectodermal dystrophy: (10–52%) characterized by ker-
atoconjunctivitis, nail dystrophy, defective dental enamel
formation, and faulty teeth; (i) immunological deficien-
cies: T-cell defect to Candida albicans, IgA deficiency,
polyclonal hypergammaglobulinemia; acquired asplenia;
(j) cancer of the oral mucosa, esophagus, and stomach; (k)
calcifications of basal ganglia, tympanic membranes and
subcapsular lens opacities, and nephrocalcinosis; (l) vas-
culitis: (3%); and (m) ectodermal dystrophy (17, 18).
Among 60 patients with CHP in the context of type 1

APS, we have observed that the mean age at onset of CHP
was 7 years and the female/male ratio was 1.8.

CHP Associated with Other Autoimmune
Diseases

CHP can occur in association with other autoimmune
diseases excluding Addison’s disease and chronic candi-
diasis, such as thyroid autoimmune diseases where CHP
contributes to APS type 3; or vitiligo, alopecia, type 1
diabetes, gastric autoimmunity or celiac disease where
CHP contributes to APS type 4.
In these cases, CHP appears at a more advanced age. In

general, no mutations in the AIRE gene are present, but
the disease may be correlated with DRB1*01 or DRB1*09
class II HLA genes (12).
In our observation, the mean age at onset in 7 patients

with CHP associated with APS type 3 or APS type 4 was 20
years, and the female/male ratio was 6/1.
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Isolated CHP

CHP can present as isolated disease and generally occurs in
adults and may be related to DRB1*01 or DRB1*09 class
II HLA genes (12).

We have observed 41 patients with isolated CHP and the
mean age at onset was 27 years and the female/male ratio
was 1.5/1.

Table 49.3 summarizes the profile of the main clinical
forms and features of autoimmune parathyroid disease.

Clinical Features

Clinical or latent hypocalcaemia is the main manifestation
of CHP. The clinical hypocalcaemia manifests with
paresthesias, laryngospasm and seizures, circumoral
numbness, and carpopedal spasms. The latent hypocalcae-
mia is characterized by Chvostek’s and Trousseau’s signs.
The Chvostek’s sign is elicited by tapping the facial nerve
anterior to the ear to produce homolateral contraction of
the facial muscles. The Trousseau’s sign is characterized by
adduction of the digits, flexion of the wrist and the meta-
carpopharingeal joints after inducing limb ischemia by
inflating the cuff of a blood pressure-measuring instru-
ment fitted on the upper arm to 20mm Hg above the
systolic blood pressure for 3–5min. Anxiety, depression,
confusion, and psychosis can also be present. Cataracts
and calcifications of the basal ganglia are also common in
patients with all the forms of CHP. EEG can reveal non-
specific changes, and ECG prolonged QT intervals (1).

Laboratory Diagnosis

The laboratory diagnosis of autoimmune parathyroid dis-
ease is based on low serum calcium levels, elevated serum
phosphate levels and low plasma PTH concentrations.
However, occasionally the laboratory tests show the cal-
cium levels elevated, while the phosphate levels are low
with the elevated PTH and low calciuria (1).

Therapy

In patients with severe hypocalcemia, therapy consists of
intravenous infusion of calcium; to obtain the desired
serum calcium levels, it may be necessary to give 1–3 g of
calcium gluconate (10 to 30 mL of 10% calcium gluconate)
in 10min followed by a continuous infusion of calcium
using, for example, a solution of 5% dextrose in water
containing 100mL of 10% calcium gluconate per liter.
Oral calcium and vitamin D therapy should be started as

soon as possible in patients diagnosed with CHP. Calci-
triol, the active form of vitamin D, is a physiological
treatment and the doses required vary from 0.25 mg twice
a day to 0.5mg 3–4 times a day. In addition, 1–2 g of oral
calcium citrate or calcium carbonate per day in divided
doses should be given. The goal of the therapy is to main-
tain the serum ionized calcium levels in the lower limit of
the normal range to avoid hypercalciuria (1).

Concluding Remarks

In general, autoimmune parathyroid disease presents as
chronic acquired hypoparathyroidism; however, some
patients may present with hyperparathyroidism with low
calciuria. The autoimmune parathyroid disease satisfies
many of the proposed criteria for classification of autoim-
mune diseases (2). Specifically: (a) atrophy and presence of
lymphocytic infiltration of the parathyroid glands; (b) the
disease can be reproduced in experimental animals by
injection of parathyroid extracts; (c) specific autoantibo-
dies reactive with parathyroid preparations are detectable
in patients sera and the extracellular domain of the Ca-SR
has been identified as the putative autoantigen; (d) CHP
can be associated with other autoimmune diseases, and; (e)
there is a genetic predisposition linked to AIRE gene
mutations when associated with type 1 APS or to class II
HLA genes when isolated or associated with other auto-
immune diseases (25).

TABLE 49.3. Different clinical forms of autoimmune parathyroid disease.

CHP in context of type 1

APS CHP in context of type 3 or 4 APS CHP isolated Hyperparathyroidism

Associated

Diseases

Chronic candidiasis and/

or Addison’s disease

ATD, vitiligo, alopecia, type 1 diabetes,

celiac disease, pernicious anemia.

None Other autoimmune

diseases

Mean age at

onset

7 years 20 years 27 years Nd

Female/Males 2/1 6/1 2/1

AIRE Gene

mutation

In homozygosis No No Nd

Class II HLA No DRB1*01 or DRB1*09 DRB1*01 or DRB1*09 Nd

Ca-SRAb 0–86% 17–62.5% some with ability to stimulate

the Ca-SR

35–37.5% some with ability

to stimulate the Ca-SR

With ability to block

the Ca-SR

PTH levels Low Low low High

Histopathology Lymphocytic

parathyroiditis

Lymphocytic

parathyroiditis

Lymphocytic

parathyroiditis

Normal tissue

ATD=Autoimmune Thyroid Diseases, Nd=Not Defined.
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Themechanism of autoimmune damage of the parathyr-
oid glands is not clear at present; however, experimental
and histopathological evidences suggest that a cell-
mediated immune response against the parathyroid tissue
is involved. Ca-SRAbs appear to be serological markers of
the disease; however, the possible effect of the autoantibo-
dies on the Ca-SR activity needs to be confirmed.
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50
Autoimmune Polyendocrine Syndromes

Angela Tincani, Angela Ceribelli, Ilaria Cavazzana, Franco Franceschini, Alberto Sulli
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Abstract Autoimmune polyendocrine syndromes (APSs) are defined as a multiple autoimmune-mediated endocrine
gland failure. The currently used classification criteria of APS, based on clinical data only, propose four main clinical
presentations.

APS-1 is characterised by threemain clinical features: chronic candidiasis, chronic hypoparathyroidism andAddison’s
disease. APS-2 (or Schmidt syndrome) is a combination of Addison disease (AD), autoimmune thyroid disease (TAD)
and/or Type 1 Diabetes Mellitus. APS-3 is defined as an association between TAD and another systemic or organ-
specific autoimmune disease. Because TAD is the most prevalent autoimmune condition in the general population, APS-
3 is the most frequently observed autoimmune polyendocrine syndrome. APS-4 includes other combinations of the
autoimmune disorders previously described, which cannot be allocated in other APS definitions.

Most of the autoimmune endocrine diseases of APS are characterised and preceded by the development of organ-
specific autoantibodies, usually directed to antigens expressed by endocrine cells. Different authors have suggested a
common pathogenesis, basing on a similar mononuclear leukocyte infiltration and the detection of organ-specific
autoantibodies.

Keywords Autoimmune polyendocrine syndromes (APS) � Addison disease � diabetes mellitus � thyroid autoimmune
disease � chronic candidiasis � chronic hypoparathyroidism � autoantibodies � AIRE gene

Nowadays, the concept of ‘‘shared autoimmunity’’ is widely
used to define situations in which, because of genetic or
environmental factors, several complete or incomplete fea-
tures of autoimmune disease are simultaneously detected in
the same patient. This is the case of autoimmune polyendo-
crine syndromes (APSs) that are defined as a multiple auto-
immune-mediated endocrine gland failure (1). The first case-
report was originally described in 1855 as a combination of
pernicious anaemia, vitiligo and idiopathic adrenal insuffi-
ciency, but a systematic classification of the different asso-
ciation of endocrine diseases was published in 1980,
according to Neufeld and Blizzard criteria (2) (Table 50.1).

Clinical Features

In recent years, the study of APS has received a great
impulse thanks to improved knowledge of autoimmune
diseases and their natural history, and thanks to the dis-
covery of new autoantibodies related to clinical manifesta-
tions (1). After a careful clinical observation, Neufeld and

Blizzard (2) suggested a classification of APS, based on

clinical criteria only, describing four main clinical presen-

tations (Table 50.1).

APS-1

Originally described in 1929, APS-1 is a very rare syndrome
(prevalence from 1:9000 to 1:200,000), characterised by

three main clinical features: chronic candidiasis, chronic

TABLE 50.1. Classification of different APS (1).

Disease association

APS-1 Chronic candidiasis, chronic hypoparathyroidism,

Addison’s disease

APS-2 Addison’s disease (always present) with autoimmune thyroid

disease and/or Type 1 Diabetes Mellitus

APS-3 Autoimmune thyroid disease associated with other

autoimmune diseases (excluding Addison’s disease and/or

hypoparathyroidism)

APS-4 Other combinations of the same autoimmune diseases

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_50,

� 2008 Humana Press, Totowa, NJ

265



hypoparathyroidism and Addison’s disease (1). Although
two of the three major criteria are sufficient to diagnose it,

most patients have all the major clinical components of the
syndrome (1). Table 50.2 shows the frequency of major and

minor disease components of APS-1. A chronic Candida
infection can represent the first clinical presentation of
APS-1, generally occurring during the first years of life. It

involves nails, skin and mucous membranes (oral mucosa,
oesophagus), and it is probably due to a selective T-lym-
phocyte defect against Candida albicans (1). In contrast,

these patients maintain a normal B-cell response, which
prevents the development of a systemic candidiasis (3).
Chronic hypoparathyroidism, usually present before the 15
years of age, can be clinically recognised by the onset of
paresthesias, neuro-muscular hyperexcitability (sometimes

with tetany), hypotension and malabsorption (with steator-
rhea), and always associated with hypocalceamia and
hyperphosphoremia.

The third clinical component ofAPS1 (Addison’s disease)
can develop between 6months to 40 years of age, with
clinical manifestations of a combined deficiency of miner-
alocorticoids, glucocorticoids and androgens. Aspecific

symptoms, such as generalised weakness, fatigue, weight
loss and anorexia, are usually insidious. However, a full-
blown adrenal failure could lead to gastrointestinal involve-

ment (nausea, vomiting, abdominal pain), cardiovascular
symptoms (hypotension or syncope), hypoglycaemia and
sexual dysfunctions, such as secondary amenorrhea (detect-

able in 25% of patients) and hypergonadotropic hypogo-
nadism (25–60% of cases) (1).

Other clinical features are reported in patients affected
by APS-1, and they are defined asminor clinical manifesta-

tions. In brief, skin involvement, detectable in 13–72% of
cases, is represented by alopecia areata, localised at scalp
or spread to axillary and pubic hair (universal alopecia), or

nail and teeth dystrophy. Autoimmune thyroiditis and
autoimmune liver diseases are reported in 4–36% of cases
(1), while Type I Diabetes Mellitus, atrophic gastritis or
vitiligo are more rarely described (0–20%).

APS-2

APS-2 (or Schmidt’s syndrome) is characterised by a combi-

nation of Addison’s disease (AD), autoimmune thyroid dis-

ease (TAD) and/orType 1DiabetesMellitus (1) (Table 50.3).
It usually affects adults, with a predominant female preva-
lence (3:1) and amean age of presentation of 35 years (1). All

the patients show a classical AD, associated to TAD
in 70–82% of cases (1). Most of them develop Graves’ dis-

ease, generally before AD, or chronic thyroiditis, that can
occur before or after the diagnosis of AD. Diabetes Mellitus

can be present in about 30–50% of patients. Moreover,
different authors have reported an incomplete APS-2, char-
acterised by only one constitutive disease of the syndrome
with only positive serology for other APS-2 components (1).

Minor clinical manifestations of APS-2 are also shown in

Table 50.3.

APS-3

APS-3 is defined as an association between TAD and
another systemic or organ-specific autoimmune disease (2).

Because TAD is the most prevalent autoimmune condition
in the general population, APS-3 is the most frequently
observed autoimmune polyendocrine syndrome. Recently,

given the wide spectrum of different autoimmune disorders
involved, some authors have suggested a new classification

of APS-3 (1). TAD can be classified in to four groups of
different disorders, according to the main systems involved
such as endocrine, gastrointestinal, skin/haematopoietic/

nervous system and connective tissue diseases/vasculitis, as

shown in Table 50.4 (4). Analysing a wide series of patients
with TAD, authors have suggested that about 52% of the
subjectswithTADcould showanAPS-3, as complete (TAD

withanother autoimmunedisease) or incomplete type (TAD
with organ and non-organ specific autoantibodies) (1).
Moreover, TAD could be detected in about 10% of the

TABLE 50.2. Disease components of APS1 (1, 2).

Disease components %

Major clinical manifestations

Hypoparathyroidism 76–100

Addison’s disease 22–100

Mucocutaneous candida 18–100

Minor clinical manifestations

Hypogonadism 24–60

Alopecia areata 13–72

Nail and teeth dystrophy 10–52

Chronic atrophic gastritis 13–27

Autoimmune hepatitis 5–31

Autoimmune thyroid disease 4–36

Vitiligo 0–25

Type 1 Diabetes Mellitus 0–13

TABLE 50.3. Disease components of APS2 (modified from 1).

Disease components %

Major clinical manifestations

Addison’s disease 100

Thyroid Autoimmune Disease 70–82

Type 1 Diabetes Mellitus 30–50

Minor clinical manifestations

Vitiligo 4.5–11

Pernicious anaemia 4.5–11

Chronic atrophic gastritis 4.5–11

Hypogonadism 4–9

Autoimmune hepatitis 4

Alopecia 1–4
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patients affected by Type 1DiabetesMellitus (DM) and it is
a very common finding also in patients affected by systemic
autoimmune diseases (5), such as Systemic Lupus Erythe-
matosus (SLE) (6), Mixed Connective Tissue Disease
(MCTD) (5), Sjögren’s syndrome (SS) (5, 7) and Psoriatic
and Rheumatoid arthritis (RA) (7).

APS-4

APS-4 includes other combinations of the autoimmune
disorders previously described, which cannot be allocated
in other APS definitions, for instance AD with hypogo-
nadism, celiac disease or myasthenia gravis (2).

Diagnosis

A diagnosis of APS-1, where chronic candidiasis, hypo-
parathyroidism and Addison’s disease are usually present,
can be assessed performing several laboratory tests, in
order to analyse calcium/phosphorus metabolism, serum
electrolytes and hormonal dosage. Chronic hypoparathyr-
oidism is always characterised by hypocalcaemia, hyper-
phosphoremia and low urine levels of calcium, with
increased urinary phosphorus. PTH levels are low or unde-
tectable. A full-blown Addison’s disease shows hypona-
triemia, hypochloremia, hyperkaliemia and a mild
persistent eosinophilia. The correct assessment of serum
levels of ACTH and cortisol must be performed early in the
morning: ACTH is usually increased, while cortisol is
reduced. Aldosterone and dehydroepiandrosterone are
frequently reduced. No specific tests are useful to evaluate
the spread of Candida infection, even if an esophagogas-
troscopy or a colonoscopy could be performed in selected
cases. Autoimmune thyroid disease, detected both in APS-2

and APS-3, can be diagnosed analysing thyroid hormones,

anti-thyroid autoantibodies (anti-thyreoglobulin and anti-

thyreoperoxydase) and thyroid ultrasound.

Immunologic Abnormalities

Most of the autoimmune endocrine diseases of APS are

characterised and preceded by the development of organ-

specific autoantibodies, usually directed to antigens

expressed by endocrine cells. Within APS-1, antibodies

directed to parathyroid are described by different authors

in 11–38% of patients with chronic hypoparathyroidism

(8). More recently, anti-calcium-sensing receptors antibo-

dies were reported in hypoparathyroidism and APS1 (9),

but they are not assessed by routine laboratories.
In Addison’s disease, a variety of autoantibodies against

the adrenal cortex (ACA) intracellular enzymes were

reported, especially directed against the antigen 21-hydro-

xylase (21-OH), side-chain cleavage (SCC) enzyme and

17a-hydroxylase (1). About 84% of Addison’s patients

show autoantibodies against at least one of these proteins,

but only 21-OH and SCC enzyme are considered the major

antigens and the more specific autoantibody targets.
Moreover, in AD other immunologic alterations can be

assessed, such as IgA deficiency or polyclonal hypergam-

maglobulinemia (1).
Other autoantibodies are described as markers of minor

autoimmune features in APS1. Antibodies toGAD65 (glu-

tamic acid decarboxylase 65) and TH (tyrosine hydroxy-

lase) can be associated to intestinal dysfunction in APS1.

Anti-GAD65 and anti-IA2 (tyrosine phosphatase-like
protein IA2) seem to predict the development of Type 1

Diabetes Mellitus in APS1. In addition, antibodies to

pituitary protein 6 (TDRD6) have been detected in

patients with GH deficiency in APS1 (10).

TABLE 50.4. Classification of APS3 according to Betterle 2001 (4).

Autoimmune thyroid diseases

Hashimoto’s thyroiditis, idiopathic myxoedema, asymptomatic thyroiditis Endocrine exophtalmus Graves’ disease

þ
3 A 3 B 3 C 3 D

Endocrine diseases Gastrointestinal apparatus Skin/Hemopoietic/Nervous system Connective tissue diseases/vasculitis

Type 1 Diabetes

Mellitus

Hirata’s Syndrome

Atrophic gastritis

Pernicious anaemia

Celiac disease

Vitiligo

Alopecia

SLE

Discoid Lupus

Erythematosus

Chronic inflammatory

bowel disease

Autoimmune hemol. Anemia

Autoimmune thrombocytopenia

Anti-phospholipid

syndrome

MCTD

RA

Systemic sclerosis

Sjogren’s S.

Premature ovarian

failure

Lymphocytic

neurohypophysitis

Autoimmune hepatitis

Primary biliary cirrhosis

Sclerosing cholangitis

Myasthenia gravis

Multiple sclerosis

Stiff-man syndrome

Systemic vasculitis
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Different authors have reported a wide spectrum of
organ-specific autoantibodies associated to vitiligo in
APS1: antibodies directed to melanin-producing cells (11),
anti-aromatic aminoacid decarboxylase (AADC) and,
recently, autoantibodies to transcription factors Sox9
and Sox10 (12). Sox10 is involved in the differentiation
of tissues derived from the neural crest and its expression
seems to be important in the migration process of melano-
blasts to dermis during differentiation. A specific reactiv-
ity to Sox10 has been found in about 63% of patients
with APS1 and vitiligo, while all anti-Sox10-positive sera
display a reactivity also to Sox9 (12).

In contrast, autoantibodies associated to Type 1 Dia-
betes Mellitus (in APS2) are not usually performed routi-
nely: they are represented by anti-islet-cell antibodies
(ICA), anti-GAD65 and anti-IA2 antibodies (1). Antibo-
dies to 17-ahydroxylase and anti-SCC enzyme can be con-
sidered as markers of increased risk for premature ovarian
failure, detected in 4–9% of APS-2 patients (13). Autoim-
mune thyroid diseases, taking part of both APS2 and
APS3, are characterised by specific anti-thyroid antibo-
dies, namely anti-thyreoglobulin and anti-thyreoperoxy-
dase antibodies, which can be tested by most routine
laboratories. Non-organ specific autoantibodies, such as
antinuclear antibodies (ANAs), can be detected in about
one-third of patients affected by TAD, and they represent
the hallmark of different systemic autoimmune diseases,
taking part of APS-3.

Non-organ autoantibodies, such as ANA, anti-ENA
and anti-DNA antibodies, show a pivotal role in the cor-
rect diagnosis of systemic autoimmune diseases, as isolated
or associated to TAD in APS-3. ANAs are usually positive
in 96–100% of patients affected by SLE, MCTD and
Systemic sclerosis (SSc). Minor frequencies (50–70%) can
be detected in Sjogren’s syndrome, Dermatomyositis/
Polymyositis and Rheumatoid Arthritis. Some anti-
nuclear specificities can be considered ‘‘diagnostic mar-
kers’’ of disease, such as anti-dsDNA and anti-Sm in
SLE, anti-Ro/SSA and anti-La/SSB in SS, anti-Scl70
(Topoisomerase I) and anti-centromere in Systemic Sclero-
sis (SSc) or anti-U1RNP in MCTD.Moreover, in order to
define a correct diagnosis of RA, it is mandatory to detect
Rheumatoid factor and anti-CCP (cyclic citrullinated pep-
tide), recently known as the best marker of the disease,
with high specificity and predictive value.

Pathogenesis

Since their first descriptions in 1912, different authors have
suggested a common pathogenesis of the different types of
APS, basing on a similar mononuclear leukocyte infiltra-
tion observed in some goitrous thyroid glands, in adrenal
cortex of Addison’s patients and in pancreatic islets of
subjects with Type 1 Diabetes Mellitus (1). During the

1950 s, other authors suggested a second pathogenetic
mechanism, displaying an endocrine dysfunction, due to
the detection of organ-specific autoantibodies, such as
anti-thyroid antibodies in patients with hypothyroidism
and Hashimoto’s thyroiditis. The nature of the relation-
ship between anti-thyroid autoimmunity and the patho-
genesis of autoimmune diseases is presently unknown.
Some authors have shown that anti-thyreoglobulin anti-
bodies can form immune complexes, and anti-microsomal
antibodies not only bind to thyroid peroxidase but also
modulate natural killer cell activity in autoimmune thyr-
oiditis (14). An alteration of the immune regulation and
the occurrence of circulating autoantibodies, directed
against antigens expressed in endocrine cells, are nowa-
days the twomajor pathogenetic hypotheses explaining the
glandular failures in different APS.
APS-1 is an autosomal recessive syndrome that recog-

nises the main pathogenetic role in different mutations of a
regulatory gene, called ‘‘AIRE’’, located on chromosome
21 (15). AIRE encodes for a transcription regulatory pro-
tein. About 42 different mutations have been identified as
missense mutations, insertions and deletions leading to the
alteration of functional properties of intracellular proteins.
Although the mutation of a single gene is directly respon-
sible for APS1, the clinical expression of the syndrome
depends on mutations of both alleles (1). Recently, differ-
ent authors have reported that AIREmutations could lead
to altered immunological tolerance and abnormal negative
selection of self-reactive thymocytes. In animal models,
AIRE deletions are responsible for the abolished expres-
sion of insulin promoter genes in thymus and, conse-
quently, of an increase of islet-reactive T cells escaping
thymic deletion (16).
Additional genes could be responsible for the wide-

spread clinical features of APS, in terms of susceptibility
or protection for specific endocrine diseases. APS1
patients show particular HLA aplotypes: HLA A28 is
more common than in normal population, and HLA
DR5 has increased frequency in Jewish-Persian and Italian
APS1 patients (1). Moreover, HLA DQB1 (0602) is con-
sidered protective for the development of Type 1 Diabetes
Mellitus in APS1 (17). APS2 shows more strict HLA asso-
ciations: an increased prevalence of HLA-DR3 or DR4
has been found (1), especially in patients with Type 1
Diabetes Mellitus (DR4, DQB10302) (18). These findings
have been recently confirmed: the aplotype DR3/DR4
represents a risk factor (relative risk of 2.7–3.2) for the
development of APS2, while the presence of other alleles
(DR1, DR7, DR13 and DR14) seems to confer a kind of
protection against the syndrome (1). A higher frequency of
HLA DQA1 (0301) seems to be strictly associated with
APS2, with no specific association with any of its compo-
nents, except for alopecia.
On the contrary, the huge number of organ-specific

autoantibodies, mentioned earlier, are always directed to
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intracellular enzymes of target organs. Nevertheless, in
animal models mimicking the clinical features of different
APS, the autoimmune destruction of various target organs
seems to be a multi-step process where multiple genetic
polymorphisms converge to induce local abnormalities
(inflammation of the gland) and a specific dysregulation
of the immune system (1).

Therapy

Specific hormone replacement represents the first treat-
ment for thyroid and adrenal failure, in APS1, 2 and 3.
Chronic hypoparathyroidism is corrected by the adminis-
tration of calcium and vitamin D, while insulin therapy for
type 1 Diabetes Mellitus is mandatory. The chronic candi-
diasis of APS1 is periodically treated with Itraconazole,
although not very effective for mucosal involvement (1).
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51
Endometriosis

Maurizio Cutolo and Simone Ferrero

Abstract Endometriosis is a benign, estrogen-dependent, gynecological disorder associated with pelvic pain and inferti-
lity. It affects between 10 and 47% of women undergoing surgery because of pain symptoms and/or infertility. Pain and
infertility represent the major clinical problems of women with endometriosis. Several serum markers have been proposed
for the diagnosis of endometriosis (including CA-125, CA-19.9, sICAM-1, PP14, and IL-6), but none of them has been
proved to have sufficient accuracy to be used in clinical setting. It is possible to suspect the presence of endometriosis on the
basis of patient’s history and gynecological examination, but imaging techniques are required to confirm the presence of
the lesions and establish the severity of the disease. The gold standard for the diagnosis of endometriosis is the visual
inspection of the pelvis at laparoscopy. The treatment of endometriosis may be medical, surgical or combined. Medical
therapy aims primarily to decrease the intensity of pain symptoms but there is no evidence that it can reduce the extent of
the lesion; exogenous estrogens should be avoided. Surgical excision of endometriotic lesions is associated with improve-
ments not only in pain symptoms but also in quality of life, and it can usually be performed by laparoscopy.

Keywords Diagnosis � endometriosis � symptoms � treatment

Endometriosis is a benign, estrogen-dependent, chronic gyne-

cological disorder associated with pelvic pain and infertility.

It is defined as the presence of endometrial glands and stroma

outside the uterus. Endometriotic lesions may have various

locations: they are found more frequently on the pelvic peri-

toneum, on the ovaries, in the rectovaginal septum, on the

uterosacral ligaments, andmore rarely in the bowel, bladder,

ureters, diaphragm, pleura, and lungs (1, 2) (Table 51.1).

Epidemiology

Endometriosis is primarily a disease of the reproductive

years, and it is only rarely observed in adolescent and

postmenopausal women (estrogen-dependent). The diag-

nosis is based on surgical visualization of the disease; this

criterion has hampered epidemiological investigations

aimed at estimating the true prevalence of the disease in

women without specific pathology. Prospective studies

documented a prevalence of endometriosis of 4–19% in

women undergoing laparoscopic tubal sterilization; but it

is more frequent in women undergoing surgery because of

pain symptoms or infertility (10–47%).

Pathogenesis

Despite years of research, the precise etiology of endome-

triosis remains unknown. The most widely accepted theory

on the pathogenesis of endometriosis is the Sampson’s the-

ory proposing that the disorder originates from retrograde

menstruation of viable endometrial tissue through the fallo-

pian tubes into the peritoneal cavity where it implants on

peritoneal surface or pelvic organs. This theory is supported

by three observations: endometrial cells enter the peritoneal

cavity through the Fallopian tubes, refluxed endometrial

cells are viable in the peritoneal cavity, and the refluxed

endometrial cells can adhere to peritoneum and proliferate.

However, retrograde menstruation is a common event in

almost all cycling women, and therefore, it remains unclear

why not all women develop endometriosis. Immunological

abnormalities present in women with endometriosis may

contribute to the development andpersistence of the disease.

Several studies proved that macrophages contained in the

peritoneal fluid of women with endometriosis are hyperac-

tivated and that they secrete cytokines and growth factors.

Ovarian hormones not only have direct effects on endome-

trial and endometriotic tissue, but also they have indirect

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_51,

� 2008 Humana Press, Totowa, NJ

271



effects on endometriosis through the inflammatory cells

present in the peritoneal cavity. Estrogen receptors a and b
are overexpressed in macrophages of women with endome-

triosis when comparedwith controls (3). Furthermore, there

is a correlationbetween the expressionof estrogen receptorb
and the proinflammatory cytokines (IL-1b, TNF-a, IL-6)
on peritoneal fluid macrophages both in women with and

without endometriosis; on the contrary, the expression of

estrogen receptor a correlates with cytokine production

selectively in women with endometriosis but not in controls

(4). These interactions between steroid hormones and peri-

toneal fluid macrophages suggest that estrogen may pro-

mote the progression of endometriosis by acting on the

immune system (4).

Clinical Manifestations

Pain represents the major clinical problem of women with

endometriosis (Table 51.2) (5). There is no correlation

between the severity of pain and the extent of disease;

some anatomic locations of endometriotic lesions have

been associated with specific symptoms. Deep dyspareunia

is typically caused by the presence of endometriotic nodules

on the uterosacral ligaments. Bowel endometriotic lesions

determine a wide range of gastrointestinal complains ran-

ging from mild symptoms mimicking irritable bowel syn-

drome to noncyclic chronic pelvic pain and subocclusion.

Besides pain symptoms, women with endometriosis may

suffer infertility. The mechanisms by which endometriosis

causes infertility are still largely not well defined. These

include anatomical changes that lead to adhesions or

tubal obstruction, potential negative effects of peritoneal

and follicular fluid on egg maturation and sperm motility,

potential oocyte maturational abnormalities and hormonal

variations, and the effects of endometriosis on uterine

receptivity for implantation.

Pathological Features

The histological diagnosis of endometriosis is based on the
presence of both ectopic endometrial glands and stroma in
the specimens removed at surgery. In most of the cases,
hematoxylin–eosin staining allows the diagnosis; immuno-
histochemical staining with CD10 may be of value in con-
firming a diagnosis of endometriosis when there is a
histological doubt.

Serological Features

Table 51.3 lists potential serum markers proposed for the
diagnosis of endometriosis. Peripheral levels of CA-125
have been extensively investigated for the diagnosis of
endometriosis. Elevated serum levels of CA-125 are not

TABLE 51.1. Locations of endometriotic lesions in women under-
going surgery.

Location Estimated prevalence (%)

Cul de sac 35–72

Left ovary 18–44

Right ovary 17–31

Left broad ligament 25–52

Right broad ligament 21–43

Left uterosacral ligament 21–45

Right uterosacral ligament 15–41

Fallopian tubes 5–16

Bowel 5–25

Bladder 1–33

Ureter 0.01–1

Data obtained from Jenkins et al. (1) and Redwine (2)

TABLE 51.2. Presenting symptoms for endometriosis diagnosis.

Symptom Estimated prevalence (%)

Dysmenorrhea 78.7

Pelvic pain 69.4

Dyspareunia 44.9

Bowel upset (e.g., constipation, diarrhea) 36.4

Bowel pain 29.0

Infertility 26.2

Ovarian mass/tumor 19.5

Dysuria 9.9

Other urinary problems 6.2

Data obtained from a cross-sectional study of self-reported data from

940women with surgically diagnosed endometriosis (5).

TABLE 51.3. Potential serum markers for diagnosis of
endometriosis.

Tumor markers

CA125

CA19.9

Polypeptides

Glycodelin A (PP14)

Soluble intercellular adhesions molecule-1 (sICAM-1)

Vascular cellular adhesion molecule-1 (VCAM-1)

Angiogenin

Cytokines and growth factors

Interleukin-6 (IL-6)

Vascular endothelial growth factor (VEGF)

Epidermal growth factor (EGF)

Insulin-like growth factor-1 (IGF-1)

Hepatocyte growth factor (HGF)

Auto-antibodies (Abs)

Anti-endometrial Abs

Antiphospholipid Abs

Auto-Abs against carbonic anhydrase

Auto-Abs against transferrin

Auto-Abs against a2-Heremans-Schmidt glycoprotein

Auto-Abs against oxidatively modified lipoproteins

Auto-Abs against laminin-1

Antithyroid Abs
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specific for endometriosis and are also associated with
other gynecological and non-gynecological disorders

(such as ovarian cancers, adnexitis, pancreatitis). The diag-

nostic performance of serum CA-125 in detecting endome-

triosis has been summarized in a meta-analysis of 16

cohort studies and seven case-control studies including

women with infertility or chronic pelvic pain (6). The

receiver-operating characteristic (ROC) curves showed a

poor diagnostic performance. For a specificity of 90%, the

sensitivity was only 28%; if the sensitivity was increased to

50%, the specificity decreased to 72%. When the analysis

was limited to women with advanced endometriosis, the

ROC curve showed a better diagnostic performance. For a

specificity of 89%, the sensitivity was 47%; an increase of

the sensitivity to 60% resulted in a decrease of the specifi-

city to 81%. Although CA-125 is an inexpensive test, its
performance in the detection of endometriosis is low.

There are a limited number of reports on the significance

of serum CA-19.9 levels in the diagnosis of endometriosis.

A retrospective study including 101 women with surgically

proven endometriosis and 22 controls showed that the

sensitivity of CA-19.9 is significantly lower than that of

CA-125 (34 and 49%, respectively) thus limiting the diag-

nostic value of this marker particularly in the early stages

of disease (7). The concomitant dosage of CA-125 andCA-

19.9 does not add significant information in respect to the

CA-125 test alone in diagnosing endometriosis.
Soluble intercellular adhesions molecule-1 (sICAM-1) is

secreted from the endometrium and endometriotic

implants; its serum levels may be slightly increased in

women with endometriosis however the measurement of

this molecule does not allow to discriminate patients with

endometriosis from controls. Vascular cellular adhesion

molecule-1 (VCAM-1) has been found to have increased

serum concentration in women with advanced endome-

triosis but up to now it has not been largely investigated.
Serum placental protein 14 (PP14) is significantly higher

in women with endometriosis than in controls; however, it

has limited value in diagnosing the disease because of low

sensitivity. Angiogenin, which may promote the establish-

ment of new blood supply for the lesions, has increased

serum levels in women with endometriosis during the folli-

cular phase of the menstrual cycle and has recently been

proposed as potential blood marker for the diagnosis of

endometriosis. Although several authors investigated the

value of serum IL-6measurement in predicting endometrio-

sis, no study has definitely proved that it can be clinically

used to discriminate women with and without endometrio-

sis either alone or in combination with other markers.
Various growth factors may be involved in the pathogenesis

of endometriosis (i.e., vascular endothelial growth factor,

epidermal growth factor, insulin-like growth factor I, hepa-

tocyte growth factor); although some of these molecules

have been found to have increased peripheral levels in

women with endometriosis, none of them has been proved
to be useful for predicting the presence of the disease.
Women with endometriosis have increased levels of a

variety of auto-antibodies (Abs) that have been investigated
for their diagnostic potential. Anti-endometrial Abs have
been widely demonstrated to be increased in women with
endometriosis; the sensitivity of serumanti-endometrialAbs
screening ranges from 71 to 85%, whereas specificity ranges
from 67 to 100% (8). The exact antigen remains unknown;
therefore, no simple antigen-antibody assay is currently
available (8) and the measurement of these Abs is not used
in clinical practice. Anti-phospholipid Abs against inositol,
cardiolipin, ethanolamine, and beta-2-glycoprotein 1 have
increased levels in women with endometriosis but up to now
there is no evidence that these Abs can be used in a clinical
setting as screening markers or in the follow-up after treat-
ment. Serum protein-containing glycotopes such as sialy-
lated T antigen might induce Abs response in patients with
endometriosis. Women with endometriosis have signifi-
cantly higher levels of Abs to carbonic anhydrase, transfer-
rin and a2-Heremans–Schmidt glycoprotein (a2-HSG).
Antibody response to a2-HSG and carbonic anhydrase is
against a common carbohydrate epitope, the Thomsen–
Friedenreich antigen (Galbeta 1-3GalNAc), suggesting
that autoimmune response might either play a direct role
in the disease process or reflect an abnormality of glycosyla-
tion in endometriosis. Women with endometriosis have
increased serum levels of Abs against oxidatively modified
lipoproteins. Aberrant immunological mechanisms includ-
ing the production of auto-Abs may be involved in the
pathogenesis of endometriosis-related infertility. Infertile
patients with endometriosis have increased prevalence of
auto-Abs against laminin-1, which is a multifunctional gly-
coprotein of the basement membrane involved in embryo-
genesis, embryonic implantation, and placentation (9, 10,
11). Thyroid autoimmunity has also been documented in
infertile women with endometriosis.
Many cardinal features of endometriosis, such as inflam-

mation and neoangiogenesis, are shared with several other
conditions; therefore, it is unlikely that a single biochemical
marker will yield sufficient sensitivity and specificity to be
used in clinical practice. However, in recent years, proteo-
mic technology has been applied to the research of new
markers of endometriosis with promising results (12).

Diagnostic Criteria

The visual inspection of the pelvis at laparoscopy is the gold
standard investigation for the diagnosis of endometriosis,
unless disease is visible in the vagina or elsewhere (13). As
laparoscopy is an invasive procedure, the diagnosis is often
combinedwith surgical treatment.Althoughpositivehistology
of the specimens excised at surgery confirms the diagnosis of
endometriosis, negative histologydoes not exclude it because a
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biopsy might be negative because of the surgeon’s limited
experience, the size of the biopsy, the experience of the pathol-
ogist, and the quality of the histological sample. It is contro-
versial whether histology should be obtained if peritoneal
disease alone is present; visual inspection is usually adequate
but histological confirmation of at least one lesion is ideal. In
cases of ovarian endometrioma and in deeply infiltrating dis-
ease, histology should be obtained to identify endometriosis
and to exclude rare instances of malignancy (13). It is possible
to suspect the presence of endometriosis on the basis of symp-
toms reported by the patients and findings at gynecological
examination, but limited information can be obtained on the
extent of lesions. Therefore, preoperative imaging is required
for determining the location and severity of disease. Transva-
ginal ultrasound (TVU) is reliable in diagnosing ovarian endo-
metriotic cysts of diameter �4 cm; in case of smaller cysts,
particularly with diameter <2 cm, the identification by TVU
may be less accurate. Pelvic endometriotic nodules can also be
diagnosedbyTVU; the sensitivity, specificity, andpositive and
negative predictive values of TVS for the diagnosis of deep
pelvic endometriosis are 79, 95, 95, and 78%, respectively (14).
Magnetic resonance imaging (MRI) is insensitive in the detec-
tion of small peritoneal lesions (�4mm), but it is increasingly
used to determine the presence of larger deep endometriotic
nodules. A large prospective study demonstrated that MRI
has sensitivity of 90%, specificity of 91%, positive predictive
value of 89%, and negative predictive value of 91% in diag-
nosing deep pelvic endometriosis (15). Recently, multislice-
computed tomography combined with colon distension by
water enteroclysis has been proved to have high accuracy in
determining the presence of bowel endometriotic nodules with
sensitivity of 98.7%, specificity of 100%, positive predictive
value of 100%, and negative predictive value of 95.7% (16).

Prediction

Endometriosis can easily be suspected by experienced clin-
icians on the basis of patient’s history and clinical exam-
ination particularly in advanced stages; in these patients,
radiological examination is performed for determining the
extent of the lesions and providing adequate informed
consent before surgery rather than for confirming the pre-
sence of the disease. Minimal lesions are more difficult to
diagnose during clinical consultation, and they are usually
detected only at the time of laparoscopy.

Therapy

Medical therapy aims primarily to eradicate painful
symptoms; there is no evidence that currently available
medical therapies can enhance fecundity and reduce the
extent of endometriosis. Table 51.4 lists the available
medical therapies for endometriosis. Nonsteroidal anti-

inflammatory drugs are a non-specific but important part
of the medical treatment of endometriosis; they are the
only medical option available for women attempting to

conceive although they may have an anti-ovulatory effect
when taken at mid-cycle. Several studies proved that

suppression of ovarian function for 6 months reduces
endometriosis-associated pain (13). Today, oral contra-

ceptives (OC) are commonly prescribed treatment for
endometriosis; however, there is limited scientific evi-

dence to demonstrate the long-term safety of this therapy.

No epidemiological study has demonstrated the benefit of
OC in preventing endometriosis or reducing its progres-
sion. Although OC are often prescribed as first-line treat-
ment when patients present with dysmenorrhea, pain

symptoms typically re-emerge once medical treatment is

discontinued or when the disease progresses in severity.
Therefore, the administration of exogenous estrogens
should be avoided in women with endometriosis because

of the potential effects on the ectopic lesions and on the

immune system (4, 17, 18). Progestogens can be safely
used in women with pain symptoms related to the pre-
sence of endometriosis; these drugs initially induce decid-

ualization of endometrial tissue followed by atrophy.
Both gonadotropin-releasing hormone analogs and dana-

zol have been used in the treatment of endometriosis;

however, they may cause several adverse effects. In the
last 20 years, our understanding of the pathogenesis of
endometriosis at the molecular and cellular levels has
significantly improved; this has provided researchers

with new molecular targets for the treatment of this

TABLE 51.4. Medical therapies for endometriosis.

Nonsteroidal anti-inflammatory drugs

Contraceptives (to be reassessed)

Oral contraceptives

Contraceptive patch

Contraceptive ring

Progestogens

Derivative of progesterone

Medroxyprogesterone acetate

Megestrol acetate

Dydrogesterone

Derivative of 19-nortestosterone

Norethindrone

Norgestrel

Lynestrenol

Levonorgestrel

Gestrinone

Gonadotropin-releasing hormone analogs

Leuprolide

Nafarelin

Buserelin

Goserelin

Danazol

Aromatase inhibitors

Anastrozole

Letrozole
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disorder. New drugs are currently under development (19),
and they may improve our ability to eliminate endome-
triotic lesions when present or more likely to prevent
recurrence of endometriosis after surgical treatment (20).

Surgical therapy may include removal (excision) or
destruction (ablation) of endometriotic tissue. Several stu-
dies proved that excision of endometriotic lesions is asso-
ciated with improvements not only in pain symptoms but
also in quality of life. Laparoscopy can be used in almost all
women with endometriosis, and this technique decreases
cost, morbidity, and the risk of adhesions postoperatively.
Laparotomy should be reserved for patients with advanced
stage disease in whom laparoscopy is judged to be not
possible depending on the experience of the surgeon.

Prevention

There is no solid evidence that the development of endo-
metriosis can be prevented. However, prevention of endo-
metriosis must include the reduction in environmental
exposure to phytoestrogens or hormone disruptors such
as polychlorinated biphenyl (PBC) or dioxin, which may
facilitate the development of the disorder. It remains
unclear whether lifestyle (regular exercise, cigarette smok-
ing, alcohol use, and caffeine intake) may also affect the
risk of developing endometriosis.
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52
Autoimmune Ovarian Failure

Francisco Carmona

Abstract Premature ovarian failure (POF) is a complex disease with multiple etiopathogenic mechanisms including
autoimmunity. In this chapter the different autoimmunity patterns related with POF are reviewed. Some of these
patterns are related with global autoimmune regulation whereas others may be related with inflammatory autoimmunity
against ovarian antigens.

Keywords Autoimmunity � infertility � ovarian failure

Introduction

Premature ovarian failure (POF) is a dramatic disease in

which young women lose their ability to became pregnant.

POF was defined 40 years ago by Moraes-Ruehsen (1) as

the end of menses before 40 years and after menarche. So,

such patients will present a hypergonadotropic hypogo-

nadism hormonal profile combined with secondary ame-

norrhea. In some cases a familial history is present. Fifty

percent of patients present hot flushes and some other

signs of hypoestrogenism (vaginal atrophy, dyspareunia,
etc.). This syndrome (amenorrhea, hot flushes, genital

atrophy, infertility) was first described by Atria in 1950.

Diagnosis is confirmed when elevated follicle-stimulating

hormone (FSH) levels [higher than levels of luteinizing

hormone (LH)] are found (usually over 40m UI/ml) in

patients with a compatible clinical picture.
The incidence of POF is lower than 1% (2). There are

two histological types of POF. In the first one, there is a

complete absence of ovarian follicles, and it is characteristic

of congenital forms as gonadal dysgenesis or hermaphro-

ditism. In the second one, some follicles can be found. It

must be kept in mind that most cases of the follicular form

will develop a complete absence of follicles. Despite many

cases of POF have been effectively linked to chromosomal,

genetic, enzymatic, toxic, infectious, and iatrogenic causes

(3), the underlying etiopathogenic mechanism causing most

POF cases remains unresolved. Recently, some studies have

suggested that some cases of POF may be the direct result

of autoimmune-mediated destruction of the ovaries.

Relationship of POF and Other
Autoimmune Diseases

One of the reasons to suspect the autoimmune etiology of
POF is its high frequency of association with other autoim-
mune diseases. Themostwell-established autoimmune asso-
ciation with POF is the one linked to Addison’s disease, a
primary autoimmune adrenal insufficiency frequently asso-
ciated to a multiple endocrine failure and involving high
serum levels of antibodies targeted to steroid-producing
cells, which is often preceded by POF. Two main types of
autoantibodies are detected in patients with Addison’s dis-
ease: Cy-Ad antibodies, directed against adrenal cells cyto-
plasm, and St-C antibodies, which also react with a variety
of steroid-producing cells, including adrenal cortex, testes,
trophoblast and with different types of ovarian cells as
follicular and luteal cells. Thus, 60% of patients with Addi-
son’s disease and secondary amenorrhea present St-C anti-
bodies, which are also present in just 15–20% of patients
with Addison’s disease but without amenorrhea. Further-
more, 40% of these patients will develop a POF during the
next 10–15 years of follow-up.
Some other features support the idea of autoimmune

origin of POF. Histological evidence of inflammatory lym-
phocytic infiltration of the ovaries was apparent in 11% of
POF patients, 78% of which were positive for steroid cell
antibodies (4). Furthermore, Hoek et al. (4) described that
in all cases of patients with positive St-C antibodies a
lymphocytic oophoritis was present and that 78% of
patients with lymphocytic oophoritis tested positive for

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_52,

� 2008 Humana Press, Totowa, NJ
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St-C antibodies. Also, the distribution of lymphocytic
infiltration, which is more intense in corpus luteum and
corpus albicans, clearly shows that steroid-producing cells
are the target of autoimmune attack.

There has not been showed any genetic predisposition in

cases of POF associated to Addison’s disease. This disease
has been related with the HLA-B8/DR3 haplotype and
particularly with the DR B1 0301 allele (5). POF has
been related just with the HLA-A28 haplotype (6).

Some enzymes involved in steroid production may be
the target for St-C and Cy-Ad autoantibodies, particularly
in case of POF associated with Addison’s disease. Such
steroid cell autoantibodies show some specificity for
p450-17a-hydroxylase and the p450 side chain cleavage

product of p450-17a-hydroxylase (7). Antibodies to the
FSH receptor have also been found in a small percentage
of POF patients, and antibodies from POF patients
have been shown to inhibit FSH-induced DNA synthesis
in ovarian tissue extracts. These results, however, were not
confirmed using cells transgenically expressing human
FSH or (LH) receptors (7). Several studies have shown
that antibodies to zona pellucida antigens may be impli-
cated preferentially in POF. These studies, however, used

immunostaining of porcine oocytes to determine zona
pellucida binding, and recognition of porcine oocytes
appears to be highly non-specific because it occurs in sera
from 60% of healthy fertile women and even occurs in
40% of male serum samples. The actual frequency of
zona pellucida autoantibodies may be more in the order
of 2.4%, as has been observed in a study involving over 800
infertile women (8).

Isolated POF

Although the frequency of concurrence with other auto-
immune conditions varies somewhat between different
study populations, and POF often occurs as part of an
autoimmune polyglandular syndrome with high frequen-
cies of hypothyroidism, insulin-dependent diabetes melli-
tus, and adrenal abnormalities (9), POF may also occur as

an isolated ovarian-specific disorder independent of any
polyglandular or global systemic autoimmune events.
Thus, many cases of POF may represent a primary auto-
immune ovarian abnormality, whereas other cases may
represent secondary effects of a more global endocrine
autoimmune dysfunction. As such, POF may have multi-
ple distinct autoimmune manifestations perhaps depen-
dent on the tissue distribution of the targeted autoantigen
and/or the underlying specificity or lack thereof of native
immune regulatory fsunctions. It should be noted that the
pathophysiologic significance of ovarian autoantibodies
and the cognate target antigen(s) that they recognize
remains unclear.

Similarly, there are some signs of autoimmunity in iso-
lated POF:

a. Autoantibodies against other endocrine systems: Auto-
antibodies against tyroid are the more frequently found
(14%) among patients with isolated POF, autoantibo-
dies against gastric wall cells (4%), against Langerhans
cells (2%) and against acetyl-choline receptor (2%) are
also frequent. However, just antibodies against Langer-
hans cells and against acetyl-choline receptor are clini-
cally relevant. These antibodies are related with two
severe diseases: diabetes mellitus type I and myasthenia
gravis, respectively. Furthermore, other autoimmune
diseases as systemic lupus erythematosus had been
related with POF.

b. Antinuclear antibodies (ANA): Patients testing positive
for ANA are at increased risk for developing POF; it has
beendescribed that 24%of patients positive forANAwill
develop a POF,whereas just 5%of patients in the control
group testing negative for ANA will present a POF.

c. Anti-DNA: Blumenfeld et al. found anti-DNA antibo-
dies in 10.5% of women with POF whereas in a control
group of healthy fertile women just 3.3% presented
such antibodies.

d. Antireceptor antibodies: Antireceptor antibodies are
targeted against membrane hormone receptor. These
antibodies may act mimicking the physiologic hormo-
nal action or blocking the hormone function depending
on their specificity and affinity (10). Some investigators
have described the presence of antibodies directed
against FSH and LH receptors in patients with POF
(11, 12, 13). However, such antibodies have also been
detected in patients with iatrogenic ovarian failure (4).

e. Anti-zona pellucida antibodies: This type of antibodies
have been described in 5.6% of patients with infertility
of unknown origin (14) and have been also described in
patients with POF. In experimental animal models,
these antibodies have been able to inhibit the follicular
development (15).

Ovarian Histology in Patients with Isolated POF

In 60% of patients with isolated POF, fibrotic ovaries,
without follicular presence, are observed. In the remaining
40% the number of follicles is highly variable, from a few
to an almost normal amount. These patients with normal
number of ovarian follicles present gonadotrophin resis-
tance syndrome.

Cellular Immunity Alterations in Patients
with Isolated POF

Several studies have shown increased activation of T cells in
patients with POF (16). However, such an increment has
been also described in patientswith naturalmenopause (16),
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and it has been suggested that estrogen may modulate the
T-cell activation arguing that T-cell activation observed in

isolated POF is the consequence of the hypoestrogenemia
presented by these patients. Furthermore, hormonal repla-

cement therapy may decrease the number of activated
T cells (16). The T-killer cells are also diminished in number

and function as monocytes are (16). However, neither

patients with isolated POF nor menopausal women have
increased susceptibility to infectious diseases.

Subclinical Ovarian Failure

There are a special group of patients having infertility of
unknown origin and elevated basal levels of FSH (greater

than 15mUI/l). These patients have normalmenstrual cycle,
but they used to have bad results in in vitro fertilization

cycles with high rates of canceled cycles. Wheatcroft et al.
(17) studied a group of 14women with subclinical ovarian

failure having normal menstrual cycle and younger than 40

years. They determined a number of autoantibodies includ-
ing antiovary, antiendometrium, antihypofysis, antiadrenal,

antimicrosomal, anticardiolipin, antihistone, antinuclear,

and other; they also determined different type of T cells
and complement levels. They also included two control

groups. The first one included 15patients with infertility of
unknown origin but with basal FSH levels lower than

10mUI/l and the second control group included 10 fertile
women with normal FSH levels and ovarian cycle. There

were no differences among the three groups studied. The

authors concluded that subclinical ovarian failure is not an
autoimmune alteration.

Experimental Animal Models
of Autoimmune Oophoritis

Several animal models of experimental autoimmune
oophoritis (EAO) have been used in POF studies, with

each model providing unique mechanisms for induction

of POF. One of the currently available EAO animal mod-
els include induction of autoimmune oophoritis by immu-

nization with rat or bovine ovarian homogenate in

complete Freund’s adjuvant. In this case, inflammatory
infiltrates appear in the ovaries within 14 days, and the

appearance of germinal centers and increased splenic activ-
ity of both B and T cells indicates that cellular and humoral

immunity are involved in this form of EAO. Serum ovarian
antibodies appear after 28 days and may passively transfer

decreased fertility measured by decreased litter size into
naı̈ve recipients. It is speculated that the antibodies

produced in this form of EAO may mediate disease by

interfering with zona pellucida antigens, thereby disrup-
ting ovulation and/or fertilization (4).
Experimental models of autoimmune oophoritis also

include those methods that target zona pellucida; thus,
immunization with heterologous zona pellucida antigens
results in autoimmune oophoritis characterized by follicle
depletion and ovarian failure. Immunization with zona
pellucida proteins rapidly induces amarked atretic appear-
ance and reduction, and, eventually disappearance, in the
number of primary growing follicles. An inflammatory
oophoritis such as that observed following immunization
with ovarian homogenate, however, does not occur (18).
Experimentalmodels also include those that develop spon-

taneously and lead to polyglandular abnormalities as a result
of global immune regulatory failure after neonatal thymec-
tomy. Neonatal thymectomized BALB/c and C57BL/6 mice
spontaneously develop autoimmune oophoritis along with
autoimmune disorders of the thyroid, gut, parotid gland,
and lacrimal gland within 3–14weeks after thymectomy.
This polyglandular form of oophoritis is accompanied by a
loss of oocytes and elimination of ovarian follicles. Circu-
lating autoantibodies against oocytes, zona pellucid proteins,
and steroid-producing cells appear within 4 weeks and
reach their highest titers within 7–9 weeks. The inflammation
subsides after 14weeks, and the ovaries become atrophic.

This type of experimental oophoritis in mice is similar to
that observed in women with POF associated to Addison’s
disease (19, 20, 21).

Conclusion

POF affects 1% of women in reproductive age. Its etio-
pathogenic factors remain unclear in most cases but include

chromosomal, genetic, enzymatic, toxic, infectious, and
iatrogenic causes. An abundance of evidence indicates that
autoimmunity is primarily responsible for the symptoms of
a substantial cohort of POF patients mainly in cases asso-
ciatedwithAddison’s disease and oophoritis. These patients

present antibodies targeted against steroid-producing cells
and also antigens shared by ovarian and adrenal cells.
Furthermore, the linphoplasmocitary infiltration observed
around these cells in patients with POF associated with
Addison’s disease strongly suggests an autoimmune origin.
Different animal models add further evidence.
In patients with isolated POF, the evidence favoring an

autoimmune origin is not so strong. It has been described

some alterations on the immune cells, and these patients
present a greater incidence of type I diabetes and myasthe-

nia gravis than general population. However, against the
autoimmune origin of POF in these patients is the fact that
it is very difficult to find oophoritis in cases of isolated
POF.
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53
Autoimmune Orchitis

Clovis Artur A. Silva, Eduardo Ferreira Borba, Marcello Cocuzza, Jozélio Freire de Carvalho
and Eloı́sa Bonfá

Abstract Testicular autoimmune disease may be primary or secondary. The former is characterized by an isolated
infertility and autoantibodies directed to sperm, basement membrane, or seminiferous tubules without evidence of a
systemic autoimmune disease. An immunologic basis for some cases of infertility has been identified in approximately
10% of infertile men, suggesting that antisperm antibodies (ASAs) may have a harmful effect in fertilization. The
secondary form is manifested by orchitis and/or testicular vasculitis, and it is uniformly associated with a systemic
autoimmune disease, particularly polyarteritis nodosa (PAN), Behçet’s disease, and Schönlein–Henoch purpura. The
overall frequency of acute orchitis in rheumatic diseases is low. The pathogenesis of primary or secondary autoimmune
orchitis is unknown and probably involves the access of the immune system to the testis due to inflammation, infection,
or trauma in response to antigens or microorganism. Corticosteroids and immunosuppressive drugs are indicated in
autoimmune orchitis associated active systemic autoimmune diseases. In isolated male infertility associated with ASAs,
in vitro fertilization (IVF), and intracytoplasmic sperm injection (ICSI) seem to offer better results than immunosup-
pressive therapy.

Keywords Autoimmune orchitis � gonad � sperm � antisperm antibodies

Introduction

The possible deleterious effect of the immune system in

male reproductive tract is largely supported by the associa-

tion of antisperm antibodies (ASAs) and male infertility.

In addition, autoimmune systemic diseases may also target

the testicles leading to androgen and sperm production

failure (1).
The two important functions of the testis, spermatogen-

esis and androgen synthesis, are accomplished in distinct

compartments, the seminiferous tubules and Leydig cells,

respectively. Clinically, the term orchitis is defined as an

acute symptomatic disease following a local or systemic

infection (2). The subacute or chronic asymptomatic inflam-

mation of the testis, including those of noninfectious disease

etiologies, is hardly ever diagnosed and, for this reason,

often unnoticed (2). Orchitis may be classified according

to the causal agent such as infections (bacterial/viral) or

traumatic events such as testicular torsion. The most

common trigger of viral orchitis is mumps (2). Orchitis
may also occur in association with prostate infections and

sexually transmitted diseases, for example, gonorrhea and
Chlamydia trachomatis (2).

Epidemiology

ASAs were observed in the serum and/or in the seminal
plasma or on the sperm surface in approximately 10% of
infertile male partners (3), whereas autoimmune response
against the developing germ cells within the human testis
has not been studied extensively. Approximately half of

the systemic lupus erythematosus (SLE) patients also have
ASA antibodies, without a definite clinical association
with infertility (4, 5). Testicular involvement occurs in up
to 18% of patients with systemic polyarteritis nodosa
(PAN), although autopsy frequencies as high as 93% have

been reported (6, 7, 8). Acute clinical orchitis was observed in
4–31% of Behçet’s disease patients (8) and in 7–9% of
Schönlein–Henoch purpura patients (8, 9). There were two
reported cases of relapsing polychondritis (8) and single cases
of rheumatoid arthritis (8), SLE (10), and dermatomyositis
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(10), respectively. Documented orchitis cases due to autoim-
mune diseases are illustrated in Table 53.1.

Pathogenesis (Figure 53.1)

Testis has a privileged immune condition, but it accessible
to the immune system (2). It is believed that the underlying
pathogenic mechanism involved in the testicular autoim-
mune disease is a T-cell response to antigens or microor-
ganisms that have permeated the testis barrier (11). This
hypothesis is supported by the immune condition demon-
strated in the blood-testis barrier injury during inflamma-
tion, infection, and trauma (2). The most likely mechanism
for this barrier breakdown during inflammation is an
increase in tumor necrosis factor-a (TNF-a) and trans-
forming growth factor-b (TGF-b) levels (12), which may
downregulate occludin expression in Sertoli cells (12) with
a consequent disassembly of its tight junctions. The studies
on experimental autoimmune orchitis (EAO) have helped
to partially elucidate not only autoimmune mechanisms
but also as the systemic and local regulation that normally
prevents disease in the testis (2).

On the contrary, the most consistent evidence for autoim-
mune orchitis is the presence of ASA. They can be found in
seminal fluid and plasma in men, in addition to cervical
mucus, oviductal fluid, or follicular fluid in women. The pre-
sence of multiple ASA can lead to the immobilization and/or
agglutination of spermatozoa, whichmay significantly impair

sperm motility affecting acrosome reaction, cervical mucus
penetration, zona pellucida binding, and sperm–oocyte fusion
(2). AlsoASA can prevent implantation and/or arrest embryo
development. Interestingly, only ASA bound to sperm seems
to be relevant for fertility (13), whereas the finding of iso-ASA
in men and women’s sera does not appear to have clinical
implications (13).

Diagnostic Criteria (Table 53.2)

Autoimmune orchitis is defined as autoimmune aggression
directed to the testis. There are, however, no diagnostic
criteria and autoimmune orchitis may be subdivided into
two types:

(a) Primary autoimmune orchitis: isolated infertility and
autoantibodies (ASA or antibodies to the basement
membrane or the seminiferous tubules) (14) without
evidence of a systemic autoimmune disease.

(b) Secondary autoimmune orchitis: orchitis and/or testi-
cular vasculitis associated with a systemic autoimmune
disease.

Clinical Manifestations

In the primary form the usual manifestation is isolated
infertility. The term infertility is used to describe the situa-
tion where a couple does not succeed in achieving a spon-
taneous pregnancy in spite of attempting to conceive
during at least 1 year of unprotected intercourse (15).
Secondary autoimmune orchitis is rare and mainly
associated with PAN, Schönlein –Henoch purpura, and
Behçet’s disease (8).
The symptoms and signs of clinical orchitis are often

difficult to distinguish from those of other acute scrotal
processes, mainly acute testicular torsion. Usually, the
scrotum is inflamed and swollen, and there may be loca-
lized testicular pain during palpation, which may be
associate or not with fever.
On the contrary, IgG ASAs were reported in approxi-

mately half of 24 SLE patients and were related to anti-
DNA titers and disease activity raising the possibility of an

TABLE 53.1. Frequency of clinical orchitis in autoimmune
diseases.

Disease Acute clinical orchitis

Behçet’s disease 4–31%

Polyarteritis nodosa 2–8%

Schönlein–Henoch purpura 7–9%

Relapsing polychondritis 2 cases

Rheumatoid arthritis 1 case

Systemic lupus erythematosus 1 case

Dermatomyositis 1 case

IMMUNE SYSTEM ACCESS TO THE
TESTIS

SPERM
ALTERATIONS 

INFLAMMATION/
INFECTION/

TRAUMA

DISRUPTION
BLOOD-TESTIS

BARRIER

VASCULITIS

FIGURE 53.1. Pathogenesis of autoimmune orchitis.

TABLE 53.2. Clinical and serological findings in autoimmune
orchitis.

Autoimmune

orchitis

Clinical feature Associated diseases Antisperm

antibodies

Primary Isolated infertility None 10%

Secondary Vasculitis/

inflammation

Behçet’s disease;

Schönlein–Henoch

purpura;

polyarteritis nodosa

?
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antibody-mediated lesion in this disease (4, 5). We have
recently performed a global evaluation of gonadal func-
tion in 35male adolescents and adults with SLE, which
confirmed an overall ASA frequency of 40% (5). These
antibodies, however, were associated neither with the
severity of sperm alterations nor with intravenous cyclo-
phosphamide therapy (5).

Diagnostic Tests for ASA in Males

The direct immunobead binding test detects antibodies
on the sperm cell surface (sperm head, mid-piece, and/or
tail) using immunobead rabbit antihuman Ig (IgA, IgG,
and IgM) kits (Irvine Scientific, Santa Ana, CA, USA).
At least 50% of the motile spermatozoa must be coated
with immunobeads in order to validate the clinical sig-
nificance of test. Negative control should have a score
<10% bead attachment and positive control a score
>20% bead attachment (16). Others methodologies to
detect ASA include postcoital test and the hemizona
assay (11).

Pathological Features

The histopathology evolution of orchitis can be learned
from studies in EAO, and it is characterized in the early
stages by peritubular and/or interstitial mixed cellular
infiltrates. As the disease progresses, there is infiltration
of mononuclear cells into the interstitium and sloughing of
germinal cells begins to occur, culminating in granuloma
formation, necrosis, and ultimately complete absence of
spermatogenesis (17). EAO is a T-cell-mediated disease in
which the inflammatory CD4 (Th1) T-cell mechanism is
the critical pathway that targets the spermatogenic germ
cells for autoimmune attack (17). However, despite the
significant progress that has been made in the identifica-
tion of local, genetic, and immunological factors, the
pathology of EAO is still not completely understood (17).

On the contrary, in all autoimmune diseases, the under-
lying pathological condition in testis is a severe vasculitis
leading to inflammation and infarction of affected tissue.
Acute and chronic inflammation, fibrinoid necrosis of the
vessels, and periarteritis in varying amounts are present
(8). Infarction was observed in testicular lesions of PAN
and in the single reported case of rheumatoid arthritis (8).

Imaging

Several different imaging techniques can be applied in the
diagnosis of orchitis and more importantly in the differ-
ential diagnosis with testicular torsion and intrascrotal
masses (abscesses, tumors, and hydroceles) such as scrotal

ultrasound, color Doppler sonography, duplex sonogra-
phy, and magnetic resonance imaging. With regard to

autoimmune involvement, it has been observed that 22%

of serial sections of affected testicles demonstrated lesions,

and therefore, a 3 � 3 � 3mm biopsy should be sufficient

to detect testicular manifestations of autoimmune diseases

(8). Surgical complications of testicular biopsies are rare as

minimal hematomas or infections are detected in <2% of

cases. Moreover, the risks for an immune response of clin-

ical significance for fertility after biopsies are also low (8).

Treatment

Symptomatic patients should receive analgesic treatment

associated with local cooling, scrotal elevation, and bed

rest. Local anesthesia by a nerve block using 5ml of 1%

lidocaine around spermatic vessels may be necessary for

those with severe pain (8). The overall success rates of these
conservative measures in patients with testicular involve-

ment of autoimmune diseases need to be determined (8)

considering the finding of a quarter of azoospermia and

one-third of permanent oligospermia 2 years after bacterial

epididymo-orchitis (8). Corticosteroids and immunosup-

pressive drugs are drugs of choice in secondary autoimmune

orchitis with testicular vasculitis (10). Dapsone has been

reported to be useful in Behçet’s disease (8). The impact of

untreated testicular vasculitis on fertility is not well-known

but seems to be relevant.
The real significance of ASA in infertile men is contro-

versial, and currently, there are no standardized treatment

regimens. Oral glucocorticoids are commonly used to sup-

press antibody production, but to date, no double-blind,
randomized trial has confirmed their efficacy. Studies fol-

lowing different protocols report pregnancy rates of

approximately 30% (18). Studies in which treatment was

continued for more than 3months reported a significant

increase in the number of pregnancies amongst those

receiving prednisolone compared with placebo (19). How-

ever, a meta-analysis showed no significant improvement

in pregnancy rates with prednisolone therapy (18).
Intracytoplasmic sperm injection (ICSI) is considered to be

the treatment of choice for patients with severe sperm auto-

immunity. Clarke et al. showed no significant differences in

fertilization rates (62% versus 58%) or clinical pregnancy

rates (19% versus 12%) between sperm antibody-positive
and sperm antibody-negative patient groups (20). However,

recently, higher fertilization rates during in vitro fertilization

(IVF) were reported in patients with ASAs and immunosup-

pressive therapy compared to IVF alone. Thus, treatment

of ASAs using corticosteroids should not be prescribed

routinely, but it can be considered in patients with ASAs

and previous IVF or ICSI fertilization failure.
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54
Autoimmune Hepatitis

Miguel Bruguera

Abstract Autoimmune hepatitis is a chronic liver disease of unknown etiology characterized by hypertransaminasemia,
hypergammaglobulinemia and an interface hepatitis in the histological examination of the liver, responsive to the
treatment with immunosuppressive drugs. Untreated patients tend to progress to cirrhosis and death. The finding of
high titres of autoantibodies in the sera, the efficacy of immunosuppressive therapy and the common association of AIH
with autoimmune disorders give support to an autoimmune pathogenesis of the disease.

Keywords: Antinuclear antibodies � smooth muscle antibodies � interface hepatitis � cirrhosis � overlap syndromes �
immunosuppression.

Autoimmune hepatitis (AIH) may be defined as a self-per-

petuating inflammation of the liver of more than 6 months

duration and unknown etiology characterized by the eleva-

tion of serum transaminases, hypergammaglobulinemia,

high titres of serum autoantibodies and histological changes

in the livermainly consisting in periportal hepatitis associated

with variable degree of fibrosis. The disease has a progressive

course to cirrhosis without treatment. It is considered to be
an autoimmune disease because of its common association

with autoimmune extrahepatic disorders and the efficacy of

immunosuppressive therapy in inducing clinical, biochemical

and histological remission in most cases.

History

Waldenström (1) gave the first description of autoimmune

hepatitis in young women in 1950.Mackay et al. (2) proposed

in 1956 the term lupoid hepatitis owing to the association of

AIHwith antinuclear antibodies (ANA) and its similaritywith

systemic lupus erythematosus. The syndrome has since been
described under various names (3). The term autoimmune

hepatitis was introduced in 1993 by the International Auto-

immune Hepatitis Group, which defined the diagnostic cri-

teria (4). These were reviewed in 1999 by the same group (5).

Epidemiology

In comparison with other liver diseases, such as acute or

chronic viral hepatitis or alcoholic and non-alcoholic

fatty liver diseases, AIH is an infrequent liver disorder.

The prevalence is estimated between 50 and 200 cases per

million of inhabitants in Caucasian population of devel-

oped countries, similar to the prevalence of other auto-

immune liver diseases, such as primary biliary cirrhosis.

In Africa and Asia the prevalence is lower than in white

populations.
AIH may present at any age in either sex, although it

occurs most frequently in women between the ages of 10

and 30 years and during postmenopause (6).

Pathogenesis

The pathogenic mechanisms leading to liver cell destruction

in AIH are as yet unknown despite extensive investigation

into humoral and cell-mediated immunity. Infectious

agents, such as viral agents, and other environmental trig-

gers and host factors (genetic susceptibility) play a role in

the development of AIH.
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Clinical Manifestations

In more than one third of cases the disease has an acute
onset, mimicking an acute viral hepatitis, because of the
presence of jaundice and a rise of serum transaminases
over 1000 UI/L (7). Differential diagnosis with the causes
of acute hepatitis should be done in these cases (Table
54.1). A minority of cases with acute clinical presentation
develop a fulminant hepatic failure, which may lead to
death if a liver transplantation is not urgently carried out.

In the majority of the remaining cases the onset is insi-
dious, and the disease is recognized by the finding of
abnormal liver function tests in an asymptomatic patient
or by anorexia, pain in the right upper quadrant of the
abdomen and easy fatigability. This clinical presentation
resembles that of other forms of liver disease, and the
diagnosis of AIH requires the exclusion of other causes
of chronic liver disease (Table 54.1).

In some cases the disease presents with a complication of
an advanced chronic liver disease, which was asympto-
matic until this moment, in the form of jaundice, ascites
or gastrointestinal bleeding due to the rupture of variceal
veins.

Jaundice is a common finding in physical examination,
as well as a palpable and tender hepatomegaly.

AIH is associated in about 30% of the cases with extra-
hepatic manifestations, such as Sjögren syndrome, auto-
immune thyroiditis, Coomb’s positive haemolytic anemia,
allergic capillaritis, idiopathic thrombocytopenic purpura
and rheumatoid arthritis.

Biochemical Features

Serum transaminase activity and gamma globulin levels
are elevated in nearly all patients. Both parameters are
most useful in assessing the activity of the disease.
Hypergammaglobulinemia is polyclonal with typical
predominance of IgG fraction. Hyperbilirrubinemia

occurs in jaundiced patients. Serum alkaline phosphatase
level is frequently increased, but usually below two-fold

normal. A value above three-fold normal is unusual and

suggests an overlap syndrome with primary biliary cir-

rhosis (8).

Serological Features

Several autoantibodies, detected by indirect immuno-

fluorescence, are relevant to the diagnosis of AIH. ANA

are the earliest serological marker of AIH. They are

directed against structural components of the cell

nucleus. Subtyping of ANA is not useful for diagnostic

purposes. ANA are detected by indirect immunofluores-

cence on rat liver. The most common immunofluores-

cence patterns are homogenous and speckled patterns.

Smooth muscle antibodies (SMA) are directed against

F-actin and equally relevant.
A titre of more than 1:80 of ANA or of SMA is regarded

as diagnostically significant for AIH. One or both are

present in 90% of patients (9).
Less than 10% of patients with AIH, particularly chil-

dren, have antibodies to liver/kidney microsomes (anti-
LKM) and lacked ANAor SMA. Anti-LKM are antibodies

to CYP 2D6, and should be distinguished in the indirect

immunofluorescence test from antimitochondrial antibodies

(AMA), which are the hallmark of primary biliary cirrhosis.

AMA stains the cells of proximal and distal renal tubules,

while anti-LKM stains only the cells of proximal renal

tubules.
Other autoantibodies, such as antibodies to cytosolic

antigens (anti-LC-1 and 2) and antibodies to soluble liver

antigens (anti-SLA), may also be found in patients with

AIH. AIH has been classified into three types according to

the pattern of autoantibodies (Table 54.2). Type 1 AIH is

characterized by AMA and/or ANA, type 2 by anti-LKM

and type 3 by anti-SLA.

TABLE 54.1 Differential diagnosis of autoimmune hepatitis and

diagnostic tests.

Disease Exclusion by

Acute hepatitis A Anti-HVA IgM

Acute or chronic hepatitis B HBsAg, HBV DNA

Acute or chronic hepatitis C Anti-HCV, HCV RNA

Drug-induced hepatitis History, drug withdrawal

Primary biliary cirrhosis

antibodies

Cholestasis, antimitochondrial

Primary sclerosing

cholangitis

Cholangiography

Wilson’s disease Ceruloplasmin, urine copper, copper in

the liver

Haemochromatosis ferritin, Serum iron, transferrin saturation,

Iron deposition in the liver

TABLE 54.2 Features of the three subtypes of autoimmune hepatitis.

AIH tipo 1 AIH tipo 2 AIH tipo 3

Characteristic

autoantibodies

ANA, SMA Anti-LKM Anti-SLA

Target antigen Nuclear proteins

and actin

Cytochrome

P450

(CYP)

2D6

UGA-

suppressor

associated

protein

Prevalence 80% 10–15% 5–10%

Common age of

onset

Bimodal (14–30

and > 50

years)

Mainly

paediatric

All ages

Extrahepatic

manifestations

40% 34% 60%
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Pathological Features

The most specific histological lesion of AIH is interface
hepatitis with predominant lymphocytes, and plasma cells
infiltrate either in portal tracts or in periportal areas. Peri-
portal hepatocytes may be organized forming rosettes
surrounded by lymphocytes and plasma cells. A lobular
hepatitis may be present. In some patients multinucleated
giant hepatic cells may be present. Centrilobular necrosis is
rare, but may represent to be an early or acute stage.

There may be variables degrees of portal and periportal
fibrosis, and cirrhosis may be present at the time of clinical
presentation of the disease.

Diagnosis

The diagnosis of AIH is based on the exclusion of other
etiologies of liver diseases (Table 54.1). Criteria for definite
and probable diagnosis, established by an international
panel of experts, may help to establish the diagnosis (5)
(Table 54.3). The diagnosis of AIH should be evoked in
patients with high levels of serum transaminases and gamma-
globulines, and positive test for serum autoantibodies, when
other diagnosis, mainly chronic viral hepatitis, drug-induced,
alcoholic and biliary diseases, has been excluded (10).

Clinical Variants

Typically patients with AIH have no cholestasis. The
coexistence of biochemical and/or histological features of
AIH with those of cholestatic immune-related diseases,
such as primary biliary cirrhosis or primary sclerosing
cholangitis, is known as overlap syndrome (8, 11). Such
patients should receive treatment for each one of their
diseases, steroids and ursodeoxycholic acid.

Prognosis

The prognosis of AIH depends on the inflammatory activ-
ity, the extent of hepatocellular necrosis and the presence
or not of cirrhosis, at the moment of diagnosis. Before the
introduction of immunosuppressive therapy survival was
reduced, particularly in jaundiced patients. In treated
patients the prognosis is good, even in those with cirrhosis,
because most of them are good responders. However,
cirrhotic patients may develop complications of liver cir-
rhosis, which may require liver transplantation. In nonre-
sponders patients, in those with suboptimal response and
in those with multiple relapses when treatment is with-
drawn, the prognosis is not so good, because they have a
high probability to develop liver cirrhosis (12).

Treatment

The treatment ofAIH is immunosuppression (13). Standard

treatment is either prednisone or prednisolone alone or a

combination of prednisone and azathioprine (Table 54.4).

Both are effective in inducing remission in 80% of the cases.

Prednisone monotherapy is preferred in children and young

adults, while combination therapy is preferred in adult and

old patients, in order to give lower doses of steroids, and in
this way to minimize adverse effects of long-term treatment

with steroids (Table 54.5).

TABLE 54.3 Scoring system for diagnosis of autoimmune hepa-
titis of the International Autoimmune Hepatitis Group.

Parameter Score

Gender Female +2

Male 0

Ratio of elevation of

AP versus ALT > 3.0 –2

1.5–3 0

< 3.0 +2

Total GG or IgG Times upper normal limit

> 2 +3

1.5-2.0 +2

1.0–1.5 +1

< 1.0 0

Autoantibodies

ANA, SMA or anti-

LKM

> 1:80 +3

1:80 +2

1:40 +1

< 1:40 0

AMA Positive �2
Negative 0

Hepatitis viral markers:

Positive �3
Negative +3

Other etiologic factors Recent hepatotoxic drug usage

Yes �4
No +1

Alcohol (average consumption)

< 25 g/day +2

> 60 g/day �2
Genetic factors: HLA DR3 o DR4, +1

Other autoimmune diseases +2

Response to therapy

Complete +3

Relapse +3

Liver histology

Interface hepatitis +1

Predominant lymphoplasmocytic

infiltrate

+1

None of the above �3
Biliary changes �3

Interpretation of aggregate scores: definite AIH, greater than 15 before

treatment and greater than 17 after treatment; probable AIH, 10–15

before treatment and 12–17 after treatment.
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Clinical remission is defined by the normalization of
serum transaminase value (14). Once remission is achieved
a low-dose immunosuppressive treatment (5–10 mg of
prednisone or 100mg of azathioprine) should be continued
for at least 2 years to reduce the risk of relapse. Azathiopr-
ine monotherapy does not induce remission, but can main-
tain the remission induced by prednisone or the
combination prednisone–azathioprine. Therapy should
not be withdrawn in any patient who has not achieved
complete normalization in biochemistry (15). In those
with normal biochemistry for two years treatment can be
abandoned. Despite there being a high risk of relapse, as
many as 30% of patients could remain in remission.

The proportion of relapsers is related to the duration of
immunosuppressive treatment following remission. If the
patient experiences a relapse after withdrawal of immuno-
suppression a long-term low-dose immunosuppressive treat-
ment should be introduced for the maintenance of remission.

If complete remission (normal transaminase values) is
not achieved with the combination of prednisone and
azathioprine, the addition of another immunosuppressive
drug, such as tacrolimus, cyclosporin A or mycofenolate-
mophetil, is recommended, since the risk of progression to

cirrhosis is very high in patients with suboptimal response
(16). Failure to achieve remission requires to assess if the
diagnosis of AIH is correct and the patient’s compliance to
the treatment. The use of other immunosuppressive drugs
should also be recommended in patients who developed
severe adverse effects with steroids.
Liver transplantation is indicated in patients in the end stage

of AIH with cirrhosis and in those who present liver failure at
onset. Results of liver transplantation are usually excellent.
During pregnancy steroid treatment should not be aban-

doned. Pregnant patients with compensated cirrhosis must
be submitted to an esophageal examination to assess the
size of varices.
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TABLE 54.4 Treatment of autoimmune hepatitis.

A. Predniso(lo)ne monotherapy

– First 2 weeks: 30–60 mg/day (according to the severity of clinical

presentation)

– Reduction by 5 mg every 10 days or 10 mg every two weeks until

normalization of transaminases

– After remission is reached maintenance dose 10–15 mg/day

– After several months of remission try maintenance dose of

5–7.5 mg/day. If transaminases rise above upper normal value

increase the dose of prednisone to induce remission.

– If response is suboptimal (transaminases are not normal) after

several months of treatment introduce azathioprine (50–100 mg/

day) or another immunosuppressive agent.

– Cessation of therapy after at least 2 years of remission, and do blood

tests every 1 or 2 months for 6 months to detect relapse.

– If relapse occurs, start treatment again (dose of prednisone

depending on the severity of relapse) and decrease the dose

progressively.

B. Combination therapy

– Half dose of predniso(lo)ne associated with 50 mg/day of

azathioprine.

– Reduce dose of prednisone in the same way as in the monotherapy

schedule, but maintain a fixed dose of 50 mg/day of azathioprine

TABLE 54.5 Side effects of predniso(lo)ne.

Cosmetic changes (acne, facial rounding, obesity, hirsutism)

Bone changes (osteoporosis, vertebral compression,

avascular necrosis of bone)

Weight gain

Diabetes mellitus

Cataract

Hypertension

Psychiatric symptoms (euphoria, psychosis, depression)
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55
Primary Biliary Cirrhosis

Carlo Selmi and M. Eric Gershwin

Abstract Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease of unknown etiology for which an
autoimmune pathogenesis is supported by clinical and experimental data, including the presence of autoantibodies
and autoreactive T cells. In fact, PBC diagnosis is based mainly on the detection of high titer serum anti-mitochondrial
antibodies (AMA) or PBC-specific anti-nuclear antibodies (ANA). Several animal models have been described, whereas
multiple candidates have been proposed to initiate disease in a genetically susceptible host by molecular mimicry. The
natural history of the diseasemay vary widely whereas no prognostic indexes are currently accepted. The only established
medical treatment is based on ursodeoxycholic acid whereas liver transplantation is required in end stages.

Keywords Autoimmune cholangitis � bile duct cell � mitochondrial antigens

Primary biliary cirrhosis (PBC) is a chronic cholestatic liver
diseaseof autoimmunepathogenesis inwhichbiliary epithelial
cells (BEC) lining the small and medium size intrahepatic bile
ducts are targeted by an immune-mediated injury. Progressive
destruction of BEC ultimately leads to fibrosis and cirrhosis.

Epidemiology

The most commonly affected demographic group is repre-
sented by middle-age women (1). PBC affects members of
all races (with a possible protection for African Ameri-
cans), but epidemiological data suggest a wide geographi-
cal variability in disease prevalence rates ranging from 40
to 400 per million in the general population, being more
common in Northern Europe and USA (2).

History

In 1851, Addison andGull first described the clinical picture
of prolonged obstructive jaundice without obstruction of
major bile ducts that was later coined as the Addison–Gull
syndrome (3). The termPBCwas first introduced in 1950 by
Ahrens and colleagues who described a rare condition char-
acterized by the presence of a progressive chronic liver dis-
ease with chronic cholestasis (4). A milestone for the
definition of PBC as an autoimmune disease was the dis-
covery of its specific association with high-titer serum anti-

mitochondrial antibodies (AMA), found in over 90% of
patients. The major AMA autoantigen was identified and
cloned for the first time in 1987 as the E2 subunit of the
pyruvate dehydrogenase complex (PDC-E2) (5).

Pathogenesis

Although the aetiology of PBC remains unknown, it is well-
established thatPBC is anorgan-specific autoimmunedisease
inwhich exposure to environmental factors, possibly bacteria
or chemicals, triggers the breakdown of immune tolerance to
self-PDC, in a genetically predisposed individual (6). Several
immunological phenomena have been described in PBC
including abnormalities in innate immune response and the
presence of autoreactive anti-self PDC-E2 B and T lympho-
cytes in the affected liver, thus suggesting a generalized auto-
immune process in which both innate and adaptive (humoral
and cellular) immune responses are jointly involved in the
pathogenesis of the disease. Figure 55.1 shows the proposed
xenobiotic theory for the pathogenesis of PBC.

Clinical Manifestations

Following the discovery of serum AMA as diagnostic hall-
mark, the use of screening tests evolved considerably and
led to a significant shift in disease presentation patterns,

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_55,
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e.g., from being a rare disease associated with jaundice and

symptoms of liver failure, to a more common condition

diagnosed earlier in its clinical course (1). In fact, up to 60%

of the patients are currently diagnosed at asymptomatic
stages. Signs and symptoms at presentation are illustrated in

Table 55.1. Once disease has progressed to advanced stages,

complications can be both metabolic, mainly secondary to

long-lasting cholestasis, and related to cirrhosis itself. The

latter include malabsorption with steatorrhoea, a reduction
in bone density with features of osteopenia and in some cases

frank osteoporosis, portal hypertension, and hepatocellular

carcinoma. Of note, portal hypertension in PBC may occur

early in the course of disease, in some cases before any other

sign of cirrhosis. Finally, PBC may be associated in about

30% of the cases with extrahepatic autoimmune disorders

mainly Sjögren’s syndrome, Raynaud’s syndrome, and auto-

immune thyroid disease (7).

Pathological Features

Histologically, PBC is characterized by portal inflamma-
tion and progressive destruction of intrahepatic bile ducts.
Four different stages are recognized according to Ludwig
(8) (Table 55.2).

Biochemical Features

The main laboratory abnormalities observed in PBC are
summarized in Table 55.3.

Serological Features

SerumAMA represent the immunoserological hallmark of
PBC, being detectable in 90–95% of patients with a speci-
ficity close to 100%, and they are believed to precede the
clinical onset of disease by several years. AMA are

FIGURE 55.1. The proposed theory based on xenobiotics for the induction of PBC. A chemical compound found in the environment
substitutes or complexes with the lipoic acid residue attached to the main AMAautoantigen (PDC-E2) liberated by apoptotic bile duct

cells. This complex constitutes a modified self that is uptaken by antigen-presenting cells (APC). These cells are critical to the

breakdown of tolerance by initiating the autoimmune response by T and B cells that ultimately mediate the onset of the liver injury.

TABLE 55.1. Symptoms and signs of PBC at presentation.

Prevalence (%)

Asymptomatic Up to 60

Fatigue Up to 80

Pruritus 20–70

Hepatomegaly 70

Hyperpigmentation 25

Splenomegaly 15

Jaundice 10

Abdominal pain 10

Xanthelasmas 5–10

TABLE 55.2. Histological stages of PBC according to Ludwig
classification (8).

I: Extensive lymphocytic infiltration around BEC in the portal tract

II: Progressive loss of normal bile ducts with an involvement of the

surrounding parenchyma

III: Fibrosis

IV: Cirrhosis with regenerative nodules
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routinely detected by indirect immunofluorescence (IIF)
on rat liver/kidney and stomach sections and Hep2 cell
lines. Besides IIF, AMA can be detected with more accu-
rate serological assays that are currently not used for rou-
tine tests. Of note, neither the titer nor the isotype of AMA
are associated with disease severity or predict disease out-
come (9). In addition to AMA, 50% of PBC cases are
characterized by the presence of highly disease-specific
autoantibodies direct to nuclear antigens (ANA). Two
distinct ANA patterns at IIF, i.e., rim-like (produced by
autoantibodies to the nuclear pore complex proteins gp210
and nucleoporin p62) and multiple nuclear dot (with sp100
and PML proteins as the major targets) patterns are spe-
cific for PBC and recent evidence suggests that PBC-spe-
cific ANA are associated with a more severe disease (10).

Diagnostic Criteria

The diagnosis of PBC relies on the presence of two of three
criteria illustrated in Table 55.4. A liver biopsy is impor-
tant not only for the diagnosis of some cases (particularly
in AMA-negative patients) but for the staging of disease.
Different from other autoimmune diseases, diagnostic cri-
teria for PBC are currently accepted and used worldwide
despite one line of knowledge that suggests that a ‘‘defi-
nite’’ diagnosis should be made when all three criteria are
met while the term ‘‘probable PBC’’ is to be used when only
two are fulfilled (11). This classification, however, does not

represent the full spectrum of cases becauseAMA-negative
should be regarded as clinically identical to the AMA-

positive counterpart (12).

Prognosis

PBC shows a rate of progression that varies widely among

patients, ranging from cases with a slow progression of

disease over decades to patients having a rapid and fatal

course. Approximately 30% of cases show complete bio-

chemical response to medical treatment and 20% a delay

of histological progression (13). However, symptomatic
patients, those with advanced disease at diagnosis and

patients who do not respond to medical treatment, still

manifest a markedly elevated risk of dying or undergoing

liver transplantation (14).

Prediction

The Mayo score based on age, the presence of ascites,

serum bilirubin, albumin, and prothrombin time is the

most widely used to predict the natural history and survi-

val of patients (15) although it might prove more helpful in

advanced stages. Conversely, it has most recently been

suggested that specific ANA patterns correlate with a

poor prognosis in patients with early stages of PBC (16).

Therapy

Ursodeoxycholic acid (UDCA), a hydrophilic bile acid, is

the only drug currently approved for the treatment of

patients with PBC. The adequate dosage range from 13 to
15mg/kg per day. The efficacy of UDCA in improving

liver-related survival is still debated, whereas it has been

shown to delay the progression of liver damage particularly

in early stages, being ineffective in patients with advanced

disease (17) but evidence is still somehow conflicting (18).

Immunosuppressants have cumulatively failed to demon-

strate real effects on natural history of PBC. Liver trans-

plantation still represents the only effective treatment for

the end stage of this disease with good survival rates. Prur-

itus is currently treated with cholestyramine, but in refrac-

tory cases rifampicin can be used for a limited time. The

opioid antagonists (naloxone and naltrexone) can lead to

symptomatic improvement in selected refractory cases but

are poorly tolerated. Cholesterol-lowering agents are

usually not needed, but they can be safely used during

follow-up. Medical treatment for the metabolic bone loss

does not differ from the general practice in these cases.

TABLE 55.3. Biochemical and serological features of primary
biliary cirrhosis (PBC). The semiquantitative ("") system indi-

cates the extent of the observed abnormalities.

Changes

Biochemical feature

Alkaline phosphatase """"
�-Glutamyl transferase ""
AST/ALT "/"
IgM/IgG ""/=
Cholesterol ""
Total bilirubin "" (late stages)

Serological feature

AMA 95%

PBC-specific ANA 30–50%

TABLE 55.4. Diagnostic criteria for primary biliary cirrhosis
(PBC). The diagnosis is made when two of three criteria are

fulfilled. It is of note that the proposed definition of ‘‘probable’’

and ‘‘definite’’ PBC when three or two conditions are met respec-
tively is incomplete.

1. A persistent (>6 months) increase in serum alkaline phosphatase above

1.5 times the upper limit of the normal range

2. Serum AMA >1:40

3. Histological features compatible with PBC
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56
Primary Sclerosing Cholangitis

Sharonjeet Sangha and Christopher L. Bowlus

Abstract Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease, presenting primarily in adults and
affectingmenmore commonly thanwomen. The etiology of PSC is currently unknown but is thought to be secondary to an
autoimmune process. PSC is closely associated with IBD, and an immune-mediated response to either gut microflora or
extra-intestinal cell-adhesionmolecules has also been implicated in its pathogenesis. Patients are typically asymptomatic at
time of presentation with variable laboratory findings. Unlike its sister disease, primary biliary cirrhosis (PBC) in which the
antimitochondrial autoantibody is pathognomonic, the atypical peri-nuclear antineutrophil antibody of PSC lacks
specificity and sensitivity to make it clinically useful. Rather, diagnosis is established typically by cholangiogram findings
and exclusion of secondary causes of sclerosing cholangitis. The clinical course is variable, withmost patients progressing to
cirrhosis and hepatic failure. The median time of diagnosis to death or liver transplantation is 12–15 years. There is no
proven medical therapy for PSC. Ursodeoxycholic acid, which is effective for PBC, has only been shown to improve
biochemical cholestasis in PSC leaving liver transplantation as the only option for end-stage PSC.

Keywords Cholestatic liver disease � inflammatory bowel disease � cholangiocarcinoma � ursodeoxycholic acid � liver
transplant

Primary sclerosing cholangitis (PSC) is a cholestatic liver
disease characterized by inflammation, destruction, and
fibrosis of hepatic biliary ducts. It is a progressive disease,
leading to biliary cirrhosis, hepatic failure, and in 6–30%
of patients, cholangiocarcinoma (1).

Epidemiology

PSC is more common in men than women with men
making up approximately 60% of the cases in most series.
The average age at time of diagnosis of PSC is 40 years,
but PSC can affect children and mild cases may not be
diagnosed until the 7th or 8th decade of life. Approxi-
mately 75% of patients with PSC have associated inflam-
matory bowel disease (IBD); 87% have ulcerative colitis
(UC) and 13% have Crohn’s disease (2). Conversely, 3–
5% of IBD patients will have co-existing PSC. It appears
that PSC occurs more frequently in people of Caucasian
and Northern European descent, although large epide-
miologic studies in other populations are lacking.
Studies of predominately Caucasian populations in
Olmstead County, Minnesota; Oslo, Norway; Swansea,

Wales; and Manitoba, Canada have estimated annual

incidence rates of PSC to be 0.90, 1.3, 0.91, and 0.92

cases per 100,000 person-years (3, 4, 5, 6). Our own

experience in a population of over three million members

enrolled in a large healthcare system in Northern Califor-

nia of whom only 65% were classified as white is some-

what different with an annual incidence of only 0.59 cases

per 100,000 person-years (unpublished data).

History

Sclerosing cholangitis was first documented by French

surgeon Delbet in 1924 and described as ‘‘irregular fibro-

sis and stenosis of the biliary tree’’ (7). Until the 1970 s,
the diagnosis of PSC was based largely upon findings at

time of laparotomy. PSC was considered a rare disease

with less than 100 cases reported in the literature. With

the advent of endoscopic retrograde cholangiography

(ERC), the diagnosis of PSC became more frequent and

characterization of PSC as a distinct liver disease

emerged.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_56,
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Pathogenesis

The pathophysiology of PSC is unknown with progress in

the field hampered by the lack of clinical tools to diagnose

PSC in early stages and of adequate animal models of the

disease. Associations with autoimmune diseases, HLA

haplotypes, and autoantibodies are suggestive of an

immune-mediated process. However, features atypical of

autoimmune disorders, such as male predominance and

the lack of response to immunosuppressive agents, have

lead some to challenge the idea that PSC is an autoimmune

phenomenon.
On the basis of the association of PSC with IBD, this

theory proposes that immune responses to gut microflora

within the biliary tree play a primary role in the pathogen-

esis of PSC (illustrated in Figure 56.1). In the setting of

colonic disease, mucosal permeability allows translocation

of gut microflora into the portal circulation. Bacteremia

within the biliary tree results in T-cell proliferation, release

of multiple cytokines and chemokines, as well as activation

of B cells and secretion of autoantibodies against biliary

epithelial cells. This chronic inflammatory response is

responsible for progressive fibrosis, cholestasis, and biliary

cirrhosis.
However, this model does not explain the phenomenon

of PSC occurring in ulcerative colitis patients after colect-

omy. More recently, data from David Adams’s group has

suggested a model of aberrant targeting of autoreactive

memory cells in the gut to the liver involving specific

adhesionmolecules, chemokines, and chemokine receptors

(8). Although mucosal address in cell-adhesion molecule
(MAdCAM1) is normally restricted to gut-associated lym-

phoid tissue, hepatic expression has been found in several

inflammatory liver diseases and in vitro studies support

integrin a4b7-mediated adhesion to liver endothelium (9).

In addition, vascular adhesion protein 1 (VAP1) may play

a role in recruitment of lymphocytes to both the liver and

intestine (10). Furthermore, expression of the chemokine

CCL25 on PSC liver epithelium appears to recruit T cells

expressing the chemokine receptor CCR9 and a4b7. In
PSC, these CCR9þa4b7þ cells make up 20% of liver-infil-

trating lymphocytes compared with <2% in other liver

diseases. CCL21 is also increased in PSC liver and can

mediate chemotaxis of CCR7þ liver-infiltrating lympho-

cytes in vivo (11). Genetic evidence supports a role for

CCR5 as well. Recently, a 32-bp deletion of the CCR5

gene (CCR5-�32) that is found with high frequency in

European populations was associated with a decreased

susceptibility to PSC but not IBD, suggesting that a func-

tional CCR5 plays a role in the development of PSC but

not IBD (12). The factors involved in the specific targeting

of lymphocytes to biliary epithelium in PSC are not under-
stood but likely involve CX3CL1, CXCL12 and/or

CXCL16.
An underlying genetic predisposition to PSC is well sup-

ported. First-degree relatives appear to have a 100-fold

increased risk of developing PSC when compared with the

general population (13). Further support is gained by the

FIGURE 56.1. Amodel for the immunobiology of PSC. Autoreactive lymphocytes are activated in the colon. Increased permeability of the

intestinal mucosa allows bacterial antigens to enter the circulation. Antigens and CD44þmemory cells travel through the portal vein to the
liver. Toll-like receptors on biliary epithelium bind bacterial antigens and activate innate immune responses. Memory cells bind to

aberrantly expressed adhesion molecules on endothelium of the portal vein. Unknown chemokines and other adhesion molecules lead to

migration of inflammatory cells to the bile duct.
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increased prevalence of certain Human Leukocyte Antigen
(HLA) haplotypes among PSC patients, particularly
DRB1*0301-DQB1*0201. Interestingly, thisHLAhaplotype
is not associated with IBD and other genetic polymorphisms
associatedwith IBDdo not appear to influence susceptibility
toPSC.Genome-wide association studies of large, well-char-
acterized cohorts of PSC patients and well-matched controls
will hopefully identify themajor genetic elements involved in
PSC and shed new light on its pathogenesis.

Clinical Manifestations

PSC typically presents with symptoms of cholestasis but
may also present with acute cholangitis or complications
of advanced liver disease (Table 56.1). Most patients are
asymptomatic during early stages of disease, while the
development of jaundice, pruritis, fever, fatigue, weight
loss, and abdominal pain are signs of advanced disease.
Physical exam findings include jaundice, hepatomegaly,
and splenomegaly. Complications of chronic cholestasis
are vitamin deficiency, steatorrhea, and metabolic bone
disease. The most dreaded complication of PSC is cholan-
giocarcinoma, which has a nearly 1% annual incidence in
PSC patients.

The IBD frequently associated with PSC has a unique
phenotype and is often asymptomatic. Typical features are
pancolitis, ‘‘backwash’’ ileitis, and rectal sparing. Even in
the PSC patient without signs or symptoms of IBD, colo-
noscopy should be performed to rule out occult IBD. This
is particularly important given that PSC patients with IBD
have a greater risk of colon cancer than IBD patients
without PSC.

Pathological Features

The bile duct is the primary site of injury in PSC. Although
large intra- and extra-hepatic ducts are typically affected,
small bile ducts may also be involved. Segmental strictures
with proximal dilation of bile ducts on cholangiogram are

classic findings. Histological features on liver biopsy include
bile duct proliferation, periductal fibrosis with pathognomo-
nic ‘‘onion-skinning’’ lesion, periductal inflammation, and
bile duct obliteration (14). However, findings may be non-
specific or even normal if only large ducts are involved.
Histological features of PSC can be classified into four stages
using Ludwig criteria, but prognostic models do not neces-
sarily include liver biopsy (14).

Biochemical Features

In asymptomatic patients, the diagnosis is often based on
biochemical features. Serum liver tests are usually consis-
tent with a cholestatic pattern of disease, elevated alkaline
phosphatase levels, andmildly elevated serum aminotrans-
ferases, but normal liver biochemistries can also be pre-
sent. PSC should be considered in the differential diagnosis
of any patient with cholestatic liver tests, particularly those
with IBD or other autoimmune diseases. Serum albumin
and bilirubin abnormalities often present during later
stages of disease. As with other cholestatic liver diseases,
elevated liver and urine copper levels, as well as decreased
serum ceruloplasmin may be present.

Serological Features

Multiple autoantibodies have been detected in the serum
of PSC patients but none are sufficiently sensitive or spe-
cific to have clinical utility. Serum pANCA is the most
prevalent, being present in up to 88% of patients (15).
Detection of pANCA through indirect immunofluores-
cence (IIF) reveals an atypical pattern with rim-like stain-
ing of the nuclear membrane and staining of intranuclear
spots, thought to be invaginations of the nuclear mem-
brane (15). Antinuclear, anticolon, antismooth muscle,
anticaridiolipin, thyroperoxidase, and rheumatoid factor
autoantibodies are less prevalent. Antimitochondrial anti-
body is not detected in PSC patients and can be useful in
differentiating PSC from PBC. Other serological abnorm-
alities may include hypergammaglobulinemia (30%) and
elevated serum IgM (50%) (1).

Diagnostic Criteria

The diagnosis of PSC relies upon clinical assessment,
laboratory findings, histopathology, serology, and cholan-
giography (Table 56.2). In addition, all secondary causes
of cholangitis must be excluded. Exclusion criteria include
biliary trauma, ischemia, malignancy, and infection. Cho-
langiography is the most accurate means of PSC diagnosis.
Findings include a classic beaded appearance, with diffuse
strictures and dilatations of hepatic bile ducts (1, 16).

TABLE 56.1. Symptoms and signs of PSC.

Prevalence

Asymptomatic 15–40%

Fatigue 43–75%

Pruritus 25–70%

Jaundice 30–66%

Hepatomegaly 34–62%

Abdominal pain 16–33%

Splenomegaly 14–30%

Hyperpigmentation 25%

Weight loss 10–20%

Variceal Bleeding 6–14%

Ascites 6–10%
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Magnetic resonance cholangiography (MRC) has recently
been shown to be sufficiently sensitive and specific com-
pared with ERC in accurately diagnosing PSC. However,
ERC should still be considered if there is a high index of
suspicion and the MRC is negative or non-diagnostic. A
small number of patients with cholestatic liver tests will
have biopsy features consistent with PSC but normal cho-
langiograms, and should be considered to have small duct
PSC. Whether IBD is a prerequisite for this diagnosis
remains controversial.

Prognosis

The clinical course of PSC is variable, but is characterized
by progressive cholestasis and the eventual development of
end-stage liver disease. The average time from diagnosis to
death or liver transplant is 12 to 15 years, but the progres-
sion is variable. Also, the development of cholangiocarci-
noma, which tends to be more frequent early in the course
of disease, portends a dismal prognosis.

Prediction

Many models have been developed to prognosticate life
expectancy of PSC patients. The Mayo Clinic Revised Nat-
ural History Model for PSC is currently the most univer-
sally accepted model to predict survival probability (17).
Risk score calculation is based on age, bilirubin, albumin,
AST, and prior history of variceal bleeding. However, the
accuracy of the Mayo model and other systems is poor and
should not be applied to individual patients.

Therapy

Currently, there is no proven medical therapy for the
treatment of PSC and liver transplant continues to be the
only effective treatment for end-stage PSC. Outcomes
from liver transplantation are extremely good with 5-year
patient survival rates of more than 90%. Numerous clin-
ical studies have looked at various therapeutic agents
but usually in small case studies. Immunosuppressive and

anti-inflammatory agents, such as methotrexate, cyclos-
porine, or colchicine, have failed to show clinical benefit.
Ursodeoxycholic acid (UDCA), a hydrophilic bile acid, is
the only widely used drug that has been studied in large
randomized controlled trials. At dose of 15–25mg/kg/d, it
has not been shown to improve the clinical course of PSC,
though, in some studies treatment with UDCA leads to
improvement in biochemical cholestasis with reductions in
AST, ALT, GGT, alkaline phosphatase, and bilirubin
(18). Evidence is also suggestive of histological improve-
ment, however, data is limited. UDCA has not been shown
to improve survival, symptoms, or the cholangiographic
appearance of PSC but may decrease the risk of colon
cancer.
Management of the symptoms and complications of

cholestasis of PSC are similar to other causes such as
primary biliary cirrhosis with exception of the treatment
of high-grade biliary strictures with endoscopic dilatation.
This has been shown to improve symptoms, serum liver
tests, and cholangiographic appearance (19). Whether this
alters the natural history of the disease is not known. Often
distinguishing a benign stricture from a cholangiocarci-
noma can be challenging, but is imperative for the appro-
priate management of the patient. In light of the poor
prognosis of cholangiocarcinoma in all but the earliest
stages of disease, we advocate screening of PSC patients
with CEA and CA19–9 every 6months and annual MRC.
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57
Extrahepatic Manifestations in Patients
with Chronic Hepatitis C Virus Infection

Pilar Brito-Zerón, Albert Bové and Manuel Ramos-Casals

Abstract Patients with chronic hepatitis C virus (HCV) infection often present autoimmune clinical and analytical
features, which are often called extrahepatic manifestations. Earlier studies described the association of HCV with several
organ-specific manifestations including pulmonary, renal, cutaneous or articular processes and as with the presence of
circulating autoantibodies. There is increasing evidence of a close association of HCV with autoimmune and hemato-
logical processes, and this may be related to the extrahepatic tropism of the virus. The sialotropism of HCVmay explain
the close association with SS, whereas its lymphotropism links the virus to cryoglobulinemia, autoimmune cytopenias
and lymphoma. The substantial overlap between cryoglobulinemic features and the classification criteria for some
systemic autoimmune diseases (SAD) (SLE, RA and PAN) make the differentiation between mimicking and coexistence
difficult. This review analyses recent data on the close association of chronic HCV infection with autoimmune (either
systemic or organ-specific) and lymphoproliferative processes.

Keywords Hepatitis C virus � extrahepatic manifestations � lymphoma � cryoglobulinemia � Sjögren’s syndrome �
rheumatoid arthritis � antiphospholipid syndrome � sarcoidosis

Introduction

The hepatitis C virus (HCV), a linear, single-stranded RNA
virus identified in 1989, is recognized as one of the viruses
most often associated with autoimmune features. A decade
ago, various authors described the association of HCV
infection with a heterogeneous group of extrahepatic condi-
tions, such as pulmonary fibrosis, cutaneous vasculitis, glo-
merulonephritis, Mooren ulcers, porphyria cutanea tarda
or lichen planus, although it is currently accepted that a
weak degree of association exists in some of them (1).
More recently, there has been growing interest in the asso-
ciation of chronic HCV infection with circulating autoanti-
bodies, lymphoproliferative processes and autoimmune
(both systemic and organ-specific) diseases.

Autoantibodies Associated with Chronic
HCV Infection

Circulating autoantibodies are often detected in patients
with chronic HCV infection (2, 3). Antinuclear antibodies,
rheumatoid factor and anti-smooth muscle antibodies are

the most frequently found, whereas other autoantibodies
(such as anti-dsDNA, anti-ENA, AMA or antiLKM-1)
are infrequent (Table 57.1). ANA have been detected in

589 (18.6%) of 3169 unselected HCV patients included in

16 studies (Table 57.1), although the geographic preva-

lence varied significantly. Yee et al. reported a three-fold

higher prevalence of ANA in HCV females compared

with that in males, with no correlation between ANA

and the response to antiviral therapy, whereas Stroffolini

et al. found no correlation between non-organ-specific

autoantibodies (NOSA) and the main HCV-related epide-

miological, biochemical and histological features, or the

response to antiviral treatment. This suggests that the

presence of ANA or NOSA in HCV patients should not

be considered a contraindication for antiviral treatment.

With respect to other immunological markers, Watt et al.

found a correlation between serum immunoglobulin levels

in HCV patients (IgA, IgG, and total Ig) and histological

progression to liver fibrosis. These results are consistent

with our findings in 321 patients with HCV-related cryo-

globulinemia, in whom hypergammaglobulinemia was

observed more frequently in cirrhotic than in non-cirrhotic

patients.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_57,

� 2008 Humana Press, Totowa, NJ
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Organ-Specific Autoimmune Diseases
and HCV

Recent studies have analyzed the association of HCV with
some organ-specific autoimmune diseases such as thyroi-
ditis or diabetes mellitus (DM).

Thyroiditis and HCV

Bini andMehandru (4) described the development of thyroid
disease (overt or subclinical) in 11% of 225 male HCV-
infected patients treated with combined antiviral therapy,
although the thyroid disease responded well to specific
treatment and was reversible in most cases. Antonelli et al.
reported a higher frequency of hypothyroidism (13%) and
anti-thyroid antibodies (21%) in 630 treatment-naı̈ve
HCV patients compared with that in normal controls, and
also found similar results in a subset of these HCV patients
with associated mixed cryoglobulinemia (MC). However,
other studies, performed in the same geographical area,
did not find this close association.

DM and HCV

Antonelli et al. have also reported that the prevalence of
type 2 diabetes is higher in patients with MC-HCV than
in controls, with diabetic MC-HCVþ patients having a
more pronounced autoimmune reactivity than non-HCV
patients with classical type 2 diabetes. Metabolic disorders
in HCV patients may be related to the development of

steatosis, whose clinical significance in HCV patients has
recently been emphasized.

Overlap between Systemic Autoimmune
Diseases and HCV

The association between HCV and systemic autoimmune
diseases (SAD) has generated growing interest in recent
years. The extrahepatic manifestations often observed in
patients with chronic HCV infection (both clinical and
immunological) may lead to the fulfilment of the current
classification criteria for some SAD (Table 57.2). Recent
research has focused on Sjögren’s syndrome (SS), rheuma-
toid arthritis (RA), antiphospholipid syndrome (APS),
cryoglobulinemic vasculitis, and sarcoidosis.

Sjogren’s Syndrome

Recent experimental, virological, and clinical evidence has
revealed a close association between HCV and SS (5, 6). In
2002, we formed the SS-HCV Study Group, a multicenter
international collaboration that has, so far, recruited 137 SS-
HCV patients (7). We have found that HCV-associated SS is
indistinguishable in most cases from the primary form using
the most recent set of classification criteria, and we have
proposed the term ‘‘SS secondary to HCV’’ in those HCV
patients who fulfill the 2002 Classification Criteria. Chronic
HCV infection should be considered an exclusion criterion for
the classification of primary SS, not because itmimics primary
SS, but because the virus may be implicated in the

TABLE 57.1. Meta-analysis of the main studies analysing prevalence of autoantibodies in unselected series of patients with chronic
HCV infection.

Author HCV patients (n) Cryoglobulins RF ANA DNA ENA AMA

Fried et al. (4) 62 – – 13 – – –

Abuaf et al. (5) 272 – – 50 – – 0

Borotto et al. (6) 97 – – 20 – – 0

Rolachon et al. (7) 93 – – 14 – – 0

Pawlotsky et al. (8) 61 21 43 13 – 0 0

McFarlane et al. (9) 101 – – 0 – – 0

Richardet et al. (10) 156 – – 18 – – 2

Clifford et al. (11) 92 9/68 35/46 13 – – –

Czaja et al. (12) 75 – 21/72 24 0 – –

Cassani et al. (13) 290 – – 26 – – –

Buskila et al. (14) 90 – 36 31 4 1 –

Rivera et al. (15) 189 64 39 43 – – –

Cacoub et al. (16) 321 110/196 107/280 123/302 8/299 10/293 1/288

Drygiannakis et al. (17) 142 – – 72 4 – 1

Stroffolini et al. (18) 502 – – 79 – – –

Yee et al. (19) 645 – – 50 – – –

Total number 3188 204/514 281/738 589/3169 16/606 11/444 4/1210

Percentage 39.7% 38.1% 18.6% 2.6% 2.5% 0.3%

AMA: antimitochondrial antibodies; ANA: antinuclear antibodies; Cryog: cryoglobulins; ENA: ant-extractable nuclear antigens (anti-Ro/SS-A,

anti-La/SS-B, anti-RNP, anti-Sm); HCV: hepatitis C virus; RF: rheumatoid factor.
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development of SS in a specific subset of patients. The main
differential aspect between primary andHCV-related SS is the
immunological pattern, with a predominance of cryoglobuli-
nemic related markers (mixed cryoglobulins, RF, hypocom-
plementemia) over SS-related markers (anti-Ro/SS-A and
anti-La/SS-B autoantibodies) in HCV-related SS (7). We
have found a three-fold higher prevalence of hypocomple-
mentemia in SS-HCV patients compared with patients with
primary SS. Cryoglobulinemia seems to be the key immu-
nological marker of SS associated withHCV, having a close
association with RF activity and complement activation.

Rheumatoid Arthritis

It is understandable that HCV patients with polyarthritis
and positive RF may be clinically classified as having RA.
Of the 1988 revised ACR criteria, there are four (arthritis
of three or more joint areas, arthritis of hand joints, sym-
metric arthritis, and RF) that some HCV patients may
present. Rosner et al. (8) reviewed the prevalence and
clinical characteristics of theHCV-related arthritis exhaus-
tively and also analyzed the significant overlap with RA.

The most frequent clinical presentation of HCV-related
arthritis is chronic inflammatory polyarthrtis, which may
lead to the fulfillment of the ACR classification criteria for
RA in more than 50% of cases.
The existence of morning stiffness, rheumatoid nodules,

and erosive arthritis (rarely described in the setting of
HCV infection and the presence of antibodies to cyclic
citrullinated peptide (CCP) may be useful to diagnose a
true coexistence of RA and HCV. Wener et al. found no
anti-CCP antibodies in HCV patients, although some false-
positive results were observed in patients withMC, whereas
Bombardieri et al. found anti-CCP antibodies in 76% of
patients with RA and in 60% of those with coexisting RA
and HCV, but not in HCV patients, irrespective of their
articular involvement. This suggests that anti-CCP anti-
bodies may be useful in discriminating HCV patients with
a true RA from those with HCV-associated arthropathy.

Systemic Lupus Erythematosus

Viruses have been postulated as potential etiologic or
triggering agents in the pathogenesis of SLE. Chronic
HCV infection can induce clinical and serologic features
(arthritis, nephropathy, haemocytopenias, and low titers
of ANA or anti-dsDNA) which, in combination, maymeet
the ACR 1982 criteria for SLE. In this context of auto-
immunity related to HCV, some reports have suggested
that HCV infection may mimic or coexist with SLE. These
studies suggest that HCV testing should be considered in
the diagnosis of SLE, especially in patients without typical
SLE cutaneous features and with low titers of autoantibo-
dies (ANA and anti-dsDNA), liver involvement, or cryo-
globulinemia. Conversely, patients with chronic HCV
infection and extrahepatic features mimicking SLE should
be tested for the presence of ANA and anti-dsDNA.

Antiphospholipid Syndrome

The association between HCV and APS is controversial.
We have recently analyzed the clinical features of 45
APS-HCV patients (9). In comparison with unselected
APS patients, APS-HCV patients had a lower frequency
of typical APS features such as peripheral thrombosis or
neurological features but a higher prevalence of some
atypical or infrequent features such as myocardial infarc-
tion or intraabdominal thrombotic events. In addition, a
higher frequency of positive immunological markers was
observed in patients with APS-HCV, including ANA,
cryoglobulins, hypocomplementemia, and RF. Infectious
agentsmay play a diverse etiopathogenic role in the clinical
expression of APS, with bacterial infections probably act-
ing as acute triggering agents of a devastating, multior-
ganic form of APS (catastrophic APS), whereas chronic
viral infections (such as HCV and HIV) may trigger a
heterogeneous, atypical presentation of APS (10).

TABLE 57.2. Different degrees of association between HCV and
systemic autoimmune diseases.

Degree of association

ExtrahepaticHCV features overlapping

with the classification criteria

HIGH

– Sjögren’s syndrome 1. Xerostomia,

2. Xerophthalmia

3. Ocular tests (þ)
4. Salivary biopsy (þ)
5. ANA, RF

– Rheumatoid arthritis 1. Arthritis of 3 or more joint areas,

2. Arthritis of hand joints

3. Symmetric arthritis

4. RF

– Systemic lupus erythematosus 1. Arthritis

2. Glomerulonephritis

3. ANA, aPL

4. Cytopenias

INTERMEDIATE

– Polyarteritis nodosa 1. Weakness

2. Peripheral neuropathy

3. Raised creatinine

4. Positive HBV markers

– Antiphospholipid syndrome 1. Positive aPL

2. Atypical thrombotic events

– Sarcoidosis 1. Pulmonary fibrosis

– Inflammatory myopathies 1. Weakness

2. Elevated GOT,GPT

LOW

– Systemic sclerosis 1. Pulmonary fibrosis

– Wegener granulomatosis 1. Renal involvement

– Giant cell arteritis 1. Age > 50 years

– Polymyalgia rheumatica –

– Ankylosing spondylitis –

57. Extrahepatic Manifestations in Patients with Chronic Hepatitis C Virus Infection 303



Cryoglobulinemic Vasculitis

Two studies have analyzed the clinical characteristics of
HCV-related cryoglobulinemia in large series of patients.
Sene et al. (11) studied 125 patients with MC retrospec-
tively and found that cryoglobulinemic vasculitis was
associated with advanced age, longer duration of HCV
infection, type II MC, and a higher MC serum level.
Ferri et al. (12) analyzed demographic, clinical, and sero-
logic features and survival in 231 patients with MC. One
hundred and sixty-eight patients were tested for HCV
infection, with 155 (92%) being positive. Malignancies
were observed in 15% of patients, mainly non-Hodgkin’s
lymphoma (NHL) and hepatocellular carcinoma, and the
main causes of death were related to MC (64%), NHL
(13%), and liver involvement (13%).

Sarcoidosis

Since the first case reported in 1993, the number of cases
of sarcoidosis associated with HCV reported annually has
increased significantly, related or not to antiviral therapy.
We reviewed the clinical characteristics of 59 patients with
sarcoidosis associated with HCV infection (13) and found
that sarcoidosis was triggered by antiviral therapy (mainly
by IFN) in 75% of cases. Clinicians should be aware of
the possibility that sarcoidosis may initially manifest or
reactivate during or shortly after treatment with antiviral
therapy in patients with chronic HCV infection.

Autoimmune Cytopenias

Although HCV-related cytopenias are not uncommon,
they are usually considered as mild laboratory abnormal-
ities with no clinical significance, especially in patients with
hypersplenism. The most frequent is thrombocytopenia,
which has a chronic clinical course with severe bleeding
being uncommon. De Almeida et al. found no association
between HCV genotypes and thrombocytopenia, although
HCV-RNA was detected more frequently in the platelets
of thrombocytopenic patients than in those with a normal
platelet count. Wang et al. (72) described a 10-fold higher
frequency of thrombocytopenia in HCV patients com-
pared with HCV-negative controls. Thrombocytopenia
correlated with the severity of HCV-related liver disease.

Severe cytopenias are observed in some HCV patients,
related or not to antiviral therapy. Thrombocytopenia
may be severe (<30 � 109/L) in treatment-naı̈ve HCV
patients, and in some is associated with concomitant auto-
immune diseases, cryoglobulinemia and HIV coinfection
(14). Two cases of severe Coombs-positive autoimmune
hemolytic anemia (AHA) have recently been reported in
patients not treated with IFN. Previously, 17 cases of HCV-
related AHA had been reported (14), frequently associated

with autoimmune diseases, with cryoglobulinemia being
the most frequent immunologic marker.

B-Cell Lymphoproliferative Processes
and HCV

The specific tropism of HCV for many extrahepatic cell
types, especially for circulating blood cells, has recently
been demonstrated by several studies (15, 16), providing
a clear link between HCV and the development of auto-
immune and neoplasic hematological processes. The sus-
ceptibility of blood cells to HCV infection might be
enhanced by coexisting additional chronic viral infections.
Recent studies have found a higher prevalence of

lymphoproliferative disorders in HCV patients. Matsuo
et al. (17) performed an elegant meta-analysis of 23 epide-
miological studies on the association between HCV and
NHL, including 4049 NHL patients. The summary odds
ratio (OR) for NHL in HCV patients was 5.70, being 5.04
for B-cell and 2.51 for T-cell NHL. The prevalence of HCV
infection in NHL patients may be higher, since Paydas et
al. have described false negative results in the ELISA
detection of antiHCV antibodies in 8 (72%) out of 11
patients with NHL, in whom the presence of HCV-RNA
was confirmed in paraffin-embedded lymphomatous tis-
sues. This occult HCV infection has also been described in
some patients with an altered liver profile of unknown
origin, in whom the virus was isolated from liver tissue
and circulating mononuclear cells, and was not detectable
by ELISA and PCR techniques in serum.
Lymphomagenesis in HCV patients might be initiated

by the chronic stimulation of polyclonal B cells by the
virus, with the posterior development of specific B-cell
clonal expansions and pro-carcinogenic mutations. The
close relationship between autoimmunity, viruses and
cancer is demonstrated by the description of patients with
HCV infection, SAD and B-cell lymphoma, who had a
high prevalence of cryoglobulinemia, a high frequency of
primary extranodal NHL involvement and a poor prog-
nosis (18). The clearest example is the development of
NHL in patients with SS-HCV (19). We recommend a
careful evaluation of patients with B-cell NHL in order
to detect silent autoimmune or chronic viral diseases.

Conclusion

Evidence for a close association of HCV with autoimmune
and haematological processes is increasingly demonstrated.
The extrahepatic tropism of HCV shows a close etiopatho-
genic link with some of these processes. The sialotropism
of HCV may explain the close association with SS, while
its lymphotropism links the virus with cryoglobulinemia,
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autoimmune cytopenias and lymphoma. It should be noted
the important overlap between cryoglobulinemic features
and several classification criteria for some SAD like SLE,
RA and PAN, making difficult the differentiation between
mimic and coexistence situations. However, antiviral thera-
pies are also associated with the development of auto-
immune manifestations such as sarcoidosis or cytopenia.
The therapeutic management of the HCV-related autoim-
mune features is a very difficult issue, and recent studies
have evaluated the role of new immunosuppressive and
biological agents.
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Sjögren syndrome associated with hepatitis C virus. AMulti-

center Analysis of 137 Cases.Medicine (Baltimore) 84: 81–9.
8. Rosner I, Rozenbaum M, Toubi E, Kessel A, Naschitz JE,

Zuckerman E. (2004). The case for hepatitis C arthritis.

Semin Arthritis Rheum 33: 375–87.

9. Ramos-Casals M, Cervera R, Lagrutta M, et al. (2004);

Hispanoamerican Study Group of Autoimmune Manifesta-

tions of Chronic Viral Disease (HISPAMEC). Clinical fea-

tures related to antiphospholipid syndrome in patients with

chronic viral infections (hepatitis C virus/HIV infection):

Description of 82 cases. Clin Infect Dis 38: 1009–16.

10. Asherson RA, Shoenfeld Y. (2003). Human immunodefi-

ciency virus infection, antiphospholipid antibodies, and the
antiphospholipid syndrome. J Rheumatol 30: 214–9.

11. Sene D, Ghillani-Dalbin P, Thibault V, et al. (2004). Long-

term course of mixed cryoglobulinemia in patients infected
with hepatitis C virus. J Rheumatol 31: 2199–206.

12. Ferri C, Sebastiani M, Giuggioli D, et al. (2004). Mixed
cryoglobulinemia: demographic, clinical, and serologic fea-

tures and survival in 231 patients. Semin Arthritis Rheum 33:
355–74.

13. Ramos-CasalsM,Maña J, Nardi N, et al. (2005). Sarcoidosis

in patients with chronic hepatitis C virus infection. Analysis
of 68 cases. Medicine (Baltimore) 84(2): 69–80.

14. Ramos-Casals M, Garcia-Carrasco M, Lopez-Medrano F,
et al. (2003). Severe autoimmune cytopenias in treatment-

naive hepatitis C virus infection: clinical description of 35

cases. Medicine (Baltimore) 82: 87–96.
15. De Vita S, De Re V, Sansonno D et al. (2000). Gastric

mucosa as an additional extrahepatic loxalization of hepati-
tis C virus: Viral detection in gastric low-grade lymphoma

associated with autoimmune disease and in chronic gastritis.
Hepatology 31: 182–9.

16. Ducoulombier D, Roque-Afonso AM, Di Liberto G, et al.

(2004). Frequent compartmentalization of hepatitis C virus
variants in circulating B cells and monocytes.Hepatology 39:

817–25.

17. Matsuo K, Kusano A, Sugumar A, Nakamura S, Tajima K,
Mueller NE. (2004). Effect of hepatitis C virus infection on
the risk of non-Hodgkin’s lymphoma: a meta-analysis of

epidemiological studies. Cancer Sci 95: 745–52.

18. Ramos-Casals M, Trejo O, Garcia-Carrasco M, et al. (2004).
Triple association between hepatitis C virus infection, systemic

autoimmune diseases, and B cell lymphoma. J Rheumatol

31: 495–9.
19. Ramos-Casals M, la Civita L, de Vita S, et al.; the SS-HCV

StudyGroup. (2007). Characterization of B cell lymphoma in

patients with Sjogren’s syndrome and hepatitis C virus infec-

tion. Arthritis Rheum 57: 161–70.

57. Extrahepatic Manifestations in Patients with Chronic Hepatitis C Virus Infection 305



58
Autoimmune Pancreatitis

Salvador Navarro and Francesc Balaguer

Abstract Autoimmune pancreatitis (AIP) is a type of chronic pancreatitis characterized by an autoimmune inflamma-
tory process in which lymphocyte infiltration associated with pancreas fibrosis causes organ dysfunction. AIP can
manifest as focal or diffuse enlargement of the pancreas with associated strictures of the pancreato-biliary tree giving rise
to symptoms including abdominal pain, weight loss and obstructive jaundice, associated with favourable response to
corticosteroid treatment. Although AIP is increasingly being recognized to be a worldwide identity, the diagnosis is still
challenging. Different groups have defined different criteria for AIP diagnosis. Nevertheless, the absence of integrated
criteria makes it difficult to compare studies from different centres, judge relevance of comparisons and establish
evidence about this disorder.

Keywords Autoimmune pancreatitis � IgG4 � lymphoplasmacytic sclerosing pancreatitis � pancreatic fibrosis �
anticarbonic anhydrase II antibodies

Autoimmune pancreatitis (AIP) is a type of chronic
pancreatitis characterized by an autoimmune inflamma-
tory process in which lymphocyte infiltration associated
with pancreas fibrosis causes organ dysfunction. For
the past decades, various morphologic descriptions have
been proposed to characterize this disease: non-alcoholic
duct-destructive chronic pancreatitis, lymphoplasmacytic
sclerosing pancreatitis with cholangitis, pseudotumorous
pancreatitis, and recently, the term AIP has become widely
accepted (1), although it is apparent that AIP is a hetero-
geneous disease.

AIP is a rare disorder. Although there have been an
increase number of reports in the medical literature in the
past 10 years, the overall number of patients is still relatively
small. Although the incidence has yet to be determined (2),
three series have reported the prevalence of AIP as between 5
and 6% of all patients with chronic pancreatitis (3). Patients
varywidely in age; however,most are older than 50 years. The
disease is at least twice as common in men as in women (3).

Clinically, AIP can manifest as focal or diffuse enlarge-
ment of the pancreas with associated strictures of the
pancreato-biliary tree giving rise to symptoms including
abdominal pain, weight loss and obstructive jaundice, asso-
ciated with favourable response to corticosteroid treatment
(4) (Table 58.1). Serologically, elevation of IgG4 is the
most remarkable characteristic (5) (Table 58.2). Owing

TABLE 58.1. Clinical features.

Signs and symptoms Frequency

Painless jaundice 65% (3)

Non-specific mild abdominal pain 35% (3)

Weight loss 35% (3)

Associated diseases

Autoimmune disorders 12–50% (3)

Diabetes mellitus 42–76% (3)

Inflammatory bowel disease 17% (3)

Sjögren’s syndrome 25% (17)

Primary sclerosing cholangitis 13% (18)

Retroperitoneal fibrosis ? (19)

TABLE 58.2. Laboratory findings and serological markers.

Laboratory findings

Mild elevation in serum amylase or

lipase (<3 times)

87% (3)

Cholestasis profile >90% (3)

Hypergammaglobulinemia and/or

elevated IgG

37–76% (19)

Elevated IgG4 63%-70% (3, 13,14)

Autoantibodies 10–100% (3,19,20)

- Antinuclear antibodies 10–83%

- Antilactoferrin antibodies 76%

- Anticarbonic anhydrase II

antibodies

57–100%

- Rheumatoid factor 22–33%
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to its morphological characteristics, it can be extremely
difficult to distinguish from pancreatic carcinoma (6).
The absence of consistent and uniform criteria has made
comparison of different cases diagnosed under various
guidelines difficult.

Diagnostic Criteria

Although AIP is increasingly being recognized to be a
worldwide identity (7,8,9), the diagnosis is still challen-
ging. Many groups have accepted the diagnostic criteria
proposed by the Japan Pancreas Society (JPS), whereas
some groups have used their own criteria in reporting
AIP. This absence of integrated criteria makes it difficult
to compare studies from different centres, judge relevance
of comparisons and establish evidence about this
disorder.

This chapter will review the current sets of criteria from
three different groups: the JPS criteria (10), the Kim cri-
teria (11) and the HISORt criteria (12) from the Mayo
Clinic in the United States.

The JPS criteria, published in 2002, cover three proce-
dures: (a) pancreatic imaging, which shows diffuse narrow-
ing of themain pancreatic duct with irregular walls (>1/3 of
the length of the entire pancreas) and diffuse enlargement
of the pancreas; (b) laboratory data, which show elevated
levels of serum gammaglobulin and/or IgG, or the presence
of autoantibodies; and (c) histopathological findings,
which show marked lymphoplasmacytic infiltration and
fibrosis (Table 58.3). Radiological imaging is the essential
component of the JPS, usually requiring both an endo-
scopic retrograde cholangiopancreatography (ERCP) and
computed tomography (CT), associated with laboratory
or histopathological data. However, these criteria do not
include the response to steroids or the association with
other autoimmune disorders.

The Kim criteria involve four procedures: (a) imaging;
(b) laboratory findings; (c) histological findings; and
(d) response to steroids (Table 58.4). Similar to the JPS
criteria, imaging criterion must be present for diagnosis,

along with any one of the other criteria. One important
feature of these criteria is that a diagnosis of AIP can
be made with typical imaging findings and a response to
steroids.
The HISORt criteria consist of five categories: (a)

histology, (b) imaging, (c) serology, (d) the presence of
organ involvement, and (e) response to steroids (Table
58.5). One of the main features of the HISORt criteria is
the need for having tissue specimens, and in fact is the
only set of criteria that can establish the diagnosis of AIP
only by histological findings. Another particular char-
acteristic is that even when atypical imaging is present
(i.e. focal pancreatic mass, focal pancreatic duct stric-
ture), a case which responds to steroids can be diagnosed
as AIP. Finally, the presence of high serum IgG4 levels
as well as other organ involvement (biliary tract, paro-
tid/lacrimal glands, mediastinal lymphadenopathy, ret-
roperitoneal fibrosis) are also included in the diagnostic
criteria.

Comparison of Diagnostic Criteria

The imaging criterion is the cornerstone of both the Kim
and the JPS criteria, whereas the HISORt criteria empha-
size histological features (Table 58.6). For this reason, the
Kim and JPS criteria are considered to be more practical,
given the availability of pancreatic imaging in comparison
with pancreatic biopsy. The Kim and JPS criteria require
the performance of a CT scan and a direct pancreatogram
by means of ERCP. This last technique is not seen as
a problem, despite its invasivity, because most patients
with AIP show obstructive jaundice, and ERCP is usually
necessary (3). Although the role of magnetic resonance
cholangiopancreatography is not yet well established in
the diagnosis of AIP, it could constitute a valuable techni-
que to evaluate the pancreatic tree in cases where ERCP
is not mandatory. Both the Kim and the JPS imaging

TABLE 58.3. Japan Pancreas Society diagnostic criteria for

autoimmune pancreatitis.

Criteria Description

Imaging Diffuse or segmental narrowing of the main

pancreatic duct with irregular wall and diffuse or

localized enlargement of the pancreas

Laboratory

findings

High serum gammaglobulin, IgG or IgG4, or the

presence of autoantibodies

Histopathology Marked interlobular fibrosis and prominent

infiltration of lymphocytes and plasma cells

For a diagnosis: Criterion I must be present, together with criterion II

and/or III

TABLE 58.4. Kim diagnostic criteria for autoimmune

pancreatitis.

Diagnostic criteria Description

Criterion I. Pancreatic imaging

(essential)

1. Diffuse enlargement (swelling) of

the pancreas, and

2. diffuse or segmental irregular

narrowing of the main pancreatic

duct

Criterion II. Laboratory finding 1. Elevated levels of IgG or IgG4, or

2. detected autoantibodies

Criterion III. Histopathology Fibrosis and lymphoplasmacytic

infiltration

Criterion IV. Response to

steroid

For diagnosis, criterion I must be present, together with any of criterions

II to IV
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criterion concurs on the point that the typical features are a
diffuse enlargement of the pancreas and a diffuse segmen-

tal irregular narrowing of the main pancreatic duct (with a

difference in the extent of the main pancreatic duct invol-

vement necessary for diagnosis). In contrast, the HISORt

imaging criteria comprises typical and atypical features,
such as the focal type of AIP, the tumoral form resembling

a pancreatic mass, or even the presence of pancreatic cal-

cification or pancreas atrophy. This atypical imaging cri-

terion of the HISORt criteria may represent an attempt to

incorporate these different forms of AIP which are not

covered by the current Kim and JPS criteria.
Regarding the serological markers, the current JPS cri-

teria include measurements of serum gammaglobulin, IgG,

and autoantibodies. In contrast, the measurement of the

serum level of IgG4, a subtype of IgG, is used in the Kim

and HISORt criteria. The inclusion of serum IgG4 in the

serological criterion is based on reports demonstrating

the superior sensitivity of the serum IgG4 level, compared

with IgG or gammaglobulin level, for the diagnosis of AIP

(3, 13). The HISORt criteria rely exclusively on serum

IgG4 level alone as serological criteria. The basis of this

reliance on IgG4 levels is supported by a report stating that

the overall sensitivity of combined gammaglobulin, IgG

and autoantibodies was comparable to that of IgG4 alone.

However, the incidence of elevated serum IgG4 in AIP has

recently been reported to be around 70%, which is much

lower than the results of initial studies (90%) (14). More-

over, there is concern about the specificity of serum IgG4

levels. Elevated levels have been shown to be characteristic

of AIP, although mild elevations are seen in up to 10% of

subjects without AIP including pancreatic cancer (14). In
the Kim criteria, the rationale for the additional inclusion

of an autoantibody measurement is based on the improved

diagnostic sensitivity when using a combination of serum

TABLE 58.5. HISORt diagnostic criteria for autoimmune
pancreatitis.

Category Criteria

A. Histology 1. Diagnostic (any one)

- Pancreatic histology showing lymphoplasmacytic

sclerosing pancreatitis (LPSP).

- Lymphoplasmacytic infiltrate with abundant

(>10 cells/HPF) IgG4-positive cells in the

pancreas

2. Supportive (any one)

- Lymphoplasmacytic infiltrate with abundant

(>10 cells/HPF) IgG4-positive cells in the

involved extrapancreatic organ

- Lymphoplasmacytic infiltrate with fibrosis in the

pancreas

B. Imaging Typical imaging features

1. CT/MRI: diffusely enlarged gland with delayed

(rim) enhancement

2. ERCP: diffusely irregular and attenuated main

pancreatic duct

Atypical imaging features

- Pancreatitis, focal pancreatic mass, focal

pancreatic duct stricture, pancreatic atrophy,

pancreatic calcification.

C. Serology Elevated serum IgG4 level

D. Other organ

involvement

Hiliar/intrahepatic biliary strictures, persistent distal

biliary stricture, parotid/lacrimal gland

involvement, mediastinal lymphadenopathy,

retroperitoneal fibrosis.

E. Response to

steroid

therapy

Resolution/marked improvement of pancreatic/

extrapancreatic manifestation with steroid

therapy

Diagnosis 1. Group A, diagnostic histology alone

2. Group B, typical imaging features and elevated

serum IgG4.

3. Group C, unexplained pancreatic disease with

serology or other organ involvement and response

to steroid.

CT: computed tomography; MRI: magnetic resonance imaging; ERCP:

endoscopic retrograde cholangiopancreatography; HPF: high power

field.

TABLE 58.6. Comparison of each diagnostic criterion for autoimmune pancreatitis (6).

HISORt criteria JPS criteria Kim criteria

I. Imaging criterion - Not essential

- Typical and atypical features

- Essential

- Duct involvement of more than 1/3 of the

length of the main pancreatic duct

- Essential

- No lower limit to the extent of

duct involvement

II. Laboratory

criterion

- Elevated level of IgG4

- No measurement of

autoantibodies

- Elevated levels of serum gammaglobulin and/

or IgG, or autoantibodies detected

- Elevated levels of serum IgG or

IgG4, or autoantibodies detected

III. Histopathological

criterion

- Lymphoplasmacytic sclerosing

pancreatitis (LPSP)

- Immunostaining of IgG4-þ
plasma cells

- ‘‘Marked’’ lymphoplasmacytic infiltration

and fibrosis

- Lymphoplasmacytic infiltration

and fibrosis

IV. Response to steroid

therapy

Included Not included Included

V. Association with

other autoimmune

diseases

Included Not included Not included

Definite diagnosis Diagnosis from the histology

alone

Criterion I together with criterion II and/or III Criterion I and any of criteria II-IV
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immunoglobulin (IgG or IgG4) and autoantibody levels
(5). In conclusion, in the diagnosis of AIP, the simulta-

neous measurement of autoantibodies and serum immu-

noglobulin levels may play a complementary role.
Regarding the histological criteria, in the Kim and JPS

models, the characteristic features of AIP are fibrosis and

lymphoplasmacytic infiltration of the pancreas. These his-

tological features can be present in alcoholic chronic pan-
creatitis, and may not be specific to AIP (15). Therefore,

the diagnosis of AIP is not made from histological findings

alone, but can be made in combination with the imaging

criteria. In contrast, in the HISORt criteria, AIP can be

diagnosed on histological findings alone, where the pri-
mary histological finding is lymphoplasmacytic sclerosing

pancreatitis (LPSP), which is characterized by dense peri-

ductal lymphoplasmacytic infiltration, marked perilobular

and intralobular fibrosis and obliterative phlebitis, with

no features of chronic pancreatitis (duct dilatation,

stones). Despite the high specificity of LPSP, this criterion

has some limitations from a practical point of view. The

histological diagnosis of LPSP usually require larger speci-

mens (surgical resection) than the obtained by pancreatic

biopsy, and in addition, correct pathological diagnosis of
LPSP requires a skilled pathologist. Interestingly, in those

cases in which pancreatic resection is made without any

suspicious of AIP, it would be impossible to establish a

diagnosis of AIP based on both the Kim and the JPS

criteria (usual omission of direct pancreatogram and ser-
ological markers). However, the diagnosis is still possible

with the HISORt criteria, in which AIP can be diagnosed

with typical histology alone. In clinical practice, the role

of a histopathological examination of the pancreas in

patients with suspected AIP may help to exclude cancer

rather than to provide definitive evidence for a diagnosis

of AIP.
The response to oral steroids may provide evidence of

an underlying autoimmune disorder. The improvement of

pancreatic ductal stenosis by steroid administration may

be a unique and specific finding that cannot be seen in

other chronic pancreatitis or pancreatic cancer. More-

over, a marked improvement of pancreatic ductal narrow-

ing can be seen as early as 2weeks after the initiation of

treatment. So, steroid response can be used as a diagnostic

tool as well as therapeutic one. The JPS criteria are the

only criteria that do not include the response to steroid

therapy, probably owing to the possible improvement in

diffuse pancreatic swelling in patients with pancreatic

cancer when treated with steroids. When cancer is sus-

pected, there is also a concern about the delay in the
diagnosis of malignancy. Although pancreatic swelling

developed in cases with pancreatic cancer may improve

with treatment, pancreatic ductal narrowing associated

with ductal adenocarcinoma is not relieved even with

steroid therapy (6).

Treatment

Although the dramatic response to steroid is a well-known
phenomenon in AIP, a detailed steroid schedule has not
been not fully established currently (16). Prednisolone is
usually initiated at 30–40mg/day for 1–2months, and
tapered by 5mg every 2–4weeks. Some recommend a
maintenance dose of 5–10mg/day of prednisolone to pre-
vent relapses without complete discontinuation of therapy.
The response to therapy can be observed on imaging

studies within 2–4weeks of treatment (16). If follow-up
images do not reveal evident improvement, the diagnosis
of AIP should be revaluated and the possibility of explora-
tory laparotomy should be considered.
In patients with AIP, stents are usually inserted into the

bile duct to treat obstructive jaundice associated with ste-
nosis of intrapancreatic common bile duct. While stenosis
of common bile duct associated to other causes (chronic
pancreatitis, cancer) show poor response to endoscopic
intervention, patients with AIP show resolution of the
bile duct stenosis and allows the biliary prosthesis to be
removed within a couple of months.
Finally, laboratory findings also improve with steroid

therapy, with normalization of serum IgG, IgG4 and auto-
antibodies (13, 16).

Conclusion

Although AIP is a rare disorder, an integrated diagnostic
set of criteria is strongly needed so that more patients can
have the opportunity to receive medical treatment which
can avoid any unnecessary invasive procedure.
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59
Autoimmune Gastritis

Ban-Hock Toh, Senga Whittingham and Frank Alderuccio

Abstract Autoimmune gastritis is a chronic gastritis that may remain asymptomatic for many years before progression
to gastric atrophy, depletion of stocks of vitamin B12 with clinical manifestations of pernicious anemia. Autoantibodies to
gastric parietal cells, the molecular target of which is the gastric H/KATPase, is the simplest screening test for autoimmune
gastritis. Intrinsic factor autoantibodies, the second autoantibody test, typically segregate with the development of
pernicious anemia; these antibodies have two actions – inhibition of vitamin B12 binding with intrinsic factor in the
stomach and prevention of its transport into the body via the terminal ileum. Autoantibodies to gastric parietal cells and
to intrinsic factor are present in 90 and 70%, respectively, of patients with pernicious anemia. As the gastritis evolves, the
histology of the stomach shows increasing infiltration by lymphocytes accompanied by increasing destruction of parietal
cells and zymogenic cells until the loss of mature cells is complete, the mucosa is atrophic, and there is intestinal metaplasia.
This histologic evolution is accompanied by biochemical changes: loss of acid, depletion of pepsinogen I, and increased
secretion of gastrin by the gastric antrum. Finally, when the stocks of vitamin B12 are exhausted, clinical and hematologic
signs of megaloblastic anemia and its complications become evident. Although immunosuppressive drugs will check the
autoimmune reaction allowing maturation of gastric parietal cells, the preferred treatment is vitamin B12 replacement.

Keywords Autoimmune gastritis � parietal cell � gastric H/K ATPase � intrinsic factor

Pernicious anemia is the most common cause of vitamin
B12 (cobalamin) deficiency that affects about 2% of persons
who are more than 60 years old (1, 2, 3). It is the end-stage
of autoimmune gastritis characterized by the loss of gastric
parietal cells and zymogenic cells from the gastric mucosa.
The loss of intrinsic factor-secreting parietal cells and the
associated inhibitory antibodies to intrinsic factor in the
gastric juice leads to vitamin B12 malabsorption and mega-
loblastic anemia. Whereas earlier studies suggested that the
disease is restricted to Northern Europeans, later studies
reported the disease in black and Latin-American subjects,
andmore recently in Chinese subjects (4). Although silent for
20–30 years until the end stage, the underlying gastritis can be
predictedmany years before anemia develops by the presence
of circulating autoantibodies to gastric parietal cells.

History

Thomas Addison first described the clinical features of
pernicious anemia (1849), whereas Austin Flint later
linked the anemia to disease of the stomach (1860). An

‘‘extrinsic factor’’ (later identified as vitamin B12) was
implicated by Castle (1953) following the earlier obser-
vation by Minot and Murphy (1926) that feeding with
cooked liver cured the anemia. The discovery of autoanti-
body markers of the disease (circulating parietal cell and
intrinsic factor antibodies) laid the groundwork for the
underlying pathogenesis of autoimmune gastritis.

Pathogenesis

The gastric H/K ATPase (‘‘proton pump’’) is the molecular
target of the humoral and cellular immune response in
autoimmune gastritis (Figure 59.1). Autoantibodies to the
gastric parietal cells bind to the 100-kD catalytic (a) subunit
and the 60- to 90-kD glycoprotein (b) subunit of the
H/K–ATPase. Studies of human autoimmune gastritis and
of mouse models (5) have led to our current understanding
of the destructive role of gastric H/K ATPase-specific Th1
CD4 T cells in the genesis of the gastritis and of the protec-
tive role of Foxp3-expressing CD4 CD25 regulatory T cells.
The accompanying loss of zymogenic cells has been
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attributed to arrested maturation of a mucosa that is
attempting to regenerate following a Fas-dependent auto-
immune attack on parietal cells. How tolerance to the gastric
H/K ATPase and to gastric intrinsic factor is lost remains
enigmatic. The gastric mucosal pathogen Helicobacter
pylori induces autoantibodies directed against gastric
H/K-ATPase in 20–30% of infected patients (6). The pre-
sence of these autoantibodies is associated with the severity
of gastritis, increased atrophy, and apoptosis in the corpus
mucosa, and patients with these autoantibodies who are
infected with H. pylori display histopathological and clin-
ical features that are similar to those of autoimmune gas-
tritis. T-cell cross-reactivity between H/K ATPase and
H. pylori has also been demonstrated with T-cell epitopes
on the H/K ATPase in a mouse model overlapping corre-
sponding epitopes identified in humans. HLA-DRmolecules
of an infected individual have been implicated in this
cross-reactive recognition (7). The observation that mRNA
expression levels of H/K-ATPase in the gastric mucosa
increased 250-fold after H. pylori eradication (8) raises the
prospect of an increased antigenic load that could favor
either tolerance or autoimmunity. However, a role for
H. pylori, invoking molecular mimicry to the gastric H/K
ATPase, in the genesis of human autoimmune gastritis that
leads to end-stage pernicious anemia requires long-term
longitudinal studies of progression from asymptomatic auto-
immune gastritis to overt pernicious anemia for substantia-
tion. It seems likely that H. pylori is infrequently found in
pernicious anemia because the development of atrophic
body gastritis destroys its niche in the gastric antrum.

Clinical Manifestations

The median age at diagnosis is 60 years with slightly more
women affected than men. The main clinical features at
presentation are listed in Table 59.1. The usual presentation
is with symptoms of anemia. Vitamin B12 deficiency results
in atrophic glossitis and megaloblastosis of small intestinal
epithelial cells that result in malabsorption accompanied
by diarrhea. Neurologic complications include peripheral
neuropathy and lesions in the postero-lateral columns of
the spinal cord (subacute combined degeneration) and in
the cerebrum (megaloblastic madness) that progress from
demyelination to axonal degeneration and neuronal death.
These neurologic complications arise because of the fun-
damental role of vitamin B12 in central nervous system
(CNS) function at all ages, especially the methionine-
synthase-mediated conversion of homocysteine to methio-
nine essential for nucleotide synthesis and for genomic
and non-genomic methylation (9). Complications affecting
the CNS are now seldom seen because they occur at the
end stage of vitamin B12 deficiency. Intestinal metaplasia
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FIGURE 59.1. Gastric parietal cell H/K ATPase as the molecu-

lar target in autoimmune gastritis associated with pernicious

anemia. The top panel represents a gastric gland, showing the

location of parietal cells in relation to zymogenic cells, imma-

ture cells, and surface mucous cells. The middle panel represents

a stimulated gastric parietal cell, showing the lining membrane

of the secretory canaliculus on which gastric Hþ/Kþ ATPase is

located. The bottom panel represents the catalytic a and glyco-

protein b subunits of gastric Hþ/Kþ ATPase, showing their

orientation in the lining membrane of the secretory canaliculus

of the parietal cell. ‘‘N’’ denotes the N-terminal of protein and

‘‘C’’ the C-terminal of protein [Reprinted with permission from

Toh et al. (1)].
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in the gastric mucosa is a risk factor for adenocarcinoma
development. There is a 3-fold excess risk of gastric carci-
noma and a 13-fold excess risk for gastric carcinoid tumors
associated with the hypergastrinemia consequent to achlor-
hydria. The prevalence of gastric adenocarcinoma in
patients with pernicious anemia is 1–3%, whereas 2% of
patients with gastric adenocarcinoma have pernicious ane-
mia. Gastric cancer also develops in the context of infection
with H. pylori, which infects 50% of the world’s popula-
tion and is responsible for inducing chronic gastric inflam-
mation that progresses to atrophy, metaplasia, dysplasia,
and gastric cancer (10).

Predisposing Genetic Factors

A genetic predisposition to pernicious anemia is suggested
by clustering of the disease and of gastric autoantibodies
in families, and by its association with the autoimmune
endocrinopathies. About 20% of the relatives of patients
with pernicious anemia have the disease. These relatives,
especially first-degree female relatives, also have a higher
frequency of gastric autoantibodies than normal subjects.
Disease concordance has been observed in 12 sets of mono-
zygotic twins. Evidence of an association between pernicious
anemia and particular molecules of the major histocom-
patibility complex is weak, but earlier studies distinguished
between patients with pernicious anemia and those with
pernicious anemia and other autoimmune endocrinopathies.
A candidate gene NALP that encodes NACHT leucine-
rich-repeat protein 1, a regulator of the innate immune
system on chromosome 17p13, has been identified in vitiligo-
associated multiple autoimmune diseases (11). The group
includes various combinations of generalized vitiligo with
organ-specific autoimmune diseases such thyroid disease,
latent autoimmune diabetes in adults, pernicious anemia,
and Addison’s disease as well as systemic autoimmune
diseases such as rheumatoid arthritis, systemic lupus
erythematosus, and psoriasis. NALP1 is thought to acti-
vate the innate immune system in response to bacterial
pathogen-associated molecular patterns. It is widely
expressed at low levels but at high levels in immune
cells, particularly T cells and recruits adapter proteins
to a complex termed the NALP1 inflammasome that

activates the proinflammatory cytokine interleukin-1b
(11, 12). Pernicious anemia is a feature of autoimmune
polyendocrinopathy syndrome type 1 arising from muta-
tions of the autoimmune regulatory (AIRE) gene (13).

Association with other Autoimmune
Diseases

Pernicious anemiamay be associated with the autoimmune
endocrinopathies including particularly autoimmune thyr-
oiditis, type 1 diabetes mellitus, and more rarely primary
Addison’s disease, primary ovarian failure and primary
hypoparathyroidism. Pernicious anemia is also associated
with the antireceptor autoimmune diseases that include
Graves’ disease, myasthenia gravis, and the Lambert–
Eaton syndrome.

Pathologic Features

Autoimmune gastritis is manifest pathologically as type
A chronic atrophic gastritis that affects the parietal cell-
containing fundus and body of the stomach with sparing
of the gastric antrum. It is distinguished from type B
chronic atrophic gastritis that typically starts in the
antrum and is associated with H pylori infection and
low concentrations of serum gastrin concentrations that
follow destruction of the gastrin-producing cells asso-
ciated with the antral gastritis. Autoimmune gastritis is
characterized histologically by a mononuclear cellular
infiltrate in the submucosa that extends into the lamina
propria between the gastric glands accompanied by
degeneration of mature parietal cells and zymogenic
cells. In the established lesion, there is marked reduction
in the number of gastric glands, and the parietal cells
and zymogenic cells are lost from the gastric mucosa
and replaced by mucus-containing cells (intestinal meta-
plasia). A long-term study over 6–7 years reported that
atrophic gastritis and intestinal metaplasia of the fundus
and body are lesions that persist due to ongoing auto-
immunity irrespective of the presence or absence of
H.pylori infection (14). Progression of the histological
appearance of autoimmune gastritis is summarized in
Table 59.2.

TABLE 59.1. Symptoms and signs of pernicious anemia at
presentation.

1. Pallor and fatigue due to anemia

2. Loss of appetite and a sore, smooth, and red tongue due to atrophic

glossitis

3. Diarrhea due to malabsorption of vitamin B12 and intestinal changes

4. Peripheral numbness, muscle wasting, diminished tendon reflexes, loss

of perception to light touch and vibration, and spastic ataxia due

to peripheral neuropathy and subacute combined degeneration of the

spinal cord

TABLE 59.2. Histologic stages of progression of autoimmune

gastritis.

1. Lymphocytic infiltration of the gastric mucosa, arising in the

submucosa and extending into the mucosa

2. Degeneration of mature gastric parietal and zymogenic cells

3. Gastric atrophy with loss of gastric parietal and zymogenic cells and

their replacement by cells with an intestinal phenotype (intestinal

metaplasia)
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Serologic Features

Serum antibodies to gastric parietal cells and to intrinsic

factor remain the mainstay for the serologic diagnosis of

autoimmune gastritis and pernicious anemia. Parietal cell

autoantibodies directed against the gastric H/K ATPase

are diagnostic of asymptomatic autoimmune gastritis.

Found in about 90% of patients with pernicious anemia

and in about 30% of first-degree relatives of patients

with pernicious anemia and in patients with autoimmune

endocrinopathies, they reflect the underlying presence of

autoimmune gastritis. In normal subjects there is an age-

related increase in the prevalence of parietal-cell autoanti-

bodies, from 2.5% in the third decade to 9.6% in the eighth

decade. Two specificities of intrinsic factor antibodies have

been identified; one reacts with the vitamin B12 binding site

and the other impedes transport of vitamin B12 through the

mucosa of the terminal ileum. Thus, these two specificities

play a major role in the malabsorption of vitamin B12 and
the development of pernicious anemia. They are detected

in about 70% of patients with pernicious anemia. The

serology together with the features of pernicious anemia

is summarized in Table 59.3.

Hematologic Features

The hematologic features are those of low serum vita-

min B12 levels and of megaloblastic anemia character-

ized by peripheral blood features of macrocytosis,

hypersegmented polymorphonuclear leukocytes, ane-

mia, leukopenia, thrombocytopenia, or pancytopenia.

Bone marrow typically reveals megaloblasts and large

myeloid precursors.
A Schilling test, now outmoded but an excellent diag-

nostic test, will confirm that the vitamin B12 deficiency

is the result of intestinal malabsorption due to intrinsic-

factor deficiency. The low urinary excretion of orally

administered vitamin B12 is increased when vitamin B12 is
administered with intrinsic factor.

Biochemical Features

Hypo- or achlorhydria is indicative of destruction of the
acid-producing gastric parietal cells. Total (pentagastrin-
resistant) achlorhydria is diagnostic of pernicious anemia
because it is the only gastric lesion that results in achlorhy-
dria. A magnesium hydrogen breath test to assess achlor-
hydria avoids the need for intubation (15). A low serum
pepsinogen I concentration reflects the destruction of
zymogenic cells. Hypergastrinemia is the result of sparing
of the antrum from the autoimmune reaction and stimula-
tion of the gastrin-producing G cells by the loss of acid-
producing gastric parietal cells.

Gastric Biopsy

The presence of type A chronic atrophic gastritis can be
confirmed by gastric biopsy.

Diagnostic Criteria

There are no internationally accepted criteria for the diag-
nosis of either autoimmune gastritis or pernicious anemia.
For autoimmune gastritis in asymptomatic subjects, we
suggest that the presence of parietal autoantibody is diag-
nostic of the underlying gastric pathology. For pernicious
anemia, we suggest fulfilment of minimum criteria listed in
Table 59.4.

Prognosis

The prognosis of asymptomatic subjects with parietal cell
autoantibody-positive autoimmune gastritis is unknown.
Given that the latent period is unusually long, sometimes
20–30 years or more between the onset of asymptomatic
autoimmune gastritis and end-stage pernicious anemia,
these patients should be subjected to regular review of
their serologic and hematologic status.

TABLE 59.3. Hematology, biochemistry, serology, and pathol-

ogy of pernicious anemia.

1. Hematology: Megaloblastic anemia characterized by macrocytes,

poikylocytes, hypersegmented polymorphonuclear leukocytes,

leukopenia, and thrombocytopenia in a peripheral blood film and

megaloblasts in a bone marrow smear. Low serum levels of vitamin B12

with normal folic acid levels. Impaired urinary excretion of vitamin B12

due to its malabsorption measured by Schilling test

2. Biochemistry: Achlorhydria, low levels of serum pepsinogen I, and high

levels of serum gastrin

3. Serology: Parietal cell antibody, intrinsic factor antibodies

4. Histopathology on gastric biopsy: Type A chronic atrophic gastritis

affecting the fundus and body of the stomach with sparing of the

antrum

TABLE 59.4. Minimum diagnostic criteria for pernicious anemia.

1. Parietal cell and/or intrinsic factor antibodies

2. Anemia, macrocytosis

3. Low serum levels of vitamin B12

4. Hypergastrinemia and/or low serum pepsinogen I
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In the case of pernicious anemia, provided the diagnosis
is firmly established and vitamin B12 replacement therapy

commenced before the onset of neurologic complications,

the prognosis is good. However, patients and particularly

young patients with autoimmune gastritis and pernicious

anemia should be monitored by regular gastroscopy exam-

ination for development of gastric adenocarcinoma and
gastric carcinoids even though the risk is small.

Prediction

As parietal cell antibodies are diagnostic of asymptomatic

autoimmune gastritis, these antibodies may predict the

subsequent development of pernicious anemia. However,
it is not known whether the gastric pathology of asympto-

matic subjects with parietal cell antibody will progress to

the stage of total exhaustion of gastric parietal cells to lead

to pernicious anemia in the lifetime of the patient.Whether

or not the autoimmune process proceeds to this end-stage
depends on a number of checks and balances including

genetic predisposition to disease and regulation of the

autoimmune response through the T-lymphocyte com-

partment of the immune system and possibly diet.
Although intrinsic factor antibodies typically segre-

gate with overt pernicious anemia, they have also been
reported in asymptomatic subjects together with parietal

cell antibody.
Early abnormalities of gastric function identified as low

acid secretion assessed by the magnesium hydrogen breath

test, low serum pepsinogen I concentration, and hypergas-

trinemia (15) were reported in parietal cell antibody-positive

first-degree relatives of patients with pernicious anemia
with low serum levels of vitamin B12 (16).

Iron deficiency arising as a result of reduced iron

absorption due to decreased acid secretion may precede

the development of pernicious anemia (17, 18). This has

been attributed to the requirement of gastric acid to reduce

iron from its ferric to ferrous form for its absorption.

Autoimmune gastritis, defined as hypergastrinemia with

parietal cell antibody, was encountered in 20–27% of

patients with obscure or refractory iron deficiency anemia

and is four to six times more common than celiac disease
causing unexplained iron deficiency. The unique clinical

features of the iron deficiency anemia was first described

by Faber and others over 100 years ago (19), including

refractoriness to oral iron treatment, female predomi-

nance, relatively young age, increased prevalence of thyr-

oid disease, and tendency to progress to pernicious

anemia. Obscure iron deficiency in young women may

therefore be a predictor of the development of pernicious
anemia. Iron deficiency has also be reported to occur fre-
quently in patients with pernicious anemia (20).

In patients with type 1 diabetes, serum pepsinogen I and
elevated levels of serum gastrin and parietal cell antibody
were identified as early markers of pernicious anemia (21).
The highest parietal cell antibody titers (�1:640) identified
patients with significantly higher levels of plasma gastrin
and lower levels of pepsinogen I. It has been estimated that
among patients with type 1 diabetes mellitus about 25%
are at risk of developing gastric autoimmunity (22).
In a study of patients with autoimmune thyroid disease,

high serum gastrin levels in parietal cell antibody-positive
patients with low vitamin B12 was identified in 31% of
patients (23); atrophic gastritis was confirmed by biopsy
in a subset of these patients. This study suggests that the
occurrence of autoimmune thyroid disease may be a pre-
dictor of the associated disease of pernicious anemia. Simi-
larly, in a study of children with autoimmune thyroid
disease, 30% had detectable parietal cell antibody and
hypergastrinemia was found in 45% of the parietal cell
antibody-positive children showing that autoimmune gas-
tritis is an early event in juvenile autoimmune thyroid
disease and that elevated gastrin levels is a reliable marker
of gastric atrophy (24).
Table 59.5 summarizes markers that may predict pro-

gression from asymptomatic autoimmune gastritis to per-
nicious anemia, and Table 59.6 summarizes indications for
screening for autoimmune gastritis and pernicious anemia.

Therapy: Oral Versus Intramuscular
Injection of Vitamin B12

Although immunosuppressive drugs will check the autoim-
mune reaction allowing maturation of gastric parietal cells,
the preferred treatment is vitamin B12 replacement. The
standard treatment is monthly intramuscular injections of
at least 100 mg of vitaminB12 to correct the vitamin deficiency
and the complications particularly neurologic complications.
There is recent interest in oral treatment with vitamin B12 on
the grounds that about 1% of the vitamin is absorbed by
mass action in the absence of intrinsic factor. The evidence
derived from limited studies of randomized controlled trials

TABLE 59.5. Markers of progression from parietal cell-positive
autoimmune gastritis to pernicious anemia.

1. Hypergastrinemia

2. Low serum pepsinogen I

3. Hypo- or achlorhydria

TABLE 59.6. Indications for screening for autoimmune gastritis

and pernicious anemia.

1. First-degree relatives of patients with pernicious anemia

2. Autoimmune thyroid disease

3. Type 1 diabetes
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comparing the effectiveness of oral versus intramuscular
vitamin B12 to treat vitamin B12 deficiency suggests that

2000mg doses of oral vitamin B12 daily and 1000mg doses

initially daily and thereafterweekly and thenmonthlymay be

as effective as intramuscular administration in obtaining

short-term hematologic and neurologic responses in vitamin
B12-deficient patients (25). The survey supports the report of

a previous study that showed that patients that received

1000mg of oral vitamin B12 daily for up to 18 months main-

tained satisfactory serum B12 levels and showed normal

hematology and neurology (26). These latter findings of res-

ponse to oral vitamin B12 treatment are entirely con-

sistent with the original report of a curative response

following the feeding of patients with cooked liver (contain-

ing vitamin B12) as reported by Minot and Murphy in 1926

(27), a discovery that led to the award of aNobel prize shared

with Whipple.
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60
Ulcerative Colitis

Karsten Conrad and Martin W. Laass

Abstract Ulcerative colitis (UC) is a chronic relapsing–remitting inflammatory bowel disease (IBD) characterized by
mucosal ulceration, rectal bleeding, diarrhea, and abdominal pain. In contrast to Crohn’s disease (CD), UC is restricted
to the colon and the inflammation is limited to themucosal layer. Classic UC begins in the rectum and affects the colon in
a retrograde fashion. Dependent on the anatomic extent of involvement, patients can be classified as having proctitis,
left-sided colitis, or pancolitis. Inflammatory arthropathies and primary sclerosing cholangitis (PSC) are the most
common and clinically most important extraintestinal manifestations in UC patients. The etiopathogenesis of UC is
incompletely understood, but immune-mediated mechanisms involving specific T-cell subsets are responsible in geneti-
cally predisposed individuals for dysregulated immune responses against intraluminal (bacterial) antigens. The diagnosis
is based on history, clinical, endoscopical, and histological features (presence of architectural distortion, e.g., transmural
or superficial patchy infiltration, and/or acute inflammatory cells). Autoantibodies [antineutrophil cytoplasmic anti-
bodies (ANCAs) and goblet cell autoantibodies (GABs)] may be helpful in the early diagnosis of UC and in differentiat-
ing it from CD.

Keywords Ulcerative colitis � primary sclerosing cholangitis � ANCA

Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) of unknown etiology characterized bymuco-
sal ulceration, rectal bleeding, diarrhea, and abdominal
pain. In contrast to Crohn’s disease (CD), UC is restricted
to the colon and the inflammation is limited to the mucosal
layer.

Epidemiology

The UC is a worldwide distributed disease with differences
in its frequency in dependence on ethnical background and
geographic localization. Prevalence rates for UC range
from 90 to 220 per 100,000 population in Northern Europe
and Northern America (1). UC is three to five times more
prevalent in Jewish people. Among Caucasians, the annual
incidence fluctuates between 3 and 15 per 100,000 popula-
tion (2, 3). The disease is less common in Eastern and
Southern Europe, and at least 10 times less common in
Asian, African, andOriental populations. Rising incidence
and prevalence have also been shown for these ethnic
groups, suggesting additional environmental and lifestyle
effects on the pathogenesis of UC (4).

UC is slightly more common in men than in women.
Any age group from infants to the elderly can be affected,
but the peak age of onset is between 15 and 30 years with a
second but smaller peak between 50 and 70 years (4). It is
estimated that 20–30% of patients with UC and CD have
the onset of their symptoms below the age of 18 years,
although diagnosis is often delayed.

History

Descriptions of bloody diarrhea and dysentery date back to
antiquity. The first report suggesting that patients were dying
fromUCwas published in 1793 (Matthew Baillies’s ‘‘Morbid
Anatomy of Some of the Most Important Parts of the
Human Body’’). After the first case report of a ‘‘simple
ulcerative colitis’’ in 1859 by Samuel Wilks from Guy’s
Hospital (London), the disease was described in greater
detail in 1875 by S. Wilks and W. Moxon and in 1909 by
H.P. Hawkins. In 1935, Hurst described the UC with its
typical sigmoid endoscopical changes. He considered this
disease as infectious dysenteria that secondary develops
into chronic disease due to additional factors (5). An

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_60,

� 2008 Humana Press, Totowa, NJ
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involvement of immune mechanisms in the pathogenesis of
UC was suggested since the 1960 s by clinical features, ther-
apeutic efficacy of immunosuppressive drugs, histopatholo-
gical findings, studies on animal models, and the detection of
anticolon antibodies (5). Recently, UC is regarded as an
inflammatory disease with increased responsiveness of the
gut mucosal immune system involving T-cell subsets in
genetically susceptible individuals. It belongs to the group
of chronic IBD (see also Chapter ‘‘Crohn’s Disease’’).

Pathogenesis

Although autoimmune reactions occur, UC does not fulfil
the criteria for a classical autoimmune disease. UC can be
considered as an immune-mediated disorder that develops
in genetically predisposed individuals because of dysregu-
lated immune responses against intraluminal (bacterial)
antigens. The mechanisms of the development of those
aberrant reactivities and of the dysregulated activation of
immunologic effector pathways and the subsequent tissue
injury as well as the triggering genetic and environmental
factors are intensively studied (6, 7). Recently, UC has
been defined as an atypical Th2 response mediated by
CD1d-restricted NKT cells that produce high levels of
IL-13 (8). Furthermore, studies on animal models of colitis
suggest an important role of the Th17 pathway in chronic
intestinal inflammation (7). The activation of T cells by
bacterial superantigens might lead to a dysregulated, but
intense immune activity causing the remission and flare-up
cycle of mucosal inflammation in patients with UC (9).
The elucidation of abnormal immune mechanisms in UC
will facilitate the development of novel therapeutic options
with greater efficacy.

Approximately 5–10% of all patients with IBD have a
positive family history, which is considered the greatest
risk factor for developing IBD. The concordance rate for
UC in monozygotic twins is 10% and in dizygotic twins
3%, demonstrating genetic contribution to UC (10). For
IBD nine susceptibility loci (designed IBD1–IBD9) have
been described. Most of them are CD associated, but
IBD2 on chromosome 12q14 and IBD3 encompassing
the HLA region on chromosome 6p have been identified
as susceptibility regions for UC (11). In contrast to CD,
where smoking is a strong independent risk factor, smok-
ing is associated with less severe course of UC.

Clinical Manifestations

UC is characterized by perianal bleeding, diarrhea with
small voluminousmucous-bloody stool, abdominal cramps,
and fatigue (12). UCalways involves the rectum and extends
proximally to involve a variable amount of the colon
(Table 60.1). Although by definition UC is restricted to the

colon, nonspecific mucosal inflammation in the terminal

ileum (‘‘backwash ileitis’’) may be found. The involvement
of the upper gastrointestinal tract is a controversial issue

especially in the pediatric population with UC. In contrast

to adults, pancolitis in children with UC is more common

with rates between 60 and 90%. The clinical picture mainly

depends on the extent of bowel involvement, disease activ-

ity, and extraintestinal manifestations and complications
(Tables 60.1 and 60.2). Inflammatory arthropathies and

primary sclerosing cholangitis (PSC) are the most common

and clinically most important extraintestinal manifestations

in UC patients. PSC is diagnosed in about 2–10% of UC

patients.

TABLE 60.1. Ulcerative colitis (UC) types according to the loca-
lization of the inflammation, and symptoms and signs of UC at

presentation.

Prevalence at

presentation (%)

Type of UC

Proctitis/proctosigmoiditis 40–50

Left-side colitis (up to flexura sinistra) 30–40

Pancolitis (in rare cases with additional

backwash ileitis)

25–30

Symptoms and signs

Diarrhea 70–90

Abdominal pain 30–70

Weight loss 35–45

Rectal bleeding 50–90

Growth impairment in children 5

Extraintestinal manifestation 2–15

TABLE 60.2. Extraintestinal manifestations of ulcerative colitis

(UC).

Manifestationa

Musculoskeletal l Peripheral arthropathy: colitic type of

arthritisb (10%; 15–20% of active UC );

symmetrical polyarthritis of small joints
l Ankylosing spondylitisc (1–26%)/sacroiliitis

(up to 24%), enthesopathy (4%)

Skin l Erythema nodosumb,c (up to 19%)
l Pyoderma gangrenosum (0.5–2%)

Ophthalmologic l Episcleritisb (1.5–4%)
l Uveitis

Hepatobiliary l Primary sclerosing cholangitis (PSC)

(2–10%)
l Autoimmune hepatitis (AIH), rare (often

PSC/AIH overlap)

Growth and

development in

children

l Delayed puberty
l Delayed growth

aManifestations that seem to be connected with UC because of clinical

associations or pathological mechanisms. Not included: extraintestinal

concomitantmanifestations (nephrolithiasis, cholelithiasis) and non-disease

specific complications (osteoporosis, thromboembolic manifestations).
bAssociated with disease activity.
cMay precede bowel symptoms.
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Pathological Features

Pathological features are listed in Table 60.4. Histologically,
UC is characterized by diffuse inflammatory cell infiltration
of the mucosa and a reduction in mucus-secreting goblet
cells. Furthermore, the regular arrangement of glandular
crypts is disrupted.

Laboratory Features

Laboratory features are no disease-specific markers. They
are determined to detect inflammatory processes or defi-
ciencies due to malnutrition and may help to assess disease
activity and course as well as complications. The main
laboratory abnormalities observed in UC are summarized
in Table 60.3.

Serological Features

Several autoantibody specificities have been described
in sera of UC patients (Table 60.3). Currently, atypical
antineutrophil cytoplasmic antibodies (ANCAs) and
anti-intestinal goblet cell autoantibodies (GABs) are used
as diagnostic parameters.

ANCAs

ANCAs (pANCA, xANCA, atypical ANCA) that are
different from the vasculitis-associated ANCA can be
found in 50–70%ofUC patients. They are not UC-specific

because they are also detectable in patients with various
immune-mediated diseases including CD (5–25%), PSC
(up to 88%), and autoimmune hepatitis (up to 81%).
A positive ANCA and a negative test for antibodies
against mannan of Saccharomyces cerevisiae (ASCA) or
antigens of exocrine pancreas (PAB) indicate that UC is
more likely than CD(13). Although several autoantibodies
that are directed against granulocyte antigens such as
lactoferrin, bactericidal permeability increasing protein
(BPI), cathepsin G, lysozyme, b-glucuronidase, catalase,
a-enolase, high-mobility group (HMG) nonhistone chro-
mosomal proteins (HMG-1 and HMG-2), and nuclear
envelope-associated proteins have been found in UC
patients in varying frequencies (2–57%), the exact target
antigen(s) of UC-associated ANCA are not known (14).
Hence, indirect immunofluorescence (IIF) on human
neutrophils is the only widely available detection method.
The presence of ANCA detected by IIF or of individual
target antigens detected by specific immunoassays does
not correlate with activity, extent, or duration of the
disease.

GABs

GABs are directed against a component of a mucin pro-
duced by intestinal goblet cells. They are detectable by IIF
on intestinal tissues or cancer cells which were differen-
tiated into goblet cells or by immunoassays (ELISA, Wes-
tern blot) using purified mucin prepared from human
intestinal tissue. GABs are strongly associated with the
presence of IBD. In most studies, GAB is found to occur
in 15–28% of patients with UC, whereas the occurrence of
GAB is very rare in sera from patients with other intestinal
diseases (including CD) as well as other organ specific or
systemic diseases and healthy controls. GAB can also be
found in rare cases of a variant form of autoimmune
enteropathy with depletion of goblet cells. If the autoanti-
genic targets used for testing are properly chosen and
prepared, GABs are highly specific (pathognomonic) for
UC (15).
Besides ANCA and GAB other autoantibodies with

probable clinical and/or pathogenic relevance have been
described. The earliest indication of autoimmunity was the
detection of antibodies against colonic epithelial cells. The
human tropomyosin isotype 5 (hTM5) is likely to be an
autoantigen of the anticolon reactivities because it is
expressed on the surface of colonic but not small bowel
enterocytes, and its expression is upregulated in the colon
epithelium of patients with UC. Autoreactive B- and T-cell
responses against hTM5 and a positive correlation of UC
activity and anti-hT5 autoantibody responses have been
detected. Furthermore, hTM5-specific IgG autoantibodies
present in UC sera were able to destroy colonic cells by
antibody and complement-mediated lysis suggesting a
pathogenic role of these autoantibodies (16).

TABLE 60.3. Biochemical and serological features of ulcerative

colitis (UC).

Biochemical feature Changes

Erythrocyte sedimentation rate

(ESR)

"

Thrombocytes "
Mean red cell volume ###
Albumin #
CRP "/""
Fecal calprotectin """
Autoantibodies Frequencies and relevance

Atypical ANCAs 50–70%

GABs 15–28%

Diagnostic marker of UC

(specificity up to 100%)

Tropomyosin isotype 5 64%

Associated with disease activity

HMG-1/HMG-2 32–33%

Seem to be associated with disease

activity

ANCA, antineutrophil cytoplasmic antibody; CRP, C-reactive protein;

GAB, goblet cell autoantibody; HMG, high-mobility group.

The semiquantitative ("") system indicates the extent of the observed

abnormalities.
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Diagnostic Criteria

UC is primarily a clinical diagnosis, confirmed by patho-

morphological, histological, and autoantibody findings.

There are several definitions or criteria used to classify

patients as having UC (17). The epidemiological diagno-

sis of UC relies on the presence of (a) bloody diarrhea

with negative stool cultures and (b) endoscopic evidence

of diffuse continuous mucosal inflammation involving

the rectum and extending to a point more proximal in

the colon. The presence of ‘‘backwash ileitis’’ does not

exclude a diagnosis of UC. The most important diagnos-

tic criteria are listed in Table 60.4. There are several UC

activity indices (e.g., modified Truelove and Witts sever-

ity index or more recently the Mayo score) for classifica-

tion and prognosis of UC, but none has been validated

either in adults or in pediatric clinical trails. For clinical
practice it is sufficient to describe disease activity as mild
(up to four bloody stools per day), moderate (four to six
bloody stools per day and minimal toxicity), or severe
(more than six stools per day and signs of toxicity, such
as fever, tachycardia). In fulminant colitis as the most
severe form, there are more than 10 bloody stools per day
with anemia requiring blood transfusion and colonic dila-
tion on plain abdominal radiographs as a sign of toxic
megacolon.

Prognosis

In general, life expectancy in UC patients seems to be
normal (18). Ten years after diagnosis of UC, about one
quarter of patients had undergone proctocolectomy. Most
of the patients have an intermittent course with intermit-
tent relapses. Patients with UC have an increased risk of
developing malignancies especially colorectal cancer. Sur-
veillance colonoscopy should be performed in UC patients
yearly starting 10 years after diagnosis as cancer risk
increases with duration of colitis. Patients with PSC have
an additional predisposition for cholangiocarcinoma with
prevalence ranges from 6 to 36% and an estimated annual
incidence of 0.5–1%. The long-term use of aminosalicy-
lates is lowering the risk of colorectal cancer.

Prediction

The strongest risk factor forUC is having a relativewith the
disease. The presence ofANCA,GAB, or hTM5 antibodies
in unaffected family members could reflect a genetic and/or
environmental factor predisposing to disease or could also
be indicative of presymptomatic disease (14, 15, 16). In
25% of patients with UC, ANCAs were found to be posi-
tive before disease manifestation (19). Further studies are
necessary to evaluate the exact predictive value of these
UC-associated autoantibodies.

Therapy

Oral aminosalicylates, either mesalazine (5-aminosalicylic
acid) or sulfasalazine (a combination of 5-aminosalicylate
and sulfapyridine), are the principal therapeutic agents for
induction of remission in mild to moderate disease and for
maintenance therapy (20). Topical therapy with aminosa-
licylates is an alternative therapeutic approach for patients
with left-sided disease or proctitis. Severe or moderate UC
not responding to aminosalicylates requires treatment with
prednisolone (or equivalent) oral or intravenous at a dose
of 1–2mg/kg weight, up to 60mg per day. In patients with

TABLE 60.4. Diagnostic features of ulcerative colitis (UC).

Feature

Clinical features (symptoms

should be present for at least

2weeks)

l Diarrhea
l Gross or occult rectal bleeding
l Abdominal pain with or around

time of defecation
l Exclusion of intestinal infection

(appropriate enteric pathogens

include Salmonella, Shigella,

Yersinia, Campylobacter, E coli

0157:H7, Clostridium difficile)

Laboratory features l Iron deficiency anemia
l Thrombocytosis
l Hypalbuminemia
l Autoantibodies (GAB, atypical

ANCA)
l Elevated fecal calprotectin

Endoscopic features l Diffuse, continuous involvement

of the mucosa starting at the

rectum and extending proximally

to a variable extent
l Loss of vascular pattern
l Loss of haustra
l Edematous, erythematous

appearance of the mucosa
l Minute surface erosions
l Pseudopolyps with long-standing

UC
l Friability (contact hemorrhage–

mucosa bleeds when touched by

endoscope)
l Mucopurulent exudates

Histological features l Increased mononuclear

inflammation in the lamina

propria
l Mucin depletion
l Crypt distortion, branching, and

atrophy
l Villous transformation of mucosal

surface
l Crypt abscesses
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chronic or steroid-dependent disease immunosuppressive
treatment with azathioprine or 6-mercaptopurine should

be started as maintenance therapy. In patients with steroid

refractory or dependent disease and in patients not

responding to standard therapy, infliximab or another

anti-tumor necrosis factor a (anti-TNFa) antibody may
be an option to induce and maintain remission. In fulmi-

nant colitis, not responding to steroids, intravenous

cyclosporine has become an alternative therapy, avoiding

urgent colectomy. Total proctocolectomywith ileal pouch-

anal canal anastomosis may be required in patients with

toxic megacolon, in cases of fulminant colitis or in the

prevention of colon cancer.
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61
Inflammatory Bowel Disease

Miquel Sans and Carolina Figueroa

Abstract Inflammatory bowel disease (IBD) includes two main entities, Crohn’s disease (CD) and ulcerative colitis

(UC), with increasing incidence in the developed world. These are chronic, inflammatory disorders of unknown

aetiology, characterized by leucocyte infiltration of the bowel wall which results in intestinal ulceration, causing

abdominal pain, diarrhoea, bloody faeces and weight loss, among many other symptoms. IBD pathophysiology is

very complex, requiring a genetic predisposition, the influence of certain environmental factors and a dysregulated

immune system, as effector element. Both IBD genetics and the role of the intestinal microbiota in the development of

IBD are at present the focus of intense research activity. There are no pathognomonic signs or symptoms of IBD.

Therefore, diagnosis of CD and UC has to be based on a convincing combination of symptoms, biochemical abnorm-

alities, mucosal endoscopic appearance, histological examination of mucosal biopsies and radiographic findings. It also

requires to rule out other entities, such as infectious colitis. Treatment of UC and CD is primarily based, at present, on a

sequential use of aminosalicylates, antibiotics, steroids, immunosuppressants and infliximab. However, IBD therapy is

far from satisfactory and a significant proportion of CD and UC patients still require surgical treatment.

Keywords Inflammatory bowel disease � Crohn’s disease � ulcerative colitis � bowel inflammation � epidemiology �
diagnosis � treatment

Introduction

Inflammatory bowel disease (IBD) includes two main enti-

ties, Crohn’s disease (CD) and ulcerative colitis (UC). CD

can involve any portion of the digestive tract, from the oral
mucosa to the anus. Lesions have a characteristic discon-

tinuous distribution and affect all the wall layers in depth.

On the contrary, UC only affects the colon. In this case,

lesions can involve a variable but continuous proportion of

the colon length, always starting in the rectum, and only

the mucosal layer is affected. Both CD and UC are

chronic, inflammatory disorders of unknown aetiology,

characterized by leucocyte infiltration of the bowel wall

which results in intestinal ulceration, causing abdominal

pain, diarrhoea, bloody faeces and weight loss, among

many other symptoms. In spite of the recent advances,

including the biological therapy, treatment of IBD must

be considered at present far from satisfactory, as shown by

the high surgical requirement, which still is 30% for UC
and 70% for CD patients.

Epidemiology

The incidence and prevalence of IBD have markedly

increased in the last decades in the developed world,

resulting in a present estimation of 1.5 million IBD
patients in Europe and a similar figure in the USA (1).

Similarly to other chronic, immune-mediated conditions,

striking geographical differences in IBD prevalence

have been shown between rich (Europe and the USA)

and less developed (Africa and Asia) areas. This observa-

tion has led to the ‘‘hygiene hypothesis,’’ which suggests

that a high rate of infections, and especially of parasite

infestations, at early stages of life would result in a Th2-

predominant training of the immune system, which

would protect from the later development of IBD (2).

The sharp increase in IBD incidence observed in the last

decades in the Mediterranean area as well as in some

South American countries, such as Chile or Argentina,

closely paralleling their social and economic develop-
ment, strongly supports the hygiene hypothesis. Both

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_61,

� 2008 Humana Press, Totowa, NJ
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CD and UC age of onset peaks around 20–40 years, with
no gender differences.

Pathogenesis

Although the aetiology of CD andUC remains elusive, key
progress has been done in our understanding of IBD
pathogenesis. It is now widely accepted that IBD develops
in genetically susceptible subjects due to the interaction
with environmental factors, tobacco being the best
known of them. The intestinal flora also plays a key role
and recent work has clearly proven that defects in the
recognition of microbial antigens and also in the host
defence against microbes, in combination with a deregu-
lated immune system, will finally result in IBD.

The volume of research undertaken on IBD genetics in
recent years has been tremendous. Genome-wide linkage
studies pointed towardsmore than 10 chromosomal regions
and fine-mapping of these regions led to the identification of
a number of genes, including CARD15 (NOD2), DLG5,
OCTN1 and 2,TLR4 andCARD4 (NOD1).With the recent
completion of the human genome project, whole genome
association studies have now become possible and have
identified additional genes (IL23R, IRGM, PTGER4,
ATG16L1) for CD and UC, that have subsequently been
replicated. At present, the CARD15 gene is still the most
understood susceptibility gene, explaining around 30% of
the genetic predisposition to CD (3).

The demonstration that the CARD15 genetic variants
associated to CD impairs the recognition of the bacterial
product muramyl dipeptide by its receptor, the NOD2
protein, has reinforced the concept that the intestinal
flora play a key role on IBD pathogenesis. Previously, a
body of evidence accumulated both in humans and animal
models, demonstrating that the presence of intestinal flora
is mandatory for the development of bowel inflammation.
The similarities existing between IBD and infectious coli-
tis, at both the clinical and the pathological levels, has led
to the search of an infectious pathogen as the single, cau-
sative agent of IBD. However, none of the microorganisms
studied, including several viruses, E. coli and M. paratu-
berculosis, seem to cause CD or UC. At present, the
researcher’s efforts are focusing on the specific properties
of the gut microbiota in IBD patients. So far, an increased
number of bacteria firmly adhered to the intestinal mucosa
as well as a marked reduction in the microbiota diversity
have been described in IBD patients (4).

Clinical Manifestations

Both CD and UC are very heterogeneous conditions,
and in each patient, clinical manifestation will mainly
depend on disease extension, flare severity, presence of

extraintestinal manifestations and development of
certain IBD-related complications, such as bowel stric-

tures, perianal disease, internal fistulas and intraabdom-

inal abscesses. The most frequent symptoms in CD

patients are diarrhoea, abdominal pain and weight

loss, whereas UC patients typically present with diar-

rhoea and presence of blood and mucus in the stools.

Other symptoms frequently observed in CD and UC

patients are listed in Table 61.1. The already mentioned

heterogeneity of CD and UC has prompted in the last

years the development of several clinical classifications

of IBD. Among them, the Vienna classification of CD

and, most recently, the Montreal classification of CD

and UC are the most widely accepted (Table 61.2) (5, 6).

In the case of CD patients, both classifications are based

on three main characteristics, namely age at onset, dis-

ease location and clinical behaviour, which have proven

to have a key impact on CD severity. In the case of UC

patients, disease extension is the most relevant feature.

Interestingly, disease phenotype is not a stable charac-

teristic of CD patients. Thus, close to 90% of CD cases

have an inflammatory phenotype at diagnosis, whereas

most of them have developed a more complicated, either

stenosing or penetrating, phenotype, after 10 years of
follow-up (7).

TABLE 61.1. Most frequent symptoms of Crohn’s disease and

ulcerative colitis.

Crohn’s disease Ulcerative colitis

Diarrhoea Haematochezia

Abdominal pain Diarrhoea

Weight loss Rectal tenesmus

Fever Faecal urgency/incontinence

Delayed growth (children) Abdominal pain

Perianal disease Fever

Extraintestinal manifestations Extraintestinal manifestations

TABLE 61.2. Montreal classification of Crohn’s disease.

(1) Age at onset

A1 – Diagnosed at the age of 16 years or before

A2 – Diagnosed at the age of 17–40 years

A3 – Diagnosed above 40 years of age

(2) Disease location

L1 – Ileal

L2 – Colonic

L3 – Ileo-colonic

þ ‘‘L4’’ (if it exists, location proximal to terminal ileum)

(3) Disease behaviour

B1 – Inflammatory (non-stenosing, non-penetrating)

B2 – Stenosing

B3 – Penetrating

þ ‘‘p’’ (if it exists, perianal disease)
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Pathological Features

The most characteristic pathological feature of both CD

and UC is a dense, chronic inflammatory infiltrate that

includes lymphocytes, macrophages and plasmatic cells,

among other cell types. This inflammatory infiltrate affects

all the bowel layers in CD and is limited to the mucosa, as

well as the submucosa in severe flares, in UC patients.

Another typical pathological feature of both diseases is

the disruption of the normal architecture of the mucosa,

which looses the regular disposition of the glands.

Although none of the pathological changes observed in

these patients is completely specific of IBD in general, or

CD or UC in particular, the presence of granulomas

strongly suggests the diagnosis of CD, once other granu-

lomatous conditions, such as intestinal tuberculosis, are

ruled out. The most relevant pathological features of IBD,
and their relative frequency of presentation in both CD

and UC patients, is described in Table 61.3 (8).

Biochemical Features

Similarly to the pathological findings, there are no specific

biochemical markers in IBD and blood tests are often

normal in inactive CD and UC patients. On the contrary,

when IBD patients experience a flare, this is reflected by a

marked increase in the serum levels of the C-reactive pro-

tein (CRP) and other acute-phase markers as well as by

many other changes, not only at the blood level but also in

faecal markers, such as calprotectin.
The most widely used biochemical parameter in IBD

patients is the CRP. The synthesis of this acute-phase pro-

tein is markedly upregulated in the liver in response to a

variety of stimuli, including infectious and inflammatory

processes, which confers to this marker a low specificity and

therefore a very limited usefulness for the initial diagnosis

of IBD. However, the measurement of serum levels of CRP

is a good indicator of inflammatory activity in both CD and
UC patients. CRP has been included in several indexes of

IBD activity and, of note, is the most frequently used

biochemical parameter in IBD clinical trials. In addition,
and due to its short half-live, CRP is also very useful to

monitor the early response to IBD therapies (9).
Among the many biochemical changes present in active

CD and UC patients, the erythrocyte sedimentation rate
(ESR) has been also frequently used. However, in addition
to the inflammatory activity, this parameter is also influ-
enced by other concomitant processes, such as anaemia or
hypoalbuminemia, which are frequently found in IBD
patients. Many IBD patients present leucocytosis and
thrombocytosis. Again, these changes can also be caused
by concomitant infections (the first) or iron deficiency (the
second), being therefore very unspecific.
For many years a number of serological tests, including

p-ANCA, ASCA, Omp-c, c-byr and many others, have been
used to try to help physicians in either the initial diagnosis of
IBD or to identify subgroups of CD or UC patients with a

certain clinical course. Although they might be of some help,
especially in cases of indeterminate colitis, they have not

reached wide acceptance and use in clinical practice.
More recently, several studies have demonstrated the

usefulness of calprotectin, a faecal marker, to both predict
early relapse in inactive IBD patients and to monitor the
response of active IBD patients to therapy (10).

Endoscopy

Endoscopy is a key tool for physicians treating IBD
patients, because diagnosis of both CD and UC is primar-
ily based on the endoscopic appearance or the intestinal
mucosa and the histological analysis of the colonic or ileal
biopsies, obtained at endoscopy. The main endoscopic
features of CD and UC are displayed on Table 61.4.
In addition to the initial diagnosis, the conventional

endoscopy is also useful for IBD patients in other set-

tings, such as monitoring the response to IBD therapies

TABLE 61.3. Key pathological features of Crohn’s disease and
ulcerative colitis.

Pathological findings Crohn’s disease Ulcerative colitis

Crypt distortion þ þþþ
Architecture alteration þ þþþ
Lamina propria neutrophils þ þ
Mononuclear cell infiltrate þþþ þ
Lymphoid aggregates þþþ No

Granuloma þþþ No

Giant multinuclear cells þþþ No

TABLE 61.4. Key endoscopic features of Crohn’s disease and

ulcerative colitis.

Endoscopic

findings Crohn’s disease Ulcerative colitis

Mucosal surface Nodular or

polypoid

Granular

Distribution of

lesions

Segmentary Diffuse/continuous

Aphthoid ulcers Yes No

Ulcer characteristics Great variety

in size and depth

Small and superficial

(bigger in severe

cases)

Pseudopolyps Infrequent Frequent

Rectal involvement <50% Almost 100%

Ileal involvement Frequent No
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at the mucosal level. In that respect, achieving the
mucosal healing has proven to have a key impact on

the clinical outcome of CD and UC patients, as recently

demonstrated (11).
The recent development of the chromoendoscopy and

magnification endoscopy, as well as other more sophisti-

cated endoscopic techniques, such as narrow band ima-

ging, and endomicroscopy, will be very helpful in the

screening of dysplasia and colorectal cancer in IBD
patients, especially in those with a long-lasting pancolitis.

Several studies have demonstrated that the use of chro-

moendoscopy/magnification endoscopy, which allows tar-

geted biopsies, is clearly superior to the conventional

strategy for the screening of dysplasia in IBD, which was

based on the analysis of a high number of random colonic

biopsies (12).

Radiological Study

With the exception of small bowel barium studies used to

identify ileal or proximal involvement by CD, radiologi-
cal techniques are usually of limited usefulness in the

initial diagnosis of IBD. On the contrary, they have

other frequent indications for IBD patients, in clinical

practice. Both pelvic magnetic resonance imaging (MRI)

and ultrasound endoscopy are the first choice examina-

tions to fully characterize perianal disease as well as other

penetrating complications of CD (13). Abdominal com-

puterized tomography (CT) or MRI are routinely used to

study abdominal abscesses. Leucocyte-labelled scintigra-

phy has been used for many years as an alternative tech-

nique to complete the study of extension in CD and UC

patients. However, MRI might replace scintigraphy in

this indication in the near future.

Diagnostic Criteria

As already mentioned, there are no symptoms, biochem-

ical changes, pathological features or endoscopic findings

that can be considered as completely specific or CD orUC.

For that reason, diagnosis of these entities mainly relies on

a combination of clinical suspicion with typical endoscopic

and histologic findings, along with an active process of

ruling out other conditions. The criteria of Lennard-

Jones, published in 1989 to uniform the diagnosis of CD
(Table 61.5) and UC (Table 61.6), have been widely

accepted to date (14).

Therapy

Crohn’s Disease

Treatment choice depends on disease location, severity and

the presence of stenosing or penetrating complications
(15). Oral or intravenous steroids have been for many

TABLE 61.5. Diagnostic criteria of Crohn’s diseasea

Examination

or endoscopy Radiology Biopsy

Surgical

specimen

Distribution

Proximal lesions þ þ þ þ
Anal lesions þ þ þ
Segmentary

distribution

þ þ þ þ

Transmural lesions

Fissure þ þ
Abscess þ þ þ
Fistula þ þ þ

Stenosis þ þ þ
Pathology findings

Ulcers þ þ
Lymphoid

aggregates

þ þ

Mucin retention þ
Granulomas þ þ

aAdapted from Lennard-Jones JE (14).

Diagnosis of Crohn’s disease is established if

(1) Granuloma is found at pathological examination þ 1 other criteria;

(2) in the absence of granuloma at pathological examination 3 criteria.

TABLE 61.6. Diagnostic criteria of ulcerative colitisa

Inclusion criteria Exclusion criteria

Diffuse mucosal involvement,

without granuloma (at

pathological examination)

Infectious colitis (microbiology)

Rectal involvement (at endoscopy) Ischaemic colitis (risk factors,

location, pathological findings)

Involvement, in continuity with the

rectum, of a variable portion of

the colon (at endoscopy of

barium radiography)

Actinic proctitis/colitis (previous

radiotherapy/pathological

findings)

Solitary rectal ulceration

(location, pathological

findings)

Crohn’s disease (small bowel

involvement, pathological

findings)

Complex anal lesions (physical

examination)

Granuloma (pathological

findings)

aAdapted from Lennard-Jones JE (14).
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years the most frequently used treatment for moderate
to severe flares of CD. Oral mesalazine can be also
used in mild to moderate cases, although its efficacy is
less that that of delayed-release formulations of budeso-
nide, which are at present the first choice of treatment for
mild to moderate ileitis. In patients with moderate or
severely active CD refractory to steroids, infliximab, a
monoclonal antibody to TNF-a, is indicated (16). Failure
to infliximab usually leads to surgical treatment. Patients
with mild to moderate chronically active CD as well as
CD patients developing steroid dependency are usually
treated with immunosuppressants, such as azathioprine,
mercaptopurine or methotrexate. In case of failure, inflix-
imab has proven to be efficacious in this setting. As main-
tenance therapy, once disease remission is achieved,
several drugs including azathioprine, mercaptopurine,
methotrexate and infliximab, but not mesalazine, have
proven to reduce the risk of relapse during follow-up.
Stricturing CD in the absence of inflammatory activity
requires bowel surgery. Perianal disease as well as internal
penetrating CD cases are the most difficult to treat. These
CD patients must benefit from a combined medical and
surgical approach, including drainage of abscesses, place-
ment of setons, the use of antibiotics and immunosuppres-
sants and, in most cases, infliximab (17).

Ulcerative Colitis

Similarly to CD, both disease location and severity will
lead the treatment choice in UC patients. In patients with
distal colitis (especially in proctitis and proctosigmoiditis),
rectal mesalazine has proven to be superior to both oral
mesalazine and rectal steroids. In patients with extensive,
mild to moderate UC, oral mesalazine is the treatment of
choice. In cases not responding to oral mesalazine, oral
steroids are the second line of therapy, whereas in patients
with severely active UC intravenous steroids will be used.
In cases of moderate to severely active UC, resistant to
steroids, two options are at present available, cyclosporin
A and infliximab (18, 19). In the absence of a face-to-face
study, comparing the usefulness of both drugs, treatment
must be individualized and selected according to each
centre preference. Failure to these rescue therapies requires
urgent surgical treatment, which will initially consist of
procto-colectomy with derivative ileostomy, followed
later on by proctectomy, ileo-anal pouch and reconstruc-
tion of the faecal transit. Recent evidence suggests that the
addition of rectal treatment improves the results of con-
ventional therapy in patients with extensive UC. Patients
developing a mild to moderate, chronically active UC as
well as UC patients developing steroid dependency are
treated with immunosuppressants, such as azathioprine
or mercaptopurine. In case of failure, infliximab has

proven to be efficacious in these patients. As a mainte-
nance therapy, oral and/or topical mesalazine (according
to disease extension) is the first option of treatment.

Prognosis

In highly heterogeneous diseases, such as CD and UC, the
development of prognostic markers has been an unmet
need and the subject of intense research for many years.
Unfortunately, none of the clinical, biochemical, endosco-
pical, serological or genetic markers studied so far either
has gained wide acceptance or has reached clinical prac-
tice. However, a recent report from the French GETAID
group has suggested and validated a clinical prognostic
index (20). More complex indexes, combining clinical,
serological and genetic markers, are under development
at present.
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62
Celiac Disease

Nicola Bizzaro and Elio Tonutti

Abstract Celiac disease (CD) is a chronic small-bowel disorder of autoimmune origin, occurring both in children and
adults, and is one of the most common disorders in Western countries, with an estimated frequency of 1:100–200 in the
general population. This disease is genetically determined and has a strong HLA association with the DQ2 and DQ8
alleles. The serological markers of the disease are tissue transglutaminase, endomysial and gliadin antibodies. Histolo-
gical demonstration of typical intestinal alterations, together with clinical improvement when patients are on a gluten-
free diet, is the gold standard for a definite diagnosis.
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Celiac disease (CD) is a gluten-sensitive enteropathy of
autoimmune origin, characterized by inflammation and
villous atrophy of the small-bowel mucosa, that impairs
nutrient absorption. The disease has a strong genetic back-
ground, affecting mainly susceptible individuals bearing the
antigens codified by HLA class II DQ2/DQ8 alleles. The
classical presentation in children includes severe gastroin-
testinal symptoms such as abdominal distension, diarrhea,
abdominal pain and weight loss, whereas iron-deficient
anemia is the most common symptom in adult CD. The
serological markers of the disease are tissue transgluta-
minase, endomysial and gliadin antibodies. Histological
demonstration of typical intestinal alterations, together
with clinical improvement when patients are on a gluten-
free diet, is the gold standard for a definite diagnosis.

Epidemiology

In contrast to what was believed until a few years ago,
CD is a relatively common disorder. The false conviction
that it was a rare disease was due to the fact that most
patients are asymptomatic or have only mild gastrointest-
inal symptoms that may go unrecognized (1, 2). The devel-
opment of highly sensitive immunological methods for
identifying diagnostic antibodies has enabled an increasing
number of patients with CD, with vague or asymptomatic
clinical presentations, to be identified. Population-based
studies indicate now that approximately 0.5–1% of the

Western European and Northern American populations
suffer from CD (3, 4).

History

Samuel Gee (5) in 1888 provided the first thorough
description of the clinical features of childhood CD. In
1953, Dicke (6), a Dutch pediatrician, observed that the
ingestion of certain cereal grains were harmful to children
with this disease, and Paulley (7) in 1954 provided the first
description of the histopathological findings of the intest-
inal lesions.
The presence of antibodies directed against gluten pro-

teins in the serum of patients suffering from CD was
reported in the late 1950s. For many years, the determina-
tion of antigliadin antibodies (AGAs), the alcohol-soluble
fraction of gluten, was the only serological test to identify
CD patients. The discovery of anti-endomysial autoanti-
bodies (EMAs), and later of antitransglutaminase antibo-
dies (anti-tTG), in the 1990s has changed the serological
approach to the diagnosis of CD.

Pathogenesis

CD is initiated by the ingestion of gliadin, which is present
in foods containing wheat, barley and rye. It seems that in
CD patients, the integrity of the tight junction system of
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the intestinal epithelium cells is compromised enabling the
passage of macromolecules such as the gluten in the sub-
mucosa. Gliadin peptides are then modified by the enzyme
tTG located in the extracellular space of the intestinal
mucosa. Conversion of glutamine residues into glutamic
acid by tTG facilitates the binding of gliadin peptides
to HLA antigens of class II DQ2 or DQ8 expressed on
antigen-presenting cells. In individuals with this genetic
make-up, an immune response leading to the synthesis of
cytokines and specific anti-tTG andAGA antibodies can be
triggered. However, the fact that approximately 25–30% of
the population in the Western hemisphere express HLA-
DQ2 or HLA-DQ8 and are exposed to large amounts of
gluten daily, but only a minority develop CD, indicates that
other currently unknown factors are involved in the devel-
opment of the disease.

Clinical Manifestations

CD is characterized by multiform clinical expressions (8).
Signs and symptoms at presentation are shown in Table 62.1.

The classical form of CD in children consists of gastro-
intestinal symptoms starting between 6 and 24 months of
age, after the introduction of gluten in the diet. Children
with CD frequently have gastrointestinal symptoms such
as diarrhea, vomiting, abdominal pain or abdominal dis-
tension, and growth retardation. However, most CD
patients, especially adults, do not present gastrointestinal
disorders but manifest signs resulting from malabsorption
(hypochromic iron-deficient anemia, osteopenia, tooth
enamel defects, etc.) or other symptoms whose trigger
mechanism is unclear (hypertransaminasaemia, headache
or joint pains). Gluten intolerance may also manifest as a
skin disorder (dermatitis herpetiformis); patients with skin

lesions typical of this disease present serological positivity
for anti-tTG IgA, and the histological alterations of the
intestinal mucosa typical of CD.
Patients suffering from some disorders (especially

Hashimoto’s thyroiditis, type I diabetes, IgA deficiency
and Down’s syndrome) have a higher risk (3–5 times) of
developing CD than the normal population. In patients
belonging to those at-risk groups, it is advisable to perform
serological tests for CD even in the absence of symptoms.

Pathological Features

CD is characterized by varying degrees of atrophy of the
intestinal mucosa, with a reduction in the height, or dis-
appearance, of the villi.
The degree of intestinal lesion is defined on the basis of the

widely used Marsh-Oberhuber classification (9), which
describes the degree of architectural changes in the mucosa
and outlines three categories of lesions associated with CD:

1. Type 1—infiltrative: architecturally normal small-bowel
mucosa and intraepithelial lymphocytosis (>40 intrae-
pithelial lymphocytes (IELs) per 100 epithelial cells);
these features are suggestive but not diagnostic of CD.

2. Type 2—infiltrative-hyperplastic: normal villous archi-
tecture, intraepithelial lymphocytosis (>40 IELs per
100 epithelial cells), crypt hyperplasia (regenerative
aspect shown by elongation of the crypts, reduction in
muciferous activity and increase in number of mitoses).
These histopathological features are non-specific and
clinical correlation is indicated.

3. Type 3—atrophic: villous atrophy of different degree,
associated with intraepithelial lymphocytosis (>40
IELs per 100 epithelial cells) and crypt hyperplasia.

TABLE 62.1. Signs and symptoms of CD.

Typical symptoms

Atypical symptoms secondary to

malasorbption

Atypical symptoms independent of

malasorbption Associated conditions

Chronic diarrhea Sideropenic anemia Dental enamel defects Type 1 diabetes

Failure to thrive Short stature Aphtous stomatitis Dermatitis

herpetiformis

Abdominal distension

and pain

Osteopenia Glossitis Primary biliary

cirrhosis

Vomiting Osteoporosis Ataxia Autoimmune

thyroiditis

Weight loss Fatigue Epilepsy Sjögren’s syndrome

Apatia Polyneuropathy Addison’s disease

Delayed puberty Alopecia Down’s syndrome

Gaseousness and flatulence Pericarditis Turner’s syndrome

Hemorrhage Dilatative cardiomyopathy IgA deficiency

Bruising Arthritis

Steatorrhea Myopathy

Constipation Recurrent abortion

Dispepsia Infertility

Nausea Hypertransaminasaemia

Vitiligo
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4. Type 3 lesions are further subcategorized based on
villous height in:

(a) type 3a—mild villous atrophy.
(b) type 3b—moderated villous atrophy.
(c) type 3c—total villous atrophy (flat mucosa and no

visible villi).

Serological Features

The serological diagnosis of CD is based on the detection
of class IgA AGA, EMA and anti-tTG antibodies. In
patients with an IgA deficiency, AGA, EMA or anti-tTG
tests of the IgG class are used. The diagnostic accuracy
(sensitivity and specificity) of the serological markers in
adult and pediatric patients and in subjects with IgA defi-
ciency, is shown in Table 62.2.

As tTG has been identified as the main antigen recog-
nized by antiendomysium antibodies (10), ELISA tests
have been developed to identify both IgG and IgA anti-
tTG antibodies, and this test may now be considered the
best tool for the serological identification of CD (11).

Anti-tTG testing can also be used tomonitor CDpatients
following a diet in which the autoantibodies gradually
decline, until they disappear.

With the discovery of anti-tTG antibodies, the use of
AGA IgA and AGA IgG tests is no longer recommended
for detecting CD (12). However, the recent identification
of the immunodominant antigen sites of gliadin and the
resulting development of specific tests for these epitopes
refocused the attention onAGA and the possibility of their
use in certain clinical situations, such as the diagnosis of
CD at pediatric age, as anti-tTG and EMA autoantibodies
may appear after the age of 2–5 years (13).

Diagnostic Criteria

Diagnostic criteria were proposed in 1990 by the European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (14) (Table 62.3). Recently, the North American

Society for Pediatric Gastroenterology, Hepatology and
Nutrition has developed clinical guidelines for the diagno-
sis and treatment of CD (12).
A possible diagnostic algorithm involves the use of anti-

tTG IgA ELISA as a highly sensitive screening test, fol-
lowed by a highly specific EMA confirmation test if the
anti-tTG ELISA test result is positive. If the sample also
tests positive for EMA IgA, the serological diagnosis of
CD is practically certain, while if it tests negative for EMA
IgA, determination of haplotype HLA DQ2/DQ8 is advi-
sable (15). Confirmation of the serological diagnosis of CD
requires an intestinal biopsy in all cases. Because the his-
tological changes in CDmay be patchy, it is recommended
that multiple biopsy specimens be obtained.
Although a small-bowel biopsy is recommended to

establish the diagnosis, the availability of accurate serolo-
gic tests has reduced the need for a second biopsy. A
second biopsy can now be reserved for selected patients
who have an unsatisfactory or equivocal clinical response
to a strict gluten-free diet (GFD).
IgA anti-tTG assay cannot be used in patients with IgA

deficiency and should be replaced by IgG-class antibody
tests. Anti-tTG IgG antibody assay is considered a better
test than AGA IgG for identifying individuals with selec-
tive IgA deficiency (12, 16, 17).

Prediction

Some individuals test positive for anti-tTG/EMA or AGA
without any histologically detectable damage to the intest-
inalmucosa.These cases are classed as ‘‘latent celiac disease,’’
and must be monitored on a long-term basis to evaluate the
appearance of symptoms and/or intestinal damage, because
it has been demonstrated that the detection of antibodies can
precede the appearance of clinical symptoms by many years
(18). In preserved serum samples, the predictive value of anti-
tTG antibodies was 60% at 10 years (13).

Therapy

The keystone of CD treatment remains a GFD in which all
foods containing the offending cereal grains are avoided.
The response to gluten withdrawal is generally rapid;

TABLE 62.2. Diagnostic accuracy of serologic markers of CD in
adults, children and in subjects with IgA deficiency.

Sensitivity % Specificity %

AGA IgA 52–100 47–94

AGA IgG 57–100 71–100

tTG IgA adults 91–99 97–100

tTG IgG adults 30–50 90–93

tTG IgA children 96 99

tTG IgG children 30–50 85–90

EMA IgA 93–96 99–100

tTG IgG in IgA def. 90 100

TABLE 62.3. Revised criteria for the diagnosis of
CD proposed by the ESPGHAN (14).

1 History and clinical presentation compatible with CD

2 Serological screening compatible with CD

3 Histological findings compatible with CD

4 Obvious clinical and serological response to GFD

5 Subject >2 years old

6 Rule out other clinical conditions mimicking CD

62. Celiac Disease 337



gastrointestinal symptoms usually improve within 2 to
3 weeks. When CD patients follow a GFD, the normal
architecture of the intestinal villi is restored and, in patients
with dermatitis herpetiformis, the skin lesions heal. Lack of
improvement within 6 to 8 weeks after the institution of a
GFD should prompt a search for inadvertent ingestion of
gluten by the patient or for an associated disease.

After 6–12 months of a totally GFD, the anti-tTG IgA
antibodies decrease, and eventually disappear. This char-
acteristic of CD enables the anti-tTG IgA test to be used to
monitor patients’ compliance with their diet even if the
disappearance of anti-tTG IgA does not correlate comple-
tely with a normal histological pattern.

It has been shown that the early recognition of silent CD
and the subsequent introduction of a GFD can reduce the
risk of developing some important complications such as
osteoporosis and intestinal lymphoma.
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63
Cutaneous Lupus Erythematosus

Annegret Kuhn, Vincent Ruland and Gisela Bonsmann

Abstract Cutaneous lupus erythematosus (CLE) is a chronic inflammatory autoimmune disorder, comprising a broad
spectrum of clinical manifestations. Various environmental factors influence the clinical expression of CLE and a
striking relationship has emerged between sunlight exposure and the various subtypes of this disease. However, the
diverse pathophysiological mechanisms in CLE are currently under investigation. A detailed patient’s history, evalua-
tion of the activity and damage, histological analysis of skin biopsy specimens, phototesting, and serological investiga-
tions support the diagnosis of CLE, and also provide important information on the appropriate therapeutic strategy.
Until now, antimalarial agents remain the treatment of choice for CLE.

Keywords Autoimmune disorder � CLASI � photosensitivity � skin manifestations � treatment

Lupus erythematosus (LE) is a chronic inflammatory

autoimmune disease with a heterogeneous clinical presen-
tation. In contrast to the multi-organ disease of systemic

LE (SLE), patients with cutaneous LE (CLE) present with

manifestations primarily confined to the skin.

Epidemiology

The incidence of SLE in the general population varies

according to the characteristics of the population studied,

such as predominant age, sex, race, ethnicity, and national
origin. In Europe, the annual incidence of SLE ranges

from 3.3 to 4.8 cases per 100,000 persons per year, and in
the United States, the annual incidence of SLE has been

reported to range from 2.0 to 7.6 cases per 100,000 persons

per year (1). Cutaneous manifestations appear in 72–85%
of patients with SLE and can occur at any stage of the

disease; however, most studies focus on SLE, and a sys-
tematic epidemiological analysis of the various CLE sub-

types has not been performed. The incidence of CLE has

been estimated to be 2–3 fold higher than that of SLE.

Recently, a study from Stockholm County, Sweden, sug-
gested that Ro/SSA-positive SCLE patients have an esti-

mated incidence of 0.7 per 100,000 persons per year as
compared with an incidence of SLE in Sweden of 4.8 per

100,000 persons per year (2).

History

In 1845, Hebra described a ‘‘butterfly erythema’’ which he
named ‘‘seborrhoea congestive’’; however, the term lupus
érythémateaux was not used until 1851 by Cazénave, who

distinguished non-infectious skin lesions from cutaneous
tuberculosis (lupus vulgaris), referring to an earlier report
by Biett on this disease termed erytheme centrifuge. In the
following years, Kaposi performed clinical and histologi-
cal studies on the relation of cutaneous lesions and sys-
temic organ manifestations of this disease. He recognized
the presence of discoid skin lesions in SLE and extensively
described the butterfly rash as a facial cutaneous sign of
SLE. Therefore, Kaposi is nowadays recognized as the first
describer of SLE and his continuous effort is reflected in
several publications between 1869 and 1880. In addition,
systemic organ manifestations in the context of LE
were also mentioned in 1895 by Osler in his work titled
‘‘On the visceral complications of erythema exsudativum
multiforme’’.

Pathogenesis

The complexity of CLE makes understanding of the
underlying pathomechanisms difficult and, at the same
time, implies multifactorial aspects of the pathogenic
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course. Irritative stimuli, various drugs, and especially UV
radiation can lead to the induction of skin lesions (3, 4).
Furthermore, genetic factors also seem to be involved in
the development of CLE subtypes. For example, a high
association with HLA-A1,-B8, and -DR3 can be demon-
strated in patients with SCLE (5). In addition, SCLE seems
to be significantly associated with a single-nucleotide poly-
morphism in the TNF-alpha gene promoter (–308 A),
which encodes for high TNF-alpha expression (6). Con-
genital homozygous deficiency of C1q is not only a risk
factor for appearance of SLE, but has also been shown to
be a predisposing factor for photosensitive CLE. More
recently, the potential significance of apoptosis in the
pathogenesis of CLE has been emphasized. A significant
increase of apoptotic keratinocytes has been found in pri-
mary and UV-induced skin lesions of patients with differ-
ent subtypes of CLE compared with healthy controls (7).
Furthermore, in most patients with CLE, the number of
apoptotic nuclei increased significantly between days 1 and
3 after UV exposure, suggesting that late apoptotic cells
accumulate in the skin of patients with this disease. Detection
of an increased number of apoptotic cells in the epidermis of
CLE patients may reflect an increase in apoptosis; however,
a deficient clearance of apoptotic debris could also lead to
the increased number of apoptotic keratinocytes. The
hypothesis that clearance of apoptotic cells in the skin
of patients with CLE is either impaired or delayed is in
analogy to the growing evidence that defects in the clear-
ance of apoptotic cells may be important in triggering the
immune response in SLE.

Classification

The clinical expression of CLE shows great variety and
consequently, has led to the practice of identifying differ-
ent subtypes of the disease. However, the development of
a unifying concept for skin manifestations of the disease
has proven difficult. In 1977, Gilliam proposed a classifi-
cation system that divided the cutaneous lesions into
LE-specific and LE-nonspecific manifestations by histolo-
gical analysis of skin biopsy specimens (8). The LE-specific
cutaneous findings encompass the various subtypes of
CLE, which were subdivided into three different categories
as defined by constellations of clinical features, histologi-
cal changes, laboratory abnormalities, and average dura-
tion of skin lesions: acute CLE (ACLE), subacute CLE
(SCLE), and chronic CLE (CCLE). In contrast, skin
lesions, such as urticarial vasculitis and livedo reticularis,
are some of the most common LE-nonspecific cutaneous
lesions and are mostly associated with SLE, reflecting
potentially serious complications. Since the initial formu-
lation of the Gilliam nomenclature and classification sys-
tem more than two decades ago, several attempts have
been made to improve this system and to provide new

approaches to the problem of classification of the cuta-
neous manifestations of LE. In recent years, a further
subtype with characteristic clinical, histological, and
photobiological features, named LE tumidus (LET), has
been analyzed and defined as a separate entity of CLE. The
course and prognosis in these patients is generally more
favorable than in those with other subtypes of CLE and
therefore, a revised classification system, including LET as
the intermittent subtype of CLE (ICLE), was suggested in
2004 (8) (Table 63.1).

Clinical Manifestations

ACLE usually occurs in association with systemic mani-
festations preceding the onset of a multisystem disease by
weeks or months. Sun exposure is a common exogenous
factor capable of precipitating ACLE, and some patients
even report an exacerbation of their systemic symptoms
after exposure to sunlight. Furthermore, infections, espe-
cially with subtle types of viruses, or certain drugs, such as
hydralazine, isoniazide, and procainamide, have also been
found to induce or aggravate this disease (4). Localized
ACLE commonly presents as the classic ‘‘malar rash’’ or
‘‘butterfly rash’’ in the central portion of the face and
may only affect the skin transiently preceding the onset
of a multisystem disease. The skin lesions typically begin
with symmetric, small, discrete erythematous macules and
papules on the cheek and nose, occasionally associated
with fine scales that gradually become confluent. Facial
edema may be severe in some patients. Localized facial
ACLE lesions have also been seen in 15% of patients
with SCLE. Generalized ACLE is less common and its
onset usually coincides with exacerbation of systemic
organ manifestation and prolonged disease activity. It is
characterized by a widespread, symmetrically distributed,
maculopapular erythematous, sometimes puritic rash with
accentuation of the UV-exposed areas. Hands and feet are
often involved, whereas knuckles are typically spared. Skin
lesions of generalized ACLEmaymimic a drug eruption or
even on rare occasions can simulate toxic epidermal necro-
lysis (TEN-like ACLE). Superficial ulceration of the oral
or nasal mucosa is frequent in ACLE, the hard palate is

TABLE 63.1. Düsseldorf classification of cutaneous lupus erythe-
matosus 2004a.

Acute cutaneous lupus erythematosus (ACLE)

Subacute cutaneous lupus erythematosus (SCLE)

Chronic cutaneous lupus erythematosus (CCLE)

Discoid lupus erythematosus (DLE)

Lupus erythematosus profundus (LEP)

Chilblain lupus erythematosus (CHLE)

Intermittent cutaneous lupus erythematosus (ICLE)

Lupus erythematosus tumidus (LET)

a Modified after Kuhn and Ruzicka 2004 (8).
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most commonly affected but labial, gingival, buccal, and
lingual mucosa may also be involved. ACLE skin lesions
usually heal without scarring.

SCLE is a distinct entity with specific clinical and serolo-
gical features, further associated with a distinctive immuno-
genetic background including the 8.1 ancestral haplotype,
the common Caucasoid haplotype that is carried by most
people who type for HLA-B8, -DR3. This subtype is char-
acterized by the production of anti-Ro/SSA antibodies
and can be triggered by UV light as well as a number of
different drugs, such as thiazide diuretics, calcium channel
blockers, ACE inhibitors, and allylamine antifungals (5).
The characteristic skin lesions of SCLE appear in a sym-
metric distribution on sun-exposed areas (i.e. extensor sites
of the upper extremities, V-area of the neck, shoulders,
trunk, and less commonly, the face) and present initially
as erythematous macules or papules that evolve into scaly,
papulosquamous or annular/polycyclic plaques. Approxi-
mately 50% of patients show predominantly papulosqua-
mous or psoriasiform lesions whereas the other half has the
annular/polycyclic variant; few patients develop a mixed
form with both types of lesions. Individual annular lesions
expand and merge with polycyclic confluence and central
hypopigmentation. As a ‘‘clue’’ of the disease, SCLE can
subside with characteristic vitiligo-like hypopigmentation
but never leads to scarring as in DLE. Vesicles can arise at
the active margins of the lesions and TEN-like SCLE can
develop as a severe manifestation of the disease. SCLE
may exhibit mild systemic symptoms, such as arthralgia
and myalgia but no more than 10%–15% experience com-
plications of SLE over their lifetime.

Discoid LE (DLE) is the most common subtype of
CCLE and can occur as localized DLE (80%) with lesions
above the neck or as disseminated DLE (20%) with lesions
above and below the neck. This disseminated form of
DLE, especially when involving the trunk, is associated
with an increased risk of progression to SLE (9). Anti-
nuclear antibodies (ANAs) in low titer are detected in
30–40% of patients with DLE; however, less than 5%
have the high ANA titer that is seen in SLE. Anti-Ro/
SSA antibodies are found only occasionally in DLE
patients. The first morphological sign of DLE is a well-
defined, coin-shaped (discoid) erythematous patch of
varying size followed by follicular hyperkeratosis, which
is adherent to the skin. By removing the adherent scale,
follicle-sized keratotic spikes similar to carpet tacks
can be seen (‘‘carpet tack sign’’). The lesions slowly expand
with active inflammation and hyperpigmentation at
the periphery, leaving depressed central atrophy and scar-
ring, teleangiectasia, and hypopigmentation. The central
atrophic scarring is highly characteristic for this subtype.
DLE lesions occur primarily in UV-exposed areas, such as
the scalp, face, ears, neck, and arms, but may also be found
palmo-plantar and in inguinal folds (4). At the scalp, DLE
can progress to the point of total, irreversible scarring

alopecia. Mucous membrane involvement can be found
in approximately 25% of patients with DLE, but does
not necessarily reflect systemic manifestation or high dis-
ease activity (10). The buccal mucosa is most commonly
involved, with discoid plaques showing erythema, radiat-
ing white striae, and teleangiectasia. Furthermore, DLE
can follow any form of trauma to the skin (Koebner’s
phenomenon or isomorphic response).
Further subtypes of CCLE are LE profundus/pannicu-

litis (LEP) and chilblain LE (CHLE). LEP is characterized
by indurated nodules or plaques resulting in deep lipatro-
phy; CHLE is characterized by purple, painful plaques in
cold-exposed acral areas, mostly on toes and fingers that
may become hyperkeratotic and ulcerate.
LET has recently been defined as a distinct entity of

CLE and this subtype is now included in the new classifi-
cation as intermittent cutaneous LE (ICLE) (8). In several
regards, LET differs from other variants of CLE; scarring,
the hallmark of DLE, does not occur in LET, even in
patients with recurrent skin lesions. Anti-Ro/SSA and
anti-La/SSB antibodies have been found in not more
than 10% of patients with LET and association with sys-
temic disease seems to be very rare in patients with this
subtype (11). Clinically, LET is characterized by succulent,
urticaria-like, single or multiple plaques with a bright,
reddish or violaceous smooth surface. The swollen appear-
ance of the lesions and the absence of clinically visible
epidermal involvement are the most important features
of LET. The borders are sharply limited, and, in some
cases, there is a tendency for the lesions to coalesce in the
periphery, producing a gyrate configuration, or to swell in
the periphery and flatten in the center. The skin lesions of
patients with LET are primarily found on sun-exposed
areas, such as face, upper back, V-area of the neck, and
extensor aspects of the arms; phototesting confirmed that
patients with LET are more photosensitive than those with
other subtypes of CLE.

American College of Rheumatology
(ACR) Criteria

The criteria established by the American College of Rheu-
matology (ACR) include 11 clinical and laboratory features
that were originally intended only for the classification of
SLE, providing some degree of uniformity to the patient
populations of clinical studies (12). However, these criteria
assign too much weight to the skin as one expression of a
multi-organ disease; characteristic skin lesions for differ-
entiating DLE from SCLE are not included in this list. In
CLE patients with primarily cutaneous manifestations,
application of the ACR criteria often results in overestima-
tion of SLE (13). For example, while 48% of patients with
SCLE have been described as fulfilling four or more of the
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ACR criteria, none had serious CNS or renal disease (5).
However, subsequent studies have revealed that only
about 10–15% of patients with SCLE go on to develop
severe clinical manifestations of SLE. Therefore, the ACR
classification criteria are currently being re-evaluated,
including dermatological control groups such as rosacea
and amyopathic dermatomyositis.

Cutaneous Lupus Erythematosus Disease
Area and Severity Index (CLASI)

Several disease activity scores (SLEDAI, ECLAM,
BILAG) have been established for SLE to determine the
disease activity of individual patients via scoring methods.
Although the disease activity scores include dermatologi-
cal criteria, such as butterfly rash, generalized erythema,
and oral ulcer, they are not suitable for judging activity
of CLE subtypes. For this reason, a new scoring system
(CLASI = cutaneous lupus erythematosus disease area
and severity index) has been developed for CLE patients,
taking into account both anatomical region (e.g. face,
chest, arms) and morphological aspects (e.g. erythema,
scale/hypertrophy, dyspigmentation, scarring) of skin
lesions (14). Furthermore, ‘‘activity’’ and ‘‘damage’’ of the
disease can be judged separately and scoring from 0 to 3
points can be assigned to each lesion. Alopecia is analyzed
with a separate scoring system, while differentiating
between non-scarring (0 to 3 points) and scarring (0 to 6
points) forms. So far, the CLASI has been validated in
9 patients, and clinical responsiveness needs to be evalu-
ated in a prospective clinical trial, which is ongoing.

Histology

To confirm the diagnosis of CLE, histological examination
of skin biopsy specimens is recommended in correlation
with clinical evaluation of the lesions. The different sub-
types of CLE often show similar histological features with
superficial and deep perivascular and periadnexal lympho-
cytic infiltrate as well as the so-called ‘‘interface-dermatitis’’,
a lymphocytic infiltrate of the dermoepidermal junction.
Characteristic are the vacuolar degeneration of the dermo-
epidermal junction and necrotic keratinocytes in the
lower epidermal layers as well as the thickening of the
basement membrane as a late consequence (15). Individual
histological criteria may lead toward the diagnosis of
clinical variants of CLE, i.e. in ACLE, histological find-
ings are usually less prominent relative to the impressive
clinical picture. In fully developed DLE lesions, there is
prominent ortho- and parahyperkeratosis, follicular plug-
ging, and epidermal atrophy. SCLE lesions generally have
less hyperkeratosis and follicular plugging compared with

DLE. The periappendageal inflammation that is charac-
teristic of DLE is less prominent in SCLE and ACLE.
Lobular lymphocytic panniculitis is characteristic for
LEP; however, the absence of the characteristic epidermal
and dermal changes of CLE can make the histological
diagnosis sometimes challenging when there is no over-
lying DLE. Abundant mucin deposition between collagen
bundles is characteristic for LET and, usually, there is no
sign of epidermal involvement or vacuolar degeneration of
the dermoepidermal junction.
As a non-invasive technique, reflectance confocal micro-

scopy (RCM) has recently been evaluated in the context of
DLE, by taking 4-mmpunch biopsies from lesional skin (16).
RCM was able to identify interface changes as well as
dermal, epidermal, and adnexal inflammatory cell infiltra-
tion in a high percentage of cases. This non-invasive tech-
nique might be helpful in biopsy site selection; however,
further studies are necessary.

Direct Immunofluorescence

Direct immunofluorescence (DIF) can be performed in
skin biopsy specimens of patients with CLE, detecting
deposits of the immunoglobulins IgG, IgM, and in rare
cases, IgA, as well as of the complement component C3 at
the dermoepidermal junction. However, uncommonmani-
festations of CLE, such as LEP and CHLE, have been
infrequently investigated or have proved negative in DIF
studies. Furthermore, the number of positive results varies
greatly among different studies (4). This might be due to
the controversies concerning terminology of DIF, which
have clouded this field from the beginning. Some groups
use the term ‘‘lupus band test’’ (LBT) to refer to lesional
and non-lesional DIF findings in LE, whereas others
reserve this designation for reference to immunofluores-
cence examination of non-lesional skin only. The strongest
clinical association of positive DIF in non-lesional, sun-
protected skin has been with SLE, and patients with DLE
without clinical or laboratory evidence of extracutaneous
disease have been uniformly negative. Furthermore, DIF
findings at the dermoepidermal junction are not specific
for LE, because similar deposits can also be found in
normal or sun-damaged skin, especially in the face, and
in other non-LE dermatological conditions.

Phototesting

More than hundred years ago, it was first suspected that
sunlight was involved in the induction of LE, partly due to
the fact that this disease seemed to accumulate in spring and
summer. Subsequently, ‘‘photosensitivity’’ was listed as one
of the ACR criteria for the classification of SLE, although it
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is poorly defined as ‘‘a result of an unusual reaction to
sunlight by patient’s history or physician’s observation’’
(12). A detailed clinical history is important for the diagno-
sis and assessment of photosensitivity in patients with LE
including several key components, such as the morphology

of the rash, duration, distribution, and the relationship to
sun exposure and specific symptoms (e.g., pain, pruritus,
burning, blistering, and swelling). However, a negative his-
tory of photosensitivity does not necessarily exclude sensi-
tivity to sunlight (3). This might be due to the fact that the

development of UV-induced skin lesions in patients with
CLE is characterized by a latency period of up to several

weeks. For this reason, a relationship between sun exposure
and exacerbation of CLE does not seem obvious to the
patient and therefore, it might be difficult for some patients

to link sun exposure to their disease.
Owing to the clinical evidence demonstrating the clear

relationship between sunlight exposure and skin manifes-
tations of CLE, experimental light testing with different

wavelengths has been developed to better define UV sensi-
tivity in patients with a photosensitive form of the disease.
Phototesting can be carried out by irradiating defined
test areas with single doses of 60–100 J/cm2 UVA and/
or 1.5MED UVB daily for three consecutive days using a

standardized protocol (3) (Table 63.2). Interestingly, there
are substantial differences in the clinical subtypes of CLE
with regard to responses to the different UV wavelength.
Patients with LET have been found to be the most photo-

sensitive subtype of CLE, because phototesting revealed
characteristic skin lesions in 72% of these patients. In
contrast, pathological skin reactions were induced by UV
irradiation in 63%of patients with SCLE, in 60%of patients

with ACLE, and in 45% of patients with DLE. However,
it is still unclear why sometimes skin lesions cannot be
reproduced under the same conditions several months after
the initial phototesting and why UV irradiation does not
show positive results in all patients tested, providing indirect
evidence for various factors in the pathophysiology of CLE.

Biochemical Features

Laboratory tests can be divided into primary screening
tests to confirm the diagnosis of CLE and secondary tests
aimed toward ruling out systemic organ manifestations
(Table 63.4).

Serological Features

High titers of antinuclear antibodies (ANAs) and detec-
tion of anti-dsDNA antibodies should raise suspicion of
SLE and can also be a marker for transition from CLE to
SLE. In various immunofluorescence studies using HEp-2
cells, ANAs ranged from 10–21% inDLE, from 69 to 72%
in SCLE, and from 90–98% in SLE patients (17). These
results were compared to examination with enzyme-linked

TABLE 63.2. Protocol of phototesting in patients with cutaneous

lupus erythematosusa.

Test site Non-UV exposed, unaffected areas of the

upper back or extensor aspects of the arm

Size of test field Defined test areas that should be sufficiently

large to provide reactions (e.g. 4 � 5 cm)

Dosage 60–100 J/cm2 UVA and/or 1.5MED UVB on

three consecutive days

Light sources UVA: UVASUN 3000 (330–460nm),

Waldmann; or UVA1 Sellamed 2000

(340–440nm), (Sellas Medizinische Geräte,

Gavelsberg, Germany)

UVB: UV-800with flourescent bulbs, Philipps

TL 20W/12 (285–350nm), (Waldmann,

Villingen/Schwenningen, Germany)

Evaluation 24, 48 and 72 h up to 4weeks after irradiation

Criteria for positive

photoprovocation

- Induced skin lesions clinically resemble LE

- Skin lesions develop slowly over several days

or weeks

- Skin lesions persist up to several months

- Histopathological analysis confirms clinical

diagnosis

a Modified after Kuhn et al. 2006 (21).

TABLE 63.3. Diagnostic parameters of different subtypes of

cutaneous lupus erythematosusb.

CLE Subtype ACLE SCLE DLE LET

Clinical presentation

Edema/induration þ (þ) þþ þþþ
Desquamation þ þþ þþ 0

Hypopigmentation 0 þþþ þþ 0

Hyperpigmentation 0 0 þþ 0

Follicular hyperkeratosis 0 0 þþþ 0

Scarring 0 0 þþþ 0

Photosensitivity þþ þþþ þ þþþ
Histopathology

Orthohyperkeratosis 0 (þ) þþ 0

Interface dermatitis þ þþ þþ 0

Thickened basement membrane þ þþ þþþ 0

Lymphocytic infiltrate þ þþ þþþ þþþ
Interstitial mucin deposition þ þþ(þ) þþ þþþ
Direct immunofluorescence (DIF)

Lesional skin þþþ þþ þþþ þ
Non-lesional, sun-protected skin þþ(þ) (þ) 0 n.d.

Serology (autoantibodies)

ANA (HEp-2 cells) þþþ þþ þ þ
Anti-dsDNA þþþ 0 0 0

Anti-Sm þþ 0 0 0

Anti-Ro/SSA þ þþþ 0 þ
Anti-La/SSB þ þþ(þ) 0 þ
Prognosis/Risk SLE þþþ þ (þ) 0�(þ)
b Modified after Kuhn et al. 2006 (22).

In this table, specific characteristics have been simplified and graded,

because percentages given for DIF and antibody serology vary greatly

in literature owing to small patient groups.
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immunosorbent assay (ELISA), leading to detection of

slightly higher percentages in CLE: 30% in DLE and
79% in SCLE. Anti-Ro/SSA antibodies have been detected
in 70–90% and anti-La/SSB antibodies in 30–50% of

patients with SCLE and are highly characteristic for this
subtype (5). The incidence of anti-Sm, anti-RNP, and anti-
phospholipid antibodies in CLE is low and usually asso-

ciated with systemic organ manifestation. The laboratory

features can be complemented by further serological exam-
inations (Table 63.4). In SCLE, association of rheumatoid
factor with anti-Ro/SSA antibodies has been described in

more than 30%. Furthermore, complement factors such as
C2 and C4 are usually within normal range in CLE—if

there is no genetic complement deficiency—separating the
disease from SLE with complement consumption. The
determination of hemolytic complement activity (CH50)

should be restricted to individual cases of CLE with high
suspicion of systemic disease or in associated hypocomple-

mentemic urticarial vasculitis. In these cases, C1q and anti-
C1q antibodies should also be measured.

Prognosis

Prognosis of CLE depends heavily on the clinical subtype
of the disease and its severity. In general, CLE prognosis is

regarded as more benign than that of SLE. Approximately
5% of DLE patients experience transition to SLE and
50% of SCLE patients fulfill four or more ACR criteria,
but less (10–15%) may develop systemic organ manifesta-

tions. Several risk factors exist that can influence the

prognosis of CLE. For example, familial aggregation and
twin studies in SLE have suggested that genetic factors
play an important role in the predisposition of the disease.
Inherited complement deficiencies also influence disease
susceptibility. Patients with homozygous deficiences of
the early complement components of C2 and C4 are at
risk of developing not only SLE but also CLE. Recently,
familial CHLE was described as a monogenic form of
CLE, mapping to chromosome 3p21 by investigation of a
large German family with 18 affected members, suggesting
a highly penetrant trait with autosomal dominant inheri-
tance (18). The gender of patients also seems to be impor-
tant, since studies have shown that male patients with SLE
develop skin manifestations more often.

Prediction

The prognosis of CLE depends on the severity and extent
of visceral involvement; however, it is still difficult to pre-
dict which cases will develop systemic organ involvement
and transition to SLE. Some signs of systemic manifesta-
tions, such asminimal proteinuria and arthralgia, are often
registered in CLE and 14–27% of patients with DLE, and
67–70% of patients with SCLE have been shown to have
mild extracutaneous involvement. Several risk factors may
influence the course and prognosis of CLE: genetic predis-
position, race and sex, clinical presentation, age at disease
onset, and triggering factors such as exposure to UV light
and drugs. In a prospective multicenter study, 296 patients
with SLE or CLE (DLE and SCLE) were examined and
variables most relevant for disease protection were col-
lected. Data identified mild signs of nephropathy as the
variable with strongest impact for distinction between SLE
and CLE. High ANA titers (>1:320) and appearance of
arthralgia also have a strong impact for distinction, while
low ANA titers and anti-dsDNA antibodies seem to have
little or no impact (9).

Therapy and Prevention

In patients with CLE, it is very important to provide
instructions for protection from sunlight and artificial
sources of UV irradiation as well as avoidance of poten-
tially photosensitizing drugs (19). Topical corticosteroids
show efficacy in the treatment of patients with all different
subtypes of localized CLE; however, they are of limited
value in the treatment of widespread skin lesions due to the
well-known side-effects, such as atrophy, dyspigmenta-
tion, and teleangiectasia. Recently, different groups have
found administration of calcineurin inhibitors to be useful
in CLE, especially in ACLE, SCLE, and LET. In addition,
physical therapy, such as cryotherapy or lasers, and
dermatosurgical methods, may also be useful adjuncts.

TABLE 63.4. Diagnostic procedure in cutaneous lupus
erythematosusa.

Screening when suspecting CLE

Patient’s history

Clinical evaluation

Histopathology (and DIF) from skin biopsy

Phototesting

Laboratory analysis ESR, differential white cell count, creatinine, AST,

ASL, AP, LDH

Urine analysis

ANA titer and pattern (HEp-2 cells)

Laboratory procedure after histological confirmation of CLE

CRP, CPK, protein electrophoresis, PTT, TSH basal

24-hr urine analysis: creatinine clearance, protein

IgG, IgM, IgA

C3, C4 (CH50, C1q if indicated)

RF, circulating immunocomplexes

ANA differentiation (ENA)

Anti-dsDNA antibodies (ELISA, RIA, and/or CLIFT)

Anti-phospholipid antibodies (anti-cardiolipin antibodies, lupus

anticoagulans, VDRL)

Antithyroid antibodies

Cryoglobulins, cold agglutinins (in cases of suspicion)

a Modified after Kuhn et al. 2006 (21)
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The mainstay of treatment for widespread or localized

disfiguring skin manifestations in patients with CLE,
irrespective of the subtype of the disease, are antimalarial

agents (Table 63.5). Our understanding of the use of
combinations of antimalarial agents (hydroxychloroquine

or chloroquine in addition to quinacrine) in therapy-

refractory cases of CLE and proper dosing according to

the ideal body weight limits problems with toxicity (20).
Meanwhile, it is well known that smoking reduces the

efficacy of treatment with antimalarial agents and
can also induce and aggravate CLE. Further treatment

options, such as methotrexate, dapsone, retinoids, clofazi-
mine, and thalidomide, are helpful for patients with resis-

tant disease; however, side-effects need to be taken into

consideration (21). Recent advances in biotechnology
resulted in the development of several novel systemic

agents for the treatment of autoimmune diseases. How-

ever, further controlled clinical trials are necessary for their
approval and new therapeutic strategies are currently

developed.
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TABLE 63.5. Antimalarial agents in cutaneous lupus
erythematosus.

Adults: Hydroxychloroquine: �6.5mg/kg ideal body weight/day

Chloroquine: �4.0mg/kg ideal body weight/day

Quinacrine: 100 to max. 200mg/day

(Cessation of

smoking!)

Children: Hydroxychloroquine: 6.0mg/kg ideal body weight/day

for 1 month, afterward�5.0mg/

kg ideal body weight/day

Chloroquine: �3.5mg/kg ideal body weight/day
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64
Pemphigus and Bullous Pemphigoid

Daniel Mimouni and Michael David

Abstract Pemphigus and bullous pemphigoid are organ-specific autoimmune disorders with an established immuno-

logical basis but unknown etiology. Pemphigus has three variants categorized by the presence/absence of intraepithelial

blisters and erosions of the skin and variable involvement of the mucous membranes. The diagnosis of pemphigus and

bullous pemphigoid is based on the clinical picture and confirmed by specific immunopathological findings. In general,

the natural history of pemphigus is characterized by constant progression with a high mortality risk; the prognosis of

bullous pemphigoid is more favorable. There are no prognostic indexes for the different variations of the diseases.

Treatment consists of systemic corticosteroids, corticosteroid-sparing agents, and specific immunobiologic agents.

Bullous pemphigoid tends to be more responsive to treatment and may also respond to topical agents as well as anti-

inflammatory drugs.

Keywords Autoimmune bullous diseases � pemphigus � pemphigoid � desmogleins

Definition

Pemphigus and bullous pemphigoid are autoimmune blis-
tering diseases with an established immunological basis
but unknown etiology. Pemphigus is characterized by
loss of cell–cell adhesion (acantholysis) mediated by auto-
antibodies to epidermal cell-surface proteins (1). It has
three major variants, pemphigus vulgaris, pemphigus
foliaceus, and paraneoplastic pemphigus, differentiated
by the presence/absence of intraepithelial blisters and ero-
sions of the skin and variable involvement of the mucous
membranes. Bullous pemphigoid is characterized by sub-
epidermal bullae and in vivo deposition of autoantibodies
and complement components and significant polymorpho-
nuclear cell infiltrates along the epidermal basement mem-
brane zone (2).

Epidemiology

Pemphigus vulgaris is the most common form of pemphi-
gus in North America and Europe. Mean age of onset is
50–60 years, with an equal sex distribution. Its prevalence
in the general population is 1–10 per million. Although the
disease affects members of all races, epidemiologic data

suggest a wide geographic variability, with higher rates in

Jews of northern European origin (3). Bullous pemphigoid

is the most common of the autoimmune blistering skin

diseases. It occurs mainly in older patients (4).

Pathogenesis

There is solid evidence that pemphigus autoantibodies are

not just surrogate markers for the disease, but pathogenic

(5). The autoantibodies are invariably found in serum and

bound in lesional epithelia; the severity of the disease

correlates with the serum autoantibody titer. Transpla-
cental transfer of pemphigus antibodies may induce a

short-term blistering eruption in neonates, and passive

transfer of human pemphigus antibodies to mice pro-

duces acantholysis and intraepidermal detachment,

reproducing the human disease with precision (5). Two

desmosomal proteins have been identified as the target

antigens in pemphigus: desmoglein 1 in pemphigus folia-

ceus (molecular weight 165 kDa) and desmoglein 3 in

pemphigus vulgaris (molecular weight 130 kDa). The
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desmogleins are part of the family of molecules called
cadherins, which are known to play a major role in cell–
cell adhesion.

The pathogenesis of bullous pemphigoid involves circu-
lating autoantibodies to two protein antigens: BP antigen
1 (230 kD) and BP antigen 2 (180 kD), also known as type
XVII collagen. These antigens are key components of the
epidermal hemidesmosomes, which are adhesion struc-
tures that anchor the epidermal basal cells to the under-
lying basement membrane.

Clinical Manifestations

The lesions of pemphigus vulgaris typically occur first in
the oropharyngeal mucosa and subsequently in the skin.
Other mucosa such as the genitalia and conjunctivamay be
involved as well. The primary skin lesion consists of flaccid
bullae that break to form a large painful erosion, which
usually fails to heal without specific intervention. Themost
common sites are the scalp, face, and trunk, although all
parts of the body may be affected.

The clinical manifestations of bullous pemphigoid
differ from those of pemphigus vulgaris. Oral lesions
are rare, and the skin lesions are typically polymorphic
and cause significant itching. They may present as
erythematous urticarial papules or plaques of the trunk
and flexor parts of the extremities. Subsequently, tense
blisters arise, sometimes producing an extensive bullous
eruption.

Pathologic Features

Histologic study of pemphigus vulgaris lesions typically
reveals suprabasal acantholysis. Histologic skin sections
from patients with bullous pemphigoid typically show
separation of the basal epidermis from the adjacent dermis
(subepidermal plane) with eosinophils in the dermis.

Immunofluorescence and Serologic
Features

Direct immunofluorescence study of skin tissue from
patients with pemphigus vulgaris shows IgG and C3
deposition on the epithelial cell surface. The immunoser-
ologic hallmark of the disease is the presence of serum anti-
desmogleins 1 and 3. By contrast, on immunofluorescence
study of tissue from patients with bullous pemphigoid, IgG
and C3 are deposited along the basement membrane; the
immunoserologic hallmark is the presence of serum anti-
BP antigens 1 and 2. The finding of these typical patterns
on indirect immunofluorescence study of serum samples

using monkey esophagus as the substrate is diagnostically
helpful. Other, nonroutine, serologic tests that can detect

anti-desmoglein and anti-BP antibodies with more accu-

racy include ELISA and immunoblotting (6).

Diagnostic Criteria

At present, there are no universally recognized diagnostic

criteria for pemphigus vulgaris or bullous pemphigoid.

Table 64.1 summarizes the methods accepted at present.

For a definitive diagnosis, we suggest positive findings on

direct immunofluorescence combined with two of the
major criteria or one of the major and one of the minor

criteria identified in the table.

Prognosis

Pemphigus vulgaris has a chronic course, with remissions

and flares. Left untreated, it progresses steadily, and is

associated with a very high risk of mortality within 2

years. The introduction of corticosteroids has rendered

the disease treatable, but not curable. The course and

prognosis of bullous pemphigoid is more favorable.

There are also remissions (sometimes spontaneous) and

flares, but symptoms frequently disappear after a few

months to a few years. There are at present no prognostic

indices for the variations of the diseases.

TABLE 64.1. Diagnostic criteria for pemphigus vulgaris and bul-
lous pemphigoida.

Criteria Pemphigus vulgaris Bullous pemphigoid

Major

Clinical picture Flaccid blisters and

erosions in mucosa,

skin, or both

Polymorphic eruption with

tense blisters and erosions

in skin (rarely mucosa)

Histopathology Intraepidermal

blisters with

acantholysis

Subepidermal blistering

with eosinophils

DIF Deposition of IgG

and C3 on

epithelial cell

surface

Deposition of IgG and C3

along the basement

membrane

Minor

IF Deposition of IgG

and C3 on

epithelial cell

surface

Deposition of IgG and C3

along the basement

membrane

ELISA Desmogleins 1 or 3 BP antigens 1 or 2

Immunoblot Bands at 130 or

160 kDa

Bands at 180 or 230 kDa

aObligatory conditions for definitive diagnosis: three major criteria or

two major (one of which is positive DIF) and one minor criteria.

DIF: direct immunofluorescence; IF: indirect immunofluorescence.
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Therapy

If pemphigus vulgaris is not treated definitively and
promptly, the process ‘‘hardens,’’ leading to epitope spread-
ing (7, 8), which makes the disease more difficult to con-
trol. Even if the initial presentation is limited, the disease
will generalize without systemic treatment. Initially,
patients are administered systemic corticosteroids, either
alone or in conjunction with other immunosuppressive
agents. The most effective and often-used immunosup-
pressive agents are azathioprine, mycophenolate mofetil,
and cyclophosphamide. More recent studies reported high
efficacy for plasmapheresis, intravenous immunoglobulins
(IVIG), and anti-CD20 (rituximab) (9, 10). Treatment with
rituximab has yielded promising results in terms of long-
standing remissions.

Bullous pemphigoid is more responsive to treatment
than pemphigus. The therapeutic regimen is also based
on corticosteroids (topical or systemic), alone or in con-
junction with other immunosuppressive drugs, as well as
anti-inflammatory agents (for cytokine inhibition).
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65
Vitiligo

Sharon Baum, Aviv Barzilai and Henri Trau

Abstract Vitiligo is a skin-depigmenting disorder that may be associated with other organ-specific autoimmune diseases.
Vitiligo patients develop, with various frequencies, organ-specific autoantibodies, such as parietal, adrenal, and thyroid-
related antibodies, but the meaning of these antibodies in vitiligo patients is unclear. Theories concerning the pathogen-
esis of vitiligo have concentrated on four different mechanisms: autoimmune, autocytotoxic, genetic, and neural. The
autoimmune hypothesis focuses on the association of vitiligo with other autoimmune diseases. The autocytotoxic theory
postulates that cytotoxic precursors to melanin synthesis accumulate occur in melanocytes causing cell death. The
genetic hypothesis focuses on genetic data, and the neural hypothesis links segmental vitiligo with neurons that juxtapose
melanocytes. Diagnosis is based mainly on clinical picture. Vitiligo can be treated in many ways. These include steroids,
phototherapy, and topical immunomodulators. Multiple surgical modalities have offered patients significant benefits.
For patients with generalized vitiligo, depigmentation of the remaining pigmented epidermis is sometimes the only
alternative.

Keywords Vitiligo � melanocytes � autoantibodies � steroids � phototherapy

Vitiligo is an acquired, sometimes progressive disorder in
which some or all of the melanocytes in the interfollicular
epidermis, and occasionally those in the hair follicles, are
selectively destroyed. Vitiligo may be associated with other
organ-specific autoimmune diseases, such as thyroid disease
(Hashimoto’s thyroiditis and Graves’ disease), Addison’s
disease, pernicious anemia, insulin-dependent diabetes mel-
litus, and alopecia areata (1). Autoantibodies directed
against these and other organ systems can also be present
without clinical correlation. Pigmented cells in the eye and
ear are sometimes affected (2, 3).

Epidemiology

The disease itself is not inherited, but the predisposition
for vitiligo is inherited. Vitiligo is relatively frequent, with
a rate of 1–2%. No sex-related difference in prevalence is
reported. Vitiligo may appear at any time from birth to
senescence, though the onset is most commonly observed
in childhood or young adulthood. Approximately one half
of those with vitiligo acquire the disease before the age of
20 years, and the incidence decreases with increasing age
(4). Epidemiologic studies have shown that one-fourth to

one-third of patients with vitiligo have family members
with the disease. Larger studies involving patients with viti-
ligo and their families conclude that the disease is neither
transmitted as an autosomal recessive nor as a dominant
trait. The finding that multiple unlinked autosomal loci
on red blood cells (such as RHon chromosome 1, ACP1 on
chromosome 2, andMN on chromosome 4) are associated
with the disease suggests a multifactorial genetic pattern.
These studies also demonstrate that close biologic relatives
have a 4.5-fold increased risk of the development of vitiligo
compared with controls (5).

Pathogenesis

The concept of vitiligo as an autoimmune disease was
introduced following reports of autoantibodies found in
serum from patients with active disease. This phenomenon
has been studied in great detail, and antibodies directed
against melanocytes are clearly more prevalent in patients
with active vitiligo (6). These antibodies are generally reac-
tive with intracellular antigens, but humoral immunity
to pigment cells may constitute an epiphenomenon that
occurs in response to cell damage. Evidence supporting a
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role for antibodies is provided by demonstrating that
adoptive transfer of vitiligo serum can induce depigmenta-

tion of xenografted human skin in SCID mice and by

demonstrating antibody-dependent cellular cytotoxicity

in vitro (7). Recently, it was found that there is an inflam-

matory infiltrate surrounding expanding vitiligo lesions.
Infiltrates consist of macrophages, as well as dendritic cell

and T cells. No B cells are found in vitiligo skin (8).

Four pathogenic theories have been discussed, as follows:

l Autoimmune Hypothesis: The frequent association of

vitiligo with autoimmune diseases, together with studies

demonstrating that vitiligo patients can have autoanti-

bodies and autoreactive T lymphocytes against pigmented

cells, supports the theory that there is an autoimmune

involvement in the etiology of the disease. Although the

pathogenic mechanisms of T cells have recently been

well studied in vitiligo, the role of autoantibodies in the

disease remains obscure (Figure 65.1).
l Vitiligo may develop in patients with melanoma. The

same process, autoimmune destruction of melanocytes, is
thought to be responsible for both melanoma-associated
vitiliginous depigmentation and common vitiligo. They
appear identical histologically (9). As immune system
effectors circulate freely in the plasma, the sites of
depigmentation do not necessarily have to be near the
actual melanoma and, in fact, can be quite distant from
it. The major difference is their distribution: vitiligo
usually begins centrally and spreads to the periphery
whereas generalized vitiliginous lesions usually begin
distally.

l Neural Hypothesis: The neural theory was based on
the following: (a) case reports of patients afflicted with
a nerve injury and vitiligo with decreased or absent skin

FIGURE 65.1. Schematic figure showing the autoimmune mechanism causing vitiligo.
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findings in the denervated areas, (b) clinical evidence
of segmental, dermatomal vitiligo, (c) increased sweat-
ing and vasoconstriction in vitiliginous areas implying
increased adrenergic activity, and (d) depigmentation in
animal models with disconnected nerve fibers (10). Ker-
atinocytes and melanocytes from involved skin have also
been shown to have increased monoamine oxidase A
activity, with the former cells synthesizing 4-fold more
norepinephrine and 6.5-fold less epinephrine than
control keratinocytes. Increased urinary excretion of
a dopamine metabolite, and norepinephrine and epi-
nephrine metabolite, has been documented in vitiligo
patients with active disease (11).

l Autocytotoxicity Theory: The autocytotoxic theory
stems from the belief that increased melanocyte activity
leads to its own demise. Electron micrograph examina-
tions of vitiliginous interface and normal skin in patients
with vitiligo demonstrated accumulation of extracellular
granularmaterial and basilar vacuolization of pigmented
skin in patients with rapidly progressing disease. This
theory has been supported by studies that have demon-
strated an increased melanocyte susceptibility to precur-
sor molecules (such as dopachrome) with exposure to
melanotropin (also known as melanocyte-stimulating
hormone). A second mechanism by which autocytotoxi-
city may occur is through inhibition of thioredoxin
reductase, a free-radical scavenger located on the mem-
brane of melanocytes. This enzyme is inhibited by cal-
cium, which has been shown to be membrane bound
in higher concentrations on vitiliginous keratinocytes
relative to controls. Higher extracellular calcium levels
cause increased superoxide radicals that lead to inhibi-
tion of tyrosinase by upsetting the equilibrium of oxi-
dized and reduced thioredoxin in the epidermis, later
causing vacuolization and eventually cell death (12).

l Genetic Hypothesis: Melanocytes have an inherent
abnormality that impedes their growth and differentia-
tion in conditions that support normal melanocytes. The
premise that vitiligo, or a susceptibility to the disease, is
inherited is based on the fact that familial aggregation is
often seen. Epidemiologic studies have suggested amulti-
factorial genetic pattern. Attempts to associate specific
HLA haplotypes have lead to variable results, limited by
the small number of patients in each study.

It is believed that Vitiligo is a polygenic trait and that a
convergence theory, combining elements of different theories
across a spectrumof expression, is themost accurate etiology.

Clinical Manifestations

Vitiligo appears as sharply circumscribed, cosmetically
disturbing, white spots that stand out. The appearance is
particularly noticeable when the unaffected skin is tanned.

The disease is categorized according to the extent of
involvement and the distribution of depigmentation. Gen-

eralized vitiligo is the most common presentation with

bilateral, symmetric depigmentation of the face (especially

periorificial areas); neck; torso; extensor surfaces; or bony

prominences of the hands, wrists, legs, axillae, or orifices.

Involvement of the mucus membrane is frequently observed

in the setting of generalized vitiligo. Vitiligo often occurs

around body orifices such as the lips, genitals, gingiva,

areolas, and nipples (Figures 65.2 and 65.3). Segmental

vitiligo occurs in a dermatomal, asymmetric distribution;

because of its earlier onset, recalcitrant course, and

decreased association with autoimmune disease, it is con-

sidered a special type of vitiligo (13). Universal vitiligo

implies loss of pigment over the entire body surface area.

Most patients initially experience depigmentation in a sun-

exposed site. Depigmentation of body hair in vitiliginous

macules may be present. Although the color of the irides

do not change in patients with even extensive vitiligo,

depigmented areas in the pigment epithelium and choroid

occur in up to 40% of patients. Moreover, the incidence of

uveitis in patients with vitiligo is elevated, and the inci-

dence of vitiligo in patients with uveitis is also higher

than expected (2). The membranous labyrinth of the
inner ear contains melanocytes. Because vitiligo affects

all active melanocytes, auditory problems can result in

patients with vitiligo. In a study of patients with vitiligo

who were younger than 40 years of age, 16% had

FIGURE 65.2. Schematic figure of the most common clinical
presentation of vitiligo. It is bilateral, symmetric on the face

(especially periorificial areas), neck, torso, extensor surfaces, or

bony prominences of the hands, wrists, and legs.
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hypoacusis in the 2–8 kHz range, which was of minimal
disturbance to those affected (3).

Pathological Features

Histologically, in vitiliginous skin melanocytes are uni-
formly absent, supported by dopa and silver nitrate-negative
staining and by monoclonal and polyclonal antibodies
directed against melanocytes. Rarely, usually in early
lesion, perivascular or lichenoid lymphocytic infiltrate
and melanophages with only slight decrease in the number
of melanocytes may be seen (Figure 65.4).

Diagnostic Criteria

The diagnosis of vitiligo is usually based on clinical exam-
ination of a patient with acquired, milk-white spots in
typical sites. Wood’s lamp test is helpful to differentiate
different types of depigmentation. Only in a small number
of particularly difficult cases, a skin biopsy may be required
to differentiate vitiligo from other conditions. Occasionally
the following specific tests are required to rule out the

association with other autoimmune diseases: thyroid profile,
blood sugar, complete blood count, Vit B12 levels, etc.
Although the pathogenic mechanisms of T cells have

recently been well studied in vitiligo, the role of autoanti-
bodies in the disease remains obscure. However, even if
antibodies to melanocytes are not an agent of the disease,
identifying their target antigens could provide for the
development of diagnostic tests that are not yet available
for vitiligo and could serve as markers for important T-cell
responses in patients with the disease.

Prognosis

The course of the disease is unpredictable but is often
progressive with phases of stabilised depigmentation.
An extending vitiligo with enlarging macules or the devel-
opment of new lesions is classified as the active form of
the disease.

Therapy

Vitiligo can be treated in many ways (14). Two of the most
common modalities, systemic and topical PUVA, use
8-methoxypsoralen and UV radiation in the 320–400 nm
range. Corticosteroids have also been used to treat vitiligo.
Multiple surgical modalities have offered patients signifi-
cant benefits. For those patients with generalized vitiligo,
depigmentation of the remaining pigmented epidermis is
sometimes the only alternative.

Cosmetic Modalities

Visible depigmentedmacules and patches can be concealed
with make-up or topical dyes. Cost, ease of application for
focal vitiligo, and lack of side effects are specific advantages
of topical cover-ups. However, patients unaccustomed to
wearing make-up or involved in vigorous physical activity

FIGURE 65.3. Typical clinical picture of
vitiligo patient with depigmented lesions

on dorsum of hand and around the lips.

FIGURE 65.4. Histological picture of vitiligo presenting decreased
number of melanocytes along the basal layer with mild superficial

perivascular lymphocytic infiltration.
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or patients with extensive disease may find topical cosm-
esis difficult.

Psoralen–UVA

The first modern use of light therapy in combination with
purified topical and/or oral psoralens was by El Mofty in
1948. Meladinine, a derivative of coumarin consisting
of 8-methoxypsoralen and 8-isoamyleneoxypsoralen, was
found to be an effective oral and topical treatment. As late
as 1967, sunlight was considered the most useful source
of energy to repigment the skin of patients with vitiligo,
with the use of oral and topical psoralens.With the realiza-
tion that 8-methoxypsoralen optimally sensitized vitiligi-
nous skin at 360 nm, the fluorescent blacklight became a
useful light source, and the UVA light box was born. How
PUVA therapy stimulates these inactive melanocytes is
still unknown, but data have accrued to suggest possible
mechanisms. Psoralens interact with double-stranded and
supercoiled DNA, but with exposure to UV light, they
covalently bind and inhibit DNA by forming photoad-
ducts with thymine bases and cross-links between opposite
pyrimidine base pairs. Consequently, RNA and protein
synthesis are indirectly decreased. PUVA increases the size
but not the number of melanosomes in keratinocytes. Kao
and Yu determined that normal, cultured melanocytes
exposed to PUVA experienced stimulation of tyrosinase
activity, inhibition of DNA and protein synthesis, and
depletion of epidermal growth factor expression (15).
Serum from patients with vitiligo that previously demon-
strated a positive indirect immunofluorescence with cul-
tured melanocytes failed to react after PUVA treatment at
124mJ/cm2, therefore depleting vitiligo-associated melano-
cyte antigens. Decreasing the antigenic potential of anti-
bodies directed against melanocytes and the density of
Langerhans cells in treated skin, PUVA may, in part,
immunologically mediate the repigmentation process.
Melanotic melanocytes in the bulb and infundibulum of
the hair follicle are destroyed in vitiliginous skin, although
inactive cells in the middle and lower parts of the follicle
and the outer root sheath are spared. Inactive melanocytes
contain early structural, melanosomal proteins but do not
contain enzymes required for melanogenesis (16). These
cells in the outer root sheath activate (and thereby acquire
structural and enzymatic proteins), proliferate, andmature
as they migrate up the hair follicle into the epidermis and
spread centrifugally. These active melanocytes are large,
with elongated dendrites and intense DOPA oxidase activ-
ity. Research onmechanisms by whichmelanocytes migrate
from the lower hair follicle to the epidermis has focused on
cytokine release by keratinocytes. It has been postulated
that basic fibroblast growth factor, which is released by
cultured keratinocytes after UVB irradiation, is the mito-
gen for melanocytes. Oral PUVA therapy is used in
patients with extensive vitiligo. Vitiligo on the trunk,

proximal extremities, and face respond well to PUVA
therapy, although distal extremities and periorificial or
dermatomal depigmentation do not. In the past few
years, there have been new therapeutic advances for viti-
ligo. These include narrowband ultraviolet B (NB-UVB)
phototherapy, targeted phototherapy, topical immunomo-
dulators such as calcineurine inhibitors, and vitamin D
analogues in combination with ultraviolet light. NB-UVB
phototherapy appears to be more effective and better tol-
erated than PUVA in vitiligo treatment in both children
and adults, and it is currently considered the treatment of
choice for patients with moderate to severe vitiligo. Major
advantages of NB-UVB treatment include ease of treat-
ment, no need for post-treatment ocular protection, and
absence of systemic side effects. Targeted phototherapy
with 308-nm excimer laser may be more effective attribu-
table to the sparing of uninvolved skin, lower cumulative
dosage, and shorter treatment times that may reduce the
incidence of long-term side effects of phototherapy (17).

Topical and Systemic Steroids

About 32–58% of patients experience full repigmentation
of the vitiliginous areas, and an additional 16–40% patients
experience partial repigmentation with the use of steroids.
High-potency steroids are used for localized, depigmented
areas for 1–2months, at which time therapy is slowly
tapered to a lower-strength preparation. Because of poten-
tially severe side effects, systemic corticosteroid treatment
is not warranted in the treatment of vitiligo. Long-term
follow-up of patients treated with topical steroids has been
limited; therefore, it is difficult to ascertain its efficacy (18).
Since 2002, some studies and case reports have discussed
the application of topical immunomodulators in the
treatment of vitiligo alone or in combination with other
treatments. In a randomized, double-blind, right–left com-
parison study by Lepe et al., 20 children with active vitiligo
were treated with 0.1% tacrolimus or 0.05% clobetasol
twice a day for 2months. The results have shown that
tacrolimus was almost as effective as clobetasol (19).

Surgical Treatment

If topical steroids or PUVA treatments fail to repigment,
surgical alternatives exist. These treatments regimens are
most often limited to segmental or localized vitiligo,
although they can be successful in generalized disease.
Surgical modalities may be considered in inactive, non-
progressive disease only; moreover, areas such as the
dorsal fingers, ankles, forehead, and hairline tend not
to repigment well. The treatments include epidermal graft-
ing, autologous minigrafting, transplantation of in vitro
cultured epidermis, and transplantation of noncultured
melanocytes (20).
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66
Psoriatic Arthropathy

Gleb Slobodin and Elias Toubi

Abstract Psoriatic arthritis (PsA) is a common inflammatory psoriatic arthropathy that characteristically occurs in
individuals with psoriasis. Varied presentations of PsA may delay the timely diagnosis and treatment in some patients.
Recently accepted ‘CASPAR’ classification criteria are highly specific and allow the diagnosis of PsA even in the absence
of skin psoriasis (PsA sine psoriasis) or in the presence of positive rheumatoid factor. New treatment modalities,
particularly biological medicines, allow better control of varied manifestations of PsA.

Keywords Psoriasis � arthritis � autoimmunity

Introduction

Psoriatic arthritis (PsA) is a common inflammatory pso-
riatic arthropathy that characteristically occurs in indivi-
duals with psoriasis. PsA was classified as a distinct entity
for the first time in 1964, but the antiquity of this disease
dates back to many centuries [1]. The many facets of PsA
have historically complicated the timely diagnosis on the
one hand, while its aggressive and destructive behavior has
been recently recognized in up to 20% of affected persons
on the other [2]. As such, PsA attracted much attention
lately, which resulted in great progress in the understand-
ing, classification, and treatment of the disease in the past
years. This chapter will summarize the current experience
in PsA in light of the recent developments in the field.

A Clinical Spectrum

Traditionally classified in the group of the spondyloarthri-
tidies (SpA), PsAmaymanifest clinically in the whole gamut
of patterns, which were first recognized byMoll andWright
(1973) [3]. Since then, many additional large series of
patients with PsA have been published and much new data
accumulated. We recognize today that PsA may not only be
an oligoarticular or polyarticular disease, or affect periph-
eral or axial joints, or spine, but it may also evolve from one
pattern to another with time [4]. These patterns may also
overlap, particularly in patients with longstanding disease.

In most patients, PsA coexists with skin psoriasis, which
may be extensive, limited, or even hidden with a patient
unaware of its existence. On the contrary, in as many as
7–30% of patients, arthritis may precede the appearance of
psoriatic skin lesions, called ‘PsA sine psoriasis’ [2]. In these
patients, where amain prompt to the causation is absent, the
right diagnosis of PsA will depend solely on the recognition
of the specific features of the articular disease. Nevertheless,
no single clinical, radiological, or laboratory sign, pathog-
nomonic for PsA has been reported, thus raising the expert
physician diagnosis to the traditional gold standard in the
diagnosis of PsA [5].
Of five main patterns of PsA, both oligoarticular and

spinal variants may be difficult to distinguish from the
other members of the SpA group [6]. By clinical presenta-
tion and radiological features, these patterns of PsA are
particularly similar to reactive arthritis, while a wide spec-
trum of skin rashes and lesions in the course of the latter
may merely complicate the differential diagnosis. Entheso-
pathy, which is a characteristic feature of the whole group
of SpA, may be particularly prominent in PsA, affecting
frequently plantar fascia or Achilles tendons. Bone mar-
row edema adjacent to the entheseal insertion sites is char-
acteristic in PsA and thought to be a manifestation of
underlying osteitis. The involvement of the entheses at
the very earliest stage of PsA has been demonstrated by
magnetic resonance imaging (MRI) and led recently to an
enthesis-based biomechanical hypothesis of disease patho-
genesis [7]. Dactylitis, an inflammation affecting both the
joints and the tendons of the whole digit may be seen in
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16–48% of patients with PsA, being usually less common
in other SpA. PsA is also featured by the relative asymme-
try of sacroiliac/spinal involvement and more extensive
paramarginal syndesmosmophytes and/or periosteal reac-
tion compared to ankylosing spondylitis or SpA related to
inflammatory bowel disease.

The evidence of features of SpA (inflammatory entheso-
pathy, dactylitis, spinal involvement, periosteal prolifera-
tion) in any further discussed pattern of PsA is of primary
importance andmay serve as a clue to the right diagnosis in
many patients.

A distal pattern affecting the distal interphalangeal
(DIP) joints must be mainly differentiated from osteoar-
thritis (OA), particularly inflammatory erosive OA. The
joint involvement in these two disorders may be very simi-
lar both clinically and radiologically. A clue to the right
diagnosis lies in the concomitant psoriatic nail involvement
in most patients with PsA. Pitting is the most common
psoriatic nail lesion, while onycholysis, nail-bed discolora-
tion, subungual hyperkeratosis, transverse grooves, or
longitudinal ridging may be seen as well [8]. Of interest,
nail changes were reported to occur in about 90% of
patients with PsA (all patterns), compared with 45% of
psoriatic patients without arthritis. Recent MRI studies
demonstrated that an involvement of the distal phalanges
in the inflammatory process accompanies both the DIP
joints involvement and psoriatic nail lesions in patients
with PsA, being a potential connective link between the
two phenomena [9].

Laboratory parameters of inflammation (erythrocyte
sedimentation rate and C-reactive protein) are frequently
normal or minimally elevated in PsA, not contributing
much to the differential diagnosis in this setting. However,
the fine interpretation of X-rays may help to differentiate
between PsA and OA in some patients. The lack of apposi-
tion of adjacent bony margins would be characteristic for
PsA, while in OA undulating osseous surfaces are usually
closely applied. Pencil-in-cup appearance of the joints,
irregular periosteal bone proliferation, or resorption of
the distal tuft, if exist, may be diagnostic for PsA.

A polyarticular patternmust be distinguished from rheu-
matoid arthritis (RA). In this setting, PsA may be recog-
nized by its tendency to asymmetry and involvement of the
joints in the ‘ray’ pattern rather than in ‘raw’ pattern,
typical for RA. The presence of erythema over the
inflamed joint is unusual in RA, but may be seen fre-
quently in PsA, probably reflecting the characteristic for
psoriatic disease exaggerated angiogenesis. Concomitant
involvement of DIPs, spine, or psoriatic nail lesions in PsA
patients should not be unnoticed. Positive serology (both
RF and anti-cyclic citrullinated peptide [anti-CCP] anti-
bodies) may sometimes deceive, occurring in PsA (mainly
polyarticular) in up to 10%–15%. Intriguingly, an associa-
tion of a positive test for anti-CCP antibodies and HLA-
DRB1-shared epitope in patients with PsA was reported

[10]. Radiologically, both PsA and RA are characterized
by osseous erosions; however, irregular excrescences of
bony proliferation and the lack of juxtaarticular osteo-
porosis would strongly favor the diagnosis of PsA.
Arthritis mutilans is the most destructive form of PsA,

which may lead to an extensive and irreversible joint
damage with appearance of the ‘‘telescoping’’ phenomenon
and shortening of the digits in a short period of time. All
aforementioned clinical and radiological features of PsA
may contribute to the diagnosis, which necessitates an
aggressive therapeutic approach.

Classification Criteria

At least six different criteria sets have been proposed since
the first diagnostic criteria of Moll and Wright that
included three main points: the existence of an inflamma-
tory arthritis, the presence of psoriasis, and the seronega-
tivity [3,11]. The many patterns of PsA necessitated,
however, more specific classification criteria to distinguish
PsA from other members of the SpA group, OA, RA, or
gout, which may be frequent in patients with psoriasis. A
case is even more complicated owing to high prevalence of
both psoriasis and aforementioned rheumatic diseases
leading to statistically sensible noncausal association of
skin psoriasis and arthropathies.
Recently, an international group of experts in PsA, the

ClASsification of Psoriatic ARthritis (CASPAR) study
group, worked out a new, simple and highly specific clas-
sification criteria [3]. These criteria permit classification of
an inflammatory articular disease as PsA when at least 3 of
the following (current psoriasis gains 2 points, each other
criterion gains 1 point) are met:

l current psoriasis (2 points) or personal or family history
of psoriasis;

l typical psoriatic nail dystrophy;
l dactylitis;
l negative test for rheumatoid factor;
l juxtaarticular new bone formation (excluding osteo-

phytes) on plain radiographs of the hand or foot.

The CASPAR criteria, which were developed on the basis
of data analysis of 588 patients with PsA and 534 patients
with other arthropathies, have a specificity of almost 99%
and a sensitivity of 91.4%. In addition to their very high
specificity, the CASPAR criteria are also progressive by
permitting the diagnosis of PsA in the absence of psoriasis
(PsA sine psoriasis) as well as in RF-positive patients. On
the contrary, relatively low sensitivity, particularly in the
early disease, may be the main limiting factor of these
criteria.
Detailed comparison of the historical and current diag-

nostic and classification criteria for PsA may be found in
[5,11].
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PsA Mechanisms

Both cellular interactions and molecular pathways of

inflammation in PsA have not been elucidated sufficiently.

In general, synovial histopathology of PsA, whether oligo-

or polyarticular, is closer to that of other SpA rather to
RA. Particularly, the increased synovial vascularity, trig-

gered by vascular growth factors, and massive neutrophil
infiltration are characterisctic for PsA [12]. Of interest,
both increased angiogenesis and abundance of neutrophils

are seen also in psoriatic skin lesions.
Intracellular citrullinated peptides, frequently recog-

nized in RA synovium, are not seen in PsA [12]. The

synovial infiltrate in PsA, besides neutrophiles, is formed
mainly by T lymphocytes, with also cells of B-lineage,

macrophages, and dendritic cells present. Both CD4 and

CD8 T cells, with the latter predominating in the joint
effusions in PsA, may show oligoclonal expansions, sug-

gesting an antigen-driven response [13]. However, the T-
cell-activating antigens have not been identified so far. Of

relevance, CD40L was recently reported overexpressed on
stimulated T cells from patients with psoriatic arthritis

when compared with RA patients and healthy volunteers

[14]. Th17 lymphocytes, a recently reported lineage of
proinflammatory T helper cells essential in both psoriasis

and RA, are still uninvestigated in PsA.
The general pattern of T-cell-derived cytokines, includ-

ing IL2, IL4, IL10, TNF�, IFN� in the synovial fluid in
PsA has been found similar to that of RA, but in lower

concentrations [15]. Of other inflammatory cytokines,
TNF-a is abundant in PsA synovium, and likewise in

both psoriatic skin lesions and inflammatory arthropa-

thies. Macrophages, which usually serve as a main source
of TNF-a, may differ in the inflamed synovium of PsA

from that in RA by their numbers and subtypes, with more
CD163þmacrophages found in PsA [12]. B-cells, present-

ing in the PsA synovium, participate in building of lym-
phoid aggregates there, which may point to antigen-driven

B-cell development [16]. However, the precise organization

and function of B-cells in PsA is not clear.
Dendritic cells (DCs) attracted much attention recently

as a potential key player in psoriasis. Plasmacytoid
CD123þDCs serve there as a major interferon-a producer,
while myeloid CD11cþDCs produce a variety of cytokines
and chemokines, being abundant in psoriatic skin lesions

(reviewed in [17]). DCs, while recognized in the synovium
and joint fluid in PsA [12], have not been studied yet

enough in this disease.
Disturbed bone remodeling, as expressed by both exten-

sive bone erosions and exaggerated bone formation in the
same patients, is another characteristic and poorly under-

stood feature of PsA.The receptor activator of nuclear
factor-kappa B ligand (RANKL), TNFa, and IL-7 have

been recently suggested as critical molecules involved in

the activation of osteoclasts and subsequent bone resorp-
tion in PsA [18]. A reduction in the number of osteoclast
precursors in the peripheral blood after anti-TNF treat-
ment in patients with PsA was also reported. On the con-
trary, the mechanisms of increased bone formation and its
potential relation to characteristic for PsA osteitis are not
studied yet.

Progress and Problems in PsA Treatment

Better understanding of diseasemechanisms allowed intro-
ducing new, highly specific and effective therapies in the
arsenal of medicines for treatment of PsA in the past
decade. Some of these therapies were translated to the
field of PsA from the experience with RA and AS patients,
while others were first used in patients with psoriasis. This
new generation of ‘‘biologics’’ differs from those tradition-
ally used in PsA such as methotrexate, sulfasalasine,
cyclosporine, and other disease-modifying anti-rheumatic
drugs (DMARDs) by their targeted action on a specific
structure, leading to the neutralization of this structure
(i.e. anti-TNF treatments) or interruption of immunologi-
cal signal transduction and modulation of T-lymphocyte
function (i.e. alefacept) [19].
While the efficacy of biologicals in PsA has been repeat-

edly appreciated in clinical trials and confirmed by evi-
dence-based studies (reviewed in [19]), the precise effect
of these therapies on the disease course is unknown, pri-
marily because of the absence of accepted outcome mea-
sures in PsA. The used in the majority of clinical trials
American College of Rheumatology (ACR) or Disease
Activity Score (DAS) response criteria, developed for
RA, as well as Psoriatic Arthritis Response Criteria
(PsARC), are based mainly on the affected joints count,
and as such may be acceptable in the polyarticular PsA,
which shares some clinical similarities with RA. The widely
agreed measures of improvement in oligoarticular, spinal,
or predominant DIP patterns of PsA, as well as measures
of enthesitis and dactylitis in PsA are still unavailable [20].
This lag between the appearance of new effective treatment
modalities and the difficulties in assessment of some var-
iants of PsA may lead to the underestimation of the sever-
ity of PsA and inappropriately chosen treatment in some
patients. It has to be particularly mentioned that the blind
translation of RA therapies (both traditional DMARDs
and biologicals) for patients with PsA may be unwise,
regarding the potential differences in the efficacy and toxi-
city of medicines in two different conditions. In addition,
coordinated therapy, directed at both psoriatic skin lesions
and affected joints, may be preferred in PsA patients.
Finally, combination therapy of two or more nonbiologic
DMARDs or biologic and nonbiologic DMARD (metho-
trexate being most frequently used) has repeatedly been
shown superior to monotherapy in PsA.
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Take Home Messages

1. PsA is a distinct inflammatory arthropathy manifesting
by synovitis, enthesitis, and osteitis.

2. No single clinical, radiological, or laboratory sign,
pathognomonic for PsA has been reported, thus raising
the expert physician diagnosis to the traditional gold
standard in the diagnosis of PsA.

3. CASPAR classification criteria are simple and highly
specific for PsA.

4. Increased vascularity, abundance of TNFa, and dis-
turbed bone remodeling feature the histopathology of
PsA; precise cellular interactions and molecular path-
ways of inflammation have not been elucidated yet.

5. The arsenal of medicines for PsA has been significantly
expanded during the past decade, permitting highly
effective mono- and combination therapy with tradi-
tional DMARDs and new biological medicines.
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67
Autoimmune Dilated Cardiomyopathy

Udi Nussinovitch and Yehuda Shoenfeld

Abstract Dilated cardiomyopathy (DCM) is characterized by dilatation and contractile dysfunction of the myocar-
dium. It may be secondary to various clinical conditions or idiopathic. Inhere we propose a new criteria system for
diagnosis of an autoimmune DCM. The proposed criteria are based on the accumulating evidence stating that
autoimmunity has a key role in some patients and, presumably, a different clinical entity. Diagnosis requires establishing
the autoimmune basis of the disease following an echocardiographic diagnosis. This new proposed entity has a possible
therapeutic significance, because we assume that patients with established autoimmune DCM will gain the greatest
beneficial effect of immunosuppressive and immunomodulating treatment.

Keywords Dilated cardiomyopathy (DCM) � autoantibodies � left ventricular end diastolic volume (LVEDV) �
anti-a myosin heavy chain � anti b-1 adrenergic receptor

Dilated cardiomyopathy (DCM) is characterized by dila-
tation and contractile dysfunction of the myocardium. It
may be generalized, or affect solely the left ventricle. Addi-
tionally, other abnormal preload and afterload anomalies
should not coexist by definition (1, 2). In some patients,
myocarditis and DCM can be referred to as acute and
chronic phases of an inflammatory process (3). Idiopathic
DCM is diagnosed after excluding secondary causes such
as genetic factors and familial presentation, infections
(usually viral agents), toxins or chemotherapeutic drugs,
metabolic abnormalities, nutritional deficiencies, neuro-
muscular diseases, and inflammatory conditions (2, 4).
Several predisposing conditions may coexist, along with
immune abnormalities and autoantibodies that play a key
role in the pathogenesis (5, 6). Autoimmunity may be
triggered by various exogenous factors in predisposed indi-
viduals (6). DCM may also emerge in autoimmune rheu-
matic disorders such as systemic sclerosis, systemic lupus
erythematosus, dermatomyositis and Churg–Strauss syn-
drome (2, 4). The pathogenesis of DCM is yet unclear, but
antibodies to adenosine-diphosphate (ADP) and ATP
mitochondrial translocator protein have been shown to
cause cell lysis in rats (6). Anti-cardiac myosin is also
assumed to be an important mediator in progression to
DCM (6). It is assumed that compliment activation follow-
ing antibodies deposition causes myocardial damage, and
also that a local increase in TNFa, nitric oxide, mitogen-

activated protein kinases (MAPKs) and cytokines amplify
that damage (6). Cell mediated autoimmune response is
another mechanism of myocardial damage caused in
DCM (6).

Epidemiology

The reported prevalence of idiopathic DCM in the USA is
36 cases per 100,000 persons, and an annual incidence of
5–8 new cases for the same population size (4, 7). In the
USA, annually 9000 deaths are attributed to DCM (8).

Pathogenesis

Clinical Manifestations

Familial presentation usually of dominant trait, with more
then two affected family members, may be found in up to
25% of patients (2). Preliminary signs and symptoms
usually begin between ages 20–50 years, although people
of all ages might be affected (4). The common manifesta-
tions are symptomatic heart failure (in up to 95% of
cases), usually with severe cardiac dysfunction, palpita-
tions, chest pain and dyspnea on exertion. Systemic and
pulmonary embolism are less common, and asymptomatic
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cardiomegaly may also occur (Table 67.1) (4). Both supra-
ventricular and ventricular tachyarrhythmia may arise but

it is uncommon for syncope or sudden deaths to be the

initial presenting symptom (4). Mortality rate is as high as

15–50% in 5 years, mostly because of ventricular arrhyth-
mias and heart failure (7).

Laboratory Findings

Electrocardiography

The ECG recording might be normal, or present T-wave

changes, Q waves – in cases of extensive fibrosis, atrioven-

tricular conduction delay and bundle branch block.
Tachyarrythmias, particularly atrial fibrillation, are com-

mon (2).

Pathological Features

Histologically, cellular hypertrophy, myocyte degenera-

tion, interstitial fibrosis, and small clusters of lymphocytes
may be present (4, 8). The heart muscle stains positive for

complement membrane attack complex C5b-9, indicating

that the complement system has a role in pathogenesis (9).

Loss of intracellular cardiac myofilaments is associated
with mortality (4).

Serological Features

Heart-specific autoantibodiesmaybe found in about a third of

patients including anti-a myosin heavy chain, anti-b-1 adre-

nergic receptor, anti-mitochondrial antigens such as adenine

nucleotide, translocator, branched-chain ketoacid dehydro-
genase, M7 adenosine diphosphate-adenosine triphosphate

carrier protein, and many more (Table 67.2) (3, 4). Some of

the autoantibodies mentioned in the table are absent or not as
commonly found in healthy subjects, but may be disease and

organ nonspecific (3).

Diagnostic Criteria

The most practical diagnostic procedure is echocardiogra-
phy, although radionuclide scanning or angiography

might be used as well in attempt to confirm diagnosis (7).
Left ventricular dilatation, segmental or global hypokin-
esis, and reduced ejection fraction are present (4). Fulfil-

ment of echocardiographic diagnostic criteria (Table
67.3a) requires an ejection fraction smaller than 45%
and/or fractional shortening smaller than 25%. Also, it

requires left ventricular end-diastolic dimension that
exceeds 112% than expected according to age and body
surface area. A cutoff of 117% was proposed in order to
increase sensitivity in family members (2, 5). Affected first-
degree relatives can be diagnosed in the presence of cardiac

dilatation without systolic dysfunction if one minor criter-
ion is present. The presence of three minor criteria without
fulfiling the major criteria can also establish the diagnosis

in suspected familial presentation (Table 67.3b) (7). Diag-
nosis requires excluding other causes of systolic dysfunc-
tion, hypertension greater than 160/100mmHg, coronary

artery disease (with >50% obstruction in a major artery),
chronic alcohol abuse, sustained supraventricular tachy-
cardia, systemic disease, pericardial or congenital heart

disease, and cor pulmonale (7).
Endomyocardial biopsy may be required in order to

exclude myocarditis, although it has a limited therapeutic
effect (4).
DCM cannot be solely attributed to autoimmunity, and

no criteria are currently available to define pure autoimmune
cardiomyopathy. We propose a new criteria system for

diagnosis of an autoimmune DCM (Table 67.4). The new
criteria are based on establishing the autoimmune basis of
the disease (10) following an echocardiographic diagnosis.
Hence, establishing diagnosis of autoimmune-mediated

TABLE 67.1. Symptoms and signs in autoimmune dilated
cardiomyopathy (4).

Left and right heart failure symptoms

initial presentation 75–85%

Overall 95%

Dyspnea on exertion 86%

Palpitation 30%

Peripheral edema 29%

Asymptomatic cardiomegaly 4–13%

Chest pain on exertion

initial presentation 8–20%

Overall 35%

Systemic and pulmonary embolism 1.5–4%

TABLE 67.2. Serological circulating autoantibodies in dilated
cardiomyopathy and normal subjects (3).

Autoantibody

Prevalence in

DCM (%)

Healthy

(%)

Inhibiting anti-b1 receptor 30–31 4–12

Stimulating anti-b1 receptor 95 0

Anti-b myosin heavy chain 44 2.5

Anti-a myosin heavy chain 20 2

Anti-M7 31 0

Anti-M2 receptor 39 7.5

Adenine-nucleotide translocator 57 0

BCKD-E2 60 0

Anti-sarcolemmal antibody 10 25

Anti-myolemmal antibody 9 12

Anti-fibrillary antibody 24 6

Anti-interfibrillary 41 3

BCKD-E2 = branched chain a-ketoacid dehydrogenase dihydrolipoyl

transacylase.
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DCM requires fulfilment of two major echocardiographic

criteria and at least one minor criterion. The proponed

minor criteria are (a) Proven mononuclear cell infiltrate

with abnormal human leukocyte antigen (HLA) presenta-

tion; (b) Circulating anti-heart autoantibodies or autoreac-

tive lymphocytes in patients and in unaffected family

members; (c) In situ evidence of autoreactive lymphocytes

and/or autoantibodies in cardiac tissue; (d) Disease induc-

tion in animal following transfusion of the patient’s serum,

antibodies, or lymphocytes; and (e) Proven clinical or echo-

cardiographic improvement following immunoadsorption

or immunosuppressive therapy.
This new proposed entity has a possible therapeutic sig-

nificance, because we assume that patients with established

autoimmune DCMwill gain the greatest beneficial effect of
immunosuppressive and immunomodulating treatment.
The proposed criteria are based on the accumulating evi-
dence stating that autoimmunity has a key role in some
patients and, presumably, a different clinical entity. Known
autoimmune association includes mononuclear and T-lym-
phocyte infiltrating and HLA class II upregulation on
cardiac endothelium, circulating and in situ autoantibo-
dies, known autoantigens, familial aggregation and exis-
tence of other familial autoimmune diseases, weak HLA
DR4 association, and a possible clinical course with
exacerbation and remissions (2, 9, 11, 12). Additional
indirect proof of autoimmunity is found by disease
induction following transmitting of anti-myosin CD4 T
cells from mice with myocarditis to SCID mice (9).
Induction of experimental disease and autoimmune
response in animals after immunization with cardiac-
type a-myosin has been proven as well (3, 9, 13).

Criticism on Dignostic Criteria

Diagnosis of autoimmune DCM is based on establishing
its autoimmune basis. Yet, there is partial direct evidence
of the autoimmunity in DCM because it has never been
attempted to induce the disease by direct transfer of auto-
antibodies in humans. Moreover, review of the relevant
medical literature revealed that there is no report of trans-
placental transmission of immunoglobulins and secondary

TABLE 67.3a. Echocardiographic criteria of dilated cardiomyo-
pathy (2, 7).

Fulfilment of both criteria:

1. Ejection Fraction <45% and/or fractional shortening <25%

2. Left ventricular end diastolic dimention (LVEDD) >112% than

expected according to age and body surface area. Cutoff of LVEDD

>117% is preferred in familial presentation

Exclusion criteria:

1. Blood pressure >160/100mmHg

2. Intravascular obstruction of main coronary artery lumen exceeds 50%

3. Alcohol intake >80 g/day for males, or >40 g/day for females

4. Persistent supraventricular tachyarrythmias

5. Systemic disease

6. Pericardial disease

7. Congenital heart disease

8. Cor pulmonale

TABLE 67.4. Proposed diagnosis criteria of autoimmune
mediated dilated cardiomyopathy.

Major

1. Fulfilment of echocardiographic criteria of dilated cardiomyopathy

2. Excluding secondary cardiac injury because of infections, alcohols,

toxins or chemotherapeutic drugs, metabolic abnormalities, nutritional

deficiencies, neuromuscular diseases, or collagen vascular disorders

Minor

1. Proven mononuclear cell infiltrate with abnormal human leukocyte

antigen (HLA) presentation

2. Circulating anti-heart autoantibodies or autoreactive lymphocytes in

patients and in unaffected family members

3. In situ evidence of autoreactive lymphocytes and/or autoantibodies in

cardiac tissue

4. Disease induction in animal following transfusion of the patient’s

serum, antibodies, or lymphocytes

5. Proven clinical or echocardiographic improvement following

immunoadsorption or immunosuppressive therapy

Supporting evidence but not considered criteria

1. Clinical course of exacerbation and remissions

2. Positive HLA DR4

3. Familial clustering of autoimmune diseases and/or family history

of dilated cardiomyopathy (two or more affected individuals, or

sudden cardiac death in a first-degree relative younger than 35

years)

Diagnosis requires two major and at least one minor criteria.

TABLE 67.3b. Echocardiographic criteria of familial dilated car-

diomyopathy (7).

Major criteria

1. Defined criteria for dilated cardiomyopathy (as stated above)

Minor criteria

1. Unexplained supraventricular (atrial fibrillation or sustained

arryhythmias) or ventricular arryhythmias, frequent>100/24 h or

repetitive (three or more beats with >120 beats/min before the age of

50 years.

2. Left ventricular dilatation >112% of the predicted value [29]

3. Left ventricular dysfunction: ejection fraction <50% or fractional

shortening <28%;

4. Unexplained conduction disease: II or III atrioventricular conduction

defects, complete left-ventricular bundle branch block, sinus nodal

dysfunction;

5. Unexplained sudden death or stroke before 50 years of age;

6. Segmental wall motion abnormalities (<1 segmen or 1 if not previously

present) in the absence of intraventricular conduction defect or

ischaemic heart disease.

1. Affected

presence of the major criteria (left ventriculat dilatation and systolic

dysfunction)
l or left ventricular dilatation (>117%)+one minor criterion
l or three minor criteria

2. Unknown
l presence of one or two minor criteria
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disease induction in newborns. Nevertheless, many other
acknowledged autoimmune diseases have partial or no
direct proof of its autoimmune basis (10).

The greatest pitfall of the proposed criteria is the limited
practical use of some minor diagnostic criteria, mainly
because of the need of invasive biopsy, or the required
complex special laboratory exams.

Prediction of Onset

DCM commonly appears in familial clusters, and mild
dilatation without systolic dysfunction may be found in
9–21% of asymptomatic relatives. This may represent
early disease manifestation (3). Cardiac-specific autoanti-
bodies increase the risk of future DCM (3). The use of
echocardiography and anti-heart antibody screening in
asymptomatic relatives can identify high-risk patients.
The positive predictive value (PPV) of echocardiographic
screening is 10%, that of anti-heart antibody screening is
7%, and combined PPV rises to 18% (5). Negative anti-
heart antibodies have a negative predictive value of 98%
over a 5-year follow-up period (5).

Prognosis

Prognosis is poor for symptomatic patients, and most of
deaths are caused by progression of heart failure (4). Spon-
taneous partial remission may be found in 20–45% of
patients, usually shortly after initial symptoms. Severe
cardiac dilatation and dysfunction usually means worse
prognosis. Other indications for poor prognosis include
right ventricular dilatation and failure, global ventricular
dysfunction, a spherical shape of the left ventricle, syn-
cope, S3 heart sound, systemic hypotension, and pulmon-
ary hypertension (4).

Therapy and Prevention

Lifestyle changes, including weight loss and refraining
from smoking or consumption of alcohol, should be
advised to all patients. Moderate physical activity is bene-
ficial, and dietary recommendations are the same as in
other causes of heart failure (4). Symptomatic patients
should be treated with diuretics, vasodilators such as
ACE inhibitors, hydralazine and nitrates, aldactone
antagonists, digitalis, and beta-blockers (4, 6). Neverthe-
less, diuretics should not be considered as mono-therapy
because of potential contribution to disease progression
(2). Beta-blockers possibly eliminate the effect of stimula-
tory anti-b1 receptor antibodies (3). Patients with severe

left ventricular dysfunction, atrial fibrillation, past history
of thromboembolism, and evidence of intracardiac throm-

bus should be treated with warfarin (2, 4). Despite this

medical therapy, prognosis remains poor, and definite

therapy often requires heart transplantation (6). Although
the high risk of sudden cardiac death, class I antiarrythmic

agents have paradoxically caused increased mortality.

Amoidarone usage has shown conflicting results (2).
Automatic cardioverter-defibrillator may be beneficial

for selected patients (4).
Although autoimmunity plays a role in pathogenesis,

prednisone has shown disappointing therapeutic effects
(4). Treatment with prednisone and azathioprine in

selected patients has shown echocardiographic and clinical

improvement, even though there was no change in the

number of hospital admissions and death rates (14). The
use of immunoadsorption has eliminated circulating auto-

antibodies such as anti-b1 adrenergic receptor. Moreover,

further application of IgG substitution has increased con-

tractile indexes (6) and decreased HLA class II expression
and lymphocyte infiltration in the myocardium (1).
Intravenous immunoglobulin therapy has failed to

improve cardiac function in controlled trials (6, 15).
The only definite therapy of advanced heart failure is

cardiac transplantation but because of high demand, an

alternative surgical procedure such as Batista procedure
(partial left ventriculectomy) can be offered to selected

patients. Left ventricular assisted devices can be used as a

bridge to transplantation (2).
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68
Are Autoimmune Manifestations in Human
Dilated Cardiomyopathy Primary or Secondary
Events?

Lara Elizabeth Pereira and Aftab Ahmed Ansari

Abstract Myocarditis is generally defined as inflammation of the myocardium that can result in dilated cardiomyo-
pathy (DCM), which is characterized by dilation and impaired contraction of the left and/or right ventricles. In addition
to the characteristic myocardial dysfunction associated with this disease, some patients develop an autoimmune response
characterized by heart-specific autoantibodies and autoreactive T cells that exacerbate cardiac injury. Furthermore,
DCM encompasses a heterogeneous group of clinical conditions that include collagen vascular disorders, hypersensi-
tivity myocarditis, sarcoidosis, and peripartum cardiomyopathy (PPCM), and although the cause(s) for some cases may
be defined, the etiology(ies) of the inflammation and particularly autoimmunity in many patients remain unclear and are
therefore classified as idiopathic (IDCM). The purpose of this review is to highlight the pathogenic mechanisms thought
to contribute to the onset and progression of the autoimmune response associated with IDCM with a focus on current
and potential diagnostic techniques.

Keywords Idopathic dilated cardiomyopathy � cardiac-specific autoantibodies

Introduction

Heart-related diseases can be broadly categorized into
three distinct but overlapping disease processes. These
include those associated with coronary artery disease and
inflammatory myocarditis and those termed cardiomyo-
pathies. The cardiomyopathies, which are considered
advanced myocardial disorders of unknown origin, are
classified as dilated, restrictive, and hypertrophic on the
basis of clinical, physiological, and morphological criteria
established by the World Health Organization (1). Some
DCM cases are associated with a specific cause such as
alcohol- and doxorubicin-induced cardiomyopathy, etc.,
whereas the rest of the cases are simply referred to as
IDCM (2). In addition to the characteristic myocardial
abnormalities such as depressed contractility and an
increase in ventricular chamber size in the absence of
atherosclerotic coronary artery disease, valvular abnorm-
alities, or pericardial disease, a cardiac-specific autoim-
mune response also develops in several cases (2,3,4,5,6).
There is one school of thought that considers acute myo-
carditis as a precursor for IDCM in a select group of
patients and both stages of disease exhibit autoimmunity
with a more pronounced effect apparent during the acute

myocarditis phase. It is presently unclear as to whether this
autoimmunity is a cause or secondary effect of another
etiology of IDCM, but evidence strongly suggests at least a
contributing role for this mechanism in disease pathogen-
esis. Although several treatment strategies have been
implemented, many have proven to be inconclusive and/
or ineffective particularly in patients with severe and
rapidly progressive myocarditis. Thus, cardiac transplan-
tation still represents the only option for such cases. The
following is a review of pathogenic mechanisms proposed
to be responsible for the development of cardiac autoim-
munity in IDCM and a summary of current/potential
methods of diagnosis.

Prevalence

Given that myocarditis itself is generally asymptomatic,
produces a broad range of symptoms and/or exhibits a
sometimes rapid and fatal onset, the true incidence of
IDCM is difficult to ascertain and is usually derived from
post-mortem analyses (4, 5). Studies to date collectively
implicate autoimmunity as a significant underlying condi-
tion in IDCM with �25–75% of patients exhibiting

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_68,

� 2008 Humana Press, Totowa, NJ
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detectable levels of serum cardiac-specific autoantibodies
(5). Greater than 50% of peripartum cardiomyopathy
(PPCM) patients for instance test positive for circulating
cardiac-specific antibodies (7). This heart condition afflicts
certain women between the last month of pregnancy and 5
months post-partum, and although the disorder is asso-
ciated with pregnancy, the true etiology of PPCM and
the cardiac autoimmunity associated with it remains
unknown.

Clinical Manifestations

The clinical presentation of IDCM, which is detailed in
Table 68.1, is considerably varied ranging from acute heart
failure symptoms to generalized signs of malaise that are
typically not deemed to be cardiac related. Characteristics
that allow for reasonable suspicion of IDCM include elec-
trocardiographic abnormalities such as ventricular arryth-
mias, ventricular dilatation, elevated serum cardiac
markers, and signs such as chest pain and recent flu-like
symptoms (2, 4, 5). Particular attention is paid to younger
patients who present with such clinical features especially if
their patient history reveals few cardiac risk factors such as
drug intake and/or alcohol abuse and absence of other
cardiac diseases. The autoimmune aspect of this disease
does not manifest as any distinct clinical symptom and can
therefore only be confirmed following serological analyses
to detect cardiac-specific autoantibodies.

Serological and Cellular Features

Autoimmune myocarditis is characterized by the pre-
sence of a number of circulating autoantibodies that tar-
get cardiac-specific antigens including the intracellular
myocyte structural proteins such as cardiac myosin

(a and b), actin, troponin, vimentin, laminin and desmin,
non-structural intracellular proteins such as the adenine
nucleotide translocator (ANT), mitochondrial proteins
such as the branched chain ketoacid dehydrogenase
(BCKD) and finally cardiac-specific cell-surface receptor
molecules such as beta-1-adrenergic and M2 cholinergic
receptors (Table 68.2) (2, 3, 6). PPCM patients also exhi-
bit similar autoantibody profiles but recent studies by us
reveal a distinct set of antibodies present in high titers
that are specific for as yet unidentified 25 and 33 kDa
cardiac proteins (8). In addition to autoantibody produc-
tion, a weak but significant association with HLA-DR4
and abnormal expression of HLA class II on cardiac
endothelium has been described (9, 10). Increased levels
of circulating cytokines in correlation with cardiac auto-
antibodies have also been reported, but this is yet to be
confirmed by additional studies (3, 11).

Etiology, Pathology, and Pathogenic
Mechanisms

IDCM can have a broad range of causes that are of
infectious (viral, bacterial, fungal, and protozoal) and
non-infectious (drugs, toxins) origins (2, 4, 5). The most
common infectious agents include enteroviruses such as
the coxsackie viruses, adenoviruses, cytomegalovirus and
HIV, bacteria such as Mycobacterium tuberculosis and
chlamydial species, and particularly the protozoan Try-
panosoma cruzi. The myocyte necrosis associated with
cardiac injury results from a combination of factors.
Direct cytolytic effects of the infectious agents in addi-
tion to lymphocyte infiltrates and the production of
proinflammatory/pro-apoptotic cytokines in response
to the infection lead to tissue injury. Other character-
istic abnormalities include interstitial fibrosis, myofila-
ment loss, ultrastructural mitochondrial abnormalities,
T-tubular dilation, and presence of intracellular lipid
droplets. Drugs that are pharmacotoxic and/or induce
allergic immune reactions are also thought to contribute
to myocyte damage.

TABLE 68.1. Typical clinical presentation of (autoimmune)

myocarditis/IDCM.

Type of clinical feature Description

Physical signs/symptoms Chest pain, dyspnea, increased heart rate,

flu-like syndrome including fever,

arthralgias, fatigue.

Biochemical/serological

markers

Leukocytosis, elevated sedimentation

rate, eosinophilia, elevation in serum

levels of cardiac-related enzymes

including creatine kinase, troponin T

and troponin I, elevation in cardiac-

specific autoantibodies

Electrocardiographic/

echocardiogram

markers

Ventricular arrhythmias, heart block, left

and/or right ventricular dysfunction

with/without cardiac dilatation,

enlarged left ventricle, reduced left

ventricular ejection fraction

TABLE 68.2. Serological markers of cardiac autoimmunity.

Intracellular

Structural Non-structural Cell-surface

Myosin ANT Beta-1-adrenoreceptor

Actin BCKD M2-cholinergic

receptor

Laminin HSP60

Vimentin Transaldolase

Desmin Hyaluronidase

Carnitin Dnase B

Tubulin Stryptosyme sarcoplasmic

ATPase
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The cause of the autoimmune response that develops in

some cases of IDCM is still unclear, but a number of patho-
genic mechanisms have been proposed and are highlighted in

Table 68.3. The release of otherwise cryptic cardiac antigens
because of mycocyte necrosis caused either by infectious

agents, particularly enteroviruses, and/or drugs/toxins

become targets for an immune response already primed by

the causative agent. Molecular mimicry has been implicated
because microbial agents share epitopes with host cardiac cell

self-proteins and recognition of such host proteins by the
immune response is thought to initiate autoimmune disease

(3, 12). In the case of PPCM patients with autoimmune
myocarditis, a possible role for fetal microchimerism has

been proposed where fetal stem cells found to be present in

pregnant women may develop into Antigen presenting cells
(APCs) that present maternal cardiac antigens to maternal

T and B cells in a different semi-allogeneic MHC context

resulting in a break in self-tolerance (13). A paucity of vasoac-
tive hormones important for cardiac remodeling to accom-

modate the hemodynamic stress associated with pregnancy
has also been noted in PPCM patients (13). This hormonal

deficiency may contribute to cardiac damage resulting in the
exposure of additional autoantigens. Studies from animal

models of autoimmune myocarditis have also implicated
dysfunction in certain components of the immune system

as potential causes of the autoimmune response. The PD-1

knockout mouse, which lacks the T-cell surface PD-1
receptor required for mediating inhibitory signals, devel-
ops fatal DCM and cardiac-specific autoantibodies (14).
In addition, the use of rapamycin in experimental models
of autoimmune myocarditis significantly relieves disease
symptoms (4), suggesting that regulatory T cells (Tregs)
may also play a role as rapamycin has been shown to
generate this cell subset and the lack thereof may
contribute to autoimmunity. These findings therefore
highlight that in all diagnosed cases of autoimmune myo-
carditis, factors described above in addition to other influ-
ences such as host genetics, which in itself has various
levels of complexities because of polymorphisms, as well
as nutritional deficiencies may also play a role and this
autoimmune response is likely to be a consequence of a
number of etiological factors. It is also necessary to stress
that it is still unclear as to whether this autoimmunity
initiates the disease process or if it is a secondary manifes-
tation of pathology induced by other agents causing
IDCM. However, evidence from several studies continues
to support at least a contributing role for autoimmunity
in the pathogenesis of this disease. This is especially
highlighted by studies utilizing animal models of experi-
mental autoimmune myocarditis where immunization
with the cardiac antigen myosin alone is sufficient to
induce cardiac disease (15). Animal model studies have
further demonstrated the direct pathogenic effect of
certain cardiac autoantibodies such as anti-ANT and
anti-b1-adrenoreceptor (3).

Diagnostic Criteria and Detection
Techniques

The diagnosis of IDCM in general involves a combination of
factors given the ambiguous nature of this disease and pre-
liminary steps involve careful examination of patient history
and exclusion of predisposing factors such as drug/alcohol
abuse and/or other heart diseases such as coronary artery
disease. Patients, particularly those under 45 years of age,
who exhibit electrocardiogram abnormalities such as ventri-
cular arrhythmias or heart block and elevation in serum
cardiac markers such as creatine kinase, troponin T, and/or
troponin I are considered for further testing.Thedrawbackof
electrocardiogram methods is that readings often fail to dis-
tinguish between myocarditis and acute myocardial infarc-
tion or pericarditis but contrast enhanced cardiac magnetic
resonance imaging enables differentiation between these.
Endomyocardial biopsy (EMB) remains the gold standard
for diagnosis ofmyocarditis (4, 5) but given its invasive nature
and its association with complications during surgery, decid-
ing which patient should undergo the procedure is often an
arduous task. Patientswith severe left ventricular dysfunction
and those who fail to respond to conventional treatment for
congestive heart failure are typically considered for EMB.

TABLE 68.3. Proposed etiologies of cardiac autoimmunity.

Proposed etiology Pathogenic mechanism Reference

Molecular mimicry Cardiac proteins released as a

result of myocardial injury

share epitopes with

infectious agents and

therefore become targets for

immune response that is

already aggravated by

infection

(2, 3, 5, 6,

12)

Genetics Polymorphisms in chemokines/

cytokines, difference in TCR

repertoire, isoforms of

autoantigens

(2, 3, 15)

Immune abnormalities Dysfunction in regulatory T

cells and/or cellular

expression of PD-1 or its

cognate ligand

(2, 4, 14)

Fetal microchimerism

(PPCM cases)

Circulating fetal stem cells in

pregnant women develop

into APCs and present

maternal cardiac antigens to

maternal immune system in a

semi-allogeneic MHC

context

(7, 13)

Deficiency in

pregnancy-related

hormones (PPCM

cases)

Contributes to defective

cardiac remodeling required

during pregnancy resulting

in myocardial injury and

exposure of unique self-

antigens

(7, 13)
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Standards set by theDallas criteria require that the EMB test
result be positive for both inflammatory infiltrates and myo-
cyte damage. This procedure is however not without its
shortcomings because errors in sampling and consider-
able variation in the interpretation of specimen results
contribute to serious inconsistencies in diagnosis. The
EMB technique that involves simple H8E staining and
examination by light microscopy also lacks sensitivity
such that specimens with low-infiltrate frequency and/or
little myocyte damage are overlooked, which is a serious
oversight given that even apparently mild cardiac tissue
injury has been reported to result in heart failure (2). EMB
also provides no information about viral infection and/or
autoimmunity associated with IDCM, which is crucial for
determining an appropriate treatment regimen. Thus,
sensitive molecular techniques including polymerase
chain reaction (PCR), real-time PCR, and reverse tran-
scriptase PCR have become routine for detection of viral
genomes in EMB samples (2, 4, 5). The autoimmune
feature of IDCM is typically confirmed by the presence
of circulating cardiac-specific autoantibodies. A number
of techniques are utilized to determine the level of serum
autoantibodies, which include indirect immunofluores-
cence (IFL), ELISA, and immunoblots (3). IFL typically
results in the identification of a broad range of autoanti-
bodies, with ELISA and immunoblot assays targeting a
specific autoantigen highlighting that these techniques
cannot be used interchangeably as antibody-screening
tools. In addition, for a given detection technique,
IDCM patients exhibit a variation in both the specifi-
city and the spectrum of autoantibodies although myo-
sin and the beta-1-adrenoreceptor appear to be the most
consistent cardiac autoantigens identified. These differ-
ences in autoantibody repertoire make it difficult to
develop a single assay or to set a standard autoantigen
panel as diagnostic criteria for autoimmune myocarditis.
Another level of complexity is added by the observation
that low but significant titers of autoantibodies are detected

even in healthy controls who exhibit no other clinical

markers of myocarditis (2, 3). It is possible that these

controls may prove to be future candidates of IDCM and

should perhaps be monitored closely for the development

of IDCM. The level of autoantibodies also changes over

the course of infection with higher titers being detected

during the acute phase than the chronic IDCM stage and

thus the stage at which sampling occurs will also influence

test results. It is unclear whether lower autoantibody titers

in the chronic stage indicate that autoimmunity is no

longer involved in pathogenesis or simply if cell-mediated

autoimmune mechanisms are now predominant. Indeed,

cardiac-specific autoreactive T cells have been reported in

myocarditis cases with one such study describing a signifi-

cant interferon (IFN)-� response by T cells isolated from

acute myocarditis patients to a flavoprotein predominant

in cardiomyocyte mitochondria (16), suggesting that

assays based on the reactivity of patient lymphocytes to

cardiac autoantigens may also be potential diagnostic

tools of myocardial autoimmunity. The cell-mediated

autoimmune response has however been mostly studied

in animal models of autoimmune myocarditis (17, 18),

and so, routine diagnostic tests to detect cardiac-specific

autoreactive T cells in patients have not been established.

Attempts have been made to utilize inflammatory cyto-

kines as markers of T-cell activation in autoimmune myo-

carditis, but these studies remain controversial given that

no distinct correlation has been noted between these cyto-

kines and cardiac autoantibodies. Correlations between

autoimmune myocarditis and other factors such as HLA-

typing and HLA-class II expression have however been

observed, with a weak but significant association with

HLA-DR4 and aberrant expression of HLA class II on

cardiac tissue being reported. The potential use of these

observations as diagnostic and/or prognostic markers of

autoimmune myocarditis are reviewed in Table 68.4.

TABLE 68.4. Review of current and potential diagnostic criteria and techniques for autoimmune myocarditis.

Study

reference

Diagnostic

criteria Diagnostic technique Pros Cons

(3) Circulating

autoantibodies

Indirect

immunoflourescence,

ELISA, Immunoblot

Can be specific (ELISA/immunoblots) or

detect broad spectrum of Ab (IFL), most

consistent diagnosis obtained with these

techniques, potential predictive tool

Methods cannot be used

interchangeably given different

specificities, results influenced by

stage of disease

(11) Inflammatory

cytokines

ELISA Useful if combined with autoantibody

detection and/or low/negligible levels of

autoantibodies are detected

No consensus has been reached on

cytokines associated with cardiac

autoimmunity

(16) Autoreactive

T-cells

Proliferation & cytokine

response to cardiac

antigen

Useful if combined with autoantibody

detection and/or low/negligible levels of

autoantibodies are detected

Results may be influenced by isoform

of antigen utilized in assay and/or

stage of disease, fresh lymphocytes

required for assay

(9) HLA-typing Serological method Results not influenced by course of disease,

may serve as prognostic/predictive marker

Serological method not as specific as

molecular-based method

(10) HLA class II

expression on

cardiac tissue

Conventional

immunoflourescence

on EMB samples

Useful if combined with Dallas criteria and/or

level of lymphocyte infiltration is too low

for detection by standard light microscopy

EMB sample required
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Evidence for Cardiac-Specific
Autoantibodies as Predictors of IDCM
in Asymptomatic Individuals

Studies have documented a higher frequency of incidence
of cardiac autoantibodies in asymptomatic relatives
(�30%) of IDCM patients than non-familial individuals
(�7%) (3). Relatives who tested positive for autoantibo-
dies were younger and exhibited larger left-ventricular
end-systolic dimension and reduced percentage of frac-
tional shortening when compared with autoantibody-
negative relatives, suggesting an association between
early myocarditis disease symptoms and autoantibodies.
Short-term follow-up studies of symptom-free relatives
suggest that the presence of cardiac autoantibodies at
baseline was more common among relatives who pro-
gressed to diagnosed myocarditis than those who did not,
although continued monitoring of these groups is required
to acquire definitive correlates. This finding lends support
to the observation that higher antibody titers are detected
in acute myocarditis patients than when they progress to
IDCM. The development of new assays to detect other
features of autoimmunity including cell-mediated and
cytokine factors may contribute to the early detection
and treatment of myocarditis, halting its progression to
IDCM.

Treatment

Given that autoimmune mechanisms contribute to myo-

cardial pathogenesis, studies have explored the potential

beneficial effects of immunosuppressive drugs in IDCM

patients and have noted improvements in left ventricular

function with their use (2). Clinical trials involving immu-

noglobulin depletion (apheresis) from IDCM patients in

an attempt to remove certain subclasses of pathogenic

autoantibodies also produced encouraging results (2).

However, in both cases, treatment did not significantly

improve long-term survival of patients, therefore leaving

heart transplantation as the only option. Other therapeutic

options mainly include those that provide supportive care

for clinical symptoms and include angiotensin-converting

enzyme inhibitors, diuretics, beta-blockers, and ventricu-

lar assisted devices.
Thus, although several cardiac autoantigens have been

identified in IDCM patients, the precise cause for the
break in self-tolerance and whether there is a disease-
initiating role for these autoantibodies is still undefined.
Furthermore, IDCM is in itself a complex heterogeneous
disease and is likely the result of a combination of host and
external factors. Future studies aimed at identifying the
antibodies and/or autoreactive T cells to major cardiac

autoantigens are crucial for the development of immu-
notherapies aimed at treating the pathogenic autoimmune
response associated with IDCM.

References

1. Richardson P, McKennaWJ, BristowM. Report of the 1995
WHO/ISFC Task Force on the definition and classification

of cardiomyopathies. Circulation 1996; 93: 841–2.

2. Ansari AA, Sundstrom JB, Forster O, Hilfiker-Kleiner D,
SliwaK.Myocardial autoantibodies and their clinical signifi-
cance. In: Shoenfeld Y, Gershwin ME and Meroni PL, eds.

Autoantibodies. 2 nd edn. Amsterdam, Netherlands: Elsevier

Press, 2007: 355–65.
3. Caforio ALP, Mahon NJ, Tona F, McKenna WJ. Circulat-

ing cardiac autoantibodies in dilated cardiomyopathy and

myocarditis: pathogenic and clinical significance. Eur J
Heart Fail 2002; 4: 411–7.

4. Ellis CR, Salvo TD. Myocarditis: Basic and clinical aspects.

Cardiol Rev 2007; 15: 170–7.

5. Feldman AM, McNamara DS. Myocarditis. N Engl J Med
2000; 343: 1388–98.

6. Kallwellis-Opara A, Dorner A, Poller WC, Noutsias M,

Kuhl U, Schultheiss HP, Pauschinger M. Autoimmunologi-
cal features in inflammatory cardiomyopathy. Clin Res Car-

diol 2007; 96: 469–80.
7. Fett JD, Dowell DL, Carraway RD, Sundstrom JB, Ansari

AA. One hundred cases of peripartum cacrdiomyopathy . . .
and counting:What is going on? Int J Cardiol 2004; 97: 571–3.

8. Warraich RS, Sliwa K, Ansari AA, Sundstrom JB, Yacoub

MH, Fett JD. Autoantibody profiles in patients with peri-
partum cardiomyopathy: A distinct entity to idiopathic

dilated cardiomyopathy. Eur Heart J 2003; 24: 189.
9. Anderson JL, Carlquist JF, Lutz JR, DeWitt CW, Hammond

EH. HLA A, B and DR Typing in idiopathic dilated cardio-

myopathy: A search for immune response factors. Am J Car-
diol 1984; 53: 1326–30.

10. Caforio ALP, Stewart JT, Bonifacio E, BurkeM, DaviesMJ,

McKennaWJ, Bottazzo GF. Inappropriate major histocom-
patibility complex expression on cardiac tissue in dilated
cardiomyopathy. Relevance for autoimmunity? J Autoim-

mun 1990; 3: 187–200.

11. Limas CJ, Goldenberg IF, Limas C. Soluble interleukin-2
receptor levels in patients with dilated cardiomyopathy. Cor-

relation with disease severity and cardiac autoantibodies.

Circulation 1995; 91: 631–4.
12. LiY,Heuser JS, CunninghamLC,Kosanke SD, Cunningham

MW. Mimicry and antibody-mediated cell signaling in auto-

immune myocarditis. J Immunol 2006; 177: 8234–40.
13. Sundstrom JB, Fett JD, Carraway RD, Ansari AA. Is peri-

partum cardiomyopathy an organ-specific autoimmune dis-

ease? Autoimmun Rev 2002; 1: 73–7.

14. Nishimura H, Okazaki T, Tanaka Y, Nakatani K, Hara M,
Matsumori A, Sasayama S,Mizoguchi A, Hiai H,Minato N,

Honjo T. Autoimmune dilated cardiomyopathy in PD-1

receptor deficient mice. Science 2001; 291: 319–22.
15. Huber SA. Animal models of human disease. Autoimmunity

in Myocarditis: Relevance of animal models. Clin Immunol

Immunopathol 1997; 83: 93–102.

68. Autoimmune Manifestations in Human Dilated Cardiomyopathy 377



16. Cicek G, Shiltz E, Staiger J, Neumann F-J, Melcher I,
Brandsch R. Specific stimulation of peripheral blood

mononuclear cells from patients with acute myocarditis by

peptide-bound flavin adenine dinucleotide (FAD), a natu-
rally occurring autologous hapten. Clin Exp Immunol 2003;
132: 366–70.

17. Jane-Wit D, Tuohy VK. Autoimmune cardiac-specific T cell
responses in dilated cardiomyopathy. Int J Cardiol 2006; 112:

2–6.

18. Smith SC, Allen PM. The role of T cells in myosin-induced
autoimmune myocarditis. Clin Immunol Immunopathol 1993;
68: 100–6.

378 Pereira and Ansari



69
Rheumatic Fever

Yaniv Sherer and Yehuda Shoenfeld

Abstract Rheumatic fever (RF) is an inflammatory condition involving the heart, joints, skin and brain that emerges
following group-A streptococcal infection. Use of appropriate diagnostic criteria for RF is crucial in order not to under-
diagnose this frequent condition that carries the risk of significant long-term morbidity. The most frequent and severe
manifestation of RF is carditis. Echocardiography detects subclinical carditis in many patients lacking any clinical
manifestation, up to 10 times more than cases having clinical evidence of disease, yet it is not part of the Jones criteria
used for RF diagnosis. We suggest adding echocardiography (either as a screening method or for use in suspected RF
cases) to the diagnostic criteria of RF in order not to miss any subclinical carditis associated with RF and to enable
administration of early antibiotic therapy.

Keywords Rheumatic fever � echocardiography � carditis � Jones criteria

Rheumatic fever (RF) is a systemic inflammatory condi-
tion affecting the peri-arteriolar connective tissue which
occurs following a group-A streptococcal infection (1).
Molecular mimicry between streptococcal and human pro-
teins is considered as the triggering factor leading to auto-
immunity in RF and rheumatic heart disease (RHD).
Several HLA class II alleles are associated with the disease,
mainly HLA-DR7. Cardiac myosin is one of the major
autoantigens involved in rheumatic heart lesions, and sev-
eral peptides from the light meromyosin region were recog-
nized by peripheral and intralesional T-cell clones fromRF
and RHD patients (1). RF is believed to be caused by
antibody cross-reactivity, i.e., molecular mimicry. Infec-
tion with group-A Streptococcus is estimated to cause over
500,000 deaths per year, the majority of which are related
to RF and RHD (2).

The anti-phagocytic bacterial surfaceM protein is a major
candidate antigen in the development of RF but also in the
development of a vaccine to prevent RHD. Major obstacles
in the development of an M-protein-based vaccine is the
widespread diversity of circulating streptococcal strains and
M protein types, and the possibility of inducing autoimmu-
nity following vaccination as a result of molecular mimicry
between the M protein and host tissue proteins (2). A recent
study also links RF to the antiphospholipid syndrome (3).
Antibodies to b2-glycoprotein-I were found in 24.4% of 90
RF patients, and the immunoglobulin G sera from RF

patients possessed significant anti-b-glycoprotein-I activity,
whereas sera from antiphospholipid syndrome patients
contained a considerable anti-streptococcal M protein.
Furthermore, affinity-purified anti-b2-glycoprotein-I
and anti-b2-glycoprotein-I-related peptide antibodies
from antiphospholipid syndrome patients cross-reacted
with streptococcal M protein and M5 peptide (3).
RF as a worldwide disease has very well-known diag-

nostic criteria. The updated Jones criteria that are cur-
rently used for the diagnosis of acute RF (ARF) are
detailed in Table 69.1 (4). As RF is a condition carrying
possible long-term morbidity and necessitating long-term
therapy, these diagnostic criteria should be judged whether
they over-diagnose or alternatively and more importantly
under-diagnose RF. Jones criteria underwent several mod-
ifications over the years, and going over the four revisions
made after the original Jones criteria, it seemed that mod-
ifications of these criteria were primarily corrective and
perfective (5). Disease characteristics originally character-
ized as major manifestations were subsequently categor-
ized as minor manifestations, and vice versa. In addition,
20 years after the original publication, a requirement for
antecedent streptococcal infection was added (5).
Description of the clinical and demographic character-

istics of RF episodes in Brazil disclosed that there was a
predominance of females, in only one-third of the cases
was the disease diagnosed at the first episode of RF, and
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the most frequent clinical manifestations were carditis
(69.7%), arthritis (21.4%), and chorea (6.1%) (6). Mitral
regurgitation was the most frequent lesion followed by a
combination of mitral regurgitations and aortic regurgita-
tion. Stewart et al. (7) tested whether Jones criteria are

being used appropriately for the diagnosis of ARF. The
medical records of patients discharged with a diagnosis of

ARF were evaluated, and 32% did not fulfill the Jones
criteria. It seemed that the criteria were used appropriately

to diagnose initial episodes of ARF but less successfully in
recurrent episodes (7). In another study, 35 patients with

suspected ARF were prospectively studied (8). Half of
them had a discharge diagnosis of definite ARF, whereas
31%posed diagnostic difficulties due tomild symptoms that
failed to fulfill Jones criteria. Of note is that at least 29% of
patients without prior recognized ARF or RHD had echo-
cardiographic evidence of established RHD suggesting
that previous episodes were missed (8). The authors sug-
gested that ‘‘probable’’ and ‘‘possible’’ ARF should be
considered in cases not fulfilling Jones criteria in order to
enable these patients acquire prophylactic therapy at least
until further follow-up in order not to miss ARF cases.

Another recent study aimed to elucidate whether Jones
criteria for diagnosis of ARF are useful enough. Data from
81 cases of ARF were retrospectively collected, showing
that cardiovascular and joint involvement were the most
frequent manifestations (80.2 and 77.8% of the cases,
respectively), girls had significantly more chorea, arthritis
was more frequent than arthralgia, and fever was noted in
half of the patients (9). Surprisingly, only 29.6% of the
patients fulfilled Jones criteria for ARF requiring an evi-
dence of previous group-A streptococcal infection, and
when this mandatory requirement was disregarded, the
percentage rose to 87.7% (9). It seems that strict adherence
to Jones criteria might lead to under-diagnosis of ARF. A
considerable variability with respect to diagnosis in cases
of reactive arthritis has also been reported (10). Physicians
were most likely to prescribe antibiotic prophylaxis in the
presence of clear cardiac risk in ARF. This reflects the lack
of universally accepted criteria for the diagnosis of post-
streptococcal reactive arthritis and insufficient long-term
data regarding carditis risk in this population (10).
Echocardiography is still not included in the Jones cri-

teria, yet it is a very important diagnostic tool as many of
the ARF-induced carditis cases are clinically inapparent
(11). Karaaslan et al. (12) determined the prevalence and
prognosis of subclinical valvulitis by analyzing 104 ARF
patients. Of 53 patients who had no cardiac murmur, 23
(43.4%) had subclinical valvulitis. Isolated mitral regurgi-
tation was the most frequent finding found in 82.6% of the
patients, followed by combined mitral and aortic regurgi-
tation and isolated aortic regurgitation (12). Subclinical
valvulitis has been suggested as a finding that should be
accepted as an evidence of carditis, which is a major diag-
nostic criteria for ARF (13). A recent review of the existing
literature on the prevalence and outcome of subclinical
carditis in ARF reported that its prevalence ranged from
0% in one study only to 53% in 23 articles (14). The
weighted pooled prevalence of subclinical carditis in
ARFwas 16.8%. In addition, the prevalence of persistence
or deterioration of subclinical carditis 3–23 months after
ARF diagnosis was 44.7% (14).
A large study confirms these previous observations: the

prevalence of RHD as detected by echocardiographic
screening is approximately 10 times higher as compared
with clinical screening (15). Whereas clinical examination
detected RHD that was confirmed by echocardiography in
8 of 3677 children in Cambodia and 5 of 2170 children in
Mozambique, echocardiographic screening detected RHD
in 79 and 66 cases in these countries, respectively. The
mitral valve was involved in 87.3–98.4% of the cases (15).
It is not surprising therefore that suggestion for new guide-
lines have previously emerged. New Australian guidelines
formulated in 2005 for the diagnostic criteria of ARF in
high-risk populations include echocardiographic evidence
of subclinical valvular disease, and polyarthralgia or asep-
tic monoarthritis as major manifestations (16).

TABLE 69.1. Revised Jones criteria for acute rheumatic fever.

Major Criteria

1. Carditis: All layers of cardiac tissue are affected (pericardium,

epicardium, myocardium, and endocardium). The patient may have a

new or changing murmur, with mitral regurgitation being the most

common followed by aortic insufficiency.

2. Polyarthritis: This is a migrating arthritis that typically affects the

knees, ankles, elbows, and wrists. The joints are very painful and

symptoms are very responsive to anti-inflammatory medicines.

3. Chorea: This is also known as Sydenham’s chorea, or ‘‘St. Vitus’

dance.’’ There are abrupt, purposeless movements. This may be the

only manifestation of ARF and its presence is diagnostic. May also

include emotional disturbances and inappropriate behavior.

4. Erythema marginatum: This is a non-pruritic rash that commonly

affects the trunk and proximal extremities, but spares the face. The rash

typically migrates from central areas to periphery and has well-defined

borders.

5. Subcutaneous nodules: Usually located over bones or tendons, these

nodules are painless and firm.

Minor Criteria

1. Fever

2. Arthralgia

3. Previous rheumatic fever or rheumatic heart disease

4. Acute phase reactants: leukocytosis, elevated erythrocyte

sedimentation rate (ESR), and C-reactive protein (CRP)

5. Prolonged P-R interval on electrocardiogram (ECG)

Evidence of preceding streptococcal infection: Any one of the following is

considered adequate evidence of infection.

1. Increased antistreptolysin O or other streptococcal antibodies

2. Positive throat culture for group A b-hemolytic streptococci

3. Positive rapid direct group A streptococcus carbohydrate antigen test

4. Recent scarlet fever

A firm diagnosis requires that two major or one major and two minor

criteria are satisfied, in addition to evidence of recent streptococcal infec-

tion (4).
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As carditis is probably the most frequent manifestation
of RF, and it is also the clinical manifestation of RHD
which carries the long-term morbidity associated with this
disease, any new diagnostic criteria of RF should include
greater efforts to detect carditis even at its preclinical
stages. Referring to the revised Jones criteria (Table
69.1), we believe that there is no doubt that echocardio-
graphy should be added to the major criterion named
‘‘Carditis’’ as it can detect RHD up to 10 times higher as
compared with clinical screening. The decision of screen-
ing policy is subject to regional differences in RF preva-
lence among different populations, yet in case screening is
undertaken, echocardiography should be a major part of
it. In the absence of a screening system to detect RHD, the
intention to use echocardiography as a diagnostic tool for
subclinical carditis should be very high. In other words,
every patient having any of the other four major criteria or
alternatively two of the minor criteria should undergo an
echocardiography in order to reveal the most frequent and
devastating manifestation of RHD – carditis. The require-
ment of proof of preceding streptococcal infection is
important for classification and RHD-related studies, yet
in the case of established carditis suspected to be due to
RF, proof for antecedent streptococcal infection should
not halt any further preventive therapy for a given RF
patient.
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70
Accelerated Atherosclerosis in Autoimmune
Diseases

Nicoletta Ronda and Pier Luigi Meroni

Abstract Atherosclerosis (AS) is a chronic inflammatory disease of arterial vessels, leading to chronic and acute

ischemic damage or hemorrhages in virtually any organ. Atherosclerotic plaque formation is the result of inflammatory

processes that mediate lymphocyte and macrophage infiltration, lipid intra- and inter-cellular deposition and eventually

smooth muscle cell migration/proliferation and fibrosis. Immune responses against exogenous as well as self-antigens

cooperate in triggering such processes. The atherogenic processes may be magnified and accelerated in patients with

autoimmune rheumatic diseases (AIRDs) because of the underlying immune abnormalities, the consequent systemic

inflammation and the effects of the concomitant chronic therapies. As a matter of fact, accelerated AS (AAS) is

responsible for increased mortality and morbidity in almost all the AIRDs nowadays. Diagnostic strategies to detect

early atherosclerotic lesions and to apply preventive therapeutical approaches have been proposed in order to avoid

complications related to AAS in AIRD.

Keywords Atherosclerosis � rheumatoid arthritis � systemic lupus erythematosus � antiphospholipid syndrome

Background

Atherosclerosis (AS) is a chronic inflammatory disease of
arterial vessels, characterized by the development of discrete
lesions, the atherosclerotic plaques and diffuse endothelial
dysfunction, leading to chronic and acute ischemic damage
or hemorrhages in virtually any organ. However, the most
frequent localization of atherosclerotic tissue damage,
especially relevant for the patient’s survival and quality
of life, is that in heart, brain, gut, kidney and limbs. The
detailed description of the wide spectrum of clinical pic-
tures in this disease is largely available in clinical literature,
and is not object of the present work, aimed at focusing on
the association between accelerated AS (AAS) and auto-
immune diseases and on the autoimmune mechanisms
acting in AS.

Pathogenesis of the Atherosclerotic
Lesions

Atherosclerotic plaque is the result of complex pro-
cesses including subendothelial space infiltration by
lymphocytes and monocytes, lipid deposition in the

extracellular space in association with matrix macro-

molecules and accumulation of lipid-laden macro-

phages (foam cells). Local chemical modifications

(especially oxidation) of lipids increase their pro-inflam-

matory and immunogenic potential accelerating plaque

evolution. With time free lipids accumulate, calcium

deposition occurs and smooth muscle cells proliferate,

migrate and transdifferentiate, producing matrix compo-

nents and collagen. Fibroblasts migrating from the adven-

titia contribute to the fibrotic process and together with

other resident or infiltrating cells remodel interstitium

composition through the impaired balance between

metalloproteases and their inhibitors. At any stage, the

changes in chemical properties of intimal surface facilitate

platelet and leukocyte adhesion and eventually thrombo-

sis. Increases in the plaque thickness may reduce vessel

lumen, effect which is clinically particularly relevant in

specific sites, such as medium size vessels (tissue dysfunc-

tion or macroscopic infarction) and terminal vessels (tissue

ischemia or infarction). The acute swelling and rupture is

typical of soft plaques, rich in free lipids and inflammatory

cells, and with a limited fibrous component and through

thrombosis causes acute ischemic events. In spite of the

increasing data on the molecular mechanisms acting in
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plaque formation, consensus on the chronology and cause–
effect relationship of described events is far from being
reached, different authors claiming as primum movens
dyslipidemia, platelets activation, neurogenic dysfunction,
infections, etc.

In the last decade clinical studies and animal models,
together with in vitro works, have provided evidence that
immune responses are involved in plaque formation,
through immune cell migration in intima and local activa-
tion, and through the action of autoantibodies. These
immune responses may be triggered by infectious agents
and/or neoantigen exposition on endothelium activated by
stressors including classical atherogenic factors (1). The
primary rather than secondary role of immunity in plaque
formation is supported not only by the demonstration of
activated immunocompetent T lymphocytes and dendritic
cells in early lesions in young subjects but also by experi-
ments in which defective immune responses were shown to
be protective against the plaque formation (2).

The involvement of autoimmune responses is proven by
the identification of autoantigens, the results of studies on
animal models (active immunization and passive transfer)
and by clinical evidence. b2-Glycoprotein I (b2GPI), the
main target antigen recognized by antiphospholipid anti-
bodies (aPLs), can be found in human AS specimens from
carotid endarterectomies, it is abundantly expressed within
the subendothelial regions and the intimal–medial border
of human AS plaques, and it colocalizes with CD4þ lym-
phocytes (1). Immunization of mice with b2GPI resulted
in pronounced cellular response to b2GPI and high titers
of anti-b2GPI antibodies associated with larger AS lesions
containing abundant CD4þ cells (1). T lymphocytes from
b2GPI-immunized low-density lipoprotein (LDL)-receptor-
deficient mice induce increase in fatty streaks dimension
when injected in into syngenic mice, compared with con-
trol lymphocytes (1). Oxidized LDL (OxLDL) is the oxi-
dized form of LDL, which is more likely to undergo uptake
by macrophages/foam cells. Anti-oxLDL antibodies are
present in the serum of patients with AS and healthy
individuals (3). In multivariate analyses anti-oxLDL auto-
antibodies discriminated better between patients with per-
ipheral vascular disease and control subjects than did any
of the different lipoprotein analysis. There was also a
tendency for higher autoantibody levels in patients with
more extensive AS (4). Heat shock proteins (HSPs) are a
family of phylogenetically highly conserved stress proteins,
of which human HSP60 has been recognized as an impor-
tant autoantigen in AS. Both circulating levels of HSP60,
released by activated/damaged cells, and anti-HSP60 anti-
body correlate with clinically evident AS and sonographi-
cally demonstrable AS lesions (2). Anti-HSP antibodies
provide a possible link between AS, inflammation and
infections, because of the cross-reactivity with microbial
HSP and of the correlation between antimycobacterial
HSP65 and sonographically demonstrableAS carotid lesion

and mortality from cardiovascular disease (CVD). Factors
such as smoke, shear stress, hyperglycemia, oxLDL, oxy-
gen radicals and pro-inflammatory cytokines promote
HSP exposition on EC, and facilitate in situ autoantibody
pro-inflammatory action.
Endothelium is considered univocally in all pathogenic

hypothesis as pivotal in AS plaque development given its
ability to regulate vessel tone and interfere with inflamma-
tory processes and coagulation. Moreover, activated
endothelial cells (ECs) express class II major histocom-
patibility complex (MHC) molecules, thus functioning
as non-professional antigen-presenting cells (APCs) (5).
Thus, they might cooperate with the professional APCs
of the vascular-associated lymphoid tissue in mounting the
adaptive immune responses to endogenous (oxLDL, HSP
or b2GPI) or exogenous (infectious antigens) molecules
that have been proposed as playing a role in the early
phases of the atherosclerotic process. Thus, ECs are not
only target for immune and non-immune aggression but
also active elements in inducing vascular damage.
Also in acute AS complications, due to plaque rupture

and thrombosis, immune reactions may be involved in
augmenting the quota of inflammatory infiltrate (and thus
plaque instability), macrophage cholesterol uptake (in the
case of anti-oxLDL) and EC activation/damage with
changes in surface properties (e.g., tissue factor expression
and impairment of the fibrinolytic system).

Accelerated Atherosclerosis in AIRD

The described atherogenic processes may bemagnified and
accelerated in patients with AIRD because of the under-
lying immune system dysfunction, the presence of systemic
inflammation and endothelial activation, and the effects of
chronic therapies. Humoral and cellular effectors of both
innate and adaptive immune responses are involved (6).
Gathering information of the mechanisms of AAS in auto-
immune patients may be useful not only to improve risk
stratification, diagnosis and management of vasculopathy
in these patients, but also to identify mechanisms and clin-
ical or laboratory parameters that could became useful as

AS risk markers also in general population.
The prognosis of AIRD changed dramatically in the last

decade. Earlier diagnosis, new therapeutical approaches
and the improved use of the immunosuppressive agents
modified the natural course of these diseases affecting in a
positive way both morbidity and mortality. However,
among novel factors determining the prognosis of AIRD
is the AAS recorded in almost all diseases of the group. For

example, CVDs now represent the main cause of death and
of significant clinical complications both in rheumatoid
arthritis (RA) and in systemic lupus erythematosus (SLE)
patients. Large evidence for the association between AAS
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and SLE, RA, Sjögren’s syndrome, systemic sclerosis (SSc)
and vasculitis is available (7).

Pathogenesis of AAS in AIRD

The levels of autoantibody to oxLDL are higher in patients
with SSc, systemic vasculitides and SLE as compared with
healthy population and correlate with AS vasculopathy
(8). In SLE patients, hyperproduction of specific antibo-
dies including anti-oxLDL seems to occur as suggested by
the correlation between the total immunoglobulin serum
concentration and the level of anti-oxLDL antibodies,
together with the lack of such correlation between total
immunoglobulin and antibodies to unrelated antigens
(Epstein–Barr virus and purified protein derivative).
Anti-b2GPI antibodies, included in the autoantibodies
described as atherogenic, are frequently detected in
AIRD, and particularly in SLE. The autoantigen was
found to be expressed on ECs obtained from different
anatomical localizations in in vitro and in vivo studies;
the binding of the autoantibodies to expressed or adhered
b2GPI has been suggested to induce a cell signaling that
ends in the induction of an endothelial pro-inflammatory
and procoagulant phenotype (9). Interestingly, such an
effect was reported in in vivo experimental models also,
suggesting that it might be one of the actual pathogenic
mechanisms for the thrombophilic state associated with
the persistent presence of aPLs. aPLs thus might contri-
bute not only to the plaque formation but also to athero-
thrombosis (9).

Other pathogenic autoantibodies, reported as able to
activate/damage ECs, are antiendothelial cell antibodies
(AECAs), which react with yet unknown EC membrane
constituents and have been described in sera from different
AIRDs (9). In most cases, AECAs were shown to induce a
pro-inflammatory and a procoagulant phenotype in EC
monolayers in vitro (9). In accordance with the hypothesis
of a role for AECA in AS is their demonstration also in
primary AS and in patients displaying conditions at risk of
AS (10, 11). Other autoantibodies frequently occurring in
AIRDhave been reported to react with ECs because of their
ability to recognize their own antigens ‘‘planted’’ on EC
membrane, as already discussed for anti-b2GPI antibodies.
This is the case for the anti-dsDNA antibodies that can
react with DNA–histone complexes adhering on EC mem-
branes through electric charge interactions. Such binding
has been shown to induce EC activation in vitro (9).

In line with the endothelium perturbation mediated by
several circulating immunemediators is the demonstration
of an impaired endothelium-dependent vasodilation in
AIRD patients. Such impairment is related to the reduc-
tion in vasodilator bioavailability (mainly nitric oxide),
and it has been associated with the propensity of an indi-
vidual to develop atherosclerotic disease (12).

Complement (C’) activation by circulating immune com-
plexes or by other mechanisms might also contribute
endothelial perturbation/damage. Activated products of
the C’ cascade or even the cell membrane insertion of
the membrane attack complex (MAC) play a role. The
latter phenomenon was reported to result in the release of
an array of growth factors and cytokines that induces
proliferation, inflammation and thrombus formation in
the vascular walls. C’ activation and elevated plasma levels
of pro-inflammatory cytokines/chemokines are features
common to several AIRDs, and C’ deposition has been
reported in the atherosclerotic lesions recently (13). Thus,
C’ may be responsible for chronic inflammatory state that
represents a risk factor for plaque formation and a condi-
tion favoring its instability and rupture.

Diagnostic Criteria

The diagnosis of atherosclerotic disease relies mostly on
clinical picture (signs and laboratory parameters demon-
strating tissue or organ damage) and on instrumental stu-
dies (echography, angiography). However, AS starts early
in life and develops insidiously, and usually signs and symp-
toms show when the disease is in advanced stage. More-
over, acute organ damage or death may occur suddenly
and do not allow for effective therapies. For these reasons,
and for the major epidemiologic relevance of AS in devel-
oped countries, nowadays most of the scientific efforts are
pointed to find sensitive and specific clinical conditions,
laboratory parameters and instrumental data to assess
and stratify AS risk and to suggest prevention strategies.
Classical risk factors include non-modifiable factors (e.g.,
age, gender) and modifiable factors linked to lifestyle and
diet (Table 70.1). The real risk assessment for each indivi-
dual relies on score risk charts that take into account the
great weight of association of risk factors (14). A

TABLE 70.1 Risk factors for atherosclerosis

Classic risk factors

Autoimmunity-related

risk factors

HDL cholesterol (reverse relationship) Autoimmune diseases

LDL cholesterol Anti-oxLDL antibodies

ApoB/ApoAIa Anti-HSP60/70 antibodies

Hyperomocysteinemia

Hyperuricemiaa
Anti-B2GPI antibodies

CRPa

Fibrinogena

Age

Male sex

Genotypes

Body weight

Hypertension

Diabetes

Smoke

aEmerging, but its clinical utility is still controversial.
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consensus on the clinical use recommendation is estab-
lished at present for some but not all the listed factors,
because of difficulties in measures standardization or
because of insufficient specificity. In addition to clinical
and laboratory parameters, new imaging methods are
being developed to detect asymptomatic arterial disease,
especially those based on echography. So, besides the well-
established significance of ankle–brachial index, which
reflects the stenosis between aorta and distal leg arteries,
the intima-media thickness evaluation is being increasedly
used (15). Reduced flow-mediated vasodilation has been
suggested to represent a useful and non-invasive method
predictive for AAS in several conditions including AIRD;
however, its standardization is still a matter of debate (16).

As discussed above, new factors have emerged as reli-
able markers correlating with chronic AS vascular lesion
extension and acute complications (Table 70.1). In clinical
practice, the diagnosis of an autoimmune disease should
induce careful assessment of cardiovascular state in a given
patient. Except for anti-b2GPI antibodies, the serum mea-
surement of the listed autoantibodies is still unavailable in
most laboratories for clinical use, but it could become used
in the future.

Therapy

Current principles for prevention and therapy of AS are
largely described in literature; in particular, more aggres-
sive goals for risk factor reduction and strategies to reduce
inflammation in AIRD have been suggested (17). How-
ever, current view does not yet include the idea that immu-
nomodulation can affect AS and thus provide hope for
the development of new strategies not only for autoim-
mune patients but also for the general population. Possible
options have been summarized recently (18). Among them
is the induction of oral tolerance to autoantigens asso-
ciated with AS, manipulation of the cytokine network,
gene therapy and the use of intravenous immunoglobulin
(IVIg). IVIgs have many immunoregulatory and anti-
inflammatory properties and have shown the ability to
reduce plaque development in a model of murine AS.
Looking at mechanisms specifically relevant in AS, it has
been reported that IVIgs contain anti-idiotypic activity
against anti-oxLDL antibodies, and they are able to
reduce metalloproteinase-9 (MMP-9) activity; moreover,
IVIgs include a subset of natural antiendothelial antibo-
dies that, opposite to pathologic AECA, directly modulate
endothelial function, reducing pro-inflammatory and pro-
thrombotic properties of resting EC and inhibiting cyto-
kine and metalloprotease secretion by EC activated with
pro-inflammatory stimuli (19). Finally, IVIgs reduce cyto-
kine secretion and the membrane expression of adhesion

molecules on EC stimulated with TNF-a and oxLDL, and
inhibit one of the pathways of internalization of oxLDL in

EC (19).
Studies on autoimmune mechanisms involved in AS

have shown that statins, besides their action on serum

cholesterol levels, have anti-inflammatory and immuno-

modulatory effects by reducing monocyte adhesion to EC

and endothelial secretion of cytokines and MHC class II

expression (20).
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71
Idiopathic Interstitial Pneumonias

Antoni Xaubet, Maria Molina-Molina and Anna Serrano-Mollar

Abstract The idiopathic interstitial pneumonias are a group of diffuse parenchymal lung diseases of unknown etiology with

varying degrees of inflammation and fibrosis. They are classified into seven clinicopathological entities: idiopathic pulmonary

fibrosis, nonspecific interstitial pneumonia, desquamative interstitial pneumonia, respiratory bronchiolitis/interstitial lung

disease, organizing pneumonia, acute interstitial pneumonia, and lymphoid interstitial pneumonia. The diagnosis of the

interstitial idiopathic pneumonias is clinical-radiological-pathological and requires the presence of an appropriate histolo-

gical pattern in pulmonary biopsy. In idiopathic pulmonary fibrosis, a set of criteria has been established to permit diagnosis

with a sensitivity of more than 90% when lung biopsy samples are not available. The only established treatment is based on

glucocorticoids and immunossupressants, while lung transplantation is required in later stages.

Keywords Idiopathic interstitial pneumonias � interstitial lung diseases � idiopathic pulmonary fibrosis

Classification of Idiopathic Interstitial
Pneumonias

The idiopathic interstitial pneumonias are a group of diffuse
parenchymal lung diseases of unknown etiology with vary-
ing degrees of inflammation (alveolitis) and fibrosis. The
histopathological classification of the idiopathic interstitial
pneumonias has evolved over time, and was most recently
codified in the American Thoracic Society/European Res-
piratory Society 2002 consensus classification statement (1).
This classification separates the idiopathic interstitial pneu-
monias into seven clinicopathological entities (Table 71.1).
Idiopathic pulmonary fibrosis is characterized by the pre-
sence of usual interstitial pneumonia in the histological
examination of lung parenchyma. The usual interstitial
pneumonia pattern is not synonymous with the diagnosis
of idiopathic pulmonary fibrosis. This histological pattern
can also be associated with collagen vascular diseases, drug-
induced interstitial pulmonary disease, chronic hypersensi-
tivity pneumonitis, and asbestosis. Nonspecific interstitial
pneumonia may be associated with collagen vascular dis-
eases, drug-induced interstitial pulmonary disease, hypersen-
sitivity pneumonitis, and HIV infection. Desquamative
interstitial pneumonia and respiratory bronchiolitis/intersti-
tial lung disease are almost exclusively associated with
cigarette smoking. Desquamtive interstitial pneumonia is

considered to represent a more advanced stage of respiratory

bronchiolitis/interstitial lung disease because of its similar

pathology. Organizing pneumonia can be idiopathic or asso-

ciated with collagen vascular diseases, drug-induced intersti-
tial pulmonary disease, radiotherapy, inhalation of toxic

substances, pulmonary infections, or inflammatory bowel

diseases. The term acute interstitial pneumonia is used exclu-

sively for cases of idiopathic acute respiratory distress syn-

drome. Lymphoid interstitial pneumonia was previously

considered to be a pulmonary lymphoproliferative disorder,

a precursor of pulmonary lymphoma. However, it has now

TABLE 71.1. Classification of idiopathic interstitial pneumonias.

Clinical diagnosis Pathological pattern

Idiopathic pulmonary fibrosis

(IPF)

Usual interstitial pneumonia

Nonspecific interstitial pneumonia

(NSIP)

Nonspecific interstitial pneumonia

(NSIP)

Desquamative interstitial

pneumonia (DIP)

Desquamative interstitial

pneumonia (DIP)

Respiratory bronchiolitis

interstitial lung disease

(RBILD)

Respiratory bronchiolitis

interstitial lung disease

(RBILD)

Acute interstitial pneumonia (AIP) Diffuse alveolar damage (DAD)

Organizing pneumonia (OP) Organizing pneumonia (OP)

Lymphoid interstitial pneumonia

(LIP)

Lymphoid interstitial pneumonia

(LIP)

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_71,

� 2008 Humana Press, Totowa, NJ
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been demonstrated that this association is very rare. Lym-
phoid interstitial pneumonia is usually associated with other

disorders, such as collagen vascular diseases, autoimmune

diseases (Hashimoto’s disease, myasthenia gravis, pernicious

anemia, primary biliary cirrhosis), and immunodeficiencies

(agammaglobulinemia) (1, 2, 3).

Clinical Manifestations

The most common symptoms are dyspnea on exertion and

dry coughing. The onset of dyspnea is usually gradual but

progressive. The onset of the disease may be insidious,
subacute, or abrupt, depending on the type of idiopathic

interstitial pneumonia. Some clinical entities can cause

constitutional symptoms. The most useful information

obtained from the physical examination is the presence of

crackles and finger clubbing, although these signs are not

present in all the diseases (3, 4, 5, 6, 7, 8, 9, 10). Table 71.2
summarizes the important clinical features.

Diagnostic Approach

Blood Tests

These are not useful for diagnosis, although theymay reveal

abnormalities in markers of inflammation (C-reactive-

protein, erythrocyte sedimentation rate, gamma globulins).
Positive anti-nuclear antibodies or rheumatoid factor occur

in 10–20% of patients with idiopathic pulmonary fibrosis,

although the titers are low.

Serological Markers

Several cytokines, growth factors, and other mediators
have been analyzed in the serum of patients with idiopathic

interstitial pneumonias. However, they are of no use for

diagnostic purposes.

Radiology

Chest roentgenogram findings in patients with idiopathic
interstitial pneumonias consist of interstitial patterns that
affect both hemithoraces diffusely. They indicate the pre-
sence of an interstitial lung disease, but lack diagnostic
specificity. The chest roentgenogram may be normal in
10% of cases at the time of diagnosis. High-resolution
computed tomography is a more sensitive tool than chest
roentgenogram in the evaluation of abnormalities of the
pulmonary interstitium and it has become indispensable
for diagnostic approach. The major imaging findings are
ground glass opacities, consolidation, linear and reticu-
lar opacities, centrilobular nodules, traction bronchiec-
tasis, and honeycombing. Their distribution is different
in each disease and this narrows the differential diagno-
sis (Table 71.3). In idiopathic pulmonary fibrosis, high-
resolution computed tomography findings are characteristic
and are considered to be a diagnostic criterion. The speci-
ficity is 96%, but the sensitivity is low, as in 20–25% of
patients the findings are atypical. In the other idiopathic
pulmonary pneumonias, high-resolution computed tomo-
graphy may be helpful in reaching a diagnosis, but not in
making a specific diagnosis (11, 12).

Lung Function Testing

This reveals restrictive impairment, reduced diffusing
capacity for carbon monoxide, and reduced hypoxemia
exaggerated or elicited by exercise. In 15% of cases, lung
function impairment is the first manifestation of the dis-
ease. Nevertheless, a normal lung function test does not
exclude the diagnosis of idiopathic interstitial pneumonia.
(1, 3, 4)

Bronchoalveolar Lavage

Cellular analysis of bronchoalveolar lavage (BAL) is use-
ful in the diagnostic assessment of idiopathic interstitial
pneumonias. In most cases, however, BAL serves as guide
to diagnosis, by supporting a provisional diagnosis or
suggesting an alternative. In idiopathic pulmonary fibro-
sis, BAL shows increased neutrophils and eosinophils. In

TABLE 71.2. Frequency and clinical characteristics of idiopathic interstitial pneumonias.

IPFa NSIP DIP/RBILD AIP OP LIP

Frequency �47–64% �14–36% �10–17% <2% �4–12% <2%

Onset Insidious Insidious/Subacute Insidious/Subacute Abrupt (1–2weeks) Subacute Subacute

Finger clubbing �20–50% �10–30% �50% No No No

Crackles �90% �40% �60% No �40% No

Constitutional symptoms No Depends on etiology No Fever

Arthralgias

Asthenia

Weight loss

Fever

Weight loss

Fever

Arthralgias

Asthenia

Weight loss

a For abbreviations, see Table 71.1.
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patients with increased lymphocytes, other possible alterna-

tive diagnoses should be excluded. In organizing pneumo-

nia, BAL reveals marked lymphocytosis, often associated

with moderate neutrophilia and/or eosinophilia, together

with a decreased CD4þ/CD8þ T-lymphocyte ratio. BAL

does not shows findings useful for the diagnostic assessment

in the other idiopathic interstitial pneumonias. (1, 3, 4)

Diagnostic Criteria

The diagnosis of the interstitial idiopathic pneumonias is
clinical-radiological-pathological and requires the pre-
sence of an appropriate histological pattern in pulmonary
biopsy. Transbronchial lung biopsy performed with a
fiberoptic bronchoscope may only confirm the histological
diagnosis of organizing pneumonia. The diagnosis of the
other idiopathic interstitial pneumonias requires a surgical
lung biopsy. In idiopathic pulmonary fibrosis, a set of
criteria has been established that allows diagnosis to be
made with a sensitivity of more than 90% when lung
biopsy samples are not available (Table 71.4) (11, 13).

Therapy

The fundamental aims of treatment are to suppress the
inflammatory (alveolitis) and fibrotic components of the
disease. The suppression of alveolitis is the only useful

treatment, because no antifibrotic drugs of proven effi-
cacy are currently available. The drugs used are gluco-

corticoids, whether associated with immunosuppresants

(azathioprine or cyclophosphamide) or otherwise. In

idiopathic pulmonary fibrosis, the addition of N-acetyl-

cistein to this therapeutic approach seems to stabilize the

disease in some patients. The indications and duration of

treatment vary according to the form of idiopathic inter-

stitial pneumonia; the same is true of the clinical

response. Lung transplant is the last therapeutic option

for diseases that progress to fibrosis and cause respiratory

failure. (14, 15, 16)
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TABLE 71.3. High-resolution computed tomography (HRCT)
findings in idiopathic interstitial pneumonias.

Disease Main HRCT findings Distribution

IPF Reticular opacities

Honeycombing

Traction bronchiectasis

Architectural distortion

Only minimal focal ground glass

Peripheral

Subpleural

Basal

NSIP Ground glass opacities

Reticular opacities

Consolidation

Traction bronchiestasis

Peripheral

Subpleural

Basal

DIP Ground glass opacities

Reticular opacities

Multifocal

Peripheral

RBILD Bronchial wall thickening

Centrilobular nodules

Ground glass opacities

Multifocal

Diffuse

AIP Consolidation

Ground glass opacities

Diffuse

OP Consolidation

Ground glass opacities

Subpleural

Peribronchiolar

LIP Ground glass opacities

Centrilobular nodules

Linear opacities

Thin-walled cysts

Diffuse

For abbreviations, see Table 71.1

TABLE 71.4. Diagnostic criteria of idiopathic pulmonary
fibrosis.

The following criteria must be fulfilled in the presence of a surgical biopsy

showing usual interstitial pneumonia
l Exclusion of other known causes of interstitial lung diseases
l Abnormal pulmonary function studies: evidence of restriction and/

or impaired gas exchange
l Abnormalities characteristics of the disease on chest roentgenogram

or HRCT

In the absence of surgical lung biopsy, the following four major criteria must

be fulfilled, plus three of the minor criteria

Major criteria
l Exclusion of other known causes of interstitial lung diseases
l Abnormal pulmonary function studies: evidence of restriction and/

or impaired gas exchange
l Abnormal characteristics of the disease on HRCT
l Transbronchial lung biopsy or BAL showing no features to support

an alternative diagnosis

Minor criteria
l Age >50 years
l Insidious onset of otherwise unexplained dyspnea on exertion
l Duration of illness >3months
l Persistent, bibasilar, inspiratory crackles

HRCT: High-resolution computed tomography; BAL: bronchoalveolar

lavage.
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72
Pulmonary Arterial Hypertension

Isabel Blanco and Joan Albert Barberà

Abstract Pulmonary arterial hypertension (PAH) is the most characteristic group of pulmonary hypertensive states.

Among other conditions, PAH includes the idiopathic type and forms associated with connective tissue diseases (CTDs),

particularly with systemic sclerosis, CREST syndrome, and mixed CTD. Pulmonary hypertension (PH) can be detected

by transthoracic Doppler echocardiography. This procedure should be performed routinely once a year in patients with

CTD with high risk to develop PAH. The diagnosis of PH needs to be confirmed by right heart catheterization. Recently

developed drugs that modulate endothelial function have provided encouraging results in the treatment of PAH with

improvement in symptoms, exercise tolerance, and survival.

Keywords Pulmonary hypertension � pulmonary circulation � endothelium � echocardiography � right heart
catheterization � prostacyclin � endothelin-1 � phosphodiesterase-5

Concept and Classification

The pulmonary circulation is a low-resistance, high-com-

pliance system that accommodates all the cardiac output,

even in conditions where cardiac output is high, as it

occurs during exercise. Pulmonary vascular resistance is

about one-fifth of the systemic resistance and decreases

when cardiac output increases because of the recruitment

and distensibility of the pulmonary vessels.
Reference values of pulmonary haemodynamic mea-

surements are summarized in Table 72.1. Pulmonary arter-

ial hypertension (PAH) is defined by a mean pulmonary

artery pressure (PAP) greater than 25mmHg at rest or

greater than 30mmHg during exercise.
The most important clinical repercussion of PAH is the

increase in the work load of the right ventricle. Usually,

small increases in pulmonary pressure do not have signifi-
cant haemodynamic repercussion. Nevertheless, when

PAP increases markedly, especially if this occurs acutely,

the right ventricle may fail and the patient may die because

of cardiac failure.
The classification of pulmonary hypertension (PH) has

changed over time. Currently, it is classified into five dif-

ferent classes or categories (Venice classification, 2003)

(Table 72.2) (1):

(a) PAH; (b) PH associated with left heart disease; (c) PH

associated with respiratory diseases and/or hypoxaemia; (d)

PH because of chronic thrombotic and/or embolic disease;

and (e) miscellaneous.

Pathogenesis

Different processes may contribute to the pathogenesis of

PAH, namely vasoconstriction, vascular remordelling and

thrombosis. In PAH, there is an impairment of the

TABLE 72.1. Pulmonary haemodynamics measurements in

healthy subjectsa.

Variable Reference value

CO (L/min) 4–8.3

CI (L/min/m2) 2.6–4.5

PAP (mmHg) 8–20

PAOP (mmHg) 5–14

RAP (mmHg) 2–9

PVR (din �seg �cm–5) 40–240

aAdults, at rest and at sea level.

CO: cardiac output; CI: cardiac index; PAP: pulmonary artery pressure;

PAOP: pulmonary artery occlusion pressure; PVR: pulmonary vascular

resistance; RAP: right atrial pressure.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_72,

� 2008 Humana Press, Totowa, NJ
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endothelial function of pulmonary arteries that leads to an
imbalance between endothelium-derived vasodilator and

vasoconstrictive mediators. Vasoconstriction is promoted

by an increased synthesis and release of vasoconstricting

agents such as tromboxane-A2 and endothelin-1, and by a

concomitant reduction in the expression of both prostacy-

clin and nitric oxide synthases (2). Endothelial dysfunction

also promotes cell proliferation in the vessel wall (remodel-

ling). Vascular remodelling affects small pulmonary

arteries, which show medial hypertrophy, intimal prolif-

eration, neointimal lesions, and necrotizing arteritis. In

addition, plexiform lesions, focal proliferation of endothe-

lial channels lined by myofibroblasts, and smooth muscle

cells may be observed.

Idiopathic PAH

Clinical Presentation

Idiopathic PH (IPAH), formerly termed primary PH, is a
rare disease of unknown aetiology. Its incidence ranges
between 1 and 2 new cases per year per million adult inha-
bitants (3). After puberty, idiopathic PAH is more com-
mon in women than in men (women/men ratio: 1.7) and is
more prevalent in persons 20–40 years old. IPAH is the
most characteristic disease in the PAH category, and it is
defined by the presence of PH, which is not produced by
any other clinical condition.
PAH often presents with non-specific symptoms. The

most common symptoms are exertional dyspnoea (72%),
syncope or presyncope (40%) usually during exercise,
chest pain (48%), fatigue (70%), and/or peripheral
oedema (40%). Because of the low specificity of these
symptoms and their progressive evolution, the diagnosis
of PAH is usually delayed 2 or more years after symptoms
appeared. Patients should be asked for the potential risk
factors associated with PH, such as drugs (aminorex, fen-
fluramine) and associated conditions [HIV infection, con-
nective tissue disease (CTD), liver disease or congenital
heart disease].
At the physical inspection themost frequent signs are accen-

tuated pulmonary component of the second heart sound, left
parasternal lift, pansystolicmurmur of tricuspid regurgitation,
and diastolic murmur of pulmonary insufficiency. In presence
of right ventricular dysfunction, there is an increased ‘‘v’’ wave
in the jugular pulse, jugular vein distension, peripheral
oedema, hepatomegaly and, sometimes, ascites.
It is important to asses to what extension the disease

affects daily life activities using the modified New York
Heart Association (NYHA) classification [World Health
Organization (WHO) classification] (4).

Diagnostic Evaluation

A high index of suspicion, detailed clinical history and
careful physical examination are critical for the diagnosis
of PH.
Suspicion of the disease might be raised by conventional

examinations such as electrocardiography (ECG), usually
showing right ventricular hypertrophy and right atrial
dilatation; and chest X-ray that may show proximal pul-
monary artery and/or right ventricular enlargement.
In the diagnostic process we distinguish several phases:

suspicion, detection and characterization (Table 72.3) (4).
The essential tool for the detection of PH is transthoracic
Doppler echocardiography, which provides information
on the morphology and function of the right ventricle,
and allows the estimation of pulmonary artery systolic

TABLE 72.2. Clinical classification of pulmonary hypertensiona.

1. Pulmonary arterial hypertension (PAH)

Idiopathic

Familial

Associated with

Connective tissue disease

Congenital systemic to pulmonary shunts

Portal hypertension

HIV infection

Drugs and toxins

Other (thyroid disorders, glycogen storage disease, Gaucher’s

disease, hereditary hemorrhagic telangiectasia,

haemoglobinopathies, myeloproliferative disorders,

splenectomy)

Associated with significant venous or capillary involvement

pulmonary veno-occlusive disease

pulmonary capillary haemangiomatosis

Persistent pulmonary hypertension of the newborn

2. Pulmonary hypertension associated with left heart disease

Left-sided atrial or ventricular heart disease

Left-sided valvular heart disease

3. Pulmonary hypertension associated with lung diseases and/or chronic

hypoxaemia

Chronic obstructive pulmonary disease

Interstitial lung disease

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Developmental abnormalities

4. Pulmonary hypertension due to chronic thrombotic and/or embolic

disease

Thromboembolic obstruction of proximal pulmonary arteries

Thromboembolic obstruction of distal pulmonary arteries

Non-thrombotic pulmonary embolism (tumour, parasites, foreign

material)

5. Miscellaneous

Histiocytosis X

Lymphangiomatosis

Sarcoidosis

Compression of pulmonary vessels (adenopathy, tumour,

fibrosing mediastinitis)

aAdopted in the3rdWorldSymposiumonPulmonaryArterialHypertension.

Venice, 2003.
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pressure from the measurement of the systolic regurgitant
tricuspid flow velocity.

Other tests to be performed include pulmonary func-
tion tests, blood tests (including C and B hepatitis serol-
ogy, HIV serology, liver function and antibodies
associated with CTD), arterial blood gas measurements,

high-resolution CT scan if interstitial lung disease is
suspected, and ventilation-perfusion scan. Biopsy of
the lung is contraindicated because of the high risk of
the procedure.

It is mandatory to confirm the diagnosis of PH by right
heart catheterization. During the procedure, it is impor-
tant to perform an acute vasodilator test with inhaled
nitric oxide or intravenous epoprostenol (5) to evaluate
the possibility for vasodilator treatment. Measurements
of PAP, cardiac output, right atrial pressure and pulmon-
ary vascular resistance provide important prognostic
information.

An additional step for disease characterization is the
assessment of exercise tolerance. This is usually performed
using the 6-min walk test (6MWT). The distance covered
during the test correlates with the functional class and the
cardiac output, and it also has important prognostic
significance.

Treatment

General Measures

Vigorous or intensive exercise should be avoided to pre-
vent right heart failure and a low salt diet is recommended.
Patients must avoid drugs that could worsen PAH (nasal
decongestants, beta-blocking agents). Pregnancy should
be avoided because it may worsen PAH and is associated
with high mortality risk.

Pharmacological Treatment

Anticoagulation

The use of anticoagulants improves survival in PAH,
although the scientific evidence for this recommendation
is limited. Warfarin and acenocumarine are the most com-
monly employed agents. The target International Normal-
ized Ratio (INR)) ranges between 1.5 and 2.5.

Calcium-Channel Blockers.

They are indicated in patients showing a significant
response in the acute pulmonary vasodilator test (decrease
in PAP >10mmHg, final PAP <40mmHg, with no
change or increase in cardiac output) (6). Nevertheless,
a positive response is observed only in 13% of cases (7).
The most commonly used drugs are nifedipine, diltiazem
and amlodipine. The use of verapamil is not recom-
mended because of its poor vasodilating action and its
negative inotropic effect. Adverse effects of calcium chan-
nel blockers include hypotension, ankle oedema and
hypoxaemia.

Specific Therapy

Three major pathways are involved in the pathobiology
of PAH: the NO-cGMP, the prostacyclin-cAMP and
the endothelin-1 pathways. These pathways correspond
to important therapeutic targets in this condition. Three
classes of drugs are currently available that exert an
effect in these pathways: prostanoids, endothelin-1
receptor antagonists and phosphodiesterase-5 inhibitors
(Figure 72.1).

Prostanoids. Prostacyclin is a natural substance synthe-
sized by the endothelium with vasodilator and antiproli-
ferative properties. Available drugs include synthetic
prostacyclin (epoprostenol) and prostacyclin analogues
that can be administered by inhalation (iloprost) or sub-
cutaneous infusion (treprostinil). Randomized clinical
trials have shown that prostanoids improve pulmonary
haemodynamics, increase exercise tolerance and improve
symptoms in patients with PAH in functional class III–IV

72.3. Diagnostic process of pulmonary hypertension.

Phase Examinations

Suspicion Chest

X-ray, ECG

Symptoms, physical examination

Detection

Class and type

identification

Transthoracic echocardiogram (TTE)

TTE (valvulopathy or left heart disease,

congenital heart diseases)

Pulmonary function tests: forced spirometry,

static lung volumes, CO diffusing capacity and

arterial blood gases

Ventilation-perfusion (V-Q) scanning

General analyses and evaluation of

Thyroid function

Hepatic function

Autoimmune screening: anti-nuclear antibodies

(ANA), anti-DNA, anti-centromer,

anti-cardiolipin and anti-U1-RNP

Serologies of HIV, B and C hepatitis

Optional

High resolution CT chest scan

Angio CT chest scan

Sleep study

Pulmonary angiography if chronic

thromboembolic pulmonary hypertension

Transoesophagueal echocardiography

Evaluation and

diagnosis

Haemodynamic diagnosis:

Pulmonary haemodynamics (right heart

catheterization)

Acute vasodilator test

Exercise capacity

6-min walk test

Cardiopulmonary exercise test (optional)
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(8, 9). There is evidence that they also improve survival

(8, 10). Epoprostenol must be administered by continu-

ous intravenous infusion because its half life is very short

(3–5min). The drug is delivered by a continuous perfusion

pump connected to a permanent central venous catheter.

Main adverse effects are related to the administration

method: dysfunction of the pump, catheter infections and

venous thrombosis. The abrupt interruption of the perfu-

sion may be life-threatening. The most common adverse

effects of prostanoids are jaw pain, flushing, diarrhoea and

headache. The development of tolerance is frequent, so it is
usually necessary to increase doses progressively.

Iloprost has a more prolonged half life than epoproste-

nol and can be administered intravenously or by nebuliza-

tion. Nebulized iloprost has the advantage of its selective

deposition in the lung with less systemic side effects. Yet, it

must be administered 6–9 times a day. The most important

adverse effect is the potential to produce syncope (11).

Treprostinil is administered continuously by a subcuta-

neous infusion. Its main adverse effects are erythema and

pain at the insertion point (12). Both iloprost and trepros-

tinil have shown beneficial effects in terms of symptoms,

exercise tolerance and delay of clinical worsening (11, 12).

Endothelin-1 Receptor Antagonists. Endothelin-1 (ET-1) is
a peptide produced by endothelial cells with vasoconstric-

tor and mitogenic actions. Bosentan is a dual, A and B,

ET-1 receptor antagonist that is administered orally.

Controlled clinical trials have shown that it relieves

symptoms, increases exercise tolerance and improves

right ventricular function in patients with PAH in func-

tional class II–IV (13). The most common adverse effect is

the elevation of liver enzymes, which should be regularly

monitored. Two selective inhibitors of ET-1 type A recep-

tor have been recently approved for the treatment of

PAH in patients in functional class III: sitaxsentan and

ambrisentan.

Phosphodiesterase-5 Inhibitors. Phosphodiesterase-5 (PDE-
5) inactivates intracellular cGMP. Therefore, PDE-5 inhibi-

tion increases the intracellular concentration of cGMP

and produces vasodilatation. PDE-5 is extensively expressed

in pulmonary vessels. Sildenafil is a selective inhibitor of

PDE-5 that can be administeredorally.Randomized control-

led clinical trials have shown improvement in functional

class, pulmonary haemodynamics and exercise tolerance in

patients with PAH in functional class II–IV. The most

frequent adverse effects are hypotension, migraine, dys-

pepsia and flushing. The currently approved dose in PAH

is 20mg/8 h (14). The efficacy of PDE-5 inhibitors such as

tadalafil is currently being evaluated.
Combination therapy with more than one drug acting

on different pathways is an appealing option in patients

not responding to a single drug. Yet, scientific evidence

supporting the use of combined therapy in PAH is still

scarce. Furthermore, optimal combination regimes,

Conventional therapy
Oral anticoagulants +/– diuretics +/– oxygen +/ digoxin

Ca-channel blockers

Sustained
response

Yes No

Continue
Ca-channel blockers

Class III

Endothelin receptor antagonists
or

PDE-5 inhibitors
or

Prostanoids

Class IV

Epoprostenol i.v.

Vasoreactivity test

Positive Negative

Atrialseptostomy
Lung transplantation

No improvement or deterioration
(¿combined treatment?)

Send to a reference centre

FIGURE 72.1. Treatment algorithm of pulmonary arterial hypertension in functional class III–IV. Adopted in the 3rd World

Symposium on Pulmonary Arterial Hypertension (Venice 2003).
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potential interactions between drugs and adverse effects
have not yet been established. For this reason, the initia-

tion of combination therapy in patients clinically dete-

riorating with one drug is better handled in reference

centres.

Supporting Treatments

Supporting treatments in PAH are addressed to treat com-

plications associated with the disease, namely right heart

failure and hypoxaemia.
Treatment of right heart failure includes low salt diet,

diuretics and digital. Diuretics are indicated in patients

presenting clinical signs of right ventricular insufficiency.

They must be administered with caution because excessive
depletion could lead to an inadequate filling of the right

ventricle and worsen ventricular function.
The use of digoxin is restricted to patients who have

atrial rhythm abnormalities and in patients receiving high

doses of calcium-channel blockers to counteract their

negative inotropic effect.
In patients with arterial hypoxaemia supplemental oxy-

gen should be provided.

Invasive Treatments

Atrial septostomy is a procedure addressed to create a

shunt in the interatrial septum. It permits decompression

of the right heart, but it decreases arterial oxygenation.

The procedure is associated with high risk and must be

performed in experienced centres (15). Lung and heart-

lung transplantation is indicated in patients not respond-

ing to specific therapy including intravenous epoprostenol

(15). Postoperative mortality in PAH is higher than in

other transplant indications. For this reason patients

must be carefully selected.
The evidence for effective therapy improving survival

and quality of life in patients with PAH is compelling.

Treatment is likely to be most effective if applied earlier

in the course of the disease and, given the complexity of

these patients and of the treatments involved, this condi-

tion is best treated by experienced clinicians at centres with

expertise in all aspects of diagnosis assessment and

management.

Prognosis

The median life expectancy from the time of diagnosis

in patients with IPAH, before the availability of specific

therapy was 2.8 years (1616). Nowadays, survival has

improved considerably and survival ratios >75% at 3 years

are being reported with the use of new specific therapies (10).

PAH Associated with CTD

PH is a well-recognised complication of CTDs such as

systemic sclerosis (SSc), especially in its limited form,

mixed CTD (MCTD) and systemic lupus erythematosus

(SLE). Occasionally it may also occur in association with

interstitial lung disease. The prevalence of PH in CTDs has

been reported to be up to 38%. In SSc, pulmonary com-

plications, such as interstitial lung disease and PAH, are

currently the leading causes of death. Patients with SSc and

associated PAH have a particularly poor prognosis com-

pared with those without PAH.
PAH associated with CTDs is the second most pre-

valent type of PAH after the idiopathic form. In

patients with connective tissue disease associated PAH,

systemic sclerosis is the underlying disease with the high-

est prevalence (75%), followed by MCTD (9%) and SLE

(7%) (17).
Compared to idiopathic PAH, PH associated with con-

nective tissue disorders is more prevalent in women

(women/men ratio 4:1) and presents in older age (66 years

old). In scleroderma, PAH is more frequent in its limited

form (CREST) (3:1) and usually presents with concomi-

tant disorders such as pulmonary fibrosis (diagnosed by

CT scan) and left heart disease (systemic hypertension and

cardiomiopathy).
Clinical presentation and lung pathology of PAH in

CTD is indistinguishable from the idiopathic form. For

these reason the diagnostic process and treatment are ana-

logous (18) (Table 72.3, Figure 72.1).
Echocardiography is the main tool for detecting PAH.

Accordingly, it should be performed routinely once a year

in all patients with high risk to develop PH (SSc, CREST

and MCTD).
Pulmonary function testing is useful in distinguishing

vasculopathic from fibrotic alterations in patients with SSc

who may associate both disorders. In patients with pulmon-

ary fibrosis, forced vital capacity (FVC) and CO diffusing

capacity (DLCO) decrease concurrently, being the ratio

FVC (%predicted)/DLco (%predicted) <1.4. If pulmonary

vasculopathy is the most significant alteration, DLCO

decreases out of order compared to FVC, FVC(%)/

DLCO(%) ratio >1.8. In mixed fibrotic-vasculopathic pul-

monary alteration the FVC(%)/DLCO(%) ratio ranges

between 1.4 and 1.8.
Treatment of PAH associated with CTDs (4, 19) follows

the general algorithm proposed for PAH (Figure 72.1).
Immunosuppressive therapy might be effective in a min-

ority of patients, mainly in those suffering from conditions

other than SSc. The combination of ciclofosfamide and

prednisone as been effective in improving pulmonary hae-
modynamics and exercise tolerance in patients with func-

tional class I/II (20).
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73
Multiple Sclerosis

Ron Milo and Ariel Miller

Abstract Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) of immune-
mediated pathogenesis. It is characterized pathologically by perivascular infiltrates of mononuclear inflammatory cells,
demyelination and axonal loss, with the formation of multiple plaques in the brain and spinal cord, and clinically by a
variety of neurological signs and symptoms disseminated in time and space. The clinical course, presentation and the
pathology are highly variable among patients, making it a very heterogenous disease. The diagnosis of MS is based on
clinical measures, supported by paraclinical evidence [predominantly magnetic resonance imaging (MRI)], together with
the exclusion of other similar diseases. The currently used McDonald criteria for the diagnosis of MS incorporate MRI
measures into the clinical ones, thus allowing early diagnosis of definite MS, even in patients after the first demyelinating
episode or clinically isolated syndrome (CIS). Based on these criteria, current and future effective disease-modifying
therapies that may slow down disease activity and reduce future disability can be delivered earlier, aiming at prevention
of irreversable neurological damage, while tailored to the individual patient.

Keywords Demyelination � magnetic resonance imaging � McDonald criteria

Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system (CNS) of immune-mediated
(probably autoimmune) pathogenesis. It is characterized
pathologically by perivascular infiltrates of mononuclear
inflammatory cells, demyelination and axonal loss, with
the formation of multiple plaques in the brain and spinal
cord, and clinically by a variety of neurological signs and
symptoms disseminated in time and space.

History

It is Jean Martin Charcot of la Salpétrière hospital in
Paris to be credited for the first clear and detailed descrip-
tion of the disease as a separate and defined entity. In a
series of original articles published in 1868 on ‘‘La sclerose
en plaques,’’ and later in his published lectures and
clinical presentations (1), he made definite links between
the diverse symptomatology of the disease and its patho-
logical changes, recognizing inflammatory cells, loss of
myelin, proliferation of glial fibers and nuclei and axonal
damage, alongside clinical features, including cognitive
decine. His observations led also to the development of
the first diagnostic criteria for MS, namely the Charcot
triad (nystagmus, ataxia and disarthria). Although not

being the first to recognize the disease, Charcot’s great

contribution was in defining and framing MS in a clear

and organized manner, using modern medical approach.
In 1884, Pierre Marie, Charcot’s greatest pupil and suc-

cessor as Chair of Neurology at the Salpêtrière hospital,
suggested the infectious etiology for MS, which is still

considered most likely.
The ability to induce an MS-like autoimmune disease in

mammals by immunization with myelin or myelin antigens

from the CNS [experimental autoimmune encephalomyelitis

(EAE)] (acute disseminated encephalomyelitis, EAE), first
described in 1933, the detection of increased proportion of

gamma globulins in the cerebrospinal fluid of MS patients

using electrophoresis in 1940, and several later large epide-
miological and twin studies, led to the hypothesis that MS

involves an autoimmune response to a self-antigen in geneti-

cally susceptible individuals, induced by a hitherto unknown

environmental-infectious agent. The successful introduction
of ACTH corticosteroids for the treatment of MS relapses

in the 1960s, and the start of long-term treatment with immu-

nosuppressive drugs in the 1970s added support to the theory
of the immune-mediated nature of MS.
The application of MRI during the last 25 years drama-

tically improved our ability to visualize MS lesions in the
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brain and spinal cord, and the continuous introduction of
non-conventional MRI techniques may now allow for
more accurate measurements of axonal loss, atrophy or
the so-called ‘‘normal-appearing’’ brain tissue.

Interferon-b-1b, the first effective preventive treatment for
MS, has been introduced in 1993, signaling the way to many
current and future promising disease-modifying agents.

Pathological Features

Histologically, the MS plaques, which are scattered
in the white matter of the CNS, show perivenular infil-
tration of mononuclear inflammatory cells (T lympho-
cytes, monocytes/macrophages, B cells and plasma cells),
demyelination, reduced number of oligodendrocytes,
transected axons and astrocyte proliferation with resul-
tant gliosis. Four categories of the disease have been
recently defined based on the location and extension of
plaques, immunopathological mechanisms, complement
activation and the patterns of oligodendrocytes’ destruc-
tion (2) (Table 73.1)

Pathogenesis

MS is believed to be mediated mainly (but not exclusively)
by autoreactive Th1 cells recognizing auto-antigen(s) that
are activated in the periphery by mechanism(s) yet to be
unveiled (options include molecular mimicry with an infec-
tious environmental factor peptide; superantigens; break-
down of immunological tolerance by other mechanisms,
etc.). These activated T cells proliferate, express a variety
of receptors and adhesion molecules, secrete proinflamma-
tory mediators and metalloproteinases, activate the
blood–brain barrier (BBB) and interact with it to enter
into the brain, where they undergo reactivation by the
local autoantigen(s) presented by MHC class II molecules
expressed on activated microglia, astrocytes and macro-
phages. This initiates a loop of local inflammatory reaction
in which cytokines, chemokines and other mediators
secreted by the activated cells attract and activate other
components of the immune system (macrophages, cyto-
toxic T cells, B cells, astrocytes and complement) and
perpetuate a concerted attack on myelin, axons and glia,
mediated by cytotoxic cells and cytokines, phagocytosis,
proteases, antimyelin antibodies, complement, glutamate,

NO and other reactive oxygen intermediates. The resultant
edema, demyelination, axonal transection, loss of oligo-
dendrocytes and activation of astrocytes contribute to
neurological dysfunction, to the formation of the acute
plaques followed later by gliotic scars and to loss of brain
volume. Other processes such as apoptosis, Th1 to Th2
shift, release of growth factors and cytokines by activated
glia, and changes in the cytokine milieu follow, which
contribute to downregulation and resolution of the local
inflammatory response. This enables the release of con-
duction block, reorganization of functional pathways at
the cellular and the system level, remyelination and some
regenerative activity, and signals functional recovery.
These restorative mechanisms are only partially and tem-
porarily effective, as accumulation of irreversible axonal
loss over time is significant, astrocyte reactivity seals the
lesion, and gliosis causes a physical barrier to further
remyelination, reducing the capacity to accommodate
cumulative deficits, and marking transition to the stage
of persistent deficit. Loss of trophic support from glia to
axons may contribute to the chronic axonal degeneration
and the increased clinical deficit that is characteristic of the
progressive phase of the disease (3).

Clinical Manifestations

MSaffectsmainly young people with onset usually at the age
of 20–40 years and is two to three times more common in
females. At its onset it can run either a relapsing–remitting
(RR-MS, 85%) or primary progressive (PP-MS, 15%)
course (Figure 73.1). Symptoms of relapses (attacks)
usually develop within hours to days, persist for several
days to weeks and then gradually subside. The typical
clinical presentation of PP-MS is usually of a slowly pro-
gressive myelopathy, seen more in males aged >40 years.
Common symptoms at disease onset are summarized in
Table 73.2 (4). Over time, more and more RR-MS patients
(about 50% after 10 years) convert to the secondary-
progressive phase of the disease (SP-MS), where relapses
either stop or diminish in number, and disability gradually
accumulates even between relapses. A subgroup of
patients (5–7%) runs a progressive-relapsing course,
which is characterized by a chronic-progressive course
from onset, with superimposed relapses (5). The severity
of symptoms, relapse rate and progression of disability
vary considerably among patients, and some 15–20% of

TABLE 73.1. Heterogeneity of MS pathology (2).

Pattern I (12%) Pattern II (53%) Pattern III (30%) Pattern IV (4%)

CTL þ macrophage-mediated

demyelination

Antibody-mediated demyelination Distal oligodendrogliopathy

and apoptosis

Primary oligodendroglia

degeneration

Possible

mediators

TNF-�, ROI, proteinases Anti-MOG; anti-Glc (anti-Glycan);

anti-aquaporin; others?

Ischemia/toxic virus-induced Metaboloc defect
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the patients have ‘‘benignMS’’ [determined retrospectively
as having no or low level of disability and retaining full
function in all systems 15 years after disease onset].

A variety of chronic symptoms may affect MS patients
during their chronic ongoing disease, which impact on
social, family, occupational and personal life. These
include visual disturbances (due to optic neuritis or diplo-
pia), fatigue (in up to 90% of the patients), spasticity and/
or ataxia with related gait problems, tremor, paroxysmal
symptoms (seizures, tonic spasms, trigeminal neuralgia,
paresthesia/dysesthesia), cognitive decline (in 50–75%,
mainly in the domains of retrieval memory, attention,
concentration, speed of information processing, executive
functions and visuo-spatial orientation), depression and
other affective disorders, bladder and bowel dysfunction,
sexual dysfunction, heat sensitivity, dysphagia, dysarthria,
sleep disorders and pain.

Diagnosis/Laboratory Data

There is no single laboratory test diagnostic for MS;
however, several tests may support the clinical diagnosis
of the disease. Cerebrospinal fluid analysis demonstrates

oligoclonal IgG bands, which indicate intrathecal synth-
esis of immunoglobulins and inflammatory pathology in
more than 90% of the patients. Delayed latencies of the
visual, somatosensory and auditory evoked potentials on
electrophysiological studies of these central sensory path-
ways, as well as prolonged central motor conduction times,
are characteristic of demyelination, and may point to clini-
cally silent lesions. Blood tests are usually used to rule out
other diseases that may mimic MS.

Imaging

Magnetic resonance imaging (MRI) is the most sensitive
test to detect and demonstrate the MS lesions. It is used to
support the diagnosis, estimate lesion load and disease
activity, measure brain atrophy and axonal loss, follow
disease progression, provide prognosis, serve as a surro-
gate marker and provide outcome measures in clinical
trials. MS lesions are hyperintense on T2-weighted, proton
density or FLAIR imaging, and hypointense or isointense
on T1-weighted imaging (Figure 73.2). They are typically
ovoid in shape, of small size (3–8mm on average, although
giant plaques may occur) and located mainly in the peri-
ventricular white matter. They tend to be perpendicular to
the ventricles, involve the corpus callosum and U-fibers
andmay enhance with gadolinium, especially during active
inflammation, due to disruption of the BBB (6). Some
MRI techniques used in MS, their pathological correlates
and applications are summarized in Table 73.3 (6,7).

Diagnostic Criteria

Several sets of criteria have been developed before the
MRI era for the clinical diagnosis of MS, based on the
principle of objective evidence for CNS white matter
lesion dissemination in time and space (Allison & millar,
1954; McAlpine, 1965; Schumacher, 1965; Rose, 1976;
McDonald & Halliday, 1979; Poser, 1983). The availabil-
ity of new treatments for MS which can modify the dis-
ease course and slow disease progression, and the
recognition that significant damage to the CNS may
occur early in the course of the disease, made it necessary
to diagnoseMS as soon as possible. The recentMcdonald
criteria and their 2005 revision (8) (Table 73.4) allow
earlier definite diagnosis of MS, even after the first CIS
suggestive of the disease, usingMRI criteria to establish a
second episode, thus helping earlier decision on therapy.
The Barkhof MRI criteria help in confirming appropriate
dissemination in space (Table 73.4a), whereas dissenina-
tion in time may be determined by another MRI per-
formed at least 30 or 90 days following the first CIS
(Table 73.4b), and preferably should be conducted at
least 30 days from termination of steroid treatment.

FIGURE 73.1. Main clinical courses seen in multiple sclerosis

(MS) patients: relapsing–remitting (A, B), secondary-progressive
(C, D), primary-progressive (E, F), progressive-relapsing (G).

TABLE 73.2. Initial symptoms of multiple sclerosis (MS) (4).

Prevalence (%)

Sensory symptoms 35–40

Weakness in one or more limbs 25–40

Visual loss 17–29

Diplopia 12

Altered balance and gait 18

Vertigo 5

Bladder and bowel symptoms 5
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When the original McDonald criteria applied at 1 year

were compared to the ‘‘gold standard’’ of the previous

Poser criteria for the diagnosis of clinically definite MS at
3 years in patients with CIS, high sensitivity (83%),

specificity (83%), positive predictive value (75%), negative

predictive value (89%) and accuracy (83%) were achieved
(6). The recent MRI criteria modifications result in

maintaining the high specificity (>90%) of the original

McDonald criteria, and achieving higher sensitivity and
accuracy (86%) in the definite diagnosis of MS after the

first CIS (10). The McDonald criteria identifies earlier and
more than three times as many patients with clinially defi-

nite MS, compared with the previous Poser criteria. Some
limitations of these criteria are the following:

1. Limited access in some parts of the world to advanced
technologyies such as MRI; thus, the diagnosis of possi-
ble MS should be made, until a second clinical episode.

2. The paraclinical tests incorporated into the criteria
should be of high quality and sensitivity and should be
used reliably and uniformly in order to achieve the
expected high accuracy of the criteria.

3. Criteria may be too stringent for dissemination in space.
4. MS is a highly heterogenous disease, and these criteria

that approach the most typical clinical presentation
may be less sensitive in atypical cases (pediatric or
elderly populations, PP-MS, non-western-european
ethnic origin, or atypical clinical presentations).

5. Although MRI is highly sensitive for MS lesions, it is
not specific. Similar white matter lesions can be seen in a

BA C

D E F

FIGURE 73.2. MRI imaging in multiple sclerosis (MS) patients. Patient 1: A – Sagittal T2W image showing multiple oval high signal

(hyperintene) lesions perpendicular to the corpus callosum; B – Sagittal T1W image showing the same lesions as hypointense ‘‘black
holes’’; C –Axial FLAIR image showingmultiple periventricular, partially confluent, white matter hyperintense lesions. Patient 2: D, E –

Axial T2W showing multiple infratentorial and supratentorial white matter hyperintense lesions of different size; F – Post-gadolinium
T1W image showing enhancement of a subcortical lesion seen in E.

TABLE 73.3. Magnetic resonance imaging in multiple sclerosis

(MS) (7, 8).

Imaging

technique Pathology Application

T1W

(unhenhanced)

Axonal loss; ‘‘Black

holes’’

Correlation with disability

T1W (enhanced) BBB disruption Disease activity

T2W Nonspecific:

inflammation,

demyelination,

edema, gliosis

Burden of disease

FLAIR Comparable toT2W Increased resolution

MR

Spectroscopy

Axonal loss Research; biochemical

imaging

Magnetization

transfer

Demyelinated areas Research; structural

integrity; normal-

appearing white matter

Diffusion tensor

MRI

Demyelination;

axonal loss

Abnormalities in the normal

appearing white and gray

matters

Functional MRI Research; cerebral function

and reorganization;

prognosis
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variety of other diseases; many of them share some
clinical features with MS. Relying too heavily on MRI
may result in overdiagnosis of MS and unnecessary
treatments.

Overall, these criteria still emphasize the clinical nature of

the diagnosis, the need to demonstrate dissemination in

time and space, the use of supportive and confirmatory

paraclinical examination to speed the process and to help

eliminate false-negative and false-positive diagnoses, focus

on specificity rather than sensitivity and call for the need to

eliminate better explanations for the diagnosis.

Management

The last 15 years have seen major progress in the manage-

ment of MS. Advances in the understanding of the immu-

nology and pathology of MS resulted in the development

of new therapies. Several disease-modifying agents that

favorably affect disease activity and progression have

been approved for use, and pipelines are loaded with
many other promising immunomodulatory agents and

other methods, in various stages of clinical evaluation

(11,12).

1. For acute relapse, the standard treatment is a short
course of high-dose corticosteroids (usualy intravenous
methylprednisolone 500–1000mg/day for 3–5 days, fol-
lowed, in most cases, by tapering down of oral predni-
sone for additional 1–2weeks). Severe attacks of CNS
demyelination not adequately responding to corticos-
teroida may be treated with plasma exchange (13).

2. Prevention of disease activity: Six disease-modifying
drugs [three types of interferon-b (Betaferon/Betaseron,
Avonex and Rebif), glatiramer acetate (GA, Copaxone,
mitoxantrone (Novantrone) and natalizumab (Tysabri)]
have been approved so far for the prevention of disease
activity inMS, after showing efficacy in reducing relapse
rate and severity, slowing down accumulation of disab-
lity and positively affecting MRI markers of disease
activity and progression (13, 14) (Table 73.5). The three
interferons also delay the development of definite MS
after the first CIS (13).

3. Symptomatic treatment in MS is best delivered by
a multidisciplinary approach that integrates phy-
siotherapy, social and psychological interventions
and medical treatments aimed at each of the individual
symptoms (15).

Extensive basic and clinical research throughout the world

continues to explore new therapies for MS. Strategies

TABLE 73.4a. MRI criteria for dissemination in space (9).

Three of the following:
l �1 gadolinium-enhancing lesion(s) or 9 T2 hyperintense lesions
l �1 infratentorial lesion(s)
l �1 juxtacortical lesion(s)
l �3 periventricular lesions

(a spinal cord lesion is equivalent to a brain infratentorial lesion; an

enhancing spinal cord lesion is equivalent to an enhancing brain lesion,

and individual spinal cord lesions can contribute together with

individual brain lesions to reach the required number of T2 lesions).

TABLE 73.4. The Revised McDonald Diagnostic Criteria for
MS (9).

Clinical presentation

Additional data needed for MS

diagnosis

�2 attacks; objective clinical
evidence of �2 lesions

None

�2 attacks; objective clinical
evidence of 1 lesion

Dissemination in space,

demonstrated by:
lMRI

OR
l �2MRI-detected lesions

consistent with MS plus

positive CSF

OR
l Await further clinical attack

implicating a different site

1 attack; objective clinical

evidence of �2 lesions
Dissemination in time,

demonstrated by:
l MRI

OR
l Second clinical attack

1 attack; objective clinical

evidence of 1 lesion

(monosymptomatic

presentation; clinically isolated

syndrome)

Dissemination in space,

demonstrated by:
lMRI

OR
l �2MRI-detected lesions

consistent with MS plus

positive CSF

AND

Dissemination in time,

demonstrated by:
l MRI

OR
l Second clinical attack

Insidious neurologic progression

suggestive of MS

l One year of disease progression

(retrospectively or prospectively

determined)

AND
l 2 out of 3 of the following:

a. Positive brain MRI (9 T2

lesions or � 4 T2 lesions with

positive visual evoked

potentials;

b. Positive spinal cord MRI (�2
focal T2 lesions);

c. Positive CSF

TABLE 73.4b. MRI criteria for dissemination in time (9).

1. Detection of gadolinium enhancement�3months after the onset of the

initial clinical event if not at the site of the initial event.

OR

2. Detection of a new T2 lesion if it appears any time compared with a

reference scan done at least 30 days after the onset of the initial clinical

event.
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include antigen-specific therapy, therapies that target spe-
cific regulatory molecules of the immune system, trapping
lymphocytes in the lymph nodes, using other immunomo-
dulatory, immunosuppressive and neuroprotective agents,
transplantation of pluripotential stem cell and more
(11,12). Current and probably next generation of MS
drugs seem to be only partially and not equally effective
for different patients. Two strategies may approach these
limitations: combination therapies (16) and pharmacoge-
netics, which studies genetic variations between indivi-
duals that may account for differential responsiveness to
given therapies (17, 18). This may shift the focus from
treating the disease to treating the patient (Personalized
Medicine), where treatment is tailored to the individual
patient, combining immunomudulatory, neuroprotective
and repair-promoting strategies, individually selected
according to the patient’s genetic makeup, disease subtype
and activity.
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TABLE 73.5. Approved disease-modifying drugs fo MS (13, 14).

Medication Trade name

Dose, route of

administration Indications

Interferon

b-1b
Betaferon/

Betaseron

SC 250 mg every

other day

RR-MS

SP-MS

Interferon

b-1a
Avonex IM 30 mg � 1/w RR-MS

Interferon

b-1a
Rebif SC 22/44 mg � 3/w RR-MS

Glatiramer

acetate

Copaxone SC 20mg/day RR-MS

Mitoxantrone Novantrone IV 12mg/m2 every

3months (max.

140mg/m2)

Aggressive

relapsing

MS

Natalizumab Tysabri IV 300mg every

4weeks

RR-MS
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74
Myasthenia Gravis

Alexander Gorshtein and Yair Levy

Abstract Myasthenia gravis (MG) is a chronic autoimmune disease of neuromuscular junction characterized by
painless weakness of skeletal muscles, which appears or becomes more pronounced upon physical exertion. MG is a
highly heterogeneous disease which may be difficult to suspect and diagnose. Currently there are no diagnostic criteria
for MG. In this article we review the epidemiology, the pathogenesis, the clinical characteristics, the diagnostic tests
available for the diagnosis of the disease, and propose diagnostic criteria for the disease, based on the clinical assessment
and auxiliary serologic, pharmacologic and electrodiagnostic tests.

Keywords Myasthenia gravis � autoantibodies to acetylcholine receptor � diagnostic criteria � autoantibodies to
muscle-specific kinase � clinical manifestations � epidemiology

Myasthenia gravis (MG) is a chronic autoimmune disease
affecting neuromuscular transmission. MG is character-
ized by painless muscular weakness, which develops or
becomes more pronounced upon physical exertion.

History

In 1672, Willis reported the first case of the disease in the
medical literature. In 1879, Erb recognized the disease as a
separate entity, when he had reported three cases of ‘‘a new
probably bulbar symptom complex.’’ Jolly described the
fading response of muscle contractions to prolonged elec-
trical stimulation, and named the disease ‘‘myasthenia
gravis pseudoparalytica’’ in 1895. In 1934, Walker had
shown that injection of physostigmine leads to increase of
strength in a patient with MG. In 1960 Simpson had pos-
tulated the autoimmune nature of MG (1). In 1970s, the
pathogenicity of acetylcholine antibodies was demonstrated
by passive transfer experiments, and plasma exchange and
immunosuppressive therapies were introduced.

Epidemiology

The annual incidence of MG had increased during the last
decades from 0.25 to 0.5 per 100,000 to 1–2 per 100,000 in
the general population (2). This change is primarily related

to the increase in the incidence of MG in male and female
patients older than 65 years. The incidence of the disease
peaks in the third decade in female patients, whereas there
is a bimodal distribution of MG in males, with peaks in
third and sixth decades (3). The reported prevalence of the
disease ranges from 20 to 40 people per 100,000 (2). MG
occurs in 40% of patients in whom thymoma is diagnosed.
The onset of MG associated with thymoma peaks in

fourth and fifth decades (4). There is female predominance
among thymoma patients with MG. Similarly to some
other autoimmune diseases, MG with autoantibodies
to AChR is strongly correlated to HLA antigens B8 and
DR3 (5).

Pathogenesis

MG is the best understood autoimmune neurologic dis-
ease. Activated CD4þ T-helper cells drive the autoimmune
response in MG (6). The disease is primarily mediated by
autoantibodies against AChR. The impairment in neuro-
muscular transmission and muscular weakness inflicted by
these autoantibodies is explained by several mechanisms,
which include functional blockade of AChR, increased
degradation of AChR, and the complement-mediated
destruction of the postsynaptic folds (6). Passive transfer
of purified antibodies against AChR to laboratory animals
induces experimental MG. Similarly, passive vertical

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_74,
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transfer of the autoantibodies to neonate leads to the
expression of the disease. Elimination of the autoantibo-
dies by plasma exchange ameliorates the manifestations of
MG. Hereby MG fulfils the Koch postulates for the auto-
antibody-mediated autoimmune disease. The thymus is
thought to be involved in the pathogenesis ofMG, because
it is pathologically abnormal in the majority of MG
patients (7).

Clinical Manifestations

MG characteristically presents as painless weakness of
skeletal muscles, which appears or becomes more pro-
nounced upon physical exertion, and improves with rest.
Sensorium, tendon reflexes, and cerebellar functions are
not affected by the disease. Symptoms at the presentation
of the disease are listed in Table 74.1(8). Ptosis and diplo-
pia appear early in the course of the disease in the majority
of patients. Facial and bulbar muscle involvement mani-
fests by difficulty in speech and facial expressions, chew-
ing, and dysphagia. Limb weakness is usually proximal,
although small hand muscles can be involved. Life-
threatening weakness of respiratory muscles is termed
myasthenic crisis. It usually occurs in the first years of
the disease and is frequently provoked by an intercurrent
infection. The clinical severity of MG is usually graded by
a modification of a scale developed by Osserman
(Table 74.2)(9, 10). The clinical course of MG is quite
variable: in some patients, the weakness remains confined
to a single group of muscles for many years (usually
extraocular and eyelid muscles), whereas in about 85% it
eventually progresses to a generalized weakness. Fluctua-
tions in the severity ofMGmay occur during the first years
after the onset of the disease.

Pathological Features

Thymus is histopathologically abnormal in 80–90% of
patients withMG (7). The usual finding in about two-thirds
of patients, more so in younger ones, is thymic hyperplasia,
characterized by lymphoid follicles with active germinal
centers. Thymomas are diagnosed in 10–15% of patients.

Electron microscopy of neuromuscular junctions from
patients with MG demonstrates significantly diminished
number of AChR, simplification of postsynaptic folds,
and deposits of IgG and complement (11).

Serological Features

Autoantibodies against acetylcholine receptor (AChR)
can be detected in up to 90% of patients with generalized
MG, and in about 50%of patients with ocular disease (12).
The presence of these antibodies is not correlated to the
severity of disease. MG, in which autoantibodies against
AChR are undetectable, is termed seronegative disease.
Autoantibodies to muscle-specific kinase (MuSK) are spe-
cific for seronegative MG (13, 14, 15). The prevalence of
these antibodies in seronegative MG is highly variable in
different geographic regions; it ranges from 4% in Chinese
patients to 22% in Netherland patients and up to 40–70%
in North American and other European cohorts of
patients (13, 14, 15). These antibodies are usually detected
in young female patients with predominantly facial and
bulbar involvement, and their presence is correlated to the
severity of disease (14, 15). Another group of antibodies
detected in MG are striational antibodies, which target
sarcomeric proteins of striated muscle – titin, ryanodine
receptor, myosin, actin, and other proteins (16). The asso-
ciation of these antibodies with thymoma was discovered
in 1960 (17). Striational antibodies can be detected in
about 80% of MG patients with thymoma. Testing these
antibodies has similar test accuracy in predicting thymo-
mas as computed tomography scan (16). Striational anti-
bodies are more prevalent in older patients and in MG
patients withmore severe disease (16). These features make
these antibodies important prognostic markers in MG
patients. The pathogenic role of striational antibodies in
MG has not been proven.

Diagnostic Criteria

Currently, there are no diagnostic criteria forMG.MG is a
highly heterogenous disease, sometimes termed a great
imitator of neurology because of a puzzling fluctuating
weakness. The differential diagnosis of MG includes
drug-induced myasthenia, Lambert–Eaton myasthenic

TABLE 74.1. Presenting symptoms at the onset of MG.

Prevalence

Ocular only 40%

Ocular and bulbar 11%

Ocular and generalized 17%

Bulbar only 17%

Total bulbar 43%

Extremities 17%

Generalized 14%

Respiratory dysfunction 0.7%

TABLE 74.2. Modification of Osserman’s clinical classification of
MG.

I: Ocular signs and symptoms only

II: Generalized myasthenia:

IIa: Mild disease

IIb: Moderate disease

III: Severe generalized disease

IV: Myasthenic crisis
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syndrome, botulism, intracranial mass lesions, progressive
external ophthalmoplegia, and other disorders (12). Intra-

cranial and orbital lesions should be excluded by appro-

priate imaging. The association of MG with autoimmune

diseases of the thyroid gland may pose an additional

diagnostic challenge, particularly in cases of thyroid
ophthalmopathy. Table 74.3 presents advantages and dis-

advantages of the tests currently used for the diagnosis of

MG, their sensitivity and specificity in the diagnosis of the

disease, and the clinical correlations of autoantibodies

detected in MG patients (12, 13, 14, 15, 16). No test is

accurate enough to be solely relied on for the diagnosis of

MG. Edrophonium (Tensilon) test is especially useful for

ocular MG, but it is not specific for MG, and the drug may

cause cholinergic side effects. Electrodiagnostic tests

(repetitive nerve stimulation and single fiber electromyo-

graphy) are sensitive, but non-specific, and they are opera-
tor dependent. The sensitivity of serologic tests is low in

patients with ocular myasthenia. The finding of a mass in

the anterior mediastinum suggestive of thymoma may sup-

port the diagnosis ofMG. Table 74.4 presents our proposed

diagnostic criteria for MG in patients older than 2 years.

Clinical weakness and the response to an anticholinergic

drug should be measured by an objective instrument, such

as quantitative MG score for disease severity, implemen-

ted for the group of muscles tested (10). Because autoanti-

bodies to MuSK are specific for seronegative MG, they

should be tested only in patients negative for autoantibo-

dies to AChR. Striational antibodies were not included

because of their low sensitivity and specificity for the

TABLE 74.3. Diagnostic tests in MG.

Test

Advantages for serologic tests

– disease correlations Disadvantages Sensitivity Specificity

Edrophonium

(Tensilon)

Immediate results, valuable

for oMG

CI: acute glaucoma, known

sensitivity to medication, and

mechanic urinary and intestinal

obstruction. Cholinergic side

effects

85% in oMG Duration of action is short for

evaluation of several groups

of muscles (neostigmine may

be preferred)

60% in gMG False positive results in ALS,

intracranial tumors,

supranuclear palsy

Autoantibodies to

AChR

No correlation with disease

activity

Insensitive for oMG 40–60% in

oMG

Specific for MG

80–90% in

gMG

Negative result does not

exclude MG.

Autoantibodies to

MuSK

Marked female

predominance, young

onset, predominantly

bulbar weakness, wasting of

bulbar muscles

Large geographic variability in the

prevalence

4–70% of

patients with

seronegative

MG

Highly specific for seronegative

MG

Correlate with disease activity

Striational

antibodies

More prevalent in older

patients, correlate with

disease severity, associate

with thymoma.

Pathogenic role has not been proven 10–30% in

gMG

Non-specific for MG

60–85% in MG

with

thymoma

Valuable for prediction of

thymoma and as prognostic

determinants

Repetitive nerve

stimulation

May be combined with

edrophonium test

Unpleasant to patients 50–60% in

oMG

Not specific- reduction in

CMAP may occur in motor

neuron, neuromuscular

junction, andmuscle diseases

Operator dependent 70–80% in

gMG, up to

90% in

proximal

muscle

testing

Single fiber

electromyography

Highly sensitive Time consuming 90–99% for

oMG and

gMG

Not specific – abnormal jitter

may occur in motor neuron,

neuromuscular junction, and

muscle diseases

Dependent on patient cooperation

and operator skill

ALS: amyotrophic lateral sclerosis; CI: contraindications; CMAP: compoundmuscle action potential; LEMS: Lambert–Eatommyasthenic syndrome;

gMG: generalized MG; oMG: ocular MG.
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diagnosis of MG. A positive clinical criterion and a ser-
ologic criterion, or a clinical criterion and both pharma-
cologic and electrophysiologic criteria provide the
definite diagnosis of MG, whereas probable MG is diag-
nosed when a positive clinical criterion and either phar-
macologic or electrophysiologic criteria are fulfilled. It
should be stressed that these diagnostic criteria reflect
our personal opinion and that they should be further
refined and tested before their implementation in the
diagnosis of MG.

Therapy

The therapies currently used for the treatment of MG can
be divided into several groups, which include modulators
of neuromuscular transmission, immunosuppressive, and
immunomodulatory therapies. Anticholinesterase drugs
ameliorate myasthenic weakness by temporary improve-
ment of neuromuscular transmission in most patients with
MG, but they rarely lead to the complete resolution of
symptoms (12). Overdosage of these drugs may cause
increasing weakness and muscarinic side effects. Immuno-
suppressive drugs used in MG include corticosteroids,
azathioprine, mycophenolate mofetyl, cyclophosphamide,
cyclosporine, and tacrolimus. Rituximab – a monoclonal
antibody to B-lymphocyte surface antigen CD20 – has
been effective in several cases of refractory MuSK-positive
MG. Thymectomy is a frequently implemented immuno-
modulatory treatment for the patients younger than 60
years (12), and even for older patients, but its benefit in
non-thymomatous MG has not been established in pro-
spective studies (18). In patients with non-thymomatous
MG, thymectomy can only be considered an option to
increase the probability of remission or improvement
(18). A Cochrane review had evaluated the role of

intravenous immunoglobulin (IVIG) in the treatment of
MG (19). The authors have not found enough data to

recommend IVIG for the treatment of chronic MG. How-

ever, a more recent study had proven the effectiveness of

IVIG in patients with worsening weakness because of MG

(20). In severe exacerbations of MG, no difference was
found between IVIG and plasma exchange, but an easier

way of employment and a better safety profile make IVIG

a preferred treatment for this indication. Some corticoster-

oid-dependent MG patients may benefit from etanercept –

a soluble recombinant dimeric fusion protein based on

TNF-alpha receptor, which binds to TNF-alpha and

blocks its biologic activity.
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75
Lambert-Eaton Myasthenic Syndrome

Bethan Lang

Abstract The Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune disorder affecting the peripheral
nervous system, characterised by proximal muscle weakness and autonomic dysfunction. Approximately 60% of
patients have an associated small cell lung carcinoma (SCLC). LEMS is the most studied of the paraneoplastic
neurological syndromes. Approximately 90% of patients have autoantibodies to voltage-gated calcium channels
(VGCCs), transmembrane proteins found on the presynaptic nerve terminal, in the cerebellum and on the surface of
the SCLC. It has been postulated that antibodies raised against determinants on the tumour may cross-react with the
VGCC at the nerve terminal resulting in the neurological dysfunction.

Keywords Lambert-Eaton myasthenic syndrome � voltage-gated calcium channel � VGCC � small cell carcinoma
of the lung � SCLC � paraneoplastic disorder

The Lambert-Eaton Myasthenic
Syndrome (LEMS)

The disorder was first characterised by Lambert and col-

leagues who described a patient who presented with a
myasthenic-like illness and an associated bronchial carci-

noma. Subsequent studies demonstrated electrophysiolo-

gically that the transmission defect was quite different to

that of myasthenia gravis (1).
Lambert-Eaton myasthenic syndrome (LEMS) is an

antibody-mediated disorder of the peripheral nervous
system, characterised by proximal muscle weakness and

autonomic dysfunction. In contrast to myasthenia gravis,

there is little respiratory involvement and there is little

ocular and bulbar muscle involvement. Approximately

60%of LEMS patients present with a SCLC, an aggressive

lung carcinoma that almost invariably associates with
smoking (2). SCLC represents 20–25% of all diagnosed

cases of lung cancer and is a tumour of neuroendocrine

origin that expresses functionally active voltage-gated

calcium channels (VGCCs) on their surface (3). It has

been hypothesised that autoantibodies raised initially

against VGCCs expressed on the surface of the cancer
cells may cross-react with VGCCs located on the

presynaptic peripheral nerve terminal and thereby induce
the neurological symptoms.

Epidemiology

The incidence of LEMS in the general population is
around 1:100,000. However, the overall prevalence of
LEMS in all SCLC patients is closer to 3% (4). The age
of onset of LEMS can range between 17 and 79 years. A
younger onset is found in patients without an associated
neoplasm (2).

LEMS with Cancer Detected (CD-LEMS)

Fifty to sixty per cent of LEMS patients have an associated
malignancy, most commonly SCLC, usually evident within
2 years of onset. Nearly 100%of these patients will have had
a significant smoking history. Within this subgroup, males
out number females 2:1 but this may simply reflect smoking
habits in the population. Most CD-LEMS patients present
with neurological problems months to years before the
detection of the tumour and interestingly the survival time
of these tumour-associated LEMS patients is significantly
longer than patients with SCLC alone (5, 6).
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LEMS with no Carcinoma Detected, Idiopathic
LEMS, (NCD-LEMS)

The remaining 40% of patients never develop a tumour,
even after prolonged follow-up. Epidemiologically, the
onset of the disorder is earlier and the male to female
distribution is more equal in this group than in those
with CD-LEMS. There is also a higher incidence
(30–40%) of other autoimmune diseases; many patients
have a past or current history of other organ-specific auto-
immune diseases such as thyroiditis, coeliac disease,
myasthenia or vitiligo. HLA studies have shown an over-
representation ofHLADR3-B8-A1, a haplotype known to
associate with other autoimmune diseases including
myasthenia gravis (7).

Pathogenicity

LEMS is an autoimmune disorder of the peripheral ner-
vous system in which autoantibodies to specific subtypes
of VGCCs have been described. The autoimmune aetiol-
ogy has been established by a series of passive-transfer
experiments in which the clinical and electrophysiologi-
cal features have been transferred to mice by injection of
serum or IgG derived from patients with LEMS (8).
Additionally, freeze-fracture electron microscopy of the
presynaptic nerve terminal, in both patients and in the
passive-transfer mouse model, has shown a marked
reduction in the number and paucity of the active zone
particles, thought to be the morphological representa-
tions of the VGCCs (9). It has been postulated, at least
in the case of CD-LEMS, that antibodies raised against
functionally active VGCCs on the SCLC surface can
cross-react with VGCCs in the nervous system. The
underlying aetiology in the NCD-LEMS cases is
unknown yet.

Clinical Features

LEMS is a disorder of proximal muscle weakness and
autonomic dysfunction, for example abnormal sweating,
dry mouth, postural hypotension and impotence in males
(2, 10) (see Table 75.1). Deep tendon reflexes are reduced
or absent. Many patients find that the strength improves
initially on exercise but the improvement will lessen as
exercise is sustained.

Diagnostic Features

Diagnosis is usually through electrophysiological methods
and serological investigation. As the disorder is strongly
associated with an underlying tumour and since the

neurological signs usually predate the detection of the
tumour, CT and MRI of the thorax are recommended at
diagnosis and that paraneoplastic aetiology is considered
up to 5 years after, especially in patients with a smoking
history.

Electrophysiological Studies

Clinical electrophysiological examination of patients usually
shows low amplitude of compound muscle action potentials
(CMAPs). A decline in CMAPs occurs during repetitive
nerve stimulation at low frequency but marked facilitation
occurs at higher rates (greater than 10Hz) and after volun-
tary contraction (1). In single fibre EMG, abnormal jitter
and/or blocking is usually seen. The underlying defect is a
reduction in the amount of the neurotransmitter acetylcho-
line released per nerve impulse, which results in the failure to
generate action potentials. However, during repetitive nerve
stimulation the release of acetylcholine initially increases,
and transmission improves.
A recent study has shown that there is no obvious dif-

ference in the clinical or electrophysiological features
between seropositive or seronegative cases of LEMS (11).

Laboratory Studies

VGCC is a multimeric family of proteins, which can be
divided into a number of functionally distinct subtypes
according to their electrophysiological, pharmacological,
and biochemical properties. Neurotransmitter release at
the peripheral neuromuscular junction is primarily con-
trolled by P-/Q-type VGCC, a channel that is also found
in high density in the cerebellum and on the surface of
SCLC.

Methods of Detection

Neurotoxins derived from the venom of the fish-eating
cone snails bind with high affinity and specificity to the

TABLE 75.1. Clinical features of LEMS.

Weakness %

Proximal weakness is usual greater than distal. Patients are

often aware of a fatiguable element to their weakness.

Patients mostly improve with brief sustained exercise

100

Autonomic dysfunction 80

Dry mouth

Male impotence

Constipation

Impaired sweating

Cranial nerve involvement (often mild/transient) 25–50

Diplopia

Ptosis

Cerebellar features (predominantly in the CD-LEMS group) 9

For a full review, see O’Neill et al., 1988 (2).

414 Lang



P-/Q-type (o-conotoxin MVIIC, oCmTx) and the N-type
(o-conotoxin GVIA, oCgTx) VGCCs. VGCCs solubilised
from human neuroblastomas and SCLC cell lines have
been used as a source of antigen; however, mammalian
cerebellum has proved a much richer source of P-/Q-type
VGCCs and low concentrations of 125I-oCmTx radiolabel
this subtype only, avoiding any necessity for further pur-
ification. Similarly, 125I-oCgTx has been used to label
N-type VGCCs found in high concentration in the cerebral
cortex and both can be used in standard radioimmunoas-
say procedures (12, 13). Recently, a novel radioimmunoas-
say based on the binding of a spider venom peptide
125I-oPtxIIA to P-/Q- and N-type VGCCs has been
described; however, this assay does not appear to offer
any advantage over existing assays (14). Currently, there
are no reliable ELISA-based assay systems for the detec-
tion of VGCC antibodies.

Serological Features

Antibodies to P-/Q-type VGCCs are found in 85–90% of
patients; however, antibodies to N-type VGCCs are found
in 40% of patients and about 25% of patients have anti-
bodies to dihydropyridine-sensitive L-type VGCCs. Gen-
erally, N-type and L-type VGCC antibodies are only
found in conjunction with P-/Q-type VGCCs and not in
isolation, which means that 10–15% of patients are ‘‘ser-
onegative’’ for any of the VGCC antibodies (Table 75.2).
The P-/Q-type VGCC antibody titre does not appear to
correlate with disease severity across a population, but
within individual patients a good correlation is often
observed. There do not appear any clinical differences
between the seropositive and negative patients (10, 11).
A few LEMS patients have been reported to have antibo-
dies to the synaptic vesicle protein synaptotagmin, includ-
ing some VGCC antibody-negative patients; however, the
pathogenicity of these antibodies has not yet been estab-
lished (15, 16).

In a number of large-scale studies of patients who
presented initially to oncology clinics, 5–7% of patients
with SCLC have been shown to have anti-VGCC antibo-
dies, with only half having clinical features of LEMS.

Antibodies to VGCCs have also been detected in the
serum and CSF of a number of patients with paraneoplas-
tic cerebellar degeneration; again only half of these
patients demonstrated electrophysiological features of
LEMS (17). Additionally, there are sporadic reports of
patients with anti-VGCC antibody positive cerebellar
ataxia in whom no tumour has been detected. Analysis of
VGCC antibody titres in patients with other autoimmune
or neurological disorders and healthy individuals has
shown that false positives are extremely rare (12, 13).

Therapy

In LEMS, small randomised controlled trials have demon-
strated that 3,4-diaminopyridine (3,4-DAP), which speci-
fically blocks potassium channels at the nerve terminal and
increases the duration of the nerve action potential, is
effective. As with other autoimmune disorders of the
peripheral nervous system, immunosuppressive therapies
are used as adjuncts. A combination of prednisolone and
azathioprine is often effective, with plasmapheresesis or
intravenous immunoglobulins for severe disease, exacer-
bations or those intolerant of steroids (18).
In CD-LEMS, the treatment of the tumour, whether by

chemotherapy or radiotherapy, is paramount. Chemother-
apy is often the first choice, as it will have an additional
immunosuppressive effect. Effective treatment of the
tumour will frequently produce a marked improvement
in strength.

Prognosis

The prognosis of patients with SCLC alone is particularly
poor, with only 5–10% of patients surviving up to 5 years.
There is now clear evidence that SCLC patients with
VGCC antibodies and the clinical signs of LEMS have
an increase in their median survival compared with anti-
body-negative patients (5, 6). It is not entirely clear
whether this is due to the early detection of an underlying
tumour or to a vigorous autoimmune attack on the tumour
itself. In most patients with CD-LEMS, the tumour will be
detectable within 2 years of diagnosis and LEMS patients
who have shown neurological signs for longer than 5 years
are at very low risk of developing a tumour. In non-CD-
LEMS, adequate immunosuppressive therapy is usually
effective and the patients can expect a normal life
expectancy.
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Amyotrophic Lateral Sclerosis

Bethan Lang

Abstract Amyotrophic lateral sclerosis (ALS) is a rapidly progressive neurodegenerative disorder of the upper and
lower neurones that is invariably fatal. Mutations in the superoxide dismutase gene are thought to be causative in some
cases of familial ALS; however, in most sporadic cases the cause is unknown. Abnormalities in the immune system of
some patients with ALS and the detection of immune components in the motor neurones of ALS patients have been
reported. The reputed presence of autoantibodies to a range of different autoantigens, including voltage-gated calcium
channels (VGCC), Fas antigen (Apo-1/CD95), gangliosides and glycolipids have been postulated as causative factors.
However, as yet there is little evidence to support these hypotheses and so the detection of antibodies is not routinely used
diagnostically in ALS.

Keywords Amyotrophic lateral sclerosis � neurodegenerative disorder � motor neurones

Introduction

Amyotrophic lateral sclerosis (ALS) or motor neurone
disease, also known as Lou Gehrig’s disease, is a rapidly
progressive, invariably fatal, neurodegenerative disease
that affects the limbs, speech, swallowing and breathing.
It is caused by degeneration of both the upper motor
neurones located in the brain and lower motor neurones
in the spinal cord resulting in the loss of voluntary move-
ments. The dying back of the nerves results in the gradual
weakening of the muscle and atrophy. Death usually
occurs through respiratory failure (1).

Epidemiology

The incidence of ALS is approximately 1–2 per 100,000with
a prevalence of about 5 per 100,000, men being affected
more commonly than women. The onset can occur at any
age, but most commonly occurs in people between the age
of 40 and 60 years. Approximately 10% of all cases are
familial, in a fifth of these cases mutations in the copper-
zinc superoxide dismutase gene (SOD1), an enzyme that
protects the body from damage by free radicals, have been
detected. The remaining 90% of cases are classified as
sporadic and have no known hereditary component.

Diagnosis

There is no definitive diagnosis of ALS, although the pre-
sence of both upper and lower motor neurone signs is
highly suggestive. If the disease is thought to be familial,
the mutations in the SOD1 gene can be looked for. In the
sporadic cases, the symptoms of ALS can initially be very
similar to a variety of other more treatable disorders and a
differential diagnosis of other motor disorders such as
Guillain-Barré syndrome, multiple sclerosis, myasthenia
gravis and stroke, need to be excluded (1).

Clinical Features

Typically, the onset of the clinical features of ALS is subtle
and is often missed or ignored. The symptoms at presenta-
tion depend on which particular pathway is first involved.
At presentation, about 65% of patients have mixed upper
and lower motor neurone features, many will have a ‘‘bul-
bar’’ onset, the first symptoms experienced being difficulty
in speaking and/or swallowing.Muscle weakness and atro-
phy alone at presentation may occur in some cases. Muscle
cramps, parasthesias and pain are also often cited. Pain
or sensory disturbance is not unknown, but is not a
common feature of the disease; it is usually the absence
of pain or sensory disturbance that helps to distinguish
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ALS from radiculopathies. Progression usually occurs
over 12–30months with death usually occurring due to

respiratory failure or pneumonia.

Electrophysiological Studies

Standard nerve conduction studies and electromyography

on an ALS patient will show a typical pattern of severe

chronic denervation with spontaneous fibrillation poten-

tials, reduced number of spikes following exercise due to a
reduced number of motor neurones and an increase in the

amplitude and duration of the motor action potential of

the surviving units. This effect reflects the increasing mus-

cle fibre number in each motor unit as a result of a success-

ful reinnervation by surviving units.

Aetiology

The cause of ALS is unknown; however, theories regarding

the pathogenesis include glutamate excitotoxicity, free

radical oxidative stress, viral infection, exposure to pesti-
cides, neurotoxins, heavy metal poisoning and autoimmu-

nity. In the context of this chapter, only autoimmunity will

be discussed; for a general review, see (1).

General Autoimmunity

There are reports of an increased incidence of autoimmu-

nity in ALS patients and in their close relatives, while
serum antibodies have been reported in the serum of

some ALS patients (2). Active immunisation with crude

preparations of neuronal tissue has produced models of

ALS-like disease. Engelhardt and colleagues induced a

lower motor neuron-like disorder after immunisation

with bovine motor neurones and a more acute disorder

involving both lower and upper neurones, by inocula-

tion with spinal cord homogenates in guinea pigs (2).

There have also been a number of reports that immu-

noglobulins prepared from ALS sera cause neuromus-

cular dysfunction in passive transfer models and in

neuronal cell cultures. ALS, but not control IgG, was

subsequently detected in the microtubules and rough

endoplasmic reticulum of lower motor neurones and

spinal cord of mice receiving injections of ALS IgG

(3). Culturing neuronal cells in ALS IgG has been said

to cause increased intracellular calcium levels, cell

shrinkage and membrane blebbing, which are morpho-

logical features of apoptotic cell death (4); however, the

purity of the preparation has been questioned. Autoan-

tibodies to a wide range of different autoantigens are

now being reported in ALS sera.

Autoantibody Specificities

Antibodies to Voltage-Gated Calcium Channels
(VGCCs)

The VGCCs are a family of ion channels that exhibit func-
tional and regional specialisation. The L-type (a1s) VGCC
subtype is involved in mediating excitation and contraction
coupling in skeletal muscle, while the P-/Q- and N-type
VGCCs have been shown to mediate neurotransmitter
release in peripheral and central nervous system. There
have been a number of reports that ALS serum and Ig
causes neuromuscular dysfunction in passive transfer mod-
els and alters calcium currents in neuronal cell cultures.
Passive transfer of ALS immunoglobulin has been reported
to be able to increase miniature end plate potential fre-
quency but conversely decrease calcium currents at the
neuromuscular junction of mice (2). The ability of ALS
sera/Ig to bind to L-type VGCC specifically and to displace
monoclonal antibodies against the alpha-1VGCC subunit
(5) has also been questioned and contamination of the ALS
sera with proteases may account for some of the findings
reported (6). Following the report by Lennon et al. (7),
describing 23 of 78 ALS patients with low anti-P-/Q- or
N-type VGCC antibodies, an anti-VGCC antibody radio-
immunoassay was thought useful in the diagnosis of ALS.
Since then, there have been a number of contradictory
reports. Arsac and colleagues, using radioimmunoassay
and ELISA, found only marginally positive titres to N-
type VGCC in 2 of 25 ALS patients (8) and all ALS sera
were negative when tested against L-type VGCCs derived
from either brain or muscle; similar results have been found
by others (see Figure 76.1) (9).

Antibodies to Fas

Fas (APO1 or CD95) is a member of the tumour necrosis
factor receptor family that, following activation, can
trigger apoptosis. Yi et al. (10) demonstrated that 26%
of ALS patient sera, most of which were shown to con-
tain anti-Fas antibodies, were able to induce apoptosis
of a human neuroblastoma cell line, whereas sera from
only 2 of 27 Alzheimer’s patients without anti-Fas anti-
bodies were not. Although the authors demonstrated
that a monoclonal anti-Fas antibody with agonistic
properties and soluble Fas-ligand were also able to
induce apoptosis, they did not show that the effect eli-
cited by the ALS sera was necessarily antibody-
mediated. In a separate study (11), anti-Fas antibodies
were detected in 25% of sporadic ALS patients, 22% of
familial ALS patients and 50% of patients with Parkin-
son’s disease. However, there was no correlation
between the anti-Fas antibody titre and the length of
the disease or its severity. The relevance of these findings
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to ALS is in doubt as apoptosis-inducing anti-Fas anti-
bodies have been detected in normal sera (12) and it has
also been demonstrated that although cultured neuro-
blastomas express high levels of Fas, normal human
neurones do not (13).

Antibodies to Gangliosides and Glycolipids

A few reports have described the presence of antibodies to
specific gangliosides in the sera of patients with ALS.
These include a report that 78% of ALS patients had
IgM autoantibodies to GM1a or GD1a gangliosides,
while these antibodies were present only in less than 10%
of normal controls (14). Subsequent reports have failed to
reproduce these results (15). Antibodies to sulphoglucur-
onyl paragloboside, a unique glycolipid present in both
peripheral nerve and vascular endothelial cells, have also
been reported in ALS; again the pathogenetic significance
of these antibodies is unknown (16).

Treatment

Although autoimmunity has been postulated, immu-
notherapy has not been shown to be effective (17) and
ALS remains largely untreatable. There are a number of
symptoms that are amenable to treatment; however, most
of these treatments are palliative and involved in maintain-
ing the patients’ quality of life.

Conclusions

Although there have been a number of different reports of
antibodies in the sera of patients withALS, results have been
contradictory and there is no evidence that unequivocally
proves their existence. The little evidence of pathogenicity
has been challenged. The increased levels of autoantibodies
in ALS may be related to a destructive immunological pro-
cess in some patients. Therefore, testing for circulating anti-
bodies has yet to be shown to have any clinical relevance.

References

1. Talbot K. (2002) Motor neurone disease. PostgradMed J 78,

513–519.
2. Appel SH, Smith RG, Engelhardt JI, Stefani E. (1993) Evi-

dence for autoimmunity in amyotrophic lateral sclerosis. J

Neurol Sci 118, 169–174.
3. Engelhardt JI, Soos J, Obal I, Vigh L, Siklos L. (2005) Sub-

cellular localisation of IgG from the sera of ALS patients in
the nervous system. Acta Neurol Scand 112, 126–133.

4. Alexianu ME, Mohamed AH, Smith RG, Colom LV, Appel
SH. (1994) Apoptotic cell death of a hybrid motoneuron cell

line induced by immunoglobulins from patients with amyo-

trophic lateral sclerosis. J Neurochem 63, 2365–2368.
5. Kimura F, Smith GR, Delbono O et al. (1994) Amyotrophic

lateral sclerosis patients antibodies label Ca2þ channel

alpha-1 subunit. Ann Neurol 35, 164–171.
6. Nyormoi O. (1996) Proteolytic activity in amyotrophic lat-

eral sclerosis IgG preparations. Ann Neurol 40, 701–706.
7. Lennon VA, Kryzer TJ, Griesmann GE, et al. (1995) Calcium

channel antibodies in the Lambert-Eaton syndrome and
other paraneoplastic syndromes. (1995) N Engl J Med 332,

1467–1474.

8. Arsac C, Raymond C, Martin-Moutot N, Dargent B, Cour-
aud F, Pouget J, Seagar M. (1996) Immunoassays fail to

detect antibodies against neuronal calcium channels in amyo-

trophic lateral sclerosis. Ann Neurol 40, 691–693.
9. Motomura M, Johnston I, Lang B, Palace J, Vincent A,

Newsom Davis J. (1997) An improved diagnostic assay for

Lambert Eaton myasthenic syndrome. J Neurosci 147, 35–42.

10. Yi FH, Lautrette C, Vermot-Desroches C, Bordessoule D,
Couratier P, Wijdenes J, Preud0homme JL, Jauberteau MO.

(2000) In vitro induction of neuronal apoptosis by anti-Fas

antibody-containing sera from amyotrophic lateral sclerosis
patients. J Neuroimmunol 109(2):211–20.

11. Sengun IS, Appel SH. (2003) Serum anti-Fas antibody levels in

amyotrophic lateral sclerosis. J Neuroimmunol 142, 137–140.

LEMS
ALS

OAD HC
–100

0

100

500

1000

1500

2000
P-

/Q
-ty

pe
 V

G
C

C
 a

nt
ib

od
y 

tit
re

 (p
M

)

FIGURE 76.1. Serum antibodies to P-/Q-type VGCC in LEMS,
ALS and controls. Antibody levels were measured by immuno-

precipitation of human cerebellar VGCC labelled with 125I-o-
conotoxinMVIIC (125I-o-CmTx).Antibody titres were considered
positive if greater than 50 pmoles/litre of serum (pM); mean titre
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(HC, n=50). Serum samples were available from 80 patients
with Lambert-Eaton myasthenic syndrome (LEMS), 42 patients

with amyotrophic lateral sclerosis (ALS), 30 patients with other

autoimmune diseases (OAD), including myasthenia gravis, sys-
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77
Paraneoplastic Neurological Syndromes

Tomeu Rossiñol and Francesc Graus

Abstract Paraneoplastic Neurological Syndromes (PNS) are a group of neurological disorders affecting patients with
cancer typically before any other clinical suspicion of an underlying oncological disease. PNS are admitted to have an
autoimmune basis characterized by an immunological response against an antigen (onconeural antigen) expressed in
both tumoral and neuronal cells. This view is supported by the presence of autoantibodies against onconeural antigens
(antineuronal antibodies) associated to some subtypes of PNS. PNS are rare, affecting less than 1% of all patients with
cancer, the most common being lung, breast and ovarian carcinoma, thymoma and Hodgkin’s disease. Clinical
manifestations are diverse according to the region of the nervous system affected (either central, peripheral or both)
and the presence of clinical manifestations of theoretically unrelated areas of the nervous system is very suggestive of
PNS. The major factor in the management of those patients is the prompt diagnosis and treatment of the underlying
cancer, with immunosuppression as a complementary aid for treating the neurological manifestations. Recent diagnostic
criteria and practical issues in management have been published in order to expand our knowledge and improve
diagnosis and treatment of PNS.

Keywords Paraneoplastic neurological syndromes � onconeural antigens � antineuronal antibodies

Paraneoplastic Neurological Syndromes (PNS) are a
group of neurological disorders that may involve either
the central or the peripheral nervous system and present
exclusively or with high frequency in patients with cancer
that usually is not diagnosed at the time the PNS appears
(Table 77.1) (1). By definition, PNS are not explained by
local, regional or metastatic infiltration, metabolic dys-
function, infection, secondary effects of the oncological
therapy or cancer-related coagulopathy. Recent studies
strongly support that most PNS are autoimmune disorders
characterized by an immunological response against an
antigen expressed in both tumor cells and neurons (2).

Epidemiology

PNS are rare disorders, affecting less than 1% of all
patients with cancer. The most common tumors are lung,
breast and ovarian carcinoma, thymoma and Hodgkin’s
disease. Median age at presentation ranges between 55
and 65 years, but, as expected, patients with PNS asso-
ciated with Hodgkin’s disease, ovarian teratoma and
testicular tumors are younger. There is probably a global

predominance in women (2–3:1), but some subtypes are
characteristically in higher proportion in men.

History

An autoimmune explanation for PNS emerged in
1965with the detection of antibodies reacting against neu-
ronal cells. Further support to the autoimmune hypothesis
was the description in 1985 of the anti-Hu antibody, found
in patients with PNS associated with small-cell lung carci-
noma (SCLC). Since then, more than 10 types of antibo-
dies in serum and cerebrospinal fluid (CSF) have been
described, associated with different PNS and tumors
(Table 77.2) (2).

Pathogenesis

PNS are believed to be caused by the ectopic expression
by tumor cells of an antigen, called onconeural antigen,
which is identical to that present in the brain. An
immune reaction mediated by antigen-specific cytotoxic

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_77,

� 2008 Humana Press, Totowa, NJ
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T and B cells results in inflammatory infiltrates in the
nervous system and tumoral tissue and the detection of
antineuronal antibodies in the serum and CSF. The
immune attack is initially directed against the tumor
cells interfering with tumor growth (there are case
reports of ‘‘spontaneous’’ remission of the tumor), and
later misdirected against neuronal tissue that causes the
clinical manifestations according to the region of the
nervous system affected. Antineuronal antibodies prob-
ably are not pathogenic in most PNS because they
recognize intracellular antigens and the PNS probably
are mediated by T cells. However, with the exception of
the Lambert-Eaton myasthenic syndrome (LEMS), no
animal models have been developed to prove definitively
that PNS are B- or T-cell mediated (2).

TABLE 77.1. Paraneoplastic neurological syndromes.

Syndromes of the central nervous system

Encephalomyelitis

LimbicEncephalitis

BrainstemEncephalitis

Subacute cerebellar degeneration

Opsoclonus-myoclonusb

Stiff-person syndrome

Stiff-person syndrome

Necrotizing myelopathya

Motor neuron diseasesa

Syndromes of the peripheral nervous system

Subacute sensory neuronopathy

Sensorimotor neuropathiesb

Neuropathy with vasculitisa

Autonomic neuropathies

Chronic gastrointestinal pseudoobstruction

Acute pandysautonomiaa

Syndromes of the neuromuscular junction and muscle

Myasthenia gravis

Lambert-Eaton myasthenic syndromea

Acquired neuromyotoniaa

Dermatomyositisa

Acute necrotizing myopathya

Classical syndromes, defined as those almost always associated with

cancer, are underlined.
aNeurological syndromes not associated with known onconeural antibo-

dies.
bAssociated with onconeural antibodies only with particular tumor types.

TABLE 77.2. Onconeural antibodies associated to PNS.

Antibody (sensitivity) PNS

Associated

cancer

Well-characterized antibodies

Anti-Hu (ANNA-1)

(> 80% except for

subacute cerebellar

degeneration and

limbicencephalitis)

PEM, subacute sensory

neuronopathy,

subacute cerebellar

degeneration, limbic

Encephalitis, chronic

gastrointestinal

pseudoobstruction

SCLC

Anti-Yo (PCA-1)

(>90%)

Subacute cerebellar

degeneration

Ovarian, breast

Anti-Ri (ANNA-2) (low

<5%)

BrainstemEncephalitis,

opsoclonus-

myoclonus

Breast, SCLC

Anti-CV2/CRMP5

(low, <20%)

PEM, chorea, subacute

sensory

neuronopathy,

subacute cerebellar

degeneration,

limbicEncephalitis,

chronic

gastrointestinal

pseudoobstruction

SCLC,thymoma

Anti-Ma2 (Probably

>90%)

Limbic/Brainstem/

Diencephalic

encephalitis, subacute

cerebellar

degeneration

Testis, lung

TABLE 77.2. (CONTINUED)

Antibody (sensitivity) PNS

Associated

cancer

Anti-amphiphysin (low,

except for stiff- person

syndrome)

Stiff-person syndrome,

others

Breast, SCLC

Partially characterized antibodies

Anti-Tr (PCA-Tr)

(probably high

>80%)

Subacute cerebellar

degeneration

Hodgkin’s

Lymphoma

Anti-NMDAR

(probably high

>80%)

Limbic encephalitis,

hypoventilation

Ovaric teratoma

Anti-Zic4 (low, <5%) Subacute cerebellar

degeneration

SCLC

ANNA-3 (a few patients

reported)

Various SCLC

PCA-2 (a few patients

reported)

Various SCLC

Anti-mGluR1 (two

patients reported)

Subacute cerebellar

degeneration

Hodgkin’s

Lymphoma

Antibodies associated to PNS and to non-paraneoplastic neurological

syndromes

Anti-VGCC (40% in

subacute cerebellar

degeneration)

Lambert-Eaton

myastenic syndrome,

Subacute cerebellar

degeneration

SCLC

Anti-Ach receptor

(>90%)

Myasthenia gravis Thymoma

Anti-VGKC (high in

idiopathic cases)

LimbicEncephalitis,

neuromyotonia

Thymoma,

others

Anti-Ach nicotinic

receptor (high?)

Subacute

pandysautonomia

SCLC, others

ANNA-1: Antinuclear neuronal antibody type 1; PCA-1: Anti-Purkinje

cell antibody type 1; ANNA-2: Antinuclear neuronal antibody type 2;

CRMP5: Collapsing response mediator protein-5; PCA-Tr: Anti-Pur-

kinje cell antibody-Tr; NMDAGluR: n-metil-D-aspartate type glutamate

receptor; ANNA-3: Antinuclear neuronal antibody type 3: mGluR1:

metabothropic glutamate receptor type 1; Ach: acetylcholine; VGCC:

voltage-gated calcium channel; VGKC: voltage-gated potassium channel;

SCLC: small-cell lung cancer.
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Clinical Manifestations

In PNS, the neurological manifestations appear before the
diagnosis of the tumor. Patients usually develop a subacute
clinical syndrome in weeks or a few months, that causes
severe and irreversible neurological impairment in many
instances. Clinicians should include PNS in differential
diagnosis of subacute neurological disorders not explained
by other conditions, particularly in patients older than 50
years. An important clinical clue is that PNS may present
with a multifocal disease involving distant and apparently
unrelated areas of the nervous system. The suspicion of
PNS must be extreme in those syndromes that are defined
as ‘‘classical’’ PNS because they are almost always asso-
ciated with cancer (Table 77.1) (1, 3). In this chapter, we
will describe in more detail some of these classical syn-
dromes. The rest, including LEMS, myasthenia gravis
and dermatomyositis, are described in other chapters of
this book.

Serological Features

Several antibodies have been described associated to
different clinical syndromes and specific tumors (Table
77.2). Specificity is very high for all these antibodies and
only a few patients who are seropositive do not have
cancer. Sensitivity varies depending on the antibodies
(Table 77.2).

Diagnostic Criteria

According to recent criteria published in 2004 (4), the
diagnosis of PNS should be based on the presence of
cancer, the clinical syndrome (classical vs. non-classical),
and the presence of well-characterized onconeural antibo-
dies defined by laboratory tests thatmake an unambiguous
identification of the antibody (Table 77.2). On the basis of
these criteria, PNS are subdivided into ‘‘definite’’ or ‘‘pos-
sible’’ (Table 77.3). It is mandatory to exclude other possi-
ble causes for the neurological symptoms before the
diagnosis of PNS is established. This classification does
not rule out the possibility that ‘‘possible’’ PNS can include
few clinical syndromes not directly related to cancer (i.e.,
coincidental associations) (4).

Management and Prognosis

The first step is to make an early diagnosis. This can
be accomplished by knowledge of clinical clues to recog-
nize PNS, serum or CSF antineuronal antibodies, good
collaboration with radiologists to detect small tumors, and

use of more sensitive imaging techniques, such as positron
emission tomography (PET). However, even a negative
PET does not rule out the presence of a microscopic
tumor and serial examinations with PET or CT scan are
indicated in patients with high risk of a PNS. Early tumor
diagnosis is not only the best way to cure the tumor but
also the best guarantee to improve or stabilize the PNS.
The main objective in the management of a patient with a
PNS is to cure the underlying cancer and to improve or
stabilize (in those PNS associated with neuronal death) the
neurological dysfunction.
The percentage of patients whose cancer is cured is far

from optimal for two reasons: (a) the most frequent tumor
associated with PNS, the SCLC, sometimes cannot be
cured even when diagnosed in a limited disease stage and
(b) the tumor of patients with PNS has usually invaded the
regional lymph nodes when diagnosed. However, cure for
the cancer is probably the best way to abrogate the
immune response that is damaging the nervous system.
The positive effect of tumor treatment has been observed
in several PNS, such as paraneoplastic opsoclonus-myo-
clonus, LEMS, and anti-Hu-associated PNS (5).

Therapy

Several immunosuppressor therapies including corticoste-
roids, plasmapheresis and IVIG have been used in
the treatment of PNS. The effect of these therapies is unclear
because the number of patients treated is relatively low,
patients also receive antineoplastic treatment, and rando-
mized prospective studies are lacking. Although, theoreti-
cally, immunosuppression could exacerbate tumor growth,

TABLE 77.3. Diagnostic criteria for paraneoplastic neurological
syndromes (PNS).

Definite PNS

1. A classical syndrome and cancer that develops within five years of the

diagnosis of the neurological disorder.

2. A non-classical syndrome that resolves or significantly improves after

cancer treatment without concomitant immunotherapy, provided the

syndrome is not susceptible to spontaneous remission.

3. A non-classical syndrome with onconeural antibodies (well

characterized or not) and cancer that develops within five years of the

diagnosis of the neurological disorder.

4. A neurological syndrome (classical or not) with well-characterized

onconeural antibodies (anti-Hu, Yo, CV2, Ri, Ma2, or amphiphysin),

and no cancer.

Possible PNS

1. A classical syndrome, no onconeural antibodies, no cancer, but at high

risk of having an underlying tumor.

2. A neurological syndrome (classical or not) with partially characterized

onconeural antibodies and no cancer.

3. A non-classical syndrome, no onconeural antibodies, and cancer

present within two years of diagnosis.

77. Paraneoplastic Neurological Syndromes 423



we did not find that these treatments were an adverse prog-
nostic factor for survival. However, one must be cautious
while using strong immunosuppressor therapies because a
deleterious effect on the tumor growth could not be ruled
out in isolated case reports (5).

The effect of immunotherapy in PNS has to be consid-
ered according to the type of PNS. In patients with LEMS
and the opsoclonus-myoclonus syndrome, who have a
functional, rather than an irreversible, neural damage,
immunotherapy is effective. Paraneoplastic LEMS should
be treated with corticosteroids but the response will
depend on how effectively the tumor can be treated. Para-
neoplastic opsoclonus-myoclonus syndrome may respond
to IVIG treatment particularly when tumor therapy can
induce a complete response. Unlike idiopathic cases,
patients may remain with mild residual ataxia (5). In the
other PNS, there is a variable degree of irreversible neuronal
damage, so the objective of any immunotherapy should be
stabilization rather than improvement of the neurological
symptoms. However, the degree of neuronal damage prob-
ably is not the same among the different PNS. Improvement
has been more frequently described in patients with limbi-
cEncephalitis associated to testicular cancer and anti-Ma2
(Ta) antibodies. In contrast, patients with limbicEncephali-
tis and anti-Hu antibodies rarely improve. Patients with
PCDandanti-Yo antibodies and thosewithPCDassociated
with SCLC almost never respond to any type of immu-
notherapy. Patients with anti-Tr antibodies and Hodgkin’s
disease usually follow the same pattern with the exception
that around 15% improve. If the cause of the improvement
is the tumor treatment or the immunotherapy is unclear, but
there are a few case reports in which the improvement
occurred before the onset of the treatment of the Hodgkin’s
disease. The poor response to immunotherapy in patients
with PCD is emphasized by those patients who present PCD
and LEMS at the same time. Immunotherapy improves the
symptoms from LEMS but the cerebellar dysfunction
remains stable or becomes worse (5).

Paraneoplastic Encephalomyelitis (PEM)

PEM is defined as the involvement of different areas of the
nervous system over time, and is typically associated with
anti-Hu, and less frequently with anti-CV2 or anti-amphi-
physin antibodies. Multiple combinations of PNS syn-
dromes are possible, with clinical predominance of one of
them in 30% of cases at diagnosis and 60% during evolu-
tion. The most predominant PNS in patients with PEM is
sensory neuronopathy, followed by limbicencephalitis,
brainstem/cerebellar syndromes, and dysautonomia.
SCLC is diagnosed in >80% of cases after a mean delay
of 6.5months after PEM appears. PEM has a dismal
prognosis (median survival of 12months) and causes an

important disability (53%of patients are severely impaired
for the activities of daily-living at the moment of diagno-

sis). Early diagnosis and treatment of the tumor (with or

without immunotherapy) is the best current option to

stabilize or improve PEM. Immunotherapy alone (mainly

immunoglobulins, cyclophosphamide, methylpredniso-

lone, plasmapheresis, or a combination of them) should

be considered, especially when no tumor is found or when

PEM appears after tumor diagnosis (6).

Paraneoplastic Limbic Encephalitis (PLE)

PLE is characterized by neurological manifestations attri-

butable to limbic (medial temporal lobe) structures, man-

ifested as short-term memory loss, seizures or psychiatric

symptoms (depression, irritability and personality

changes). Onset is over days or weeks in more than 80%

of cases. Neurological manifestations occur before tumor
diagnosis in 58% of cases, with a median interval of

3.5months.Median age of patients is 55 years, with a slight

predominance inmen.Most PLE patients have at least two

abnormal results in complementary exams (CSF, autoan-

tibodies and MRI). CSF is abnormal in 60–80% of cases

and MRI show abnormalities in one or both medial

aspects of the temporal lobes in at least 50% of them (7).

Antibody positivity is found in 60% of patients, conform-

ing three main subtypes:

1. Anti-Hu-associated PLE: associated to SCLC in up to
90% of cases, this is the most frequent subtype of PLE,
manifested as multifocal disease in 50% of cases as a
part of the spectrum of PEM. PLE associated with
SCLCmay present other onconeural antibodies, mainly
anti-CV2/CRMP5 or anti-amphiphysin or no antibo-
dies. Prognosis is poor despite oncological and/or
immunosuppressant therapy (6).

2. Anti-Ma2-associated PLE: limbic involvement occurs
in 80% of cases, with brainstem (73%) and diencephalic
involvement (38%). The presence of anti-Ma2 antibo-
dies is associated with testicular cancer in 90% of cases.
Improvement or stabilization occurs in up to 50%of the
patients after oncological treatment, specially the cases
with testicular tumor. Immunotherapy must be consid-
ered as an adjunctive therapy or when oncological treat-
ment is not suitable (8).

3. Anti-NMDA-receptor PLE: presents in young patients
(median age: 27 years) with psychiatric symptoms, gen-
eralized or partial complex seizures and decreased level
of consciousness that requires prolonged mechanical
ventilation. This subtype of PLE is associated with
ovarian teratoma with particular good therapeutic
response to tumoral resection and adjunctive immu-
notherapy in more than 90% of cases (9).
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Opsoclonus-Myoclonus Syndrome (OMS)

OMS is defined by the presence of opsoclonus (involuntary

and irregular saccadic eye movements in all directions),

usually associated to arrhythmic action-myoclonus invol-

ving trunk, limbs and head. Symptoms of cerebellar dys-
function are frequent, such as ataxia and dysartria. Onset

is usually subacute and, after excluding other etiologies,

two subgroups must be taken into account: paraneoplastic
and idiopathic, both of themwith a presumed autoimmune

basis. The most frequent neoplasms are neuroblastoma in

children and breast or SCLC in adults, lacking specific
antibodies in an important proportion of cases. Most fre-

quently described antibodies are anti-Ri (associated with
breast cancer) and anti-Hu or anti-amphipysin (both in

SCLC, usually at low titers and with dubious significance).

CSF is normal or discloses mild pleocytosis, and MRI
usually has no alterations. Paraneoplastic opsoclonus-

myoclonus syndrome may respond to IVIG treatment

particularly when tumor therapy can induce a complete

response. Unlike idiopathic cases, patients are more likely
to remain with mild residual ataxia (10).

Paraneoplastic Cerebellar Degeneration
(PCD)

PCD presents with a subacute history of weeks to months

of truncal (wide-based gait) and appendicular ataxia

(intention tremor) with or without dysatria, nystagmus,
vertigo or diplopia. It usually stabilizes over 6months

but leaves the patient physically dependent in most cases.
The pathological hallmark of PCD is the loss of Purkinje

cells of the cerebellum (11). Several clinical–immunologi-
cal associations have been identified:

1. Anti-Yo PCD accounts for up to 40% of cases of PCD
and is one of the most homogeneous subgroup of PNS,
affecting women with amedian age of 60–65 years, 80%
of them with gynecologic cancer (breast and ovary,
usually localized and treatable). PCD appears before
cancer in 61% of patients. Although PCD is not the
main cause of death, most patients remain neurologi-
cally impaired, with almost null neurologic recovery
after oncological or immunosuppressive therapy (12).

2. Anti-Hu PCD accounts for 32% of all PCD, affecting
equally men and women after 65 years of age and initi-
ally manifested as a subacute picture (few weeks to
1month) of cerebellar dysfunction that progresses to a
multifocal disease, evolving to PEM. Prognosis is poor,
with no neurological improvement to cancer therapy or
immunosupression. The main cause of death is the PNS
itself rather than the localized SCLC that is associated
to the PCD in more than 85% of cases (6).

3. Anti-VGCC PCD occurs in patients with SCLC that
present neurological involvement of the cerebellum and
features of LEMS. This autoantibody is a useful marker
of PCD linked to SCLC. In a series of patients with
PCD and SCLC, 41% presented VGCC antibodies but
only 16% had anti-Hu antibodies. VGCC antibodies
may occur in cases of PCD and no clinical or electro-
myographic evidence of LEMS (13).

4. Anti-Tr PCD: represents 14% of all PCD. This type of
PCD usually affects male patients with Hodgkin dis-
ease. The clinical symptoms are confined to the cerebel-
lum without involvement of other areas of the nervous
system. Tumor is found in 90% of cases (almost always
a Hodgkin disease), with a mean time of 3.5months,
preceded by PCD in 80% of them. Anti-Tr autoantibo-
dies may be present only in the CSF and usually dis-
appear after successful treatment of the tumor. Unlike
other PCD types, up to 15% of patients improve after
treatment of the Hodgkin disease and immunotherapy
(14). Infrequently, patients with PCD and Hodgkin
disease may display other antibodies, such as anti-
mGluR1. The cases described presented the PCD sev-
eral years after successful treatment of the Hodgkin
disease (2).

Subacute Sensory Neuronopathy (SSN)

The SSN is caused by damage to sensory neurons in the

dorsal root ganglia. SSN is characterized by a subacute

history (weeks) of pain and paresthesias with a multifocal

and asymmetric pattern, invariably involving upper limbs

during evolution. Lower limbs are also affected with vari-

able intensity. Neurological examination shows abolition

of the deep tendon reflexes and involvement of all modal-

ities of sensation but with clear predominance of the joint

position and vibratory senses. SSN appears as an isolated

PNS in 24% of patients, being the predominant finding in

74% of anti-Hu PEM. SSN typically associates with clin-

ical manifestations involving other areas of the nervous

system. A relatively common involvement is the neurons in

the myenteric plexuses that cause gastrointestinal pseu-

doobstruction (persistent vomiting, constipation and X-

ray evidence of intestinal dilation). The typical SSN has a

subacute onset and progresses rapidly to involve the four

limbs and then may stabilize, although by the time its does

so (6–9months), the patient may be confined to bed or

chair due to ataxia. In 10% of the patients, the neuropathy

runs a mild, very slowly clinical evolution. These patients

may remain ambulatory and with an independent life for

years in absence of any antitumoral or immunosuppressive

treatment. The CSF may show mild lymphocytic pleocy-

tosis. EMG studies disclose abolished sensory nerve action

potentials. Motor neurography is usually normal but may
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show evidence of mild denervation or slowed nerve con-
duction velocities (6).

SCLC underlies SSN in 70–80% of cases with anti-Hu
antibodies (which have 99% specificity and 82% sensitiv-
ity), and is diagnosed after SSN appears in a median of
4.5months. Other antibodies instead of anti-Hu can be
detected, such as anti-CV2/CRMP5, and anti-amphiphy-
sin. Oncological treatment is the mainstay therapy of SSN
and the only independent predictor of stabilization or
improvement. The role of immunotherapy is unclear (6).
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78
Guillain-Barré and Other Immune-Mediated
Neuropathies

Avraham Unterman, Yehuda Shoenfeld and Joab Chapman

Abstract Immune-mediated neuropathies are a heterogenic group of disorders caused by an autoimmune response and
often associated with autoantibodies against various neuronal epitopes. Main pathophysiological mechanisms of nerve
injury include immune-mediated demyelination, axonal damage, and vasculitic-induced nerve ischemia.

Diagnosis is based primarily on the clinical presentation and course, together with electrophysiological studies, testing
for autoantibodies, and when needed, cerebrospinal fluid examination and nerve biopsy. Immune-mediated neuropa-
thies frequently, though not universally, respond to immune therapies including corticosteroids, plasma exchange and
intravenous immunoglobulins.

Keywords Immune-mediated neuropathies � autoantibodies � Guillain-Barré syndrome � CIDP � multifocal motor
neuropathy � vasculitic neuropathy

Immune-mediated neuropathies are a heterogenic group of

disorders deemed to be caused by an autoimmune response

directed against peripheral nerve antigens. They are often

associated with autoantibodies against various neuronal

epitopes, and frequently, though not universally, respond
to immune therapies including corticosteroids, plasma

exchange (PE) and intravenous immunoglobulins (IVIg) (1).
The major immune-mediated neuropathies and the

associated autoantibodies, are listed in Table 78.1

Guillain-Barré Syndrome

Guillain-Barré syndrome (GBS) is an autoimmune acute

peripheral neuropathy, causing limb weakness that pro-

gresses over a period of days and up to 4weeks. The

syndrome was described in 1916 by three French neurolo-

gists: Guillain, Barré, and Strohl, and is considered to be

themost common cause of acute generalized paralysis. The

four most common subtypes of GBS are acute inflamma-

tory demyelinating polyneuropathy (AIDP), acute motor

axonal neuropathy (AMAN), acute motor sensory axonal

neuropathy (AMSAN) and the Miller Fisher’s syndrome

(MFS). The four types differ in their pathophysiology

and immunological profiles, as well as in their worldwide

incidence. In Western countries AIDP accounts for about

90% of all GBS cases, and AMAN accounts for most of
the remaining 10% (2).

Epidemiology

GBS occurs throughout the world, affecting children and
adults of all ages, with a median incidence of 1.3 cases/
100,000 population (range, 0.4–4.0) (3). Men are affected
approximately 1.5 times more than women (2). About two-
thirds of GBS patients have an infection within a 6-week
period prior to the diagnosis, generally either a flu-like
episode or gastroenteritis (2, 3). The most frequent identi-
fiable antecedent infectious organisms are Campylobacter
jejuni (23–32%), cytomegalovirus (8–18%), Epstein-Barr
virus (2–7%) and Mycoplasma pneumoniae (9%) (4).

Pathogenesis

There is considerable evidence supporting an immune
mediatedmechanism inGBS (5), though the pathophysiol-
ogy is different in the various subtypes.
In AIDP the neuropathy is mainly demyelinating: macro-

phages invade the myelin sheaths and denude axons (2).
Axonal damage can occur secondarily when the inflamma-
tion is severe. The histological appearance ofAIDP resembles
experimental autoimmune neuritis, which is caused predomi-
nantly by T cells directed against peptides from the myelin
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proteins P0, P2, and PMP22 (4). The exact role of T-cell-
mediated immunity in AIDP remains unclear and there is
also some evidence for the involvement of antibodies and
complement (4).

In the axonal subtypes, AMAN and AMSAN, the main
pathology is axonal injury rather than demyelinative one,
and the pathophysiology is better understood. Strong
evidence now exists that these axonal subtypes are caused
by autoantibodies to gangliosides on the axolemma. An
interesting observation is that the lipo-oligosaccharide
from the Campylobacter jejuni bacterial wall contains
ganglioside-like structures, thus promoting an immune
response in some patients by the mechanism of molecular
mimicry (2, 4). There is also evidence indicating a small
increase in the risk of GBS following vaccination, espe-
cially with the influenza vaccine (6).

Serological Features

Several anti-ganglioside antibodies are associated both
with AMAN (GM1, GM1b, GD1a and GalNac-GD1a in
64, 66, 45, and 33% of patients respectively) and with
AMSAN (GM1, GM1b, GD1a) but not with AIDP (2, 4).

TheMiller Fisher’s syndrome, characterized by a triad of
ophthalmoplegia, ataxia and areflexia, is associated with
anti-GQ1b, a specific and sensitive anti-ganglioside anti-
body, present in more than 90% of the patients with MFS
and absent in other forms of inflammatory neuropathy (4).
Anti-GQ1b have been shown to damage the motor nerve
terminal in vitro by a complement-mediatedmechanism (4).

Clinical Course

Paresthesias and slight numbness in the toes and fingers
are the earliest symptoms. The major clinical manifesta-
tion is weakness that evolves more or less symmetrically,
and reaches its nadir 2–4weeks after onset of symptoms.

The symptoms progress with an ascending pattern from
the lower to the upper limbs in 56% of patients, involve the
four limbs simultaneously in 32% of patients, and spread
from the upper to the lower limbs in 12% of patients (2).
The proximal as well as distal muscles of the limbs are
involved. Involvement of the facial muscles is frequent,
whereas the ocular motor muscles are usually spared,
except withMFS. The weakness of the respiratory muscles
may be severe enough to require assisted artificial ventila-
tion in about 25% of the patients. More than half of the
patients complain of pain and an aching discomfort in
the muscles, mainly those of the hips, thighs and back.
Autonomic involvement is common and may cause urine
retention, ileus, sinus tachycardia, hypertension, cardiac
arrhythmia, and postural hypotension.
After a variable plateau phase, recovery begins with

return of proximal, followed by distal, strength over weeks
or months. Between 4 and 15% of patients die, and up to
20% are disabled after a year despite modern treatment (4).

Diagnosis

Asbury and Cornblath’s clinical criteria for the diagnosis
of the Guillain-Barré syndrome (7) are widely accepted
and are listed in Table 78.2.
The most important laboratory aids to the clinical diag-

nosis, are the electrophysiological studies and the CSF
examination. The CSF is typically under normal pressure,
contains an increased protein content, and is acellular or
contains only a few lymphocytes (usually less than 10,
rarely more than 50mononuclear leukocytes/mm3) (2).
The protein content in the CSF may not be raised until
10 days after onset of disease and lumbar puncture may
need to be repeated if the diagnosis remains doubtful (8).
Electrophysiological studies of both motor and sensory

peripheral nerves play an important role in supporting
the diagnosis, and help differentiate between the main

TABLE 78.1. List of the major immune-mediated neuropathies (abbreviations in parentheses), and the main associated autoantibodies.

Antibodies

Guillain-Barré syndrome (GBS)

Acute inflammatory demyelinating polyneuropathy (AIDP) Unknown

Acute motor axonal neuropathy (AMAN) GM1,GM1b,GD1a,GalNac-GD1a

Acute motor sensory axonal neuropathy (AMSAN) GM1, GM1b, GD1a

Miller Fisher’s syndrome (MFS) GQ1b, GT1a

Chronic inflammatory demyelinating polyneuropathy (CIDP) Unknown

Multifocal motor neuropathy (MMN) GM1

Paraneoplastic neuropathies Hu, CV2

Vasculitic neuropathies ANCA

Vasculitic neuropathy in primary vasculitis syndromes (e.g. PAN)

Vasculitic neuropathy in connective tissue disorders (e.g. RA)

‘‘Nonsystemic’’ vasculitic neuropathy

Neuropathies associated with monoclonal gammopathies

Neuropathy in multiple myeloma

Neuropathy in MGUS

Neuropathy in other monoclonal gammopathies
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subtypes of GBS – i.e., between the demyelinating form

(AIDP) and the axonal forms (AMAN andASMAN). The

particular electrophysiological abnormalities found in

each subtype of GBS have been thoroughly described (4,

8). However, unlike the clinical diagnostic criteria, which

have been agreed on, there is no consensus on electrophy-

siological criteria for classification. We direct readers to

neurophysiological criteria proposed by Hughes and

Cornblath for AIDP, AMAN, and AMSAN (4).

Treatment

IVIg (0.4 g/kg daily for 5 days) and plasma exchange have

been shown to be similarly effective in accelerating the

recovery, but do not significantly reduce mortality (1, 9,

10). IVIg has been found to be safer than PE, having a

lower frequency of multiple complications (9). Thus, its

efficacy, safety, and availability make IVIg the treatment

of choice in many patients with GBS (9). A combination of

plasma exchange and IVIg do not seem to produce signifi-

cant extra benefit. Corticosteroids are not effective (10).

Chronic Inflammatory Demyelinating
Polyneuropathy

Chronic inflammatory demyelinating polyneuropathy
(CIDP) is a chronic acquired peripheral neuropathy, pre-
sumably of immunological origin. Both cell mediated and
humoral processes have been suggested to play a role, but
their extent and their target require further research and
clarification (1).

Clinical Course

Typically, CIDP begins insidiously and evolves slowly,
either in a steadily progressive or a relapsing-remitting
manner, reaching its maximum severity after 8weeks or
more (compared to <4weeks in AIDP) (11). The term

TABLE 78.2. Asbury and Cornblath’s clinical criteria for Guillain-Barré syndrome diagnosis.

I. Features Required for Diagnosis

1. Progressive motor weakness of two or more limbsa

The degree ranges fromminimal weakness of the legs, with or without mild ataxia, to total paralysis of the muscles of all four extremities and the trunk,

bulbar and facial paralysis, and external ophthalmoplegia

2. Areflexia

Universal areflexia is the rule, though distal areflexia with definite hyporeflexia of the biceps and knee jerks will suffice if other features are consistent

II.Clinical Features Strongly Supportive of the Diagnosis(in order of importance)

1. Progression. Symptoms and signs of motor weakness develop rapidly but cease to progress by four weeks into the illness. Approximately 50% will

reach the nadir by two weeks, 80% by three weeks, and more than 90% by four weeks

2. Relative symmetry

3. Mild sensory symptoms or signs

4. Cranial nerve involvement. Facial weakness occurs in approx. 50% and is frequently bilateral. Other cranial nerves may be involved (e.g., those

innervating the tongue andmuscles of deglutition, extraocular motor nerves). On occasion (less than 5%), the neuropathy may begin in the nerves to

the extraocular muscles or other cranial nerves

5. Recovery. It usually begins 2–4weeks after progression stops. May be delayed for months. Most patients recover functionally

6. Autonomic dysfunction. Tachycardia and other arrhythmias, postural hypotension, hypertension, and vasomotor symptoms, when present, support

the diagnosis. These findings may fluctuate

7. Absence of fever at the onset of neuritic symptoms

III. Features Casting Doubt on the Diagnosis

1. Marked, persistent asymmetry of weakness

2. Persistent bladder or bowel dysfunction

3. Bladder or bowel dysfunction at onset

4. More than 50mononuclear leukocytes/mm3 in CSF

5. Presence of polymorphonuclear leukocytes in CSF

6. Sharp sensory level

IV. Features That Rule Out the Diagnosis

1. A current history of volatile solvents abuse. This includes huffing of paint lacquer vapors or addictive glue sniffing

2. Abnormal porphyrin metabolism indicating a diagnosis of acute intermittent porphyria

3. A history or finding of recent diphtheritic infection, either faucial or wound, with or without myocarditis

4. Features clinically consistent with lead neuropathy (upper limb weakness with prominent wrist drop; may be asymmetrical) and evidence of lead

intoxication

5. The occurrence of a purely sensory syndrome

6. A definite diagnosis of a condition such as poliomyelitis, botulism, hysterical paralysis, or toxic neuropathy (e.g., from nitrofurantoin, dapsone, or

organophosphates)

aExcluding Miller Fisher and other variant syndromes.

78. Guillain-Barré and Other Immune-Mediated Neuropathies 429



subacute inflammatory demyelinating polyneuropathy has
been used to describe an entity that progresses for
4–8weeks (12). In three large series, symptoms at onset
consisted of motor deficits (78–94% of patients), paresthe-
siae (64–79%), and pain (20–35%). At the chronic phase
of the disorder motor deficits occur in 83–94%, sensory
deficit in 72–89%, loss of tendon reflexes in 86–94%, and
facial palsy in 4–15%, of patients. Dysautonomia is not a
feature of CIDP (11).

Although a number of clinical similarities exist between
the AIDP subtype of GBS and CIDP, there are also some
important differences, such as the duration of disease
progression and the response to treatment with corticos-
teroids. Table 78.3 compares some of the main clinical
characteristics of AIDP and CIDP.

Diagnosis

The diagnosis of CIDP may be determined when a patient
presents with a demyelinating polyneuropathy that pro-
gresses over more than 2months, or evolves chronically
over many months. The underlying demyelinating process
is demonstrated by electrophysiological and, if needed, by
pathological studies (e.g., sural nerve biopsy) (11). CSF
examination may further support the diagnosis. As in
AIDP, CSF is acellular or contains only a few mononuclear
leukocytes (usually less than 10 cells/mm3) and protein con-
tent is typically elevated. Yet, normal protein content is
possible (found in up to 50%of patients, in some series) (11).

There are several proposed clinical and electrophysiolo-
gical diagnostic criteria for CIDP. In 1991, an Ad Hoc
Subcommittee of the American Academy of Neurology
(AAN) proposed criteria for the diagnosis of CIDP that
were to be used as a research tool. The AAN diagnostic
criteria have been widely used in clinical practice and for
inclusion in clinical trials. However, although the AAN
electrodiagnostic criteria are highly specific, they are rela-
tively insensitive and are fulfilled by only 50–60% of
patients with typical clinical features of CIDP (11, 13).
Since then, additional diagnostic criteria have been
proposed. The newer INCAT (the Inflammatory Neuro-
pathy Cause and Treatment group), Nicolas, and

Thaisetthawatkul criteria are as specific but more sensitive
than the AAN criteria (13). Regardless of which criteria
are chosen for use in clinical trials, patients who fall outside
of these criteria (e.g., patients with normal electrophysiolo-
gical studies) may still have CIDP and may benefit from
immunomodulatory treatment (11, 13). Unfortunately,
because of the lack of clarity with regard to the diagnostic
criteria for CIDP, many patients remain untreated (13).

Treatment

Corticosteroids, intravenous immunoglobulins, plasma
exchanges and immunosuppressive drugs are the main
treatments used in this condition (1, 11, 14). The majority
of patients will show an initial response to current treat-
ments (11, 14). However, they fail to provide a durable
clinical response (14). The relapsing form seems to carry a
better prognosis than the progressive form (11).

Multifocal Motor Neuropathy

Multifocal motor neuropathy is a recently identified neu-
ropathy characterized by slowly progressive, asymmetric
limb weakness, usually affecting the upper limbs earlier (in
about 70% of patients) and more severely than the lower
limbs, with minimal or no sensory impairment (1, 15).

Epidemiology

The prevalence ofMMNhas been estimated to be approxi-
mately 1–2 per 100,000 (1, 16). Almost 80% of reported
patients present their first symptoms between 20 and
50 years of age (1).

Pathogenesis

The pathogenesis of MMN is not completely known.
Nevertheless the occurrence of serum antibodies, mostly
IgM to the ganglioside GM1 in a proportion of patients
ranging in different series from 25 to 80 % (15), and the
frequent clinical improvement after immunological

TABLE 78.3. Comparison of the main clinical characteristics of AIDP and CIDP.

AIDP CIDP

Duration of disease progression <4weeks >8weeks

Wide spread polyneuropathy present present

High protein and absent or few cells in CSF present present

Demyelination present present

Secondary axonal damage sometimes present sometimes present

Antecedent infection 2/3 of cases 16–32%

Electrophysiological pattern predominantly demyelinative predominantly demyelinative

Association with auto-antibodies not established not established

Treatment with IVIg and PE effective effective

Treatment with corticosteroids ineffective effective
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therapies suggest that the disease is immune mediated,
even if the precise mechanism and the target antigens of
this immune response are still unknown.

Diagnosis

A persistent, multifocal, partial motor conduction block
(CB) is regarded as the neurophysiologic hallmark of
MMN (1, 15). The American Association of Electrodiag-
nostic Medicine (AAEM) consensus criteria for definite
CB (17) are: reduction of at least 50% in upper or 60%
in lower limb proximal vs. distal compound muscle action
potential (CMAP) amplitude with minimal temporal dis-
persion (no more than 30% increased CMAP duration).

However, applying these consensus criteria may result in
under-diagnosis of the disorder in a subgroup of patients
withMMNbut without CB, who generally respond well to
treatment (15, 16).

Treatment

Most patients with MMN respond to high-dose IVIg and
some refractory patients have responded to cyclophospha-
mide. Glucocorticoids and PE are not effective (1).

Vasculitic Neuropathies

Peripheral neuropathy is a well-recognized consequence of
systemic vasculitis, caused by vasculitic involvement of vasa
nervorum resulting in nerve ischemia and Wallerian degen-
eration (18). Vasculitic neuropathies may be associated with
primary vasculitis syndromes, such as polyarteritis nodosa,
Churg-Strauss syndrome, and Wegener’s granulomatosis,
or with a vasculitis syndrome secondary to other systemic
diseases, such as connective tissue disorders (e.g., rheuma-
toid arthritis and SLE) and malignancy (8, 18). In some
cases (up to one third) of biopsy-proven vasculitic neuro-
pathy, constitutional symptoms are absent and no under-
lying systemic disease can be detected (8), hence the name
‘‘nonsystemic’’ vasculitic neuropathy. However, clinically
silent involvement of other organs is likely, and muscle
biopsy often reveals vasculitic changes indicating that the
underlying pathology is not confined to peripheral nerve (8).

Diagnosis

Recognition of vasculitis as the cause of peripheral neuro-
pathy is important since the disorder is treatable. Systemic
vasculitis should always be considered when mononeuro-
pathy multiplex occurs in conjunction with constitutional
symptoms, such as fever, anorexia, weight loss, malaise,
and nonspecific pains. The diagnosis is straightforward
in cases of known systemic vasculitis, but should also be
considered in patients who otherwise seem healthy, since

the neuropathy may be the first or only clinical manifesta-
tion of vasculitis (8).
Most patients have clinical features of mononeuropa-

thy multiplex, with a subacute, progressive, generalized
but asymmetric, painful, sensorimotor neuropathy (18).
Laboratory tests often indicate features of systemic
inflammation, such as an elevated sedimentation rate or
positive anti-neutrophil cytoplasmic (ANCA) antibody,
and electrophysiological studies shows multiple, asym-
metric, axonal neuropathies. Nerve biopsy is necessary
to establish the diagnosis in most cases, particularly in
patients with ‘‘nonsystemic’’ vasculitic neuropathy (18).

Treatment

Long-term immunosuppressive therapy is required in most

cases. High-dose prednisone combined with cyclophospha-

mide is standard initial therapy. In those with ‘‘nonsyste-

mic’’ disease, cyclophosphamide should also be used if

prednisonemonotherapy is ineffective or the patient relapses

with tapering (18). IVIg may be beneficial in cases of

resistant vasculitic neuropathy (19).

Paraneoplastic Neuropathies

Paraneoplastic neuropathies are a heterogeneous group of

autoimmune disorders, occuring in patients with cancer,

most commonly small cell lung cancer, without a direct

effect of the tumor mass or its metastases on the nervous

system. They are associated in some patients with neuronal

antibodies (mainly anti-Hu, less frequently anti-CV2).

Paraneoplastic sensory neuronopathies are the most fre-

quent, but there is often motor, autonomic, or central

nervous system involvement as well. Neurologic symptoms

often precede the detection of cancer. Therapy is directed

at treating the cancer as well as suppressing the immune

system response, but it is generally unsatisfactory.
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lain-Barré Syndrome.ClinRevAllergy Immunol 2005; 29: 281–7.
10. Hughes RA, SwanAV, Raphaël JC, AnnaneD, vanKonings-
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79
Neuromylelitis Optica (Devic Syndrome)

Joab Chapman

Abstract Neuromyelitis optica (NMO), also known as Devic Syndrome, is defined clinically by severe inflammatory
lesions in the optic nerves and spinal cord. Though it was lumped withmultiple sclerosis for many years it is now a clearly
defined disease entity by clinical, imaging and laboratory criteria. The main laboratory markers are high levels of
antibodies to aquaporin 4which is localized in the most affected areas. This disease may be the first of many to be
separated out of the group of multiple sclerosis syndromes.

Keywords Neuromyelitis optica � Devic syndrome � aquaporin 4 � multiple sclerosis

The prototype of autoimmune disease which affects the

whitematter of the central nervous system ismultiple sclero-
sis (MS). MS is defined by areas of inflammation in the

white matter that are clinically associated with neurological

deficits that relapse and remit over many years followed in

many patients by progressive neuro-degeneration (1). Mag-

netic resonance imaging (MRI) allows visualization of the
inflammatory lesions which are typically widely distribu-

ted in the periventicular and subcortical white matter and

in the spinal cord. Though some laboratory findings such

as oligoclonal IgG bands in the cerebrospinal fluid (CSF)

and prolonged latencies of evoked potentials serve to
confirm the diagnosis, there is no definitive laboratory

test which can corroborate the clinical diagnosis. While it

is believed that MS is an autoimmune disease, the lack of

a definitive laboratory diagnosis of MS reflects the pre-
sent lack of understanding of the cause of the disease and

its exact pathogenesis. The current diagnostic criteria of

MS have been recently re-defined (2, 11) (known as

Mcdonald’s criteria) but still depend almost exclusively

on clinical and imaging findings and it is therefore more
accurate to refer toMS as a syndrome than a disease. As a

syndrome, our clinical definition of MS most likely

includes a number of diseases with different causes and

pathogenic mechanisms but have in common inflamma-
tory damage to white matter tracts. Some of these dis-

eases are probably genetic though a causative mutation

for MS has not been found. An important step towards
unraveling the different diseases making up the MS syn-

drome has been the definition of 4 clearly identifiable

pathological pictures (3) each representing probably

many separate disease entities.
One of syndromic variants ofMS are a group of patients

which have lesions confined to the optic nerve and spinal
cord in a syndrome known as Devic and also named

neuromyelitis optica (NMO) (4). This syndrome has raised

much debate for many years, the key question being

whether it represents a non-significant variation in the

spectrum of MS or is a separate disease entity. The clinical

data that supports NMO as a separate entity include the

relatively specific involvement of the optic nerve and spinal

cord by very severe clinical relapses which in many cases

resolve only partially (4). This is also reflected in patholo-

gical studies which reveal areas of extensive necrosis which

is unusual in MS. Imaging studies in NMO show extensive

lesions of the spinal cord and relative sparing of the brain

which also correlates with relative sparing of cortical func-

tion in these patients. Interestingly the major form of MS

in Asia is more similar to NMO than western type MS.
The debate over NMO has been very much resolved over

the past 5 years and it is now clear that it represents a well

defined disease entity. The first major step forward was

finding binding of NMO IgG to blood vessels in the brain

and the development of a diagnostic test from this assay (5).

This assay was found to correlate very well with the clinical
manifestations ofNMOwhich are clearly separate fromMS.

Further study of the NMO IgG found that it bound to a

novel brain autoantigen, aquaporin-4which is present at the

astrocyte-endothelial junctions of the blood brain barrier (6)

decrease in the levels of aquaporin-4 is also a very early and
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significant stage in pathological NMO lesions which are

clearly differentiated by this measure from MS lesions in

histopathological studies (7). Oligoclonal IgG bands in the

cerebrospinal fluid (CSF) are relatively uncommon in NMO

relative to MS and may serve as an additional laboratory

criteria for the disease (8). The currently accepted clinical

criteria for NMO are detailed in the Table 79.1.
Myelitis is an anatomically defined autoimmune reac-

tion occurring in the spinal cord. There are many causes of

myelitis including an autoimmune reaction associated with

viral infections, systemic autoimmune diseases such as

systemic lupus erythematosus and sarcoid. The diagnosis

is by clinical neurological and imaging evidence of damage

to the spinal cord with a subacute course and associated

with CSF pleocytosis and elevated protein. Many cases of

myelitis are considered idiopathic and may be severe and

recurrent. Since the clinical and laboratory diagnostic cri-

teria for NMO have been re-defined (9), it has become

apparent that some cases of severe recurrent longitudinally

extensive myelitis fit the diagnosis of NMO (10).
The significant advances in diagnosing NMO and its

variants offer a unique opportunity to develop specific

and better therapies for this disease.
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TABLE 79.1. Diagnostic criteria for neuromyelitis optica NMO (9).

For definite (NMO) criteria require

1. optic neuritis,

2. myelitis, And at least two of three supportive criteria:

1. MRI evidence of a contiguous spinal cord lesion 3 or more segments,

in length,

2. onset brain MRI nondiagnostic for multiple sclerosis

3. NMO-IgG seropositivity

CNS involvement beyond the optic nerves and spinal cord is compatible

with NMO
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80
Central Nervous System Vasculitis

Gisele Zandman-Goddard and Yehuda Shoenfeld

Abstract Central nervous system (CNS) vasculitis refers to a spectrum of heterogeneous clinical disorders sharing the
histopathology of blood vessel inflammation, leading to an array of neurological manifestations. We suggest a modified
classification of CNS vasculitis: restricted to the CNS (Type I), associated with a systemic vasculitis as the predominant
feature of an autoimmune disease (Type II), associated with other autoimmune diseases (Type III), associated with
infectious diseases (Type IV), or associated with malignancies, drugs, and others (Type V). Type I CNS vasculitis is the
most difficult to diagnose and is usually one of exclusion. We propose that magnetic resonance imaging (MRI)-guided
biopsy should be the novel modification of the diagnostic criteria that includes clinical, laboratory, and imaging tests.

Keywords CNS vasculitis � diagnostic criteria � classification � systemic vasculitis � autoimmune diseases � infections �
malignancies � drugs

Introduction

Central nervous system (CNS) vasculitis refers to a

spectrum of heterogeneous clinical disorders, sharing the
histopathology of blood vessel inflammation and leading to

an array of neurological manifestations related to ischemic

injury to the brain involving the cortex, leptomeninges, and
spinal cord. Immunopathogenic mechanisms incorporate

leukocyte–endothelial interactions, immune complex
injury, autoantibody damage, impairment of vascular

tone, and alterations in coagulation. Whereas the systemic
vasculitides are classically divided by the size of the blood

vessels involved, CNS vasculitis has previously been dichot-
omized based on association with (secondary) or lack of

(primary) other diseases. CNS vasculitis excludes a myriad

of mimickers that are predominantly vasculopathies with-
out evidence of inflammation. Because of the morbidity

and mortality associated with the disease, and the potential
utilization of immunosuppressive agents as the modality of

therapy that harbor potential serious adverse events, it is
imperative to assure a proper diagnosis (1, 2).

We suggest a modified classification of CNS vasculitis:
restricted to the CNS (Type I), associated with a systemic

vasculitis as the predominant feature of an autoimmune
disease (Type II), associated with other autoimmune

diseases (Type III), associated with infectious diseases

(Type IV), or associated with malignancies, drugs, and
others (Type V). In this chapter, we discuss the clinical
and pathological manifestations of the different entities
and the diagnostic criteria for this novel classification.

Classification of CNS Vasculitides
(Table 80.1)

Type I (Primary, Isolated, Granulomatous)

Type I vasculitis presents equally in men and in women
during the fourth to sixth decade. The classic presentation
is progressive and cumulative with multifocal neurologic
dysfunction. Headache and confusion are the most com-
mon presenting symptoms and the most common finding
is hemiparesis. Ataxia of the limbs or gait and focal cortical
dysfunction, including aphasia and seizures are also
reported. To make the diagnosis even more difficult,
every neurological symptom and sign has been reported
in Type I CNS vasculitis. Nonspecific visual complaints
occur in 15% of patients. Occasionally, patients present
with multiple sclerosis-like disease or disease restricted to
one portion of the nervous system. Perhaps, Type I vascu-
litis is a spectrum of disorders, which would explain the
variability in clinical presentation and even response to
therapy (3).

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_80,
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The vascular inflammation is usually of a chronic gran-
ulomatous nature, with monocytes, histiocytes, lympho-

cytes, and plasma cells invading the walls of small arteries
and veins, particularly in the leptomeninges. Larger vessels

may be involved but are a minor portion of affected ves-
sels. These pathological findings may distinguish Type I
from Type II in that bifurcations are not affected and
eosinophilia is not present, but fibrinoid necrosis may
arise. The etiology and pathogenesis remains obscure.

Type II (Associated with Systemic Vasculitis
as the Predominant Feature of an Autoimmune
Disease)

The systemic vasculitides are a subset of autoimmune

diseases characterized by a primary insult to the blood
vessels resulting in inflammation and tissue ischemia of

the various organs. The description of the various sys-
temic vasculitides is beyond the scope of this chapter.
CNS involvement in polyarteritis nodosa (PAN), occurs
late in the progression of the disease, develops in up to
40% of patients, and is characterized by focal findings,

(stroke and cerebral hemorrhage), diffuse manifestations
such as seizures, and visual and oculomotor abnormal-
ities (4, 5). In Churg–Strauss syndrome (CSS), a similar
neuroclinical presentation to PAN is encountered, but
less frequently, occurring in 25% of patients. In

Wegener’s granulomatosis (WG), CNS involvement
results from contiguous extension of the sinus granulo-
mas, a small vessel vasculitis, or remote granulomas, and
includes cranial neuropathies, cerebral hemorrhage, or
thromboembolic events, but develops in 10% of patients
(4, 5). Intracranial disease occurs infrequently in giant cell
arteritis. Neuro-Behcet’s syndrome occurs in up to 50%
of patients, is more common in males, involves the small
vessels with relapsing–remitting, disease sometimes pro-
gressive with focal or multifocal involvement (5). Head-
ache (61.6%), upper motor neuron weakness (53.7%),
brainstem, and cerebellar manifestations (49%) are
most frequently reported (5). Patients with severe cases
of hypersensitivity vasculitis (leukocytoclastic vasculitis)
and occasionally patients with cryoglobulinemia types II
and III develop seizures, encephalopathy, stroke, and
cranial nerve involvement.

Type III (Associated with Other Autoimmune
Diseases)

In the autoimmune diseases, the blood vessels are secon-
darily injured in the process of organ damage. Necrotizing
and non-necrotizing vasculitides occur in systemic lupus
erythematosus (SLE), systemic sclerosis (SSc), rheumatoid
arthritis (RA), Sjögren’s syndrome, and mixed connective
tissue disease (MCTD). Among the autoimmune diseases,
CNS involvement in SLE, occurring in 70% of patients,
has been associated with 17 different focal or diffuse man-
ifestations and 20 reported brain and systemic autoantibo-
dies. Focal manifestations are more common in patients
with secondary antiphospholipid syndrome (6).

Type IV (CNS Vasculitis Associated
with Infections)

Viral, bacterial, fungal, and protozoan infections may cause
vascular inflammation of the nervous system. Some of the
infectiousagentsareassociatedwith systemicvasculitis (hepa-
titis viruses); they may induce focal or diffuse neurological
manifestations even in the absenceof clinical systemicdisease.
Two worth noting are varicella zoster virus (VZV) and
human immunodeficiency virus (HIV) infections. VZV can
cause a large vessel vasculitis in immunocompetent patients
leading to focal manifestations such as a stroke, following
zoster of the contralateral trigeminal distribution, whereas
small vessel vasculitis is encountered in immunocompromised
patients as a progressive disease with fever, headache, sei-
zures, and focal or multifocal deficits. The specific test for
diagnosis is polymerase chain reaction (PCR) analysis and
antibody testing of the cerebrospinal fluid (CSF) (4, 5).
HIV infection can cause a clinical picture of encephalitis or

stroke. The neurological involvement can be the presenting

TABLE 80.1. Novel classification of CNS vasculitis.

Type Other definition Diseases

I Isolated, primary, PACNS,

granulomatous

None

II Systemic vasculitis diseases as

the predominant feature of

autoimmune disease

PAN,MPA, CSS, WG, GCA,

Takayasu’s arteritis,

Kawasaki disease

III Other autoimmune diseases SLE, SSc, RA, Sjögren’s

syndrome, MCTD,

Behcet’s, FMF, Cogan’s

syndrome, Susac syndrome

IV Infectious diseases Viral-VZV, HIV, CMV,

HBV, HCV Bacterial-TB,

Lyme, syphilis

V Malignancies, drugs, and

others

Malignancies – Hodgkin’s

and non-Hodgkin’s

lymphomas, hairy cell

leukemia, neoplastic

angioendotheliomatosis

Drugs – Cocaine, opioids,

amphetamines, and

sympathomimetics including

phenylpropanolamine, and

methylphenidate.

CSS, Churg–Strauss syndrome; FMF, Familial Mediterannean Fever;

GCA, giant cell arteritis; MPA, microscopic polyarteritis; PACNS, pri-

mary angiitis of the central nervous system; PAN, polyarteritis nodosa;

WG, Wegener’s granulomatosis.
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feature of HIV infection, or AIDS. Complicating the issue,
AIDS patients may develop a vasculitis as part of an oppor-
tunistic infection with VZV, cytomegalovirus (CMV), and
toxoplasma. Furthermore, HIV patients may develop sys-
temic vasculitis (7). The histopathology in these patients
includes granulomatous, necrotizing, or eosinophilic vascu-
litis. Possibly, these reports incorporated patients with dif-
ferent types of vasculitis.

Type V (CNS Vasculitis Associated with
Malignancies, Drugs, Others)

CNS vasculitis has been reported in individuals with lym-
phoma (Hodgkin’s and non-Hodgkin’s), hairy cell leukemia,
neoplastic angioendotheliomatosis, and the pre-malignant
lymphomatoid granulomatosis (1, 2). Cocaine, opioids,
amphetamines, and sympathomimetics including phenylpro-
panolamine, andmethylphenidate have been implicated in the
development of CNS vasculitis. There are a number of causes
for the CNS involvement among these individuals including
histologically proven vasculitis and a higher incidence of co-
infections with HIV, hepatitis B, and syphilis (1, 2, 5).

Diagnostic Procedures (Table 80.2)

There is a general consensus on the principles of the diag-
nosis of CNS vasculitis which is a potentially life-threaten-
ing disorder with increased morbidity due to irreversible

ischemia and infarction. Recognition of the neurological
entities and excluding other diseases is of utmost impor-
tance because therapy will differ. Undiagnosed and
untreated, the outcome of vasculitis is fatal. Absolute
proof by tissue diagnosis is a prerequisite and without it
empiric immunosuppressive therapy should not be insti-
tuted (3, 4, 5).
To establish the diagnosis of Type I CNS vasculitis, the

guidelines are based on excluding the other types. This is
successfully done by a systematic approach including the
neurological, but also the non-neurological organ clinical
assessment, appropriate hematological, chemistry, immuno-
serological and infectious disease serological laboratory tests,
CSF analysis, neuroimaging, angiography, and magnetic
resonance imaging (MRI)-guided biopsy.

Laboratory Tests

There is no specific laboratory test for the diagnosis of
Type I CNS vasculitis. General laboratory tests are utilized
for the purpose of excluding other types of CNS vasculitis
and include complete blood count (CBC) and chemistry
(SMAC). Coagulation screen, erythrocyte sedimentation
rate (ESR), C reactive protein (CRP), complement levels,
cryoglobulinemia, an autoantibody profile, angiotensin
converting enzyme (ACE), and protein electrophoresis
are useful for the diagnosis of Types II–III.

TABLE 80.2. Diagnostic procedures.

Description Initial tests Advanced procedure

General

screening

CBC with differential, SMAC, ESR and CRP Check for eosinophilia

Immunology

serology

Appropriate immunoserological testing is recommended in the

context of the clinical manifestations

ANA, anti-DNAAb, ENA, anti-Scl 70, cANCA, pANCA, anti-

MPO, anti-PR-3, HbsAg, anti-HCV

HLA B5, pathergy test, EMG/NCV testing

Peripheral nerve or organ involved biopsy (lung, kidney,

temporal artery).

CSF analysis

CSF analysis Cell count (pleocytosis of >5 cells/mm3), protein elevation

greater than 100mg/dl,evidence of intrathecal synthesis of

immunoglobulin and oligoclonal bands, acid-fast and

immunoflorescence staining and culture, anti-Lyme Ab

(ELISA, Western blot), VDRL, FTA-Abs, anti-varicella Ab,

anti-HIV Ab (ELISA, Western blot), HbsAg, anti-HCV,

cryoglobulins, culture and serology for protozoa and fungi,

cytospin examination of the CSF for possible malignant cells.

Molecular genetic, immunoassay, and direct staining techniques

to exclude spirochetal, fungal, mycobacterial, and viral

infections, CSF PCR assay for M. tuberculosis, Borrelia

burgdorferi, T. pallidum, VZV, HIV, HBV DNA, HCV RNA

Neuroimaging-

MRI

The lesions are commonly bilateral and supratentorial; there

may be involvement of the veins.

Enhancing of the perforating arteries and the meninges may be

detected by MRI with injection of intravenous gadopentate

dimeglumine

Angiography Single ormultiple areas of segmental narrowings and dilatations

of the vessel, vascular occlusions, hazy vessel margins, and

collateral formation.

Brain biopsy Segmental inflammation of small arteries and arterioles, intimal

proliferation and fibrosis, with sparing of the media.

ANA, antinuclear antibody (Ab); ANCA, -antineutrophil cytoplasmic Ab; CBC, complete blood count; CRP, C reactive protein; EMG, electromyo-

graphy; ENA, extractable nuclear Ab; ESR, erythrocyte sedimentation rate; HBV, hepatitis B virus; HCV, hepatitis C virus; MPO, myeloperoxidase;

NCV, nerve conduction study. SMAC, chemistry pannel.
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PCR for infectious agents will aid in the diagnosis of
Type IV CNS vasculitis. Hepatitis B and C screening will

assist in the diagnosis of PAN (Type II).
CSF analysis is abnormal in 80–90% of patients. A

mild lymphocytic pleocytosis and slightly elevated pro-

tein levels are most commonly detected, again being

nonspecific. Furthermore, oligoclonal bands with an ele-

vated IgG index, low glucose levels, and elevated leuko-

cyte counts of several hundreds have all been reported.
CSF analysis should include appropriate stains, cultures,

serological tests, and cytology in order to establish the

type of CNS vasculitis Some utilize serial CSF determi-

nation as a method for monitoring response to therapy

(3, 5).

Neuroimaging

MRI is sensitive (50–100%) but not specific. Lesions sug-

gestive of ischemia and inflammation will involve the cor-

tex and white matter, some within known arterial

territories. The lesions are commonly bilateral and supra-

tentorial but have been described in the brainstem and

cerebellar regions. There may be involvement of the veins

(5, 8). Enhancing linear lesions corresponding to inflam-

mation of the perforating arteries and enhancing of the
meninges may be detected by MRI with injection of intra-

venous gadopentate dimeglumine (5, 8). An MRI should

be performed to exclude multiple cerebral metastases, mul-

ticentric primary CNS tumors, hydrocephalus, and demye-

linating diseases.
Analysis of CNS vasculitis with diffusion-weighted

imaging and apparent diffusion coefficient mapping of

the normal-appearing brain by conventional MRI has
been reported to be advantageous in assessing CNS vas-

culitis, but cannot differentiate the type of vasculitis;

hence further research is required (9, 10). Magnetic reso-

nance angiography (MRA) currently remains an insuffi-

cient method to disclose fine vascular abnormalities
frequently encountered in CNS vasculitis, and is not

advantageous over conventional angiography. Func-

tional imaging of the brain with single-photon-emission

computerized tomography (SPECT) and positron-emis-

sion tomography (PET) may detect multifocal perfusion
defects, have been widely investigated and utilized for the

assessment of neuropsychiatric lupus, are usually evalu-

ated in conjunction with MRI, but are not sensitive alone

for the appropriate diagnosis, and are not specific for

Type I CNS vasculitis. Electroencephalogram and brain

computerized tomography are abnormal, nonspecific, and

hence not recommended.

Angiography

The typical findings in cerebral angiography are single or

multiple areas of segmental narrowings and dilatations

along the course of the vessel, vascular occlusions, hazy

vessel margins, and collateral formation. A prolonged

circulation time can often be detected in the affected

region (4). These findings are not specific for Type I CNS

vasculitis and can be found in the other types and even in

non-inflammatory vasculopathies. Complete reversal of

abnormal angiographic findings is uncommon. The utili-

zation of serial angiographies as follow-up in these patients

is not established. The value of angiography is also not

specific enough, and normal angiography results have

been reported in many cases (3).

Brain Biopsy

Histological confirmation is the gold standard for the

diagnosis of Type I and exclusion of the other types of

CNS vasculitis. MRI-guided biopsy of enhancing lesions

improves the sensitivity of the procedure substantially. In

addition, biopsy that includes the leptomeninges, cortex,

and subcortical tissue enhances the sensitivity of the diag-

nostic test. There is no significant difference between an
open or sterotactic biopsy. There is a false-negative rate of

25% when the biopsy is blinded. False-positive findings

are rare, but it is to be emphasized that the biopsy should

be performed in the appropriate clinical, laboratory, and

neuroimaging setting. Tissue sampling should be sent for

culture and staining (11).MRI-guided brain biopsy includ-
ing the leptomeninges is warranted. If a lesion is not visi-

ble, then a blinded biopsy from the non-dominant frontal

or temporal pole including the leptomeninges is recom-

mended (5).
The typical biopsy specimen reveals segmental inflam-

mation of small arteries and arterioles, intimal prolifera-

tion, and fibrosis, with sparing of the media, and in some

cases multinucleate giant Langerhans cells (12). The mor-
bidity of brain biopsy is 2–3.3%, and hence the physician

should not be deterred by this crucial procedure (5).

Diagnostic Criteria

Diagnostic criteria have been established by Calabrese in
1986 (13) and 1997 (3). They were modified by Moore (4)

and recently by Svia (5) (Table 80.3). To properly diagnose

CNS vasculitis, all of the criteria must be fulfilled. As in

systemic vasculitis, the final diagnosis is based on histo-

pathology. These criteria are based on the assessment of
less than 200 patients that were reviewed in the literature

over 20 years.
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Diagnostic Caveats

The utilization and interpretation of any one test whether

it is physical exam, a blood test, neuroimaging, or tissue

sampling are influenced by many factors and include the

pre-test probability (11). The specificity and sensitivity of

the diagnostic criteria for type I CNS vasculitis are shown

in Table 80.4 (3, 5, 11). Type I CNS vasculitis is the most

difficult to assess due to its rarity, the difficulty in obtain-

ing adequate tissue sampling, and the necessity to exclude a

multitude of other diseases. Calabrese et al. has evaluated

this enigma extensively and reports in his seminal paper

(3). The combination of normal MRI and normal CSF has

a strong negative value and will exclude the possibility of
CNS vasculitis in many patients (3).

The specificity and sensitivity of MRI-guided biopsy

has not yet been reported but seems to increase the posi-
tive predictive value substantially. Hence, MRI-guided

biopsy should be the novel modification of the diagnostic

criteria. The importance of an added value of MRA and

SPECT–PET has yet been to be established (14). As is

shown in Table 80.4, only a combination of diagnostic

modalities increases the sensitivity in establishing the

proper diagnosis.

Therapy

The appropriate therapy for CNS vasculitis will be
determined by the type of disease. The gold standard of

therapy for Type I CNS vasculitis is high-dose steroids

plus oral cyclophosphamide continued for 6–12months

after induction of remission. The limitation to evaluation

of the beneficial potential of this modality of treatment
is the rarity of disease, and possibly the difficulty of

diagnosis. Upon establishing the underlying disease,

appropriate therapy should be instituted for the systemic

disorder. Thus, the treatment for Types II–III is based on

the systemic autoimmune disease, and predominantly

involves steroids and immunosuppressive agents. Intra-

venous immunoglobulin therapy has been beneficial in a

few cases of patients with neuropsychiatric lupus (15).

Antimicrobial agents should be utilized for type IV dis-

ease. Malignancies are treated by the chemotherapeutical

protocol (3, 5).

TABLE 80.3. Diagnostic criteria for CNS vasculitis (3, 4, 5).

Clinical Features of a diffuse or focal CNS

disease with a recurrent or progressive

nature. Lasting at least 3months.

Type I

Evidence for an underlying systemic

autoimmune disease

Types II–III

Evidence for an underlying infection,

malignancy, drug abuse, or other

Types IV–V

CSF CNS inflammation Type I

CNS inflammation and infection Type IV

CNS inflammation and malignant cells Type V

MRI

Angiography Segmental narrowing, ectasia, or

beading

Type I

Brain biopsy Vascular inflammation Type I

TABLE 80.4. Sensitivity of diagnostic tests in Type I CNS vasculitis.

Test

Sensitivity

(%) Specificity (%)

PPV

(%) Comment

Abnormal CSF 40 37

Abnormal CSF and

biopsy

80–90

Abnormal CSF and

angiography

50–53 40

MRI 77–100 43–72 Sensitivity may be increased with the FLAIR technique, enhancement of

the leptomeninges, testing with SPECT or PET

MRI and biopsy 95–100

MRI and

angiography

75–80

Angiography 100 26 37–50 Specificity may be increased if beading is found in multiple vessels in

multiple vascular beds

Angiography and

biopsy

60

Blinded biopsy 74.4a <100 (evaluate with the

clinical picture)

MRI guided biopsy 84 90–100

aReaching 87% if the biopsy includes the leptomeninges.

The combination of normal MRI and CSF test results has a strong negative predictive value and will exclude Type I CNS vasculitis, thus obviating the

consideration for a brain biopsy (3).
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81
Autoimmune Epilepsy

Sarosh R. Irani and Bethan Lang

Abstract Epilepsy is one of the most common neurological disorders; however, an underlying aetiology remains

undetermined in the majority of cases. There is growing evidence of an autoimmune basis for a subset of epilepsies,

and a number of antibodies have now been detected in the sera of patients with epilepsy. Many of these antibodies may

not be pathogenic; however, those directed at ion channels or cell-surface receptors would be candidates in the direct

causation of the disease. An example of such an antibody is the anti-voltage-gated potassium channel antibody. Other

antibodies, such as those directed against glutamic acid decarboxylase, and neuronal gangliosides have a more uncertain

role in aetiology but have been measured in many epileptics.

Keywords Epilepsy � antibody � autoimmunity � voltage-gated potassium channel � glutamic acid decarboxylase

Introduction

Epilepsy affects around 0.5% of the population, making it
one of the most common neurological diseases. Epilepsy can
affect patients of all ages, withmany cases proving significant
therapeutic challenges. Although the clinical diagnosis of
seizure episodes has been refined over many years, only the
minority of patients can be given a specific underlying diag-
nosis to enable targeted treatment approaches. Such diag-
noses are often based upon imaging technology, which allow
the detection of underlying structural lesions such as vascu-
lar, malignant, traumatic and developmental insults. In addi-
tion, some of the remaining epilepsies are believed to have an
underlying genetic aetiology. Such specific genes include
those encoding potassium channels (benign familial neonatal
convulsions) and nicotinic acetylcholine receptors (autoso-
mal dominant nocturnal epilepsy). It is feasible to suggest
that autoantibodies bind to and modulate the function of
these and other ion channels, with a clinical phenotype simi-
lar to those produced by the genetic mutations. Hence, ion
channels and surface receptors are now being implicated in
the aetiology of autoimmune epilepsy.

Classification of Epileptic Syndromes

Many inconsistencies regarding the incidence of autoan-
tibodies arise from the epilepsy literature and may be due
to the technical and methodological differences used by

the different laboratories to detect antibodies. Addition-
ally, controversies in the systems used to classify the
epilepsies may also account for some of the confusion
encountered. Classification systems include those which
are semiology based, dealing with the phenotype of sei-
zures, or localisation-based, describing the cerebral ana-
tomical origin of the seizure. In addition, some authors
have suggested a treatment response classification for
pragmatic management reasons. Utilisation of appropri-
ate classification systems may allow for more accurate
laboratory-based investigation of epilepsy and encourage
some phenotype–antibody correlations to emerge.

Evidence for Autoimmunity in Epilepsy

Clinically, there is an increased incidence of epilepsy in many
autoimmune diseases, including systemic lupus erythemato-
sus, stiff-person syndrome (SPS) and type 1 diabetes (1).
More specifically, a number of childhood epilepsies including
Landau–Kleffner syndrome, West’s syndrome and Lennox–
Gastaut syndrome have been reported to respond well to
intravenous immunoglobulin (IVIg), and sometimes steroid
therapy. Furthermore, an HLA DR5 predisposition and
increased serum immunoglobulin levels have been noted in
Lennox–Gastaut syndrome.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_81,

� 2008 Humana Press, Totowa, NJ
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Below we discuss the main antibodies associated with
epilepsy syndromes, their antigenic targets, methods for
their detection and their likely relevance in disease patho-
genesis (see Table 81.1).

Voltage-Gated Potassium Channel
Antibodies

These antibodies were first described in the cramp fascicula-
tion syndrome/neuromyotonia (NMT) spectrum of periph-
eral nervous system disease. Voltage-gated potassium
channel antibodies (VGKCAbs) are seen in around 40% of
these patients. Later, these antibodies were found in Mor-
van’s syndrome, a rare combination of NMT with central
nervous system (CNS) manifestations, which include cogni-
tive impairment, hallucinations and autonomic disturban-
ces.Most recently, VGKCAbs have been described in other
CNSdiseases: limbic encephalitis (LE) and epilepsy, using the
same assay (2, 4). The highest titres of VGKCAbs are found
in patients with acute or subacute onset of an encephalo-
pathic disorder. Around 80% of these patients have seizures.

Autoantigen Definition

The Shaker family of VGKCs are composed of tetramers
of Kv1 alpha subunits, each one associates with a beta
subunit. In mammalian brain, the majority of Kv1 tetra-
mers contain Kv1.1, Kv1.2, Kv1.4 and Kv1.6 and regulate
the repolarisation properties of neuronal membranes.
Kv1.1may be the most important subunit in the CNS as
Kv1.1 knockout mice develop spontaneous limbic seizures
and show memory dysfunction, akin to patients with LE
(8). Three of these subunits (Kv1.1, Kv1.2 andKv1.6) bind
alpha dendrotoxin (aDTX) with high specificity. aDTX is
a neurotoxin derived from the venom from the green
mamba (species Dendroaspis).

Autoantibody Definition

The Kv1 channels are responsible for membrane repolar-
isation following the depolarisation of the presynaptic

terminal and subsequent release of neurotransmitter.
Autoantibody binding to these Kv1 channels could cause
channel dysfunction by pharmacological antagonism or by
inducing channel down regulation. The lack of functional
channels may result in prolonged depolarisation and neu-
ronal hyperexcitability. In NMT, some groups have shown
suppression of Kv1.6 currents with application of patient
IgG (9). Furthermore, passive immunisation models have
demonstrated transfer of IgG from NMT patients can
electrophysiologically mimic the clinical syndrome of
NMT (10). However, no such pathogenicity has yet been
demonstrated with sera from patients with epilepsy.

Autoantibody Detection

VGKCs extracted from mammalian brain can be radiola-
belled with I125-aDTX and employed in a radioimmuno-
precipitation assay. Briefly, serum, plasma or IgG is added
to an aliquot of I125-aDTX-labelled mammalian brain
extract and, after a suitable incubation, precipitated by
the addition of anti-human antisera and compared to the
results obtained with healthy control serum. The results
are usually reported in picomoles of I125-toxin binding sites
per litre of serum (pM). Values above 100 pM are reported
as positive, with values above 400 pM being highly sugges-
tive of CNS disease (2).

Clinical Utility

VGKCAbs can be associated with a spectrum of related
CNS disorders, presenting with isolated seizures, cognitive
impairment or a combination of the two. In a recent study
of adult-onset epilepsy, 11% of patients had detectable
VGKCAbs in their serum. Patients with higher titres were
more commonly found to have a subacute, encephalopathic
illness associated with their presentation, whilst those with
lower titres tended to have less cognitive involvement (4).
These low-titre VGKCAb-positive patients often suffered
from ‘‘drug-resistant’’ temporal lobe epilepsy, a particularly
difficult disease to manage. By analogy, patients presenting
with LE show clinical hippocampal dysfunction, manifest-
ing with amnesia and temporal lobe seizures, and

TABLE 81.1. Autoantibodies in seizure disorders.

Antibody Other associated diseases Evidence for pathogenicity Assay used to detect antibody

Anti-VGKC Neuromyotonia, limbic encephalitis,

Morvan’s syndrome

Antibody titres fall in proportion

to clinical improvements (2)

Radioimmunoassay using I125-a-dendrotoxin (2)

Anti-GAD Stiff-person syndrome, insulin-

dependent diabetes mellitus,

cerebellar ataxia

Sera from anti-GAD-positive

patients down-regulates

GABA currents (3)

Recombinant GAD65 used in

an ELISA or iodinated in a radioimmunoassay (4)

Anti-NMDA Limbic encephalitis, neuropsychiatric

lupus

Nil Transfected cell-based immunofluorescence (5).

Anti-GluR3 Rasmussen’s encephalitis. Active immunisation model (6). ELISA using recombinant peptide (6).

Radioimmunoassays have proved ineffectual in

detecting GluR3 antibodies (7).
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concurrent MRI-proven mesial temporal lobe inflamma-
tion. The majority of these patients improve dramatically
whenpromptly treatedwith corticosteroids. Seizures usually
resolve before memory impairment, and clinical improve-
ment is paralleled by a fall inVGKCAb tires (2). Thus, in the
appropriate clinical setting, VGKCAbsmay be considered a
marker for the epileptic patients who are immunotherapy-
responsive.

Glutamic AcidDecarboxylase Antibodies

Autoantigen Definition

Glutamic acid decarboxylase (GAD) is the rate-limiting
enzyme in the synthesis of g-aminobutyric acid (GABA)
from glutamate. GABA is the major inhibitory neuro-
transmitter in the CNS. GAD exists in two isoforms:
GAD 65 and 67. It is found predominantly in neurons
but also in the b-cells of the pancreas. GAD is an intracel-
lular protein, implying that antibodies against GAD
would have to access the protein by traversing the intact
cell membrane and are hence unlikely to have a pathogenic
role.

Autoantibody Definition

Anti-GAD antibodies (anti-GAD Abs) were first described
in around 40% of patients with insulin-dependent diabetes
mellitus (IDDM) and in most patients with SPS. The anti-
body titres are much lower in IDDM than in SPS. Both of
these conditions are associated with an increased risk of
seizures, suggesting an association between anti-GAD Abs
and epilepsy. Indeed, many more direct reports now exist.
One early article described acute onset of drug refractory
temporal lobe epilepsy in a young man. His seizures, refrac-
tory to multiple antiepileptic drugs, were eventually treated
successfully with steroid therapy (11). In a survey of
100 patients with epilepsy, none of the patients with general-
ised epilepsy had anti-GAD Abs. However, from the
patients with localisation-related epilepsy, 15% were anti-
GAD Ab positive and 22% of these had very high titres,
similar to SPS levels (12). By analogy with anti-VGKCAbs,
these patients had temporal lobe epilepsy. This finding was
confirmed in a larger study where high levels of anti-GAD
Abs were also associated with drug-resistant temporal lobe
epilepsy (4).

Autoantibody Detection

GAD reactivity in CNS disorders has traditionally been
detected by immunohistochemical staining of GABA-rich
regions of the brain, though this lacks specificity and
quantification. ELISA methods using recombinant GAD
protein as the immobilised antigen have been used, but

now a commercially available radioimmunoassay using
either I125- or S32-labelled recombinant GAD is available
and provides a specific and quantitative assay.

Clinical Utility

Anti-GADAbs appear in a number of diverse neurological
syndromes from SPS and epilepsy to cerebellar ataxia and
encephalomyelitis. Hence, they cannot be used without
direct reference to the clinical syndrome. Occasional
reports of low-level anti-GAD Abs in normal subjects, or
those with a strong family history of diabetes, also cloud
the utility of the assay alone. Despite these limitations,
there are data suggestive of direct antibody pathogenicity.
Cerebrospinal fluid (CSF) from a patient with high-level
anti-GAD Abs was shown to suppress GABA-mediated
transmission in cerebellar Purkinje cells (3). It was postu-
lated that, in vivo, the GAD Abs would enter the cell via
endocytosis and bind to the GAD in the cell cytoplasm,
causing disruption of enzymatic activity.

Other Autoantibodies in Epilepsy

Anti-Ganglioside Antibodies

In an early report, anti-GM1 Abs have been detected,
using ELISA techniques, in 4 of 64 of patients with epi-
lepsy: again, all had partial seizures (13). Despite this
finding not being replicated in a larger epileptic cohort
(4), some older literature does suggest that intracerebral
injection of anti-GM1 antiserum can produce seizures
in rats which may be obviated by preadsorption against
GM1 (14).

Anti-Glutamate Receptor Antibodies

Rasmussen’s encephalitis (RE) is a chronic disease with
refractory focal seizures, hemiparesis and encephalopathy.
Early studies showed that rabbits immunised with gluta-
mate receptor type 3 (GluR3), but not GluR1, 2, 5 or 6,
fusion proteins developed encephalopathy, seizures and
histopathological changes suggestive of RE (6). Since this
finding, some groups have detected antibodies to GluR3 in
sera from RE patients using ELISA. However, other
groups were unable to confirm these findings using native
protein expression techniques (7). More recent reports
describe novel antigenic targets, including the alpha7 nico-
tinic subunit (15), suggesting possible heterogeneity in RE
serology.
As with the anti-GluR3 Abs, antibodies directed against

N-methyl D-aspartate (NMDA) receptors are excellent can-
didates to modulate CNS excitability. Indeed, a number of
groups have detected antibodies against short peptide
domains of NMDA subunits in patients with isolated
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epilepsy, using ELISA or western blotting (16). More
recently, full-length NMDA heteromers have been expressed
on the surface of mammalian cells shown to specifically bind
antibodies from patients with seizures and paraneoplastic
encephalitis (5). However, the pathogenic significance of
such antibodies has not been fully investigated.

Others Autoantibodies

Antiphospholipid antibodies have been described at higher
frequencies in epileptic populations, as have antibodies
associated with coeliac disease, prompting successful treat-
ment with a gluten-free diet (17). In addition, sera from
epileptic patients have produced many as yet uncharac-
terised immunohistochemical staining patterns, using
mammalian brain sections, suggesting other CNS Abs
are pending characterisation.

Treatment and Prognosis

At the present time, only a few patients with pure auto-
immune epilepsy have been treated with immunosup-
pressive therapies. However, drawing on paradigms
from other antibody-associated CNS diseases, in parti-
cular non-paraneoplastic LE, there does seem to be ben-
efit in the use of corticosteroids as first-line therapy. This
can be supplemented with intravenous immunoglobulins
(IVIg) or plasma exchange as required. As many of the
antiepileptic ‘‘drug-resistant’’ epileptics are a particularly
difficult group to manage, the novel use of immunosup-
pression in this population may impact favourably upon
their prognosis.

Conclusions

Anti-neuronal antibodies are commonly detected in epilep-
tic patients. Many such antibodies are directed against
plausible epileptogenic targets including ion channels, such
as voltage-gated potassium channels, and receptors, for
example glutamate receptors. Although technical differ-
ences are likely to account for the discrepancies in findings
between studies, a consistent emerging finding is the pre-
sence of anti-VGKC and anti-GAD antibodies in a signifi-
cant proportion of the epileptic population. We await data
to establish the pathogenicity of these antibodies.
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82
Autoimmune Chorea

Ziv Paz, Yehuda Shoenfeld and Joab Chapman

Abstract Chorea is a movement disorder characterized by involuntary arrhythmic movement of a forcible, rapid, jerky
type. The differential diagnosis of chorea is wide and finding the specific cause can be a challenging task. Autoimmune
chorea can result from various immunological mechanisms. Sydenham chorea (SC) is a prototype of this group of
diseases but other autoimmune conditions also present with chorea. This chapter reviews the autoimmune causes of
chorea, defining diagnostic criteria based on clinical presentation and serological markers.

Keywords Chorea � movement disorder � Sydenham chorea � Chorea gravidarum � antiphospholipid syndrome � SLE

Chorea is derived from the Greek word for dance. Chorea
refers to involuntary arrhythmic movements of forcible,
rapid, jerky type. The movements may be simple or quite
complex. It is important to appreciate the difference
between chorea and myoclonus, which present as a faster
involuntary movement, involving single or several muscles
or part of a single muscle.

Diseases characterized by chorea are listed in Table 82.1.
Huntington chorea is a well-known disease presenting with
chorea; the gene mutation was located to chromosome 4.
However, the scope of this chapter is to discuss the
acquired autoimmune etiologies for chorea.

Epidemiology

A review published by Piccolo and colleagues (1) describes
the frequency of different causes of chorea. Of 23 cases
admitted with chorea to two general hospitals, 5 were drug
induced, 5were AIDS related, and 6were due to stroke.
Sydenham chorea (SC) and arthritis were each found in
one case. In four cases the etiology was not determined and
only one patient had Huntington chorea.

Pathogenesis

The anatomic basis of chorea is inconsistent. In Hunting-
ton chorea, the involvement of the caudate nucleus and
putamen is well established. Yet it is not uncommon to

observe lesions in these regions, such as old infarcts with-

out chorea. Beyond a general dysfunction of the striatum,

the precise localization of lesions in SC and other choreic

diseases need to be determined.

TABLE 82.1. Diseases characterized by chorea.

Inherited disorders

Huntington disease

Benign hereditary chorea

Neuroacanthocytosis

Dentatorubropallidoluysian atrophy

Wilson disease

Rheumatic chorea

Sydenham chorea

Chorea gravidarum

Drug-induced chorea

Neuroleptic

Oral contraceptive

Phenytoin

L dopa and dopamine agonist

Cocaine

Chorea and systemic diseases

Systemic lupus erythematosus

Antiphospholipid syndrome

Thyrotoxicosis

AIDS

Paraneoplastic

Polycythemia vera

Stroke

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_82,

� 2008 Humana Press, Totowa, NJ
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Rheumatic Chorea

Two clinical entities are considered under this title: SC and
chorea gravidarum.

Sydenham Chorea

SC is also known as St. Vitus dance, St. Johannis chorea,
chorea minor, and rheumatic chorea. SC is a major man-
ifestation of acute rheumatic fever and the most common
cause of acquired chorea in childhood.

Epidemiology

The incidence of rheumatic fever and SC have declined
significantly since the introduction of antibiotic treat-
ment for streptococcal pharyngitis. However, SC is still
common in developing countries and in untreated
patients with rheumatic fever. In the United States,
chorea complicates 18–36% of cases with rheumatic
fever (2, 3). The average age at presentation is between 5
and 13with female preponderance. Familial predisposi-
tion was described in the old literature (4).

Pathophysiology

SC is strongly associated with group A streptococcal infec-
tion. This condition is thought to be a result of autoanti-
bodies directed originally against the pathogen antigenic
component but eventually cross-react with the host
antigen.

This phenomenon is called molecular mimicry. Antibo-
dies against N-acetyl-b-D-glucosamine (NABG), a carbo-
hydrate antigen of group A streptococci, are considered to
be the mediators that lead to the different clinical manifes-
tation of acute rheumatic fever. When these antibodies
bind to lysoganglioside on the neuronal cell surface (5)
and/or interact with the intercellular motor protein tubulin
(6), chorea is induced. Involvement of different structures
in the basal ganglia is supported by neuropathological (7)
and MRI studies (8).

Clinical Manifestation

Classically chorea appears months after streptococcal
pharyngitis (not associated with streptococcal skin infec-
tion) and often associated with hypotonia, emotional labi-
lity and regression in school performance.

The chorea typically starts with the hands but evolve to
generalized involvement of face and feet; 20% of patients

remain with hemichorea. Motor abnormalities distributed
to the face, tongue, and eyes are well documented. Hypo-
tonia can be severe.
Psychiatric symptoms range from crying and restless-

ness to increase association with obsessive-compulsive dis-
order (9) and attention deficit hyperactivity disorder
(ADHD) (10). Chorea can be the only symptom of the
rheumatic disease, but clinical carditis (28%), echocardio-
graphy carditis (63%), and arthritis (17%) are frequently
present.

Diagnostic Criteria (Table 82.2)

SC is a clinical diagnosis. There are no specific blood or
cerebrospinal fluid (CSF) tests for this diagnosis.
Chorea is a symptom of many diseases and it is impor-
tant to rule in or out other etiologies (Tables 82.1 and
82.2). Because the neurological and psychiatric manifes-
tations are not specific, other criteria should be
considered.

Evidence of Streptococcal Infection

Throat cultures are usually negative and the proof for
streptococcal infection depends on the presence of specific
antibodies. A rise in antistreptolysin O (ASLO) titer is seen
on 80% of cases, with peak levels detected 4–5weeks after
the acute pharyngeal infection, weeks or months before the
presentation of chorea. Anti-DNAse B is more sensitive
marker and is elevated for a longer time; in one study (11) it
was found positive in 98% of patients.

Cardiac Involvement in Sydenham’s
Chorea (12)

Only in 23% of patients with SC, carditis is detected clini-
cally or by auscultation. Echocardiography helps to detect
silent valvular disease in additional 40% of patients.

TABLE 82.2. Diagnostic criteria for Sydenham chorea.

1. Chorea (100%)

2. Evidence of streptococcal infection:

–ASLO titer (76%)

–Anti-DNAse B (98%)

3. Carditis

–Auscultation findings (23%)

–Echocardiographic findings (63%)

4. Exclusion of other possible etiologies (Table 82.1)

–Serum copper

–Ceruloplasmin

–ANA

–Family history (Huntington disease)
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Prognosis

SC is a self-limited condition; the improvement is gradual
with a mean duration of 3–6months; sometimes it takes
more than 2 years. The treatment is reserved for severe
cases with a significant motor impairment.

Treatment

There are no controlled studies; however, the drug of
choice is valproic acid (13). There are a number of reports
on other antiepileptics and pimozide (dopamine receptor
antagonist). Steroids are reserved for refractory, severe
cases. There are anecdotical reports of the successful use
of plasma exchange and IvIg (14). Antibiotic therapy with
penicillin is recommended for at least 10 days in all cases.
Antibiotic prophylaxis with penicillin should be continued
until adulthood.

Chorea Gravidarum

The first description in the literaturewas cited in the name of
Horstius in 1661; the first review was published by Wilson
and Preece (15). Chorea gravidarum is a description of
chorea from any cause which appears during pregnancy
months. The most common causes are rheumatic fever and
antiphospholipid syndrome (APS), but one should consider
other causes of chorea (Table 82.1). The second trimester
and the postpartum period are the most susceptible times;
the treatment is directed to the underlying etiology.

Autoimmune Diseases and Chorea

Movement disorders are seen in less than 5% of patients
with systemic lupus erythematosus (SLE). There is a strong
association with antiphospholipid antibodies in these
patients (16). Chorea is the most common movement dis-
order in SLE patients, treatment should be hold unless
there are other indications for treatment, as chorea is a
self-limited symptom.

Chorea is also seen in APS. When chorea develops dur-
ing pregnancy (chorea gravidarum), after delivery or
induced by oral contraceptive, one should consider the
possibility of APS and look for the existence of antipho-
spholipid antibodies.

In 50patients with APS (17), most (66%) presented with
one episode of chorea. CT and MRI reported cerebral
infarcts in 35% of patients. Patients respond to variety of
medications including steroids, haloperidol, antiaggregants,
anticoagulants, or combination of therapy and of course to
oral contraceptive discontinuation if this was the cause.

Autoimmune chorea has also been reported in the con-
text of paraneoplastic syndromes associated with anti-Hu

and anti-CRMP5 antibodies in rare cases with small cell

lung carcinoma (18, 19).
AIDS has emerged as a significant cause of chorea (1).

The common causes are focal involvement of basal ganglia

with toxoplasmosis, lymphoma, and progressive multifo-

cal leukoencephalopathy (PML), but in increasing number

of instances the cause remains obscure and underlying
autoimmune mechanism is suggested.
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83
Autoimmune Sensorineural Hearing Loss

Aharon Kessel and Elias Toubi

Abstract Autoimmune sensorineural hearing loss (ASNHL) is typically presented by a bilateral rapidly progressive
hearing loss that may also occur suddenly. Both autoantibodies and autoreactive T cells have been implicated in the
etiopathogenesis of ASNHL. However, the identity of a specific or highly relevant inner-ear self-antigen is still required.
A definite diagnosis of ASNHL is usually made by excluding ototoxicity, and other factors that mimic ASNHL but most
importantly by demonstrating a good therapeutic response to corticosteroid treatment.

In this chapter, we will summarize many of the current studies that have established the idea of ASNHL being
autoimmune in many cases. Also, we will address the need for specific diagnostic tools to better classify/diagnose this
entity. These tools may lead to the development and application of immuosuppressive therapies to prevent the
deterioration of hearing loss and could possibly prevent the requirement for cochlear implantation.

Keywords Hearing loss � autoimmunity � anti-phospholipid antibodies

Introduction

Sudden or progressive sensorineural hearing loss (SSNHL/
PSNHL) is a pathology characterized by the sudden onset
or progressive (over several months and some times days/
weeks) of auditory impairment. It is considered idiopathic
in most cases, but may have genetic or acquired factors
such as viral infections, vascular diseases, ototoxic drugs

and autoimmune diseases.
The possibility that part of the previously considered

idiopathic SSNHL or PSNHL were autoimmune in origin
was first noted by Lehnhardt in 1958. He reported a
patient, in whom progressive hearing loss became bilateral
when auditory deficit occurred in one ear in the past. He
suggested that degeneration of inner-ear tissues in one ear
led to the production of anti-cochlear antibodies that even-
tually damaged the second ear. This assumption challenged
the theory of the inner ear being an immunologically
privileged site due to a blood–labyrinthine barrier.

Further support for this assumption was derived from a
seminal study by McCabe (1), in which immunosuppres-
sive therapy with corticosteroids and cyclophosphamide
improved PSNHL rapidly. He and others believed that
autoimmune SNHL (ASNHL) is mediated by inner-ear
specific autoreactiveT cells.However, other studies provided

evidences for a humoral (autoantibody)-mediated response

against inner-ear antigens (2).
The recognition of autoimmunity in patients with

SSNHL and PSNHL was supported by the following:
(a) Sera of these patients contain reactive autoantibodies

against different inner-ear proteins such as those of 28, 42

and 68 kDa (3). (b) Disease-related autoantibodies such as:

anti-dsDNA, anti-thyroid (ATA), anti-cardiolipin antibo-

dies (aCL) and rheumatoid factor (RF) were detected in

sera of these patients. (c) Many trials have shown that

prompt administration of corticosteroids and/or

Methotrexate double the likelihood of hearing recovery.

(d) Inner ear damage has been developed in animal models

after immunization with heterologous cochlear antigens

and immune adjuvant. (e) Inner ear pathology was

documented to be part of the SLE-like phenomena,

known to develop spontaneously in the MRL-lpr/lpr

mice. (f) Increased infiltration of both CD4þ and CD8þ
T cells were observed in patients who were highly sus-

pected to have ASNHL.
Sudden SNHL and PSNHL were also described as a

result of microthrombosis and in association with antic-

ardiolipin antibodies, suggesting that this organ-specific

defect could be a presenting symptom of a primary

anti-phospholipid syndrome. In this chapter, we will
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summarize the data related to the autoimmune origin of
PSNHL and SSNHL, and discuss the need for a standar-
dized evaluation of such patients, such as the creation of
some diagnostic criteria that could improve the ability to
decide when and how to treat these patients.

T-Cell Mediated Autoimmunity in SNHL

A role for autoreactive T cells in the pathogenesis of
PSNHL was reported two decades ago by McCabe (4).
He reported on leukocyte migration inhibition (LMI) in
response to inner-ear membrane in activated PBMC from
54 patients in whom ASNHL was suggested. The LMI

assay used to be acceptable for measuring the ability of
activated antigen-specific T cells to prevent macrophage
migration in vitro. This assay is not used currently, but at
the time it was in use it indicated that T-cell responses to
inner-ear antigens should be considered when pathogen-
esis of SNHL is studied.

In another previous study by Hughes et al. (5), he impli-
cated T-cell autoreactivity in ASNHL by demonstrating
that PBMCs from these patients developed proliferative
responses when incubated with human inner-ear
homogenate. In this study, it was shown that PBMC
from 13 of 58 (22%) patients with unilateral or bilateral
SNHL responded to human inner-ear antigens. In com-
parison, PBMC proliferation to the same antigens was
demonstrated in only 1 of 15 (7%) normal control subjects.
Later, the flow cytometer assay was used to analyze intra-
cellular cytokine levels in peripheral blood from
19 patients with PSNHL and in 26 patients with Meniere’s

disease (MD), compared with that obtained from age and
gender-matched healthy volunteers (6). The patients with
PSNHL showed significantly increased levels of Th1 sub-
sets (Interferon-gamma producing T cells) when compared
with those in normal controls. The patients with MD
showed significantly increased natural killer (NK) cell
activity but no Th1 dominance. These results were further
proofs for the role of T-cells and NK cells in the develop-
ment of ASNHL.

In accordance with the above, it was shown by
ELISPOT analysis that compared with normal hearing
age-and sex-matched control subjects, ASNHL patients

have significantlyhigher frequencies of circulatingTcells pro-
ducing either IFN-gamma (p = 0.0001) or IL-5 (p = 0.03)
in response to recombinant human cochlin (7). In some
patients, cochlin responsiveness involved both CD4þ and
CD8þ T cells, whereas other patients showed cochlin
responsiveness confined to CD8þ T cells. In this regard,
the efficacy of tumor necrosis factor-alpha blockade in
treating patients with ASNHL was shown by demonstrat-
ing the arrest of hearing loss, pointing to the beneficial
effect of targeting cellular immunity in patients with
ASNHL (8).

The inner ear-specific proteins cochlin and beta-tectorin
were shown to be capable of targeting experimental
autoimmune hearing loss in mice (9). Five weeks after
immunization of SWXJ mice with either Coch 131–150
or beta-tectorin 71–90, auditory brainstem responses
showed significant hearing loss at all frequencies tested.
Flow cytometry analysis showed that each peptide selec-
tively activated CD4þ T cells with a proinflammatory
Th1-like phenotype. The adoptive transfer of peptide-
activated CD4þ T cells into naı̈ve SWXJ mice was
followed by a significant hearing loss, providing a
confirmation that ASNHL is a T-cell-mediated organ-
specific autoimmune disorder.
The expression of Fas ligand (FasL) in some non-

lymphoid tissue, as in the anterior chamber of the eye,
has been hypothesized to play a role in protecting the
sensitive organs from activated T-cells. Bodmer et. al.
(10) showed that under resting conditions, cochlear cells
express little or no Fas L. However, FasL was upregulated
in adult cochlear cells after induction of a sterile labyr-
inthitis in vivo. The induction of FasL by inflammation
may serve to limit cochlear immune responses and protect
sensorineural tissue from immune and autoimmune
damage. Thus defects in FasL expression could facilitate
the induction of autoreactive T-cell response and the
development of ASNHL.
A summary of T-cell-mediated autoimmunity is shown

in Figure 83.1.

Humoral (Autoantibody) Response in SNHL

Various non-specific autoantibodies such as anti-nuclear
antibodies (ANAs), anti-neutrophil cytoplasmic antibo-
dies (ANCAs) and anti-endothelial antibodies (AEAs)
were widely reported in patients with ASNHL. These
antibodies were suggested to function as cross-reacting
antibodies that could possibly recognize inner-ear
proteins. However, looking into the autoantigens’ origin
in ASNHL, many specific antigens were proposed to play a
role in this organ-specific autoimmune disease (Table 83.1).
The inner ear (namely the endolymphatic hydrops)
was already shown in earlier studies to contain several
inner-ear antigens, against which specific IgG was
frequently found in the sera of both SSNHL and PSNHL
patients (11).
In a further attempt to identify the main target antigens

for autoantibodies reactive against guinea pig inner-ear
proteins, sera from 110 patients with a clinical diagnosis
of either PSNHL (n= 32), MD (n= 41), SSNHL (n= 6)
or other aetiologies of hearing loss (n= 11) were screened
by Western blot technique (12). Forty-four percent of the
patients’ sera had antibodies to several inner-ear proteins, of
which the 30, 42 and 68kDa proteins were found the most
reactive. These proteins were demonstrated to be the major
peripheral myelin protein PO and the beta-actin protein,
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respectively, while sequence analysis indicated that the 68-

kDa protein was novel.
Furthermore, the presence of IgG antibodies against PO

antigens in patients affected by sudden hearing loss and
MDwas evaluated in amost recent study (13). Specifically,

the PO positive bandwas detectable in 5 of 45 patients with

unilateral auditory impairment and in 5 of 5 of those with

bilateral forms. AmongMDpatients, the PO positive band

was detectable only in those with bilateral audio-vestibular
impairment (n = 10). The positive reactions to PO in all

bilateral sudden deafness patients found in this study

strongly indicate that these pathologies are the result of

an ongoing autoimmune process directed against specific

antigens of the inner ear.

Harris and Sharp were the first to use Western blot
analysis of serum from patients with bilateral PSNHL to
report on the presence of non-specific autoantibody direc-
ted against a 68-kDa (heat-shock protein-70) inner-ear
antigen (14). The role of these antibodies in the develop-
ment of ASNHL was repeatedly shown by others. Math-
ews et. al. (15) presented a series of patients with clinically
suspected autoimmune hearing loss in whom the presence
of antibodies against bovine heat shock protein 70 (one of
the many cross-reacting proteins against the inner ear in
these patients) was a marker for the response to steroid
treatment.
Aiming to identify whether evaluation of anti-hsp70

antibodies is an accurate diagnostic tool in patients
affected by ASNHL, a most recent prospective study was
designed in which all patients with a consistent suspicion of
ASNHL, anti-hsp70 antibodies was determined (16).
Anti-hsp70 antibodies were isolated in 52% of the study
group patients, and in only 4% of the control group
(p < 0.01). This study confirms the value of the anti-hsp70
test in the serological diagnosis of autoimmune hearing loss
and suggests that this is the only available diagnosticmarker
that identifies an autoimmune origin of hearing loss.

SNHL and the Anti-phospholipid Syndrome
(APS)

As in cutaneous and retinal manifestations of APS, it has
long been suggested that a disturbed microcirculation
caused by thrombosis is responsible for the development
of SHNL. Measurement of the levels of anti-cardiolipin
(aCL) antibody, lupus anticoagulant, and anti-b2 GP1 are
performed in order to establish the diagnosis of APS in the
appropriate clinical setting.
The syndrome and its manifestations can be primary (no

other autoimmune disease co-exist) or secondary (systemic
lupus erythematosus being the most common associated
autoimmune disease). In 1997, we reported our results on
the presence of aCL in the sera of patients with SNHL (17).
Low to moderate positive aCL to one or both IgG/IgM
isotypes were found in 8 of 30 (27%) patients, whereas

TABLE 83.1 Summary of relevant autoantibodies in ASNHL.

Non-specific autoantibodies

Autoantibody Target Association Reference

ANA Nucleus Bilateral SNHL (4, 5)

ANCA Neutrophils Progressive SNHL (19)

Anti cardiolipin Phospholipids Sudden SNHL (17, 18, 20)

Specific autoantibodies

Antigens Specificity Association Reference

30–42 kDa Inner-ear proteins Bilateral SNHL (12)

PO antigens and beta-actine Inner-ear proteins Progressive SNHL (13)

68 kDa Heat-shock protein Steroid-responsive SNHL (14, 15)

a.

ANCA
anti PO 

anti
Cardiolipin

anti hsp-70

b.

IFNY

Fas

FasL

Fas

FasL

Activated

FIGURE 83.1. (a) Cochlear tissues are attacked by autoreactive T

cells:Over production of IFN-gamabyCD4þ, cytotoxic activity of
CD8þ cells due to the attenuation of Fas-L expression on cochlear

membranes and the inability of eliminating T-cell invasion into

inner ear tissues. NK cell activity via Fas-FasL pathway. (b) The
wide range of autoreactive antibodies against inner ear antigens

and also cross-reacting autoantibodies against other self-antigens.
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none was detected in the healthy controls. In 1998, Heller
et. al. (18) studied the incidence and clinical relevance of
antibodies to phospholipids in patients with sudden
deafness (n = 55) and progressive inner ear hearing loss
(n = 80). Anti-phospholipid antibodies were demon-
strated in 49% of the patients with sudden hearing loss
and 50% of the patients with progressive hearing loss.
Both of these studies, though they reported the association
between SNHL and the existence of aCL, did not investi-
gate their persistency over time. Whereas autoimmune
aCL is of persistent character and mostly seen in conjunc-
tion with anti b2 glycoprotein-I antibodies (anti b2 GP1),
transient aCL, in the absence of anti b2 GP1, was reported
to be the result of viral infections.

Recently, we assessed 51 patients whomet the diagnostic
criteria of SNHL in an extended study. We found low to
moderately positive titers of aCL in 16 patients (31%)
compared with 2 (6%) in the healthy controls. Six patients
(12%, all aCL positive) were also positive for anti-b2 GP1.
Three months later, positive aCL persisted in 7 (14%)
patients, four of whom were also positive for anti-b2
GP1. This was consistent with the knowledge that anti-b2
GP1 antibodies are more specifically associated with
thromboembolism, thus considering some cases of SNHL
to be part of primary APS (19).

In another recent study,Mouadeb et. al. investigated the
possible association between anti-phospholipid antibodies
and SNHL of unknown origin in a cohort of 168 patients
(20). Forty-two patients (25%) had at least one elevated
anti-phospholipid antibody marker. Twenty patients had
two or more positive test results. Of the 42 patients, 64%
(n = 27) met the diagnostic criteria for MD, and the
remainder were diagnosed with idiopathic SNHL. Within
this group of patients, 24 (57%) had unilateral hearing
loss, and 18 (44%) had bilateral hearing loss. These data
further support the hypothesis that anti-phospholipid anti-
bodies are involved in the pathogenesis of some forms of
inner ear dysfunction, presumably by causingmicrothrom-
bosis in the labyrinthine vasculature.

Antiphospholipid antibodies may activate endothelial
cells within the cochlear circulation, directly or by inducing
the formation of free radicals that cause damage to the
endothelium. These upregulated endothelial cells would
initiate local microthrombous formation and subsequent
ischemia to the inner ear. In these cases, treatment is
directed toward preventing thromboembolic events. Of
these medications, only warfarin has been shown to be
beneficial in achieving anti-thrombotic effect. However,
it is also accepted that steroid therapy, in addition to its
anti-inflammatory effect, may also protect neural tissues
from ischemic injury, stabilize the vascular endothelium,
and restore the blood–brain barrier to normal. Although
anticoagulant therapy was reported to be useful in some
patients with SSNHL, it can not become a routine regimen
in the absence of histological or imaging tools to

demonstrate microthrombosis in the inner ear of patients
with SNHL. Thus, future studies should establish clear

standard approaches regarding the need to start with

anti-coagulation therapy in patients who were admitted

with SSNHL or PSNHL.
The wide range of autoantibodies in patients with

ASNHL is summarized in Figure 83.1b

Treatment of ASNHL

Many trials have shown that prompt administration of

corticosteroids can double the likelihood of recovery of

hearing loss, especially when the pathology is strongly

suspected to be of autoimmune origin. In this regard,

Loveman et. al. (21) analyzed the disease progression and

treatment outcome of ASNHL by retrospective chart

review of 30 patients. All subjects were tested for

anti-68 kDa antibody, and had audiometric evidence of
hearing loss, and were treated with glucocorticoids. Ninety

percent of subjects tested positive for anti-68 kDa antibo-

dies. By audiometric testing, 50% of subjects were steroid-

responsive; minimal improvement or no change was

recorded in 12%, and worsening occurred in 39% after
steroid therapy. The three anti-68 kDa antibody-negative

subjects were steroid unresponsive, and one progressed to

complete deafness. The authors concluded that this series

of patients with ASNHL suggests a more variable and

benign course with a better prognosis than that previously

reported.
In accordance with the above, it was shown that the

antibody to 68-kDa protein was significantly associated
with hearing improvement after corticosteroid therapy

(22). Patients in whom serum was positive to the presence

of these antibodies were nearly three times more likely to

experience improved hearing with corticosteroid treatment

than those who were serum negative. Thus, antibodies to

inner-ear supporting cell antigen may have value in diag-

nosis and treatment of patients with ASNHL.
Recent studies focused on more advanced therapeutic

regimens for treating special cases of ASNHL. Therapeutic

cochlear microperfusion, performed within the first

24 hours of developing severe hearing loss, immediately

restored on average 24 dB (p < 0.007) of hearing. This

suggests that cochlear microperfusion is a promising new
technique for treating severe deafness caused by inflamma-

tion. The benefit may be sustained when combined with

local delivery of immunosuppressive agents to the inner

ear. In this regard, it was reported that local perfusion of

the tumor necrosis factor-alpha blocker infliximab to the

inner ear improves ASNHL. Transtympanic delivery of

infliximab once weekly for 4weeks allowed steroids to be
tapered off, resulted in hearing improvement and reduced

disease relapses.
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Criteria for the Diagnosis of ASNHL

A definite diagnosis of ASNHL is possible when the
following is available:

1. Progressive bilateral hearing loss occurs together with
other symptoms of autoimmune diseases such as arthri-
tis and skin vasculitis.

2. The presence of one or more of autoantibodies such as
anti-hsp-70 antibodies, anti-nuclear, anti-neutrophil
cytoplasmic antibodies, anti-endothelial cell, and anti-
cardiolipin antibodies.

3. The prompt response to immunosuppressive (corticos-
teroids/cytotoxic) therapy.

A probable diagnosis of ASNHL could be suggested when
two of the above is available.

Concluding Comments

A better understanding of the autoimmune character of
SNHL, and the need for specific diagnostic assays, may
lead to better application of immunosuppressive therapies
for preventing the progression of hearing loss, which may
be profound and require cochlear implantation. The estab-
lishment of worldwide accepted criteria for the definite
diagnosis of this entity could provide us with the tools to
define the prevalence of ASNHL.
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84
Autoimmune Retinopathies

Joan Giralt and Alfredo Adan

Abstract Autoimmune retinopathies (ARs) are uncommon ophthalmic disorders in which autoantibodies directed
at various retinal components damage the retina causing progressive vision loss. In most cases, an evaluation
reveals an underlying malignancy, placing this condition in the category of paraneoplastic retinopathy (PR)
syndromes. Specific forms of PR that have been identified include cancer-associated retinopathy (CAR) and
melanoma-associated retinopathy (MAR). In rare cases, no such malignancy is found, and the patients are
considered to have AR. Diffuse photoreceptor degeneration of both cones and rods are present with or without
any inflammation. Symptoms usually present bilaterally, and rarely sequentially, over a period of several weeks or
months before the underlying malignancy is diagnosed. The diagnosis is made on a high index of suspicion based
on the clinical findings.

Keywords Autoimmune retinopathy � cancer-associated retinopathy � melanoma associated retinopathy

Autoimmune retinopathies (ARs) are uncommon ophthal-

mic disorders in which autoantibodies directed at various

retinal components damage the retina causing progressive

vision loss. In most cases, an evaluation reveals an under-

lying malignancy, placing this condition in the category of

paraneoplastic retinopathy (PR) syndromes. Specific

forms of PR that have been identified include cancer-

associated retinopathy (CAR) and melanoma-associated

retinopathy (MAR). In rare cases, no such malignancy is

found, and the patients are considered to have AR.

Epidemiology

In general, PR and AR are uncommon disorders; their

exact prevalence is unknown. Its incidence is equal

among women and men, except in MAR, where men are

more commonly affected (1). It usually affects older adults.

When the retinopathy is associated with cancer, the most

common disorders are small-cell lung cancer, gynaecolo-

gical and breast cancer, melanoma, lymphoma, pancreatic,

prostate, bladder, laryngeal, or colon cancer (2, 3). CARs
are the most common type of paraneoplastic syndrome
seen (4).

Pathologic Features

Diffuse photoreceptor degeneration of both cones and

rods are present with or without any inflammation (5).

Scattered melanophages in the outer retina can also occa-

sionally be seen. Ganglion cells in the inner retina, the

optic nerve, and the geniculocalcarine pathway are all

spared. Ganglion cell trans-synaptic atrophy, a marked

decrease of bipolar neurons in the inner nuclear layer

with normal photoreceptors cells in the outer nuclear

layer, can be seen in MARs (6).
Cross-reactivity between cancerous and retinal proteins

is responsible for initiating the immune-mediated cascade

of events that ultimately leads to photoreceptor degenera-

tion. The first and most commonly identified antibody in

patients with CAR is directed toward recoverin, a 23-kDa

retinal protein that some tumour cells also express (7). In

addition to recoverin, the second most common autoim-

mune retinal antibody is enolasa (46-kDa), followed by a

45-kDa and a 60-kDa protein (8). Patients withMAR have

immunoglobulin G (IgG) autoantibodies that react with

human rod bipolar cells (9). Antibodies directed against
the 35-kDa retinal Müller cell layer have been found

in some patients with AR (10). The presence of anti-

recovering antibody is not specific for the diagnosis of
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CAR. Antibodies against recoverin and other retinal anti-
gens of different molecular weights have been found in a
wide spectrum of ARs, even in retinal degenerative dis-
eases, such as retinitis pigmentosa (11).

Clinical Manifestation

Symptoms in both PR and AR are similar (Table 84.1).
Signs and symptoms can vary depending on the retinal
elements that are affected. CAR affects both rods and
cones, MAR affects only rods, and AR affects Müller
cells (12). Symptoms usually present bilaterally, and rarely
sequentially, over a period of several weeks or months
before the underlying malignancy is diagnosed (8). MAR
commonly presents after the melanoma is diagnosed, often
at the stage of metastases (1). Individuals with cone dys-
function have photosensitivity, prolonged glared after
light exposure (hemeralopia), reduced visual acuity, and
loss of colour vision. Individuals with rod dysfunction
have difficulty seeing in dim illumination (nyctalopia),
prolonged dark adaptation, and peripheral field loss. In
either case, positive visual phenomena are often promi-
nent, including flashing lights, flickering, smoky or swir-
ling vision, and other entoptic symptoms. Some patients
report transient dimming of vision, whichmay bemistaken
for retinovascular disease. They may even report that their
vision is better if they wear dark sunglasses (13).

Examination findings are variable. Patients with CAR
usually have prominent involvement of central vision,
resulting in markedly decreased visual acuity, loss of col-
our vision, and central scotomas. In some cases, visual
field testing shows paracentral scotomas that progress to
classic ring scotomas. Photostress recovery times are typi-
cally prolonged. In contrast, patients with MAR often
have near-normal visual acuity, colour vision, and central
visual fields, at least at presentation. Peripheral or mid-
peripheral field loss can usually be demonstrated (6, 14).

Fundus findings at presentation are often normal. How-
ever, characteristic changes occur over time and include
attenuation of the arterioles, with thinning and mottling of
the retinal pigment epithelium (RPE) (15). In occasional
cases of CAR orMAR, vitreous cells, arteriolar sheathing,
and periphlebitis may be present, particularly late in the
course of the disease.

Fluorescein angiography is often performed to exclude
other entities as potential causes of vision loss. Findings
are usually normal, but in occasional cases, fluorescein
angiography may demonstrate mild peripheral vascular
leakage consistent with vasculitis.

The findings from full-field (Ganzfeld) electroretino-
gram (ERG) are almost always abnormal; specific findings
depend on the predominance of cone versus rod dysfunc-
tion. Patients with CAR usually have absent cone
responses. Findings in MAR include a markedly reduced

or absent dark-adapted b-wave, which indicates bipolar
and Müller cell dysfunction. Multifocal ERG (MERG)
may be useful in select cases in which visual field loss is
localized (16). In addition, some authors have usedMERG
to quantify the loss of electrical activity and to correlate
this finding with results of Goldmann perimetry (8).

Diagnosis

The diagnosis is made on a high index of suspicion based
on the clinical findings. Early in the course of the ophthal-
mic diseases, findings on retinal examination may be nor-
mal, which makes diagnosis difficult. The initial workup
includes a full assessment of the patient’s visual function,
including colour vision and visual field testing. Goldmann
perimetry is preferred because it readily tests the peripheral
field. Full-field ERG is crucial for localizing the disease
process to the retina and for further defining the retinal
layers involved (17).
A definitive diagnosis of CAR or MAR requires the

demonstration of antiretinal antibodies (Table 84.2).
Results of such laboratory testing are not always defini-
tive. On occasion, individuals without clinical evidence of
retinopathy have these antibodies, and, in some cases of
presumed CAR, the antibodies cannot be identified with
current techniques.
In any patient with suspected CAR and without a

known malignancy, a chest radiograph should be obtained
(Table 84.3). If the result is normal, a CT scan of the chest
is appropriate. Additional imaging studies for a possible
primary neoplasm include CT of the abdomen and pelvis,
mammography (for women), and total body positron
emission tomography (PET) (15).

Differential Diagnosis

Acute or subacute unilateral or bilateral vision loss with a
normal-appearing fundus suggests the possibility of retro-
bulbar optic neuropathy. Specific entities include compres-
sive orbital and intracranial lesions, demyelinating
diseases, ischaemia, toxicity, and hereditary disorders. In
the ideal case, the clinical findings are sufficiently distinc-
tive to distinguish optic nerve disease from retinal disease
and therefore obviate extensive neurological testing.
Hemeralopia or nyctalopia, positive visual phenomena,

prolonged photostress times, and ring scotomas all suggest
the possibility of retinal disease, even in the absence of
funduscopic abnormalities, and prompt electrophysiologi-
cal studies.
Patients with cancer-associated cone dysfunction have

bilateral central vision loss with poor colour vision and
central scotomas. These findings are also compatible with
toxic-nutritional optic neuropathy or hereditary optic
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neuropathy. MERG should be effective for distinguishing
optic neuropathy from maculopathy in these patients.

Metastatic disease as the cause of the vision loss should
include contrast-enhancedMRI of the head and orbits and
lumbar puncture for cytological examination. It may be
due to infiltration of cancerous cells around the optic
nerve. Some chemotherapeutic agents, such as vincristine
and carmustine, can cause optic neuropathy. Patients
who have received cranial radiation are also at risk of
vision loss.

Bilateral diffuse uveal melanocytic proliferation is a
possibility in cancers originating from the reproductive
tract, retroperitoneal zone, or lungs. Patients with this
proliferation develop an orange pigment deposit at the
level of the RPE, shown as a diffuse pattern with
round areas of hyperfluorescence on fluorescein angiogra-
phy. These patients usually develop non-pigmented
tumours of the iris, cataracts, and exudative retinal
detachments (18).

Once it is clear that the patient’s vision loss is due to
photoreceptor dysfunction, the differential diagnosis is
narrowed to paraneoplastic syndromes, hereditary photo-
receptor degeneration (e.g., cone dystrophy, retinosis pig-

mentosa), and toxic retinopathy. Patients should be
questioned regarding the use of potential retinal toxins,
such as chloroquine or hydroxychloroquine.

Cases of acute zonal occult outer retinopathy
(AZOOR) are occasionally confused with PR. The no

seeing areas are sharply demarcated from the surround-
ing areas, the involvement is usually unilateral, and the
disease has a predilection for the peripapillary area.

Full-field ERG is generally normal, in distinction from
PR in which ERG findings are markedly attenuated or

flat early in the course of the disease. MERG demon-
strates the abnormality well.

Therapy

Treatment of the underlying malignancy, steroid ther-
apy, plasmapheresis, and administration of intravenous
immunoglobulin are disappointing over all. Corticoster-
oids have been shown to decrease antibody titers in
patients with CAR, but they do not reverse vision loss
(19). These results may suggest that if the photorecep-

tors sustain sufficient damage, visual function is perma-
nently altered. Current research involves methods
of blocking antibody-mediated apoptosis by means of

changes in intracellular calcium, and activation of
recoverin-specific antitumour cytotoxic T lymphocytes.

Another promising therapy involves autologous tumour
cells transfected with interleukin-2 genes that are used as
a vaccine to generate an immune response against the
tumour cells (20).
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85
Autoimmune Uveitis

Francisco Assis de Andrade, Ivan Foeldvari and Roger A. Levy

Abstract Autoimmune uveitis (AU) is an important cause of blindness and should be diagnosed as early as possible and

efficiently treated in order to avoid it. It can be due to an isolated type of autoimmune reaction against the uveal

components, or be related to or precede a known systemic autoimmune disease. A diagnosis of a systemic autoimmune

disease should be investigated and the patient’s treatment should be tuned in accordance with the other organs involved.

The autoimmune diseases where uveitis is most commonly seen are spondyloarthrophaties, inflammatory bowel

disorders, juvenile idiopathic arthritis and Behçet’s disease.

Keywords Uveitis � ocular inflammation � spondyloarthrophaties � Behçet’s disease

Definition

Autoimmune uveitis (AU) is as an inflammatory process

related to the presence of autoantibodies against the uvea,

which constitutes the middle layer or vascular portion of

the eye. The uvea encompasses the iris, the ciliary body and

the choroid. During the pathogenic process of an AU,
other ocular structures are also involved, such as the

retina, the vitreous body and the optic nerve. This occurs

due to the proximity of the ocular layers, which are in fact

inseparable during the inflammatory process. Type 1

collagen a2 antigen has been identified as a target for
autoimmune response in experimental AU in rodents (1).

AU is an important cause of blindness all over the world.

The suspicion of uveitis requires a prompt referral to an

ophthalmologist, combined with an urgent diagnostic

workup in order to treat and control the inflammatory

process.

Clinical Picture and Classification

The clinical manifestations of the AU vary in accor-

dance with the involved region of the eye. Therefore,

the different types of AU are classified in accordance

with the anatomic location of the inflammation. Ante-

rior uveitis is by far the most common type and can be

manifested as iritis, which affects only the iris and irido-

ciclitis, which involves the ciliary body in addition to the

iris. Intermediary uveitis is also know as vitritis and is

characterized by the infiltration of inflammatory cells in

the vitreous cavity, sometimes with the involvement of

the pars plana. The posterior uveitis can be of three
types: choroiditis, retinochoroiditis and chorioretinitis,

also related to the involved area. Finally, there is the

type called diffuse uveitis or panuveitis, which is char-

acterized by the diffuse involvement of the whole uveal

tract.
At presentation, eye redness is the major symptom, with

the exemption of the juvenile idiopathic oligarticular or

psoriatic arthritis, and is often accompanied by injected
conjunctiva, local pain, photophobia and decreased visual

acuity (blurred vision). Patients may also complain of see-

ing dark, floating spots along the visual field. The clinical

course of the anterior uveitis can be manifested as an acute

form, with sudden onset, characterized by a single episode
that may last for two to three months that improves with

prompt proper treatment, or may persist as a recurrent or

chronic form. An AU that persists for more than three

months is classified as chronic. The AU onset is usually

insidious but may also have a recurrent course. The major

findings are dilation of the ciliary vessels, presence of

inflammatory cells in the anterior chamber and keratic
precipitates (KPs) on the corneal posterior surface. These

findings can be divided as granulomatous type, where the

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_85,
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KP is of a ‘‘mutton-fat’’ type or non-granulomatous, where
the KPs are thinner. In accordance to the number of
inflammatory cells found, the ophthalmologists refer to
mild or severe forms. Complementary tests are crucial in
order to differentiate the AU of those of infectious origin.

Etiology

Several conditions can be related to the development of
uveitis, including systemic diseases as well as syndromes
limited to the eye. In patients who present with anterior
uveitis, almost one-half have a definite diagnosis con-
firmed, and there is a strong association with the
HLA-B27 antigen presence in adults (2). The highest fre-
quency is in children with the oligoarticular typejuvenile
idiopathic arthritis (JIA), where around 10–30% of
patients have an anterior uveitis (3).

Seronegative Spondyloarthrophaties

Included in this group are a series of diseases that have in
common the involvement of the axial skeleton with
negative rheumatoid factor (RF) and no other specific
serologic marker. The most prevalent disease of this
group is ankylosing spondylitis (AS). Other diseases in
this group are psoriatic arthritis, reactive arthritis and the
arthritis related to the inflammatory bowel diseases
(Crohn’s disease and ulcerative colitis). There is a strong
relationship with the presence of the class I antigen
HLA-B27.Analyzing retrospectively a cohortof 350patients
with spondyloarthropathies in Brazil, Sampaio-Barros et al.
found that 30 (14.5%) of those (207patients) with AS
presented 55 episodes of acute anterior uveitis, and there
were statistically significant associations with juvenile-onset
disease and Achillean and plantar enthesopathies; only one
AS patient presented a single posterior uveitis episode (4).

AS affects more commonly young Caucasian males
and more than 90% have the HLA-B27. In addition to
low-back pain due to sacroiliitis, there is a high frequency
of periarticular pain, manifested as oligoarthritis related
to enthesitis. The radiographic findings of sacroiliitis may
take years to appear and this may postpone the diagnosis
in years. Of the extra-articular manifestations, those in
the skin and the eyes are the most common ones. The
most frequent ocular manifestation of AS is a non-
granulomatous, unilateral anterior uveitis, characterized
by acute recurrent attacks of iridociclitis and sometimes
pars planitis. More rarely, there may be a chronic evolu-
tionary course with the development of secondary glau-
coma, complicated cataract and keratopathies. These
complications may hamper the visual function. Uveitis
may precede the diagnostic of AS in years. In reactive
arthritis and psoriatic arthritis, the most common ocular

manifestation is conjunctivitis, being bilateral in the first
(5). This conjunctivitis induces a scarce mucoid secretion
and is usually self-limited, while in psoriatic arthritis the
mucoid secretion is abundant and the course is chronic.
Few cases can present iritis, iridociclitis or keratitis,
which may vary from mild to severe. In children with
the juvenile idiopathic psoriatic arthritis the anterior
uveitis without pain and redness is a very common pre-
sentation. The laboratory tests are non-specific and
related to the chronic inflammatory process. Acute-
phase reactants, such as C-reactive protein, may be ele-
vated in the plasma, as well as the level of circulating IgA.
The HLA-B27 detection is not necessary for diagnosis.
Local treatment for anterior uveitis in these patients is
with mydriatic and corticosteroids eye drops. In refrac-
tory cases, subconjunctival or subtenonian infiltration
with corticosteroids may be attempted.

Inflammatory Bowel Diseases

Ocularmanifestations are found in about 2.5%of thepatients
with Crohn’s disease and 5–12% of those with ulcerative
colitis. The lesions are in general non-granulomatous,
involving bilaterally the anterior uvea, and tend to be recur-
rent. Other ocular manifestations are conjunctivitis,
peripheral corneal ulcerations, keratitis and blepharitis.
Chronic posterior uveitis has also been reported in patients
with inflammatory bowel diseases. The treatment of the
ocular lesions in patients with inflammatory bowel diseases
consists of using local or systemic corticosteroids.

Juvenile Idiopathic Arthritis

JIA is diagnosedwhen there is a persistent arthritis for then
6weeks in persons less than 16 years old, once other causes
of arthritis are ruled out. JIA is classified according to the
type of articular involvement. The systemic type (Still’s
disease) is the most severe form and the less frequent,
encompassing around 10% of the cases, and can be
found equally in both genders; they present an intermittent
fever with skin rash with symmetric arthritis and no RF.
The polyarticular form accounts for 30–40% of the cases,
and five or more joints are involved and most of the cases
do not display RF. The RF-positive polyarticular subtype
is a distinct entity and it has a similar course as rheumatoid
arthritis, it presents only 5% of the JIA cases. The oligoar-
ticular form affects 40–50% of the cases of JIA, and less
then five joints are involved; around 50% of the patients
are positive for antinuclear antibodies. Another subtype
resembles the adult spondyloarthropathies, they are called
juvenile idiopathic enthesitis-related arthritis, and the pre-
sence of sacroiliitis is not required for the diagnosis, in the
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pediatric cohort, enthesitis and peripheral asymmetric
arthritis of the lower limb is mostly dominant (6, 7, 8).

Uveitis is rare in the systemic form and occurs around
10% in the polyarticular RF-negative form (Table 85.1).
However, it is detected most frequently in the oligoarticular
form (around 20% of the cases). A chronic bilateral iridoci-
clitis due to a non-granulomatous anterior uveitis without
pain and redness of the involved eye is the most typical
finding. In lot of cases at the time of the diagnosis already
complications like cataract or band keratopathy are present.
Uveitis at time of diagnosis of JIA or before the diagnosis of
JIA is bad prognostic factor (9). Uveitis in these patients is
mostly painless, and that is the justification for the suggested
periodic eye exam in patients with JIA according the recom-
mendations (10). The ocular treatment includes local corti-
costeroids and mydriatics. For the cases of chronic
iridociclitis, systemic corticosteroids as bridging agent with
an immunosuppressor like methotrexate are indicated (11),
and in severe cases the addition of tumor necrosis factor
(TNF)-blocking agents (12) is indicated (Table 85.2).

Behçet Disease

Is a systemic vasculitic disease that involves arteries and
veins of small and large calibers. It can occur in both
genders usually between 20 and 40 years. There is no
serologic marker of BD; however, there is as a strong
association with the HLA-B51 haplotype. This genetic
association is even more marked when there is ocular
involvement. A pathogenic role has been imputed on
Streptococcal antigens and pro-inflammatory cytokines
are elevated during attacks. Several committees in different
countries have proposed criteria for the diagnosis of BD.
Presently, the International Study Group (ISG) criteria is
the most widely used (Table 85.3) (13). The ocular involve-
ment is present in 83–95% of the males and 67–73% of the
females (14) and in general occurs 2 or 3 years after the
onset of the other symptoms. The clinical manifestations
of BD, including the eye involvement, can vary according
to the ethnic background of the population studied. Both
eyes are usually involved and non-simultaneous flares can
happen. The non-granulomatous reaction can occupy all

areas of the uvea. Vasculitis of the retina is the most
prominent finding. Angiofluorescein angiography is help-
ful for the early diagnosis of vasculitis of the retina, in spite
of a normal fundoscopy.
The treatment of the uveitis seen in BD varies according

to the type of finding. The treatment for iridociclitis con-
sists of topical corticosteroids and mydriatics. Isolated
posterior uveitis has been successfully treated with a com-
bination of ciclosporin and azathioprine. Vasculitis of the
retina is treated systemically with corticosteroids and
immunosuppressors, usually cyclophosphamide, some-
times colchicine is also used. Infliximab has been reported
to be safe for long-term use and efficacious in treating
uveitis as well as retinal vasculitic in BD (15).

Kawasaki Disease

Kawasaki disease (KD) is an acute febrile disease that
occurs in children under the age of 5 years. Usually there
is an abrupt onset of fever followed by a bilateral subcon-
juctival congestion state. In the following days, dryness,
fissuring and redness develop in the lips, along with painful
cervical lymphadenopathy. Exanthematic lesions appear
in the trunk and in palms and soles that frequently develop
skin desquamation. Vasculitis of the coronary arteries is
the most serious complication. Conjunctivitis is the most
common ocular finding, while uveitis can happen more
rarely.

Vogt–Koyanagi–Harada Syndrome

It is a multisystemic disorder that typically affects pigmen-
ted skin individuals. In the Japanese population, where the
disease is more prevalent, there is a strong relationship
with the presence of HLA-DR4. In addition to the eyes,
typical manifestations involve the ears, the skin and the
central nervous system. The characteristic presentation is a
severe bilateral diffuse granulomatous uveitis with signs of
meningeal irritation, bilateral neuro-sensorial dysacusia
and skin alterations, such as vitiligo, alopecia and polyosis.
Angiography and ultrasound exam are necessary for the

TABLE 85.1. Types of uveitis according to the anatomic area involved, manifestation and local treatment.

Type Localization Clinical manifestation Treatment

1. Anterior uveitis a – Iritis

b – Iridociclitis

With or without eye redness with or without pain Local CS and mydriatics

2. Intermediary uveitis Vitritis, pars planitis Eye redness with or without blurred vision Systemic, peri-ocular or intra-vitreous CS/IS

3. Posterior uveitis a – Choroiditis

b – Retinochoroiditis

c – Choroiretinitis

Low visual acuity Systemic, peri-ocular or intra-vitreous CS/IS

4. Panuveitis Diffuse uveitis Eye redness and blurred vision Local or intra-vitreous CS and mydriatics/IS

CS, corticosteroids; IS, immunosuppressors.
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ocular diagnosis. A prodromic period is followed by the
uveitis phase that lasts 3–5 days or several weeks. Then a
convalescence phase issues with dyspigmentation of the
skin, as well as the uvea and the pigmented retinal epithe-
lium; this phase can last for months or years. Recurrent
attacks can happen during the convalescence phase. The
anterior uveitis should be promptly treated with local
corticosteroids and mydriatics, while the posterior form
responds to periocular or intravitreous corticosteroids. As
soon as the diagnosis of Vogt–Koyonagi–Harada syndrome
is confirmed, systemic high-dose corticosteroids should be
started along with a potent immunosuppressor agent.

Sarcoidosis

It is a multisystemic granulomatous disease characterized
by deposition of CD4þ cells and macrophages in the
involved sites. Sarcoidosis occurs in all age groups, but
is more common in persons between the ages of 20 and 50
years, with a preference for Afro descendants. Cutaneous
involvement is common; in the initial phase there may be
pulmonary and hepatic alterations. Of the patients with
systemic disease, 27–40% present AU; isolated eye

sarcoidosis can also occur (16). In half of the cases with
ocular manifestations, the presentation is an acute and
self-limited granulomatous iridociclitis. The chronic pre-
sentation is mostly seen in older patients with pulmonary
fibrosis and quiescent systemic disease. Alterations in the
vitreous can also be seen, like posterior segment periph-
lebitis, retinal and choroidal granulomas and lesions of
the optic nerve, in addition to lacrimary glandular and
conjunctival involvement. It is important to recognize
sarcoidosis as a cause of uveitis, because it imposes a
systemic involvement screening as well as a proper ther-
apeutic intervention. Chest CT scan is useful to demon-
strate the hilar adenomegaly, with or without multifocal
parenchymatous nodulary lesions. Gallium whole body
scan is used to investigate the hypercaptation in lacrimary
glands and orbital area, as well as in salivary glands and
lungs; its value is enhanced when combine with the mea-
surement of the serum angiotensin-converting enzyme
level (17).

Recent Advances in the Treatment
of AU

The success rate of immunosuppressors in the treatment
of AU is unsatisfactory and involves serious side effects in
adults. In the JIA-associated uveitis, a combination ther-
apy of parenteral methotrexate and an anti-TNF agent
seems to be promising. New modalities of local and
systemic therapies that are safer and more efficient are
necessary. The use of intravitreous triamcinolone has
been proven to be efficacious in patients on immunosup-
pressants presenting side effects due to systemic corticos-
teroids or in those that are non-compliant. Triamcinolone
injections have a short-term action and have been used in
cases of BD, as well as in idiopathic vasculitis, pars pla-
nitis and panuveitis. Vitreous corticosteroids implants
using a small dose of fluocinolone acetonide are indicated
when an effective, safer, longer action is attained (18). A
review of population-based studies of patients with AS
indicates that TNF inhibitors and monoclonal antibodies
(infliximab and adalimumab) prevent uveitis. On the con-
trary, anecdotal reports implicate etanercept as a cause of
uveitis. Overall, there were more cases of uveitis associated
with etanercept, than with infliximab and adalimumab (19).
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86
Vogt-Koyanagi-Harada Disease

Jozélio Freire de Carvalho and Joyce Hisae Yamamoto

Abstract Vogt-Koyanagi-Harada disease (VKH) is a multisystem autoimmune disorder affecting pigmented tissues
such as the eye, auditory, integumentary and central nervous systems. Patients are typically women between 20 and 50
years of age with no previous history of penetrating ocular trauma. The clinical course of VKH is divided into four
phases: prodromal (mimics a viral infection), uveitic (bilateral diffuse uveitis with papillitis and exudative retinal
detachment), convalescent (tissue depigmentation), and chronic recurrent (recurrent uveitis and ocular complications).
Clinical, laboratorial, and experimental data corroborate to the autoimmune nature of VKH disease: a CD4þ T-cell-
mediated immune response directed against self-antigens found on melanocytes in a genetically susceptible individual.
HLA-DRB1*0405 is the main susceptibility allele found in patients with VKH. In accordance with the revised diagnostic
criteria, the disease is classified as complete, incomplete, or probable, based on the presence of extraocular findings. The
diagnosis of VKH is clinical, and differential diagnosis includes sympathetic ophthalmia, sarcoidosis, primary intrao-
cular B-cell lymphoma, posterior scleritis, and uveal effusion syndrome. Treatment is based on initial high-dose oral
corticosteroids with a low tapering during a minimum period of 6months. Systemic immunomodulatory agents such as
cyclosporine may be used in refractory or corticosteroid non-tolerant patients. Visual prognosis is usually good under a
prompt diagnosis and adequate treatment.

Keywords Uveitis � Vogt-Koyanagi-Harada � diagnostic criteria

Vogt-Koyanagi-Harada disease (VKH) is a multisystemic

granulomatous autoimmune disease affecting pigmented

tissues of the eye, central nervous system, internal ear, and

skin. Patients with bilateral uveitis associated with polio-

sis, vitiligo, alopecia, and dysacusia were first described by

Vogt in 1906 and then by Koyanagi in 1929 (1, 2). In 1926,

Harada described a case of uveitis with exudative retinal

detachment associated with pleocytosis of the cerebral

spinal fluid (3).

Epidemiology

Pigmented races are more commonly affected and VKH is

rare in Caucasians. Surprisingly, it is not described in sub-

Saharan African descent (4). Women are affected more

frequently than men and there is a clear predominance in

the third to fourth decade of life, although children as

young as 4-year old with VKH have been reported. VKH

is more prevalent in Japan, accounting for 10.1% of all

uveitis compared with 1–4% in the United States (5) and
2.5% in Brazil (6).

Pathogenesis

Although the etiology of VKH remains unknown, several
evidences corroborate to the autoimmunity against mela-
nocytes triggered by an unknown factor in a genetically
susceptible individual. The prodromic manifestations
point to a viral trigger such as herpes family virus
(Epstein-Barr virus, cytomegalovirus). Histopathological
findings as well as in vitro experiments and animal models
reinforce the importance of the CD4þ T lymphocytes in
the disease pathogenesis (7). Several melanocyte-derived
antigens are being analyzed as the target protein of the
disease mainly pointing out to tyrosinase and tyrosinase-
related proteins (8). HLA-DRB1*0405 has been associated
with 90% of Asian patients with VKH (9) as well as in
patients from other countries (10). Autoimmunity to ret-
inal antigens has also been found in patients with VKH.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_86,

� 2008 Humana Press, Totowa, NJ

467



Clinical Manifestations

VKH has four clinical phases: prodromal, uveitic, conva-

lescent, and chronic/recurrent. Extraocular manifestations
are characteristically observed in prodromal, convales-
cent, and chronic phases.

The prodromal phase is characterized by generalized
symptoms of fever, nausea, and headache which last for 3

to 5 days. Subsequently, the uveitic phase starts, with ocu-
lar symptoms including photophobia, blurred vision, and
ocular pain. On examination of the eyes a bilateral, gran-

ulomatous anterior uveitis with mutton fat keratic preci-
pitates and iris nodules are observed. In addition, a diffuse
choroiditis associated with exudative retinal detachment

and optic disc hyperemia are observed. Swelling of the
ciliary body may displace the lens-iris diaphragm forward

with consequent shallowing of the anterior chamber, angle
narrowing, and an acute increase in intraocular pressure.

In the convalescent phase, as a result of appropriate
treatment, the choroiditis as well as the exudative retinal
detachment gradually subsides. In this phase is observed

the typical ‘‘sunset glow’’ fundus (orange-red fundus
appearance), multiple scattered, discrete, depigmented ret-
inal pigment epithelial lesions in the mid periphery of the

fundus and retinal pigment epithelial migration, all denot-
ing the profound melanocyte and pigmented tissue aggres-
sion. Sugiura sign is the depigmentation of limbus mainly

reported by Japanese authors. In this phase, cutaneous
depigmentation is observed.

Recurrence or chronicity of the uveitis may occur in 17
to 73% of patients. The recurrence is usually anterior;

nevertheless signs of disease activity in the posterior pole
of the eye have been recently reported, suggesting relent-
less melanocyte aggression (11). In the convalescent and

chronic phases, ocular complications such as glaucoma,
cataract, choroidal neovascular membranes, and retinal/
choroidal gliosis may be observed. These long-term ocular

complications may lead to final low visual acuity.

Extraocular Manifestations

Nonspecific signs such as fever and nausea can occur in the
prodromal phase. The auditory systemmay be involved by

dysacousia, tinnitus, high-frequency hearing loss, and ver-
tigo. In the same manner, the central nervous system can
be affected by headache, meningismus, and pleocytosis in

the cerebral spine fluid that precede the ocular involvement
by one to two weeks. Infrequently, focal neurological signs
such as cranial nerve palsies and optic neuritis can develop.

Diffuse manifestations such as aphasia, personality
changes, loss of consciousness, and seizures characterizing
encephalitis can occur. Cutaneous manifestations, com-
monly observed in the convalescent and chronic phases,

are vitiligo of the hands, shoulders, breast, back and face,
poliosis, or whitening of a patch of hair, and alopecia.

Other Conditions Observed in Patients with
VKH Disease

Keratoconjunctivitis sicca syndrome with a few cases ful-
filling diagnostic criteria for Sjögren syndrome and a fre-
quency of 10% anti-Ro/SS-A reactivity has been described
in VKH (12); Guillain-Barré Syndrome and glucose intol-
erance were also reported.

Pathological Features

Classical histopathological findings are a diffuse granulo-
matous bilateral uveitis. The choroid is remarkably thick-
ened and infiltrated with lymphocytes, macrophages,
epithelioid cells, and giant cells Another characteristic
finding is the Dalen-Fuchs nodules that consisted of
macrophages, epithelioid cells, lymphocytes, and altered
retinal pigment epithelium cells localized between the
Bruch membrane and retinal pigment epithelium. In the
convalescent and chronic phases of the disease, disappear-
ance of melanocytes of choroid is described

Laboratory Features

The diagnosis of VKH disease is basically clinical; never-
theless in atypical cases complementary examinations may
be helpful. Transitory pleocytosis is observed in 72% with
predominance of lymphomonocytes within the first three
weeks after disease onset. UIltrasonography of the eye
reveals low to medium reflective diffuse thickening of
choroid with localized and extensive retinal exudative
detachment, differentiating VKH from higher reflectivity
of idiopathic uveal effusion and metastatic carcinoma.
Fluorescein angiography in the acute phase of the disease
shows typically multiple hyperfluorescent pinpoints, cor-
responding to choroiditis lesions, which coalesce into
larger areas corresponding to the retinal exsudative
detachment.

Diagnostic Criteria

In 1980, the American Uveitis Society proposed a diag-
nostic criteria (Table 86.1) (5) taking into consideration
those previously suggested by Sugiura (Table 86.2). How-
ever, these criteria come short in making diagnosis in the
acute phase as 2 of the 4 criteria occur only in the chronic
phase, namely chronic bilateral iridociclytis and cutaneous
signs. In an effort to unify concepts and allow the
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comparison of results from clinical studies from different
countries, the International Committee on Nomenclature
proposed the Revised Diagnostic Criteria for VKH disease
in 2001 (4). The Revised Diagnostic Criteria for VKH
disease subdivides patients into three categories: probable,
incomplete, and complete. It encompasses a broader range
of patients as the ocular manifestations may be either acute
or chronic to meet the criteria.

Differential Diagnosis

The principal differential diagnosis of VKH disease is
sympathetic ophthalmia which prorogates the existence
of previous ocular trauma or surgery. Other conditions
that may mimic VKH disease are: acute posterior multi-
focal placoid pigmentar epitheliopathy (APMPPE), pos-
terior scleritis, sarocoidosis, other white-dot syndromes,
other conditions related to diffuse choroiditis and intrao-
cular primary lymphoma (Table 86.4). On the basis of
this, a complete history and physical examination fol-
lowed by blood tests, tuberculin test, and image should
be performed in all patients.

Prognosis

Systemic steroid treatment gives to two-thirds of the
patients a fair visual prognosis, retaining 20/40 or better
final visual acuity. Fortunately, only the minority (11%) of
these patients will have a visual acuity of 20/200 or worse.

Treatment

The standard therapy includes high dose of systemic
corticosteroid besides topical medication for anterior
uveitis. Prednisone should be used in a typical dosage of

TABLE 86.1. American Uveitis Society criteria for diagnosis of
VKH.

No history of trauma or surgery and one finding from at least three of the

following four groups:

1. Bilateral chronic iridocyclitis

2. Posterior uveitis: exudative retinal detachment, formed fruste of retinal

detachment (disc hyperemia or edema, subretinal macular edema), and

‘‘sunset glow’’ fundus

3. Neurological signs: tinnitus, meningismus, cranial nerve or central

nervous system problem, cerebrospinal fluid pleocytosis

4. Cutaneous signs: alopecia, poliosis, or vitiligo

TABLE 86.2. Sugiura’s diagnostic criteria for VKH.

1. Acute bilateral uveitis with simultaneous involvement of both eyes.

Symptoms may not be noted for 1–10 days in the second eye.

2. Circumscribed retinal edema most markedly at the posterior pole.

Fluorescent angiography reveals characteristic leakage of dye through

the retinal pigment epithelium into the subretinal spaces.

3. Pleocytosis of the cerebrospinal fluid is noted in the early stages of the

disease. Dysacousia, vertigo, and scalp sensitivity when touching the

hair are of value in early diagnosis, if present.

Floating cells in the anterior chamber, granulomatous keratic

precipitates, and iris nodules are important signs that may be absent in

early stages.

Hair loss and depigmentation of the eye, skin, and hair are also important

signs in the convalescent stage.

Depigmentation of the corneal limbus appears earliest (Siguiura’s sign),

roughly 1month after onset, and is also valuable for confirming the

early diagnosis if present.

Criteria 1, 2, and 3 are major symptoms. Criteria 1 or 2, and 3 are required

to diagnose VLH.Minor symptoms are noted below the major symptoms

and are helpful in diagnosis, if present.

TABLE 86.3. Revised diagnostic criteria for VKH.

1. No history of penetrating ocular trauma

2. No evidence of other ocular or systemic disease

3. Bilateral ocular disease – either a or b:

a. Early Manifestations

i. Diffuse choroiditis manifested as either;

1. Focal areas of sub retinal fluid or

2. Bullous serous retinal detachments

ii. If equivocal fundus findings, then both of below

1. Fluorescent angiography showing focal delayed choroidal

perfusion, pinpoint leakage, pooling within sub retinal fluid, and

optic nerve staining

2. Ultrasound showing diffuse choroidal thickening without

posterior scleritis

b. Late Manifestations

i. History suggestive of above, and both ii and iii or multiple from iii

ii. Ocular depigmentation

1. Sunset glow fundus, or

2. Sugiura sign

iii. Other ocular signs

1. nummular chorioretinal depigmented scars, or

2. RPE clumping, or

3. recurrent or chronic anterior uveitis

4. Neurological/auditory findings

a. Meningismus

b. Tinnitus

c. Cerebrospinal fluid pleocytosis

5. Integumentary findings

a. Alopecia

b. Poliosis

c. Vitiligo

Complete VKH requires 1 to 5.

Incomplete VKH requires 1 to 3 and either 4 or 5.

Probable VKH requires criteria 1 to 3 only.

TABLE 86.4. Differential diagnosis of uveitis in the set of VKH.

Sympathetic ophthalmia

Acute posterior multifocal placoid pigment epitheliopathy

Posterior scleritis

Multiple evanescent white dot syndrome

Tuberculosis

Sarcoidosis

Intraocular B-cell lymphoma

Metastatic carcinoma

Idiopathic uveal effusion syndrome
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1 to 2mg/kg/day orally. There is no evidence of superiority
of intravenous to oral use of corticosteroid. Some authors
recommend methylprednisolone in pulse therapy. Early

steroid therapy followed by a slow taper in a period of 6
to 9months is advised. This has shown to improve the

prognosis by reducing the length of disease, the incidence

of a convalescent phase, and decreasing extraocular man-
ifestations in VKH.

In refractory cases or in those where it is necessary to
withdraw the steroid administration more quickly, it is

important to use systemic immunosuppressants, such as
cyclosporine, which is the most commonly used. Other
cytostatic agents may be used, such as cyclophosphamide,

chlorambucil, azathioprine, and more recently, mycophe-

nolate mofetil.
Choroidal neovascular membranes may be treated with

traditional photocoagulation therapy or, more recently,
with intraocular anti-angiogenic drug therapy. Acute

angle closure glaucoma in the acute phase of the disease
typically resolves after appropriate steroid treatment.
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87
Orbital Myositis

Sergio Prieto and Josep M. Grau

Abstract Idiopathic orbital myositis (IOM) represents a subtype of nonspecific inflammation related to the clinical
entity known as inflammatory pseudotumour, which affects one or more of the external extrinsic ocular muscles.
Although its aetiology is unknown, an immunological process is suspected because of the association of the
syndrome wirh other autoimmune diseases. Young women are predominantly affected, with unilateral orbital
pain which worsens with ocular movements being the main complaint. Imaging by ultrasonography, CT-scan or
magnetic resonance are useful for the diagnosis. In all of them, an usually single muscular enlargement can be
demonstrated. Systemic corticosteroids represent the treatment of choice with quick and effective clinical response
in most patients.

Keywords Orbital � myositis � inflammatory pseudotumour

Idiopathic orbital myositis is an autoimmune process char-
acterized by unilateral orbital pain due to isolated inflam-
mation of the extrinsic ocular musculature. Its natural
course can evolve to a definitive ophthalmoplegia, parti-
cularly in the cases with a significant delay in the initiation
of therapy with steroids.

Epidemiology

The main demographic group affected are middle-aged
women with a ratio of 2:1 with respect to men and an
average age of 35 years (range 3–80 years) (1). There are
no data on the incidence, prevalence or geographical dis-
tribution. Influenza-like syndrome and streptococcal
pharyngitis have been proposed as possible triggers of the
disease (2,3).

History

In 1954, Tolosa (4) reported a case of a man with
unilateral retrorbital pain, III, IV and VI cranial nerve
palsies and diminution of corneal reflex, which resolved
in three years. Necropsy disclosed a granulomatous
lesion in the cavernous sinus affecting the cranial nerves.
Seven years later, Hunt (5) reported six similar cases

without pathological studies. The eponym Tolosa-Hunt

syndrome was therefore used for cases with coexistant

ocular pain and paralysis. Only in the past decade and

with the use of CT-scan or magnetic resonance imaging

could the different orbitary structures be defined,

thereby allowing the clear differentiation between orbital

myositis and the remaining inflammatory conditions

affecting orbital tissues.

Clinical Manifestations

The most important signs and symptoms of the disease are

reflected in Table 87.1, categorized as localized (orbital)

and systemic (6–9). Unilateral orbital pain that worsens

with ocular movements is the cardinal symptom. Ophthal-

moparesis does occur but later in the clinical evolution.

The disease onset is usually acute, but it may be subacute

or even chronic. In more than two-third of the cases, only
one muscle is involved, with the rectus external or internal

being the most frequently affected. Participation of the

obliquous muscle or bilaterality is considered as excep-

tional (10).
As in other autoimmune diseases, orbital myositis may

be associated with other immunological processes shown

in Table 87.2 (11).
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Biochemical Features

All the standard biochemical parameters are within nor-
mal values except for a raised ESR and mild eosinophi-
lia in some cases. Antinuclear autoantibodies can be
detected in a percentage of patients with an unspecific
pattern and in low titers. There are no abnormalities in
thyroid function tests and it is useful in the differential
diagnosis.

Pathological Features

Nonspecific inflammatory infiltrate mainly composed of
mononuclear cells, plasma cells, polynuclear cells and
some eosinophils is the rule in the affected muscles.

Diagnosis

There are no definitive criteria for the diagnosis of orbital
myositis. This diagnosis may be admitted when at least three
of the four proposed criteria are present (Table 87.3). They
consist in suggestive clinical findings, an imaging test demon-
strating muscle involvement and satisfactory response to
steroid treatment. The histological approach is reserved for
selected cases. Ultrasonography, magnetic resonance and
CT-scan are all valid techniques, but CT-scan is preferred
because of its better sensitivity, specificity and lower cost.
The characteristic finding is an isolated thickened extraocu-
lar muscle, with or without tendinous involvement (this
is a typical but not a constant finding), but without bone

participation (Figure 87.1). Muscle biopsy is performed only
in selected cases when the diagnosis is confusing or when the
case is refractory to therapy, because the procedure may
aggravate the inflammatory phenomenon (10).
Because there are no established criteria for the diagnosis

of this disease, we suggest four different items (Table 87.3).
With three of these criteria, a probable form could be con-
sidered while a definite case would require all four criteria.

Differential Diagnosis

Table 87.4 describes the pathological conditions that can
mimic an orbital myositis (3,12). Among them, Grave’s dis-
ease is the most important to be ruled out becuase it is the
first cause of thickened extraocular muscle involvement (13).

Therapy

Systemic corticosteroids are the treatment of choice with
a positive response rate over 70%, complete clinical
response over 30% and recurrences in about 40% of the
cases. (14). The recommended dose is 1–2mg/kg body
weight for the first two weeks with a decreasing doses for
the following two months. To optimize the results, treat-
ment should be started within the first 2 weeks of clinical

TABLE 87.1. Clı́nical presentation of idiopathic orbital myositis.

Localized Systemic

Periorbital pain Headache

Diplopia Fever

Palpebral edema Vomiting

Exophthalmos Anorexia

Conjunctival chemosis Lethargy

Palpebral ptosis Abdominal pain

Palpable orbitary mass Odinophagia

TABLE 87.2. Autoimmune diseases associated with orbital

myositis.

Crohn’s disease

Sytemic lupus erythematosus

Rheumatoid arthritis

Type I diabetes

Polyarteritis nodosa

Dermatomyositis

Ankylosing spondylitis

Giant cell myocarditis

TABLE 87.3. Diagnostic criteriaa for orbital myositis.

1. Unilateral orbital pain (þ/– ophthalmoparesia).

2. Positive image test ofmuscle involvement (þ/– tendinous) without bone
compromise.

3. Satisfactory response to corticosteroid therapy.

4. Compatible pathological examination .

a Fullfilling the first three criteria a probable case is admitted, and with the

fourth item a definite form.

FIGURE 87.1. Orbital CT-scan showing the thickening of an
isolated ocular muscle. Orbital myositis.
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presentation (6,15,16). Factors related to a high propor-
tion of recurrences have been identified and are shown in
Table 87.5 (14,17).

Intravenous immunoglobulins (18), radiotherapy (13)
and other immunosuppressive agents have been used,
albeit in anecdotal reports.
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TABLE 87.4. Orbital myositis. Differential diagnosis.

1. Systemic inflammatory conditions:

Autoimmune thyroid disease

Sarcoidosis

Wegener’s Granulomatosis

Churg-Strauss syndrome

X Histiocytosis

Giant cell arteritis

Polyarteritis nodosa

Systemic sclerosis

Sclerosing cholangitis

2. Neoplastic diseases

Lymphoproliferative disorders

Rhabdomiosarcoma

Choroidal malignant melanoma

Metastasis

3. Congenital malformations

4. Infectious diseases

5. Trauma

TABLE 87.5. Recurrence related factors in orbital myositis.

Male gender.

Several muscles involved.

Bilateral involvement.

Lack of exophthalmos.

Poor initial response to treatment.

Lack of tendinous involvement.
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88
IgA Nephropathy

Jordi Ara i del Rey

Abstract Primary IgA nephropathy (IgAN) is a mesangial proliferative glomerulonephritis characterized by diffuse
mesangial deposition of IgA and is always diagnosed by performing a renal biopsy. This entity is now recognized as one
of the commonest forms of glomerulonephritis worldwide and normally affects young adults with a male predominance.
The clinical presentation of primary IgAN ranges from asymptomatic forms with microhematuria without proteinuria,
microhematuria with different grades of proteinuria, chronic renal failure (CRF) or forms that present with acute renal
failure, nephritic syndrome or malignant hypertension. Its evolution is very variable but is generally considered as a
disease that progresses slowly to renal failure with about of 15% of patients progressing to CRF in 10 years and 30% in
20 years of follow-up. The most important clinical risk factors of progression are age, proteinuria, renal function at
diagnosis, hypertension and significant glomerulosclerosis or chronic tubulointerstitial lesions in renal biopsy. At
present, the treatment of IgAN is still not clearly defined. Concerning the pharmacological treatment, all proteinuric
patients must receive ACEI orARA II with the intention to keep blood pressure below 125/75mmHg, as well as statins in
case of dyslipaemia. If proteinuria persists above 1 g/day with normal or scarcely altered renal function, treatment with
prednisone may be administered for 6months. In case of rapidly progressive renal failure, the addition of cyclopho-
sphamide–prednisone shall be taken into consideration. Fish oil treatment may be useful in some patients. In cases of
severe CRFwith creatinine>2.5mg/dl, only conservative treatment and dialysis or subsequent kidney transplant will be
indicated.

Keywords IgA nephropathy � clinical features � diagnosis � treatment

Introduction

IgA nephropathy (IgAN) was first described in 1968 by

Berger and Hinglais and is now recognized as one of the

commonest forms of glomerulonephritis worldwide. This

nephropathy may present in different ways and its evolu-

tion is also very variable, with about 15% of patients

progressing to chronic renal failure (CRF) in 10 years

and 30% in 20 years of follow-up. The clinical manifesta-

tion of this condition is very variable and ranges from

asymptomatic forms that present with microhaematuria

without proteinuria, microhaematuria with different

grades of proteinuria with or without hypertension and

renal failure, or forms that present with acute renal failure,

rapidly progressive glomerulonephritis or nephrotic

syndrome.
Primary IgAN is a mesangial proliferative glomerulone-

phritis characterized by diffuse mesangial deposition of

IgA and is unique among glomerular disease in being
defined by the presence of immune reactant rather than

by any other morphologic feature found on renal biopsy.
Many other diseases are also associated with glomerular

IgA deposits (secondary IgAN) and the most common of
these is Schönlein–Henoch purpura. The histologic fea-

tures of Schönlein–Henoch purpura nephritis are indistin-

guishable from those of primary IgAN and may represent

a systemic form of the disease process (see Table 88.1).

Epidemiology

IgANmay affect persons of all ages but it normally affects

young adults (second to third decade of life) with a male

predominance of 2–3:1. This entity occurs with greatest
frequency in Asians and Caucasians and is relatively rare

in blacks. The frequency of the disease varies substantially

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_88,

� 2008 Humana Press, Totowa, NJ
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between countries. In the USA, the incidence ranges from
5 (1979) to 12 (1990) new cases per million inhabitants per
year, whereas in France, Germany and Italy the rate is
two- or three-fold higher. Japan has the highest frequency,
with approximately 140 new cases per million inhabitants
per year, probably due to widespread screening of school-
aged children for urinary abnormalities.

In most studies, the prevalence of this entity is expressed
as the percentage of all the biopsies conducted. The great-
est prevalence is found in Asia (40–50% of all biopsies
examined), followed by Europe (20–25%), North America
(12%), Central and South America (6%) and South Africa
(1%) (2). According to the data from the Spanish Glomer-
ulonephritis Register, actually the percentage of IgAN in
respect of the total number of biopsies was about 17%.
There are also specific geographical areas with very high
(Native Americans of New Mexico) or low prevalence
(Polynesian of New Zealand).

The differences in the incidence and prevalence observed
between the different territories may of course be
explained by genetic differences between different popula-
tions but also by the different criteria used for the conduct-
ing of kidney biopsies. The incidence is higher in areas
where there are screening programmes for urinary
abnormalities and subsequent biopsies are conducted
than in populations who are not systematically screened
or in areas where renal biopsies are not recommended for
mild microhaematuria and proteinuria and only con-
ducted in patients with major proteinuria or deterioration
of renal function.

Clinical Features

The clinical presentation of primary IgAN varies greatly
and depends on the population studied. Table 88.2 shows
the clinical–analytical data at the time of diagnosis as
shown in the different series published in the literature.

For practical purposes, the different clinical presenta-
tions of this entity may be divided in the followingmanner:

Macroscopic Haematuria

Approximately 40–50% of patients present with one or
recurrent episodes of gross haematuria, usually following
an upper respiratory infection. In contrast to a 10- to 14-day
delay in onset in patients with post-streptococcal glomer-
ulonephritis, the urine becomes red 1–2 days after the first
infectious symptoms. Some patients also describe loin
pain, which usually reflects stretching of renal capsules,
low-grade fever, malaise or myalgia. Hypertension and
peripheral oedema are rare. The macroscopic haematuria
resolves spontaneously over the course of a few days and
episodes can recur months or years later with febrile illness
or extreme exercise. This presentation typically occurs in
patients under 40 years of age.

Asymptomatic Haematuria and Proteinuria

Asymptomatic urine testing identifies 30–40% of patients
with IgAN. Such patients are often adults and they rarely
experience macroscopic haematuria. Proteinuria is usually
under 2 g day and the percentage of patients with arterial
hypertension (AHT) is variable. The percentage of patients
diagnosed with this presentation depends verymuch on the
biopsy criteria used in the region.

Nephrotic Syndrome

Nephrotic syndrome is uncommon and represents only
5% of all patients with IgAN. This presentation may be
due to two different situations: (a) nephrotic syndrome
with normal urinary sediment and normal renal function,
and (b) high proteinuria selectivity and histologic features
similar to minimal change disease but with diffuse mesan-
gial staining for IgA or patients with advanced renal dis-
ease clinically presenting with CRF, nephrotic proteinuria
and hypertension. In this case, chronic tubulointerstitial
and glomerular lesions predominate histologically and the
evolution is not favourable.

Acute Renal Failure

Rarely, patients develop acute renal failure. This may be
due to:

a) heavy glomerular haematuria leading to tubular occlu-
sion and damage by red cells. The latter is usually
reversible.

b) crescentic IgAN

Malignant HTA

Rarely, IgAN may present with malignant hypertension.

TABLE 88.1. Disease reported in association with IgA
nephropathy.

Schönlein–Henoch purpura

Hepatic disease (nonalcoholic cirrhosis, alcoholic liver disease)

Intestinal diseases (Crohn’s disease ulcerative colitis, celiac disease)

HIV infection

Glomerulonephritis (lupus nephropathy, minimal change disease,

membranous nephropathy)

Skin diseases (psoriasis, dermatitis herpetiformis)

Systemic/immunological disorders (systemic lupus erythematosus,

rheumatoid arthritis, ankylosing spondylitis, Reiter’s syndrome,

uveitis, Bechet’s syndrome, Takayasu’s syndrome, myasthenia gravis,

sicca syndrome)

Malignancy (small cell carcinoma, lymphoma, Hodgkin’s disease, T-cell

lymphomas including mycosis fungoides, IgA monoclonal

gammopathy)

Respiratory disease (tuberculosis, bronchiolitis obliterans, sarcoidosis)

Infections (B hepatitis, brucellosis, leprosy)

478 del Rey



Chronic Renal Failure

Some patients have renal impairment, proteinuria and
hypertension when first diagnosed. The smaller size of
the kidneys renders kidney biopsy more difficult. These
patients tend to be older and it is probable that they have a
longstanding disease which was not detected earlier
because the patient did not have haematuria or undergo
routine analysis.

Other Diseases with IgA Deposition

Schönlein–Henoch Purpura

Schönlein–Henoch purpura is an IgA-mediated small-
vessel vasculitis affecting the skin, joints, gut and kidney
in which the glomerular disease may be indistinguishable
from IgAN. Furthermore, Schönlein–Henoch purpura

and IgAN are currently considered to be a related disease

because both can be encountered consecutively in the
same patient; they have been described in identical twins
and present identical pathological and biological

abnormalities. IgAN seems to be a kidney-restricted

form of Schönlein–Henoch purpura. Apart from the

typical systemic signs of vasculitis (skin, joints, gut), the
clinical differences between the two entities are:

a) peak age lower in Schönlein–Henoch purpura (<15
years old) than in IgAN (>15 years old)

b) acute haematuria and/or massive proteinuria is much
more common in Schönlein–Henoch purpura than in
IgAN

c) Schönlein–Henoch purpura is more often described in
association with drug hypersensitivity

d) Schönlein–Henoch purpura is much less frequently
associated with other diseases than IgAN

TABLE 88.2. Clinical features at presentation and 10 years actuarial survival [modified from ref (5)].

Author

Number

of

patients

Mean

age

(years) High creatinine (%) HTA

Proteinuria

>3 g/24 h

(%)

Macroscopic

haematuria

(%)

Follow-

up

(months)

10 years

renal

survival

D�amico (1986)

Europe (e)

365 29 24 36 7 55 79 85

Droz (1987) (e) 280 – – 6 10 37 60 85

Velo (1987) (e) 153 22 – – 1 78 60 81

Bogenschutz

(1990) (e)

239 – 34 19 – 26 59 81

Rekola (e) (1990) 209 25 16 11 1 64 76 83

Alamartine (e)

(1991)

282 28 2 9 3 27 96 94

Johnston (e)

(1992)

220 30 28 26 32 – 65 83

Gaddes

(e. glasgow)

2003

112 37 46 (creatinine

clearance

<75ml/min)

Mean arterial

blood

pressure 105

– – 86 64

Gaddes

(e. Helsinky)

2003

123 35 17 (creatinine

clearance

<75ml/min)

Mean arterial

blood

pressure 102

– – 123 96

Nichols 1984

Australia (a)

244 32 36 43 6 39 60 87

Ibels 1994 (a) 121 39 36 31 16 40 107 93

Gaddes 2003 (a) 73 33 % creatinine

clearance

<75ml/min 42%

Mean arterial

blood

pressure 103

– – 73 61%

Katafuchi Asia

(as) 1994

225 32 36 22 16 20 48 74

Yoo (as) 1986 151 27 6 33 4 24 65 82

Koyama (as)

1997

448 – 19 29 3 24 142 85

Wyatt 1984

America (am)

58 27 – – – – 60 78

Radford 1997

(am)

148 39 59 47 30 – 45 67

Hass 1997 (am) 109 40 Mean creatinine

2.2mg/dl

49 33 35 >18 57

Gaddes 2003

Canada

274 37 % creatinine

clearance

<75ml/min 48%

Mean arterial

blood

pressure 105

– – 53 62
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Secondary Forms of IgA Nephropathy

In the vast majority of cases, IgAN is an isolated disease

(primary IgAN) but it may be associated with various

clinical disorders. Cirrhosis, celiac disease and HIV infec-

tion are all associated with a high frequency of glomerular
IgA deposition. IgAN has been infrequently associated

with a variety of other diseases, including glomerulone-

phritis (minimal change disease, membranous nephropa-

thy), intestinal diseases (Crohn’s disease, ulcerative

colitis), skin diseases (psoriasis, dermatitis herpetiformis),

systemic/immunological disorders (systemic lupus erythe-

matosus, rheumatoid arthritis, ankylosing spondylitis),

small cell carcinoma, lymphoma (Hodgkin’s disease,

T-cell lymphomas including mycosis fungoides), tubercu-

losis and bronchiolitis obliterans. For more information,

see Table 88.1

Pregnancy and IgAN

The effects of pregnancy on the course of IgAN are not

well established, nor are the maternal–foetal risks of the

pregnancy in women with this disease. From the point of

view of perinatal mortality, this appears to be increased in

pregnant women with IgAN and renal failure compared

with a healthy population or compared with patients with

IgAN but with no renal failure (14% vs 3%). Higher

perinatal mortality was also observed in women with

IgAN plus hypertension compared with normotensive
patients. In a study with a 5-year follow-up, no adverse

influence of gestation on the natural course of IgAN was

detected.

Histology

Immunofluorescence Findings

Histologically, IgAN (as its name suggests) is character-
ized by the presence of diffuse mesangial IgA deposits that

are visible by immunofluorescence techniques. At the same

time, c3 (90% of cases), IgG (40% of cases) and IgM (40%

of cases) deposits may also be observed, but c1q deposits

are not found. On some occasions, IgA deposits may also

be observed in the capillary wall, though this is much more

typical in Schönlein–Henoch purpura nephropathy than in

primary IgAN. When it does appear in cases of IgAN, it is

associated with a poorer prognosis. The disappearance of

the IgA deposits after a long remission period has been

described in a paediatric series. This fact has not been

confirmed in an adult population.

Light Microscopy

There is great variation in the histological lesions that may

be observed under light microscope in IgAN. These find-

ings may span from practically normal glomeruli, to the

most common form characterized by various levels of focal
or diffuse mesangial hypercellularity, to forms similar to

focal and segmental glomerulosclerosis. The latter form

often appears in cases of patients who have suffered the

disease for many years, where the biopsy is usually taken

when there is already CRFwith major proteinuria, and the

above glomerular lesions are often accompanied by

chronic tubulointerstitial lesions (interstitial infiltrate,

interstitial fibrosis, tubular atrophy). It has been observed

that the lesions detected by light microscopy in this disease

are not well correlated topographically with the IgA

deposits localized by immunofluorescence.
With light microscopy, there are also other types of

histological presentations which correspond to special

clinical presentations. These are:

a) necrotizing glomerulonephritis with crescent formation
(acute renal failure);

b) tubular occlusion by red cells without glomerular injury
(acute renal failure);

c) malignant hypertension;
d) optically normal glomeruli with fusion of the pedicles of

the podocytes under electronic microscopy and mesan-
gial IgA deposits (minimal change disease like) (nephro-
tic syndrome).

A number of classifications of IgAN based on light

microscopic findings have been proposed (Haas, Lee),

but their ability to predict prognosis and guide therapeutic

decision making is uncertain. An international consensus

of the pathologic classification of IgAN is being developed

by the international IgAN network with the Renal Pathol-

ogy Society under the auspices of the International Society

of Nephrology. It is expected that the consensus statement

will be issued in 2008.

Electronic Microscopy

The most frequent observation is electron-dense deposits

that are localized in the areas of mesangial deposits of IgA.

In the ultrastructural description of the capillary wall,

focal thinning of the glomerular basement membrane

(GBM) is appreciated increasingly. Consistent and wide-

spread GBM thinning indistinguishable from that

described in thin membrane nephropathy has also been

described in IgAN. The significance of this association

has not yet been clarified.
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Other Entities with Mesangial Deposits of IgA

There are entities other than IgAN that may present with
mesangial deposits of this immunoglobulin. IgA deposits
may be observed in cases of lupus nephritis, but IgG
deposits are more prominent. Moreover, whereas in
IgAN the complement is activated by the ‘‘alternative
pathway,’’ in the case of lupus, it is the classic pathway
(c1q). Renal mesangial deposits of IgA may also be seen in
patients with chronic alcohol-induced liver disease, IgA
monoclonal gammopathy and schistosomial nephropathy.

Histological Differences Between IgAN
and Schönlein–Henoch Purpura Nephropathy

Histologically, Schönlein–Henoch purpura nephropathy
is differentiated from primary IgAN in that the former
usually presents necrotizing glomerular lesions and usually
has a higher percentage of crescents and more diffuse
endocapillary proliferation and fibrosi.

Clinical Evolution and Progression Factors

The evolution of IgAN is very variable and spans from
very benign forms to forms that present rapidly progres-
sive renal impairment. This entity is generally considered
as a disease that progresses slowly to renal failure as
demonstrated by the fact that approximately 15% of
patients diagnosed will enter haemodialysis programmes
after 10 years and after 20 years of follow-up; 40% of
patients will have CRF (50% in haemodialysis). As it is
most frequently diagnosed in the second or third decade of
life, this fact has greater importance.

There is a series of factors that affect the natural evolu-
tion of IgANwhich include geographical location, age and
the clinical presentation of the disease. There are signifi-
cant differences between the renal survival percentages
observed according to the geographical location.

Ten-year renal survival rates in European and Asian
series is around 80–90%, whereas in American series this
is lower (60–70%). Apart from possible genetic factors,
this fact is also due to different biopsy policies in different
regions. Patients undergoing biopsies in the USA had a
higher proportion of proteinuria >3 g, hypertension and
CRF at diagnosis.

The clinical course also varies depending on the age of
the patient when the disease presents, with lower renal
survival in adults than in children over the same follow-
up period. In the paediatric population (<15 years), the
percentage of complete remission according to some series
is high and only 4% developed CRF (7-year follow-up).

The type of clinical presentation has also been seen to be
important in the evolution of the disease. Patients with
IgAN with only microhaematuria or microhaematuria

with minimal proteinuria have a very good long-term
prognosis, while those with major proteinuria, hyperten-

sion or renal failure at diagnosis have the worst prognosis.

Despite this, a recent study demonstrated that a subgroup

of patients with an ‘‘apparent’’ good prognosis (microhae-

maturia with minimal proteinuria) may also have an unfa-

vourable outcome. In this study, 33% of these patients

developed proteinuria of >1 g after 7 years, 26% AHT
and 7% CRF (Cr >1.4mg/dl).
Five-year studies were conducted with repeated biopsies

in patients with IgANwho had microhaematuria and vari-

able levels of proteinuria at the time of diagnosis. These
indicated that a histological deterioration was observed in

up to 55% of patients and a reduction in glomerular filtra-

tion in 33% of patients (much more marked in patients

with higher proteinuria) with this type of clinical

presentation.
There are data that suggest that the risk of progression

to CRF is proportional to the proteinuria at 1 year of
follow-up: patients with proteinuria <0.5 g daily have a

0% risk of progression to CRF at 5 years of follow-up,

patients with proteinuria between 0.5 and 1.5 g/day have a

13% risk, those with proteinuria between 1.5 and 3 g/day

have a 25% risk and, finally, patients with proteinuria of

>3 g have a 60% risk of progression to CRF.
A retrospective study of a large series of patients with

this disease enabled us to establish the factors that are

considered key to the progression of the disease. The fac-

tors that are unquestionably linked to a poor prognosis
from a clinical point of view are: (a) elevated creatinine at

diagnosis, (b) hypertension (c) and proteinuria >500mgs/1

daily. Histologically, the following are considered as

poor prognostic factors: (a) a significant percentage of

glomerulosclerosis, (b) chronic tubulointerstitial lesions,

(c) Haas or Lee class IV–V and (d) the presence of signifi-

cant extracapillary proliferation. Other classic factors that

were for many years considered as associated with poor

prognosis are now thought to carry less prognostic weight

(older age at diagnosis, male sex, no history of macrohae-
maturia, mesangial hypercellularity and expansion,

marked arteriolar hyalinosis and IgA deposits in

capillaries).
Based on the poor clinical prognostic factors, some

attempts have been made to stratify patients into risk

groups for the evolution of CRF. The scores used to cal-

culate if a patient belongs to the high-risk group as pro-

posed by Magistroni are the following: 2 points for

creatinine >1.4mg/dl, 1 point for proteinuria >1 g daily

and 1 point for age>30 years. Patients with scores between
0–2would be included in the low-risk group (91% renal
survival after 10 years) and those with scores of 3–5would

be included in the high-risk group (35% renal survival

after 10 years).
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IgAN Evolution Following a Kidney Transplant

There are few studies on the progression of IgAN follow-
ing a kidney transplant. Disease recurrence is relatively
common despite the immunodepressant medication that
transplant patients receive. Neither classic immunosup-
pressors nor the new immunosuppressors appear to be
capable of preventing the recurrence of the disease. Var-
ious series have demonstrated a very variable percentage
recurrence ranging between 13 and 60%. In series where
biopsies are only performed in cases of suspected clinical
relapse (no protocol biopsies), the percentage of relapse is
about 20%. The course of recurrent IgAN in transplant
patients is relatively benign with percentages of graft dys-
function and graft failure of 11–23%/2–16% in function of
the different series. Analysis of actuarial renal survival of
transplant patients due to IgAN demonstrates that the
percentage survival is very similar to that of patients
receiving a transplant for any other cause.

Although some studies question it due to the high
relapse rates, more recent data indicate that transplants
from live donors is not contraindicated in this situation.

Diagnosis

IgAN is always diagnosed by performing a renal biopsy.
Although a compatible clinical picture would be highly
suggestive, it is insufficient for a diagnosis. Same is the
case for high serum IgA levels, a finding that is observed in
about 30% of patients. No analytical or immunologic data
have demonstrated high diagnostic sensitivity or specifi-
city. Once the renal biopsy is performed, the patient must
be classified as having primary or secondary disease (see
Table 88.1).

Themain problem is to decide themost appropriate time
to conduct the biopsy. An aggressive approach with the
biopsy criteria (microhaematuria alone or microhaema-
turia with minimal proteinuria) would increase the cases
diagnosed but would have little relevance on changes in
therapeutic attitudes, and would also increase the number
of patients undergoing kidney biopsies and the inherent
risks.

Although there is no global agreement on the indication,
it would appear reasonable to consider a kidney biopsy in
patients with clinical suggestive signs and:

a) microhaematuria with proteinuria >1 g daily;
b) microhaematuria with proteinuria and renal failure.

Given that the forms of the disease with good prognostic
criteria (isolated haematuria or haematuria with minimal
proteinuria) do have some risk of progression, clinical
control of these unbiopsied patients is recommended as
well as a change of attitude if the above criteria are met.

The aim with this policy is to adjust and limit the number
of biopsies to those cases where the patient would benefit
from immunosuppressive treatment.

Treatment

Although this is a prevalent glomerular disease, at present
the treatment of IgAN is still not clearly defined and there
is no unanimous consensus on how to treat it. There are
few well-designed studies on this subject and those that do
exist generally contain small sample sizes. In addition, as
the onset of the nephropathy is very slow, it may take years
to reach the end-points being studied (CRF/duplication of
creatinine). This has greatly limited the quantity and qual-
ity of the existing studies and has hindered the reaching of
definitive conclusions on the usefulness of the different
treatment modalities. Some of the existing trials, generally
with short follow-ups, use proteinuria as the end-point
assuming that the risk of CRF is proportional to the
intensity of the proteinuria.
The treatment of this entity may be divided into two

sections: conservative non-immunosuppressive treatment
and immunosuppressive treatment.

Non-immunosuppressive Treatment

Non-immunosuppressive treatment of chronic proteinuric
nephropathies includes antihypertensive and antiproteinu-
ric treatments as well as the control of cholesterol fractions
with statins. These treatments are beneficial due to the
effects on reducing cardiovascular risk, which is very
high in the population with CRF. The antihypertensive
treatment is based mainly on the use of ACEI/ARA II
alone or in combination with reducing blood pressure to
at least 125/75mmHg and reducing proteinuria as far as
possible. The use of an ACE inhibitor (enalapril) or ARA
II (valsartan) to treat this entity has been shown to slow
down progression of CRF. The addition of ACEI þ ARA
II may contribute even further to the stabilization or
reduction of the loss of renal function in this entity. The
Cooperate study demonstrated that the pharmacological
combination of ACEI plus ARA II reduces the advance of
chronic renal impairment in a group of patients with
chronic proteinuric nephropathies of non-diabetic origin
and has a greater antiproteinuric effect than the adminis-
tration of these two drugs separately. Of the 263 patients
recruited for this study, all Japanese, 50% had IgAN.
Lipid abnormalities are very common in proteinuric

patients. Statins have been shown to have a beneficial
effect based on the reduction of the cardiovascular risk,
and they may also have a beneficial effect on the progres-
sion of CRF.
There is some controversy on the efficacy of the admin-

istration of fish oils to reduce the advance of CRF in

482 del Rey



IgAN. Ameta-analysis encompassing five controlled trials
(two with positive results and three with negative results)

was incapable of providing statistical evidence of the ben-

eficial effects of this therapeutic approach and recom-

mended further studies. A substudy of this meta-analysis

suggests that fish oils may be useful in patients with pro-
teinuria >3 g daily.

Immunosuppressive Treatment

Prednisone

A recent meta-analysis has been conducted on the risks

and benefits of immunosuppressive treatment in IgAN.

This study included 13 clinically controlled randomized

trials including 623 patients. The conclusions of this

study (that focused solely on immunosuppressive treat-
ment ignoring traditional treatment) were that the optimal

treatment has yet to be defined. The studies that exist are

small with less than optimal methodological quality and

tend to highlight favourable results lacking detailed infor-

mation of the harmful effects of the treatments. Despite all

these drawbacks, the meta-analysis indicated that predni-

sone is useful in the treatment of this disease.
Considering the six studies that included prednisone

versus placebo and which included 341 subjects, the

meta-analysis suggests that treatment with prednisone

reduces proteinuria, stabilizes renal function and reduces

the risk of going on dialysis compared with the placebo.
Specifically analysing the studies, we may conclude that

steroids alone may have a beneficial effect in case of IgAN

in two situations:

a) Young patients with an abrupt onset of nephrotic syn-
drome without hypertension or renal function distur-
bances and with a histology compatible with minimal
change disease with IgA deposits. In these cases, the
doses of prednisone that should be used are the same
as those used in nephrotic syndrome with minimal
lesions and the treatment response, as in this entity, is
good.

b) Patients with IgAN with Cr<1.5mg/dl and proteinuria
between 1 and 3 g. Prednisone, at variable doses
depending on the study, may reduce proteinuria and
prevent deterioration of renal function. There is greater
debate on the use of steroids in this patient group as
some studies overlook the effects of ACE inhibitors, as
some do not comply with current recommendations on
strict blood pressure control and because not all studies
obtained results as positive as those of Pozzi et al. In this
study, the patient group treated with prednisone
obtained a 10-year renal survival of 97% compared
with 53% in the placebo group.

In terms of the secondary effects observed with these regi-
mens, the available information is scarce. In the studies in
which the secondary effects were specified, the percentage
oscillated between 0 and 40%.

Prednisone/Cyclophosphamide or Azathioprine

With the meta-analysis, it was not possible to clearly
demonstrate the usefulness of this drug combination in
the treatment of IgAN. It is therefore clear that this com-
bination is not useful when applied in a general manner in
patients with low risk, but it appears that it may be very
useful in a subgroup of patients:

a) creatinine >1.5 and <2.5mg/dl;
b) patients where inverse creatinine would suggest that

that they will require haemodialysis in less than 5 years;
c) a 15% increase of creatinine in the past year;
d) >10% epithelial crescents in the renal biopsy.

Clinically, these patients often present nephrotic protei-
nuria. Although experience is lacking, there are various
papers that support the use of regimens with sequential
cyclophosphamide–azathioprine þ steroids, cyclopho-
sphamide bolus þ steroids or azathioprine þ steroids in
this disease as a clearly better renal survival was attained.
Survival of the treated group and the control group in two
of the most relevant studies were 72% versus 6% (sequen-
tial CF-AZA þ prednisone vs conservative treatment.
5 years of follow up) and 90% vs 55% [CF-Pd vs conserva-
tive treatment (retrospective group) 3 years of follow-up].
As is to be expected, these treatment regimens are accom-
panied with an appreciable percentage of adverse effects.

Mycophenolate

This is the latest drug to be used to treat this entity.
Experience is still scarce, it does not appear in the meta-
analyses and there are few data available to ascertain its
real usefulness. From the few studies available, it would
appear that this immunosuppressive agent is not useful in
IgANwithmajor renal function impairment and histologic
chronicity data. In contrast, there are promising results in
reducing proteinuria in one study where it was used as a
rescue therapy in patients with IgAN with sustained pro-
teinuria (>1 g) despite optimal blood pressure control with
ACE inhibitors. There are insufficient data on long-term
follow-up regarding renal function to reach definitive
conclusions.

Intravenous Immunoglobulin

High-dose intravenous immunoglobulin has been tried in
severe IgAN, characterized by heavy proteinuria and a
relatively rapid decline in glomerular filtration rate
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(GFR). In a single study, it was shown to reduce protei-

nuria, stabilize renal function and improve the inflamma-

tory condition and the IgA deposit in a control biopsy. The
benefit of intravenous immunoglobulin needs to be

confirmed prospectively in a large number of patients.
Although the optimal treatment is yet to be defined, with

all the available data one possible treatment algorithm

could be that outlined in Table 88.3.

References

1. Berger J, Hinglais N. Les depots intercapillaires d�IgA-IgG. J

Urol Nephrol 74: 694–5, 1968.

2. Donadio JV, Grande JP. IgA nephropathy. N Engl J Med
347: 738–48, 2002.

3. Rai A, Nast C, Adler S. Schönlein-Henoch purpura nephri-
tis. J Am Soc Nephrol 10: 2637–44, 1999.

4. Davin JC, Ten Berge IJ, Weening JJ. What is the difference
between IgA nephropathy and Henoch-Schönlein purpura

nephritis? Kidney Int 59: 823–34, 2001.

5. D�Amico G. Natural history of idiophatic IgA nephropathy;
role of clinical and histological prognostic factors. Am J

Kidney Dis 36: 227–37, 2000.

6. Donadio JV, Grande JP. IgA nephropathy. N Engl J Med
347: 738–48, 2002.

7. Floege J, Feehally J. IgA nephropathy: Recent develop-
ments. J Am Soc Nephrol 11: 2395–403, 2000.

8. Geddes C, Rauta V, Gronhagen-Riska C, Bartosik L,

Jardine A, Ibels LL, Pei Y, Cattran D. A tricontinental

view of IgA nephropathy. Nephrol Dial Transplant 18:
1541–48, 2003.

9. Ying B, Mao Chan T, Lai Lo S, Kei Lo S, Neng K. Renal

transplantation in patients with primary IgA nephropathy.
Nephrol Dial Transplant 18: 2399–404, 2003.

10. Barrat J, Feehally J. Treatment of IgA nephropathy. Kidney

Int 69: 1934–44, 2006.

11. Russo D, Minutolo R, Pisani A. Esposito R, Signoriello G,
Andreucci M, Balletta MM. Coadministration of losartan

and enalapril exerts additive antiproteinuric effect in IgA

nephropathy. Am J Kidney Dis 38: 18–25, 2001.
12. Nakao N, Yoshimura A, Morita H, Takada M, Koyano T,

Ideura T. Combination treatment of ARA II and ACEI in

non-diabetic renal disease (COOPERATE): A randomized

controlled trial. Lancet 361: 117–24, 2003.
13. Dillon JJ. Fish oil therapy for IgA nephropathy: Efficacy

and inter-study variability. J Am Soc Nephrol 8: 1739–44,

1997.
14. Ballardie FW, Roberts ASN. Controlled prospective trial of

prednisolone and cytotoxics in progressive IgA nephropathy.
J Am Soc Nephrol 13: 142–8, 2002.

15. Tumlin JA, Lohavichan V, Hennigar R. Crescentic, prolif-
erative IgA nephropathy: Clinical and histological response

to methylprednisolone and intravenous cyclolphosphamide.

Nephrol Dial Transplant 18: 1321–9, 2003.
16. Goumenos DS, Davlouros P, El vahas Am, Ahuja M, Short-

land JR, Vlachorjannis JG, Brown CD. Prednisolone and
azathioprine in IgA nephropathy-a ten year follow up
study. Nephron Clin Prac 93: c58–68, 2003.

TABLE 88.3. Treatment recommendations for IgA nephropathy.

Recurrent macroscopic haematuria with low or without proteinuria and normal renal function

No specific treatment

Microhaematuria þ proteinuria <1 g

No specific treatment. Consider ACEI/ARA II

If HTA ACEI/ARA II (target 125/75)

Microhaematuria þ proteinuria 1–3 g/24 h

ACEI/ARA II (target 125/75)

If proteinuria >1 g 24 h and creatinine <1.5mg/dl after 6months, consider prednisone (6months)

If proteinuria >1 g 24 h and creatinine <1.5mg/dl after treatment with prednisone, consider to add azathioprine

If proteinuria > 3 g and serum creatinine >1.5mg/dl, consider fish oil 12 g daily for 6months

Very high risk patients

Proteinuria > 3 g day and creatinine >1.5 and <2.5mg/dl

or

patients where inverse creatinine would suggest that that they will require haemodialysis in less than 5 years

or

a 15% increase of creatinine in the past year

or

10% epithelial crescents in the renal biopsy/crescentic IgA glomerulonephritis

Consider to treat with sequential cyclophosphamide–azathioprineþ steroids, cyclophosphamide bolusþ steroids or azathioprineþ steroids (similar

to small vessel vasculitis)

Nephrotic syndrome with normal renal function and minimal change disease with mesangial IgA deposits in renal biopsy

Prednisone 1mg/kg 4weeks, ½ mg/kg 4week and slow dose decrease (the same treatment of menial change disease without IgA deposits)

Acute tubulary necrosis

Supportive measures only

Chronic renal failure creatinine >2.5mg/dl

Consider treatment of chronic renal failure, ACEI and fish oil

484 del Rey



17. Samuels JA, Strippoli GF, Craig JC, Schenna FP, Molony
DA. Immunosuppressive treatments for IgA nephropathy:

A meta-analysis of randomized controlled trials. Nephrology

(Carlton) 9: 177–85, 2004.
18. Apple GB, Walkman M. The IgA nephropathy treatment

dilemma. Kidney Int 69: 1939–44, 2006-11-05.

19. Ballardie FW. IgA nephropathy treatment 25 years on: Can
we halt progression? The evidence base. Neprhol Dial Tran-

plant 19: 1041–6, 2004.

20. Laville M, Alamartine E. Treatment options for IgA nephro-
pathy in adults: A proposal for evidence-based strategy.
Nephrol Dial Transplant 19: 1947–51, 2004.

88. IgA Nephropathy 485



89
Membranous Nephropathy

Ziv Paz and Yehuda Shoenfeld

Abstract Membranous nephropathy (MN) is a glomerular disease characterized by nephrotic syndrome and typical
changes on renal biopsy. MN could be idiopathic or secondary to other conditions. Both idiopathic form and secondary
forms are mediated by autoantibodies supporting the autoimmunity base of this disease. The underlying pathogenesis of
the idiopathic form is still obscure, but diagnostic criteria based on clinical presentation and renal biopsy are suggested in
this chapter, provide us diagnostic and therapeutic tool and help us to assess one prognosis.

Keywords Membranous nephropathy � nephrotic syndrome � renal biopsy � subepithelial deposits � in situ
autoantibodies

Membranous nephropathy (MN) is one of the glomerular

diseases; as in other glomerular diseases, the name arises

from the histopathological appearance in biopsy.
MN is accounting for one-third of biopsy results taken

from adult patients present with nephrotic syndrome (1).
On light microscopy, one can see a glomerular basement

membrane thickeningwith no proliferation or infiltration (2).
MN is mediated by different autoantibodies and

immune complexes deposition with subsequent comple-

ment system activation.
MN could be secondary to different conditions

(Table 89.1), but it is most often idiopathic; the scope of

this chapter is to define diagnostic criteria for idiopathicMN.

Epidemiology

In the past, the majority of adult patients with nephrotic

syndrome had the biopsy diagnosis of MN. Presently only

one-third of patients with nephrotic syndrome are diag-

nosed with MN with increase diagnosis of focal segmental

glomerulosclerosis especially in the black population (1).
MN distributes evenly in all races and in both sexes; the

idiopathic type is more common in white male over the age

of 40 years. When a young woman is diagnosed with MN,

we have to suspect lupus as the underlying cause.
When the disease is diagnosed in children (represent less

then 5% of nephrotic syndrome in this population), one

should look for hepatitis B infection (3). Still the majority
of MN cases are idiopathic (75%).

Pathology

The classical appearance on light microscopy is diffusely
distributed glomerular basement membrane thickening
without significant cellularity (2). In early stage, the

TABLE 89.1. Major secondary causes of membranous nephro-

pathy (MN).

SLE (WHO class V)

Hepatitis B virus

Hepatitis C virus

Malignancy (commonly solid tumors: lung and GI)

Renal transplantation

Bone marrow transplantation

Sarcoidosis

Sjögren’s syndrome

Tertiary syphilis

Malaria

Schistosomiasis

In association of other glomerular diseases

Drugs

Gold salts

Penicillamine

NSAIDS (diclofenac is most commonly associated)

Anti-TNF therapy (infliximab, etanercept, adalimumab)

Bucillamine

Tiopronin

Captopril

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_89,

� 2008 Humana Press, Totowa, NJ

487



glomeruli may appear normal, but in late stages, one will
see diffuse sclerosis associated with tubulointerstitial
changes. There are different classifications and staging
systems of MN biopsy results, which have no effect on
patient management and prognosis.

Diffuse granular pattern of IgG and C3 along the glo-
merular basement membrane (GBM) is seen in immuno-
fluorescence microscopy. In electron microscopy,
characteristic findings are subepithelial dense deposits
located on the outer aspect of the GBM, effacement of
podocytes foot processes and deposition of extracellular
matrix between deposits (spikes).

The pathological findings described above are common
both to idiopathic and secondaryMN, but there are subtle
differences that help to differentiate between idiopathic
and secondary forms of GN.

In idiopathic MN, the deposits seen in EM are located
subepithelial compared with secondary forms, where the
deposits could be seen also in the mesangium and
subendothelium.

In the idiopathic form there are no tubuloreticular struc-
tures inside the glomerular endothelium, characteristic
findings of lupus MN.

Pathogenesis

In the past, MN was thought to be a presentation of
chronic serum sickness. With research evolvement, MN
like other glomerular diseases is now thought to be an
autoimmune disease (4).

Heymann and colleague (5) described the first model of
MN in rats called Heymann nephritis; this model is the
base of our understanding of MN pathogenesis.

In immune complex-mediated process, one expect to see
deposits in the mesangium or subendothelium (like in
lupus MN), but in the idiopathic form of MN, there are
isolated deposits in the subepithelial area.

Couser et al. (6) showed that subepithelial deposits
result from direct in situ binding of IgG antibodies against
self-antigens presented on podocytes foot processes.

The IgG deposits are IgG4 in the idiopathic form com-
pared with other immunoglobulins and different comple-
ment deposits seen in the secondary forms; IgG4 is
produced in type 2 immune response of Th2 lymphocytes
(7). The antigen that involved in the idiopathic form of
MN needs to be found. But there is a single report (8) on
antibodies developed against podocyte neutral endopepti-
dase that lead toMN. In the secondary forms ofMN, there
are several known antigens described by Ronco et al. (9).

The glomerular injury is mediated by complement acti-
vation (10). C5b-9 stimulates podocytes to produce cata-
lytic enzymes and to secrete different cytokines leading to
podocytes dysfunction and barrier insufficiency with sub-
sequent massive proteinuria.

Clinical Manifestations

Most patients present with a nephrotic syndrome (80%).
In 70% of patients, the blood pressure is normal and there
are no signs of renal failure unless there is an associated
glomerular disease or one of the secondary causes of MN
that can lead to a renal failure in different mechanism,
keeping in mind that nephrotic syndrome by itself is a
hypercoagulable state that can lead to a renal vein throm-
bosis with a further insult to renal function.

Urinary Findings (Table 89.2)

Proteinuria can range from a non-nephrotic range (<3 g/
24 h urine collection) to a dozen of grams per day. The
proteinuria is non-selective. In urine microscopy one can
see fatty casts, oval fat bodies and lipid droplets. RBC
casts are rare, but microscopic hematuria is seen in 50%
of cases. Sometimes glycosuria is seen in normoglycemic
patients.

Biochemical Findings (Table 89.2)

Hypoalbuminemia and severe hyperlipidemia are seen in
most cases.

Diagnostic Criteria (Table 89.3)

The diagnosis of idiopathic form of MN is based on three
criteria: renal biopsy (Table 89.4), appropriate clinical
presentation (Table 89.2) and excluding an alternative
diagnosis. In every patient with MN or nephrotic range

TABLE 89.2. Urinalysis and blood biochemistry in idiopathic

membranous nephropathy (MN).

Non-selective proteinuria 100%

Nephrotic range proteinuria 80%

Microscopic hematuria 50%

Glycosuria >50%

Urine microscopy

Fatty casts up to 90%

RBC casts rare (consider other diagnosis)

Blood biochemistry

Hypoalbuminemia >90%

Hyperlipidemia >90%

Azotemia rarely

TABLE 89.3. Diagnostic criteria for idiopathic MN.

1. A nephrotic syndrome

2. The classic pathological picture in renal biopsy (Table 89.4)

3. Exclusion of other possible etiologies (Tables 89.1 and 89.5)

All criteria must be met.
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proteinuria, different laboratory tests are ordered
(Table 89.5) to rule in or out other diagnosis. Even though
the autoimmunity nature of MN is well established by
biopsy findings, immunohistochemistry studies and signif-
icant response to an immunosuppressive therapy, the
underlying mediating antibodies need to be found and
specific autoantibodies are not considered part of MN
diagnosis.

Prognosis

MN has a benign course; spontaneous remission occurs in
30% of patients. It happens mostly in the first 2 years but
can occur at any time along the course of the disease.
Schieppati et al. (11) studied the natural history of the
idiopathic form of MN. In this study, 37 patients with
MN were followed for 5 years and 65% had a complete
or partial remission without the use of steroids or other
immunosuppressive drugs. The prognosis in this study was
related to the level of proteinuria, with a worse prognosis
in cases present with massive proteinuria.

Louis et al. (12) reviewed the literature, listing the prog-
nostic factors that can help to identify the patients at risk
of an end-stage kidney disease, who can benefit from an
early immunosuppressive intervention. Their review con-
cluded that age, glomerular stage on biopsy and hyperten-
sion are not useful as predictors. In contrast, young
females with normal plasma creatinine, without tubuloin-
terstitial changes or sclerosis, and without nephrotic syn-
drome or massive proteinuria (the most important
prognostic factor) have very good prognosis. Cumulative
prognostic factors that are sensitive and specific enough
and help to direct the treatment and to assess disease
activity are urinary levels of C3dg, C5b-9, IgG and B2

microglobulin. These tests are not available inmost clinical
laboratories.

Treatment

To treat or not to treat is a significant question asked in
every patient with idiopathic MN, especially when consid-
ering the possibility of spontaneous remission in 30% of
patients and the significant adverse effects of the immuno-
suppressive therapy (13).
The questions need to be asked are: When to treat? and

with what to treat? Obviously patient with several risk
factors for an end stage kidney disease will benefit from
the therapy but for most patients the decision is compli-
cated and depends mostly on the knowledge and experi-
ence of the treating physician.
In the secondary forms ofMN, the therapy is directed to

the underlying cause.
In any patient with a nephrotic syndrome including

those with MN, our goals are to treat the edema, control
blood pressure, to lower blood cholesterol and to employ
angiotensin-converting enzyme inhibitors to reduce
proteinuria.
The risk for progression to an end-stage kidney disease

is assessed and patients are assigned to different risk
groups. The low-risk group (normal plasma creatinine,
proteinuria <4 g) is treated conservatively.
Two therapeutic approaches are considered beneficial

in the medium risk group (normal plasma creatinine, pro-
teinuria between 4 and 8 g on a maximal conservative
treatment). Monthly cycling of corticosteroids and cyclo-
phosphamide on alternate months over 6months period is
one accepted approach (14); the other alternative is using
cyclosporine as a single drug for 6months period (15). The
high-risk group (deteriorating renal function and or pro-
teinuria more then 8 g) will benefit from a combined ther-
apy with steroids and cytotoxic drugs. Few cytotoxic drugs
are suggested in this indication, including chlorambucil,
cyclosporine and cyclophosphamide.
New therapies have been used with a great success in

resistant cases, including mycophenolate mofetil (16) and
rituximab (17).
The conditions of 30% of the patients deteriorate on

therapy and few of them depend on dialysis or undergo
kidney transplantation. The advances in understanding of
autoimmunity will provide us better understanding of this
disease and help us to help these patients.

References

1. Braden, GL, Mulhern, JG, O’Shea, MH, et al. Changing
incidence of glomerular diseases in adults. Am J Kidney Dis

2000; 35: 878–884.

TABLE 89.4. Renal biopsy findings in idiopathic membranous
nephropathy (MN).

Light microscopy: Basement membrane thickening without a significant

cellularity.

Immunofluorescence: Diffuse granular pattern of IgG 4 and C3 along the

GBM.

Electron microscopy: Isolated subepithelial deposits.

No tubuloreticular structures inside the glomerular endothelium.

No subendothelial or mesangial deposits.

TABLE 89.5. Laboratory tests ordered in membranous nephro-

pathy (MN).

ANA

Complement levels

Hepatitis B serology

Hepatitis C serology

Routine screening for malignancy (e.g., colonoscopy in patients over the

age of 50 years) unless there are directing signs and symptoms.

89. Membranous Nephropathy 489



2. Austin, HA 3d, Antonovych, TT, Mackay, K, et al. NIH
Conference. Membranous nephropathy. Ann Intern Med

1992; 116: 672–680.

3. Johnson, RJ, Couser, WG. Hepatitis B infection and renal
disease: Clinical, immunopathogenetic and therapeutic con-
siderations. Kidney Int 1990; 37: 663–670.

4. Couser, WG. Membranous nephropathy: A long road but

well traveled. J Am Soc Nephrol 2005; 16: 1184–1187.
5. Heymann, W, Hackel, DB, Harwood, S, Wilson, SG,

Hunter, JL. Production of nephrotic syndrome in rats by

Freund’s adjuvants and rat kidney suspensions. Proc Soc
Exp Biol Med 1959; 100: 660–664.

6. Couser, WG, Salant, DJ. In situ immune complex formation
and glomerular injury. Kidney Int 1980; 17: 1–13.

7. Hirayama, K, Ebihara, I, Yamamoto, S, Kai, H, Muro, K,

Yamagata, K, Kobayashi, M, Kyoma, A. Predominance of
type-2 immune response in idiopathic membranous nephro-

pathy. Nephron 2002; 91: 255–261.
8. Debiec, H, Guigonis, V, Mougenot, B, Decobert, F,

Haymann, JP, Bensman, A, Deschenes, G, Ronco, PM.
Antenatal membranous glomerulonephritis due to anti-neutral

endopeptidase antibodies.NEngl JMed 2002; 346: 2053–2060.

9. Ronco, P, Debiec, H. Molecular pathomechanism of mem-
branous nephropathy: from Heymann nephritis to alloim-

munization. J Am Soc Nephrol 2005; 16: 1205–1213.

10. Nangaku, M, Shankland, SJ, Couser,WG. Cellular
Response to injury in Membranous Nephropathy. J Am

Soc Nephrol 2005; 16: 1195–1204.

11. Schieppati, A, Mosconi, L, Perna, A, et al. Prognosis of
untreated patients with idiopathic membranous nephropa-

thy. N Engl J Med 1993; 329: 85.

12. Reichert, LJM, Koene, RAP, Wetzels, JFM. Prognostic fac-
tors in idiopathic membranous nephropathy. Am J Kidney
Dis 1998; 31: 1–11.

13. Cattran, D. Management of membranous nephropathy:

When and what for treatment. J Am Soc Nephrol 2005; 16:
1188–1194.

14. Ponticelli, C, Piccoli, G, Lupo, A, Segagni, S, Antonucci, F,

DugoM,Minari M, Scalia A, Pedrini L, Pisano G, Grassi C,
Farina M, Bellazzi R. A randomized study comparing

methylprednisolone plus chlorambucil versus methylpredni-
solone plus cyclophosphamide in idiopathic nephropathy.

J Am Soc Nephrol 1998; 9: 444–450.

15. Cattran, DC, Appel, GB, Hebert, LA, Hunsicker, LG,
Pohl, MA, Hoy, WE, Maxwell, DR, Kunis, CL; North

American Nephrotic Syndrome Study Group. Cyclos-
porine in patients with steroid resistant membranous

nephropathy: A randomized trial. Kidney Int 2001; 59:
1484–1490.

16. Miller, G, Zimmerman, R, Radhakrishnan, J, Appel, G. Use

of mycophenolate Mofetil in resistant membranous nephro-
pathy. Am J Kidney Dis 2000; 36: 250–256.

17. Ruggenenti, P, Chiurchiu, C, Brusgen, V, AbateM, Perna A,

Remuzzi G: Rituximab in idiopathic membranous nephro-
pathy: A one year prospective study. J Am Soc Nephrol 2003;
14: 1851–1857.

490 Paz and Shoenfeld



90
Minimal Change Nephropathy

Pilar Arrizabalaga Clemente

Abstract Minimal Change Nephropathy (MCN) is the basic primary glomerulonephritis subsisting under the Idio-
pathic Nephrotic Syndrome (INS), which is characterized by massive selective proteinuria, hypercholesterolemia and
generalized edema. MCN is present in more than 80% of children with INS and in less than 10% of adult patients with
INS. Familial forms of NS are caused by genetic defects. Clinical and experimental data including production of several
cytokines from circulating T cells and disturbances of the podocyte antigens support autoimmune pathogenesis in non-
familial forms of MCN. The natural history of the disease may vary widely, but proteinuria is the cardinal prognosis
factor in renal outcome.

Keywords Primary glomerulonephritis � idiopathic nephrotic syndrome � podocyte

Minimal Change Nephropathy (MCN) is the basic

primary glomerulonephritis subsisting under the Idio-

pathic Nephrotic Syndrome (INS), which is defined by

urinary protein level exceeding 3.5 g/day in adults or

40mg/h/m2 in children and hypoalbuminemia (<3 g/dl).
Hypovolemia due to reduced plasma oncotic pressure

stimulates the renin–angiotensin–aldosterone. Salt and

water retention leading to generalized edema and pri-

mary dysfunction in sodium tubule reabsorption contri-

bute to its persistence. The NS is accompanied by
hypercholesterolemia and a wide range of comorbidities:

thromboembolic tendency, protein malnutrition, disor-

ders of vitamin D and hypocalcemia, and susceptibility

to infection, especially pneumococcal in children and the

elderly.

Epidemiology

MCN is the most common histological picture in children

with INS, accounting for more than 80% in children

younger than 10 years of age and 50% in older children.

MCN affects less than 10% of adults with INS (1) and can

also affect elderly patients in whom there is a higher ten-

dency for microhematuria, hypertension and acute renal

failure.

History

In 1913, Munk (2) described massive proteinuria under

the histological picture called ‘‘lipoid nephrosis’’ because

of the fat bodies in the urine and fatty changes in the

tubules seen at autopsy. Since the 1960s, the application

of percutaneous renal biopsy introduced MCN as

descriptive term under NS responding to steroid therapy

(3). Abnormalities in both humoral and cell-mediated

immunity from clinical and experimental data support

autoimmune pathogenesis over the visceral epithelial

cells or podocyte (4) in MCN.

Pathology

MCN shows no changes under light microscopy and

no immunodeposition under fluorescence microscopy.

The histological finding, as detected by electron

microscopy, consists of loss or effacement of the

foot processes as a result of condensation of the
actin microfilaments constituting the podocyte cytos-

keleton. This change leads to a leak in the glomerular

barrier to proteins and highly selective proteinuria,

mainly albumina.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_90,
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Pathogenesis

MCN has been associated with disturbances in the immune
system.

History of hypersensitivity such as atopy and allergy,
favorable response of NS to steroids and immunosuppres-
sive drugs, increased serum levels of IgE, and expanded
CD8-positive T-cells during relapse suggest activation of
both B and T cells in MCN.

In vitro studies of mitogen-stimulated production of
cytokines by peripheral blood monocyte cells and T-cells
fromMCN under NS have shown an increase of cytokines
such as interleukin (IL)-1, IL-2 and tumor necrosis factor
(TNF)-a (5). Moreover, increased IL-12 and IL-13 point
to activation of T-helper with Th2-mediated immunity.

Advances in molecular biology have recently recognized
that nephrin, a major functional molecule in the slit dia-
phragm, is reduced in the glomeruli of MCN, but its sig-
nificance is uncertain. MCN is the consequence of
podocyte injury that may result from damage of immune
origin because of: (a) a circulating lymphocyte-derived
permeability factor, (b) intra or extracellular stimulus
directed to a3b1 integrin and integrin-linked kinase that
are linked to the actin (6).

Clinical Manifestations

The primordial clinical manifestation looking for medical
attention is the edema as consequence of the relatively
abrupt onset of massive proteinuria and hypoalbumine-
mia. In some patients, the edema is only of minimal dis-
comfort but in most patients the generalized edema causes
substantial morbidity. The nephrotic proteinuria, the
hypoalbuminemia, and the comorbidities are responsible
for signs and symptoms listed in Table 90.1.

There are some differences in clinical features between
children and adults with MCN. Non-familial MCN is
usually primary or idiopathic in children, but in some
children there is a history of respiratory infection, allergy,
or vaccines.

In adults, MCN is usually associated with other condi-
tions, including both viral and parasitic infections,

medications (no steroidal anti-inflammatory drugs,
lithium, gold, interferon alpha, ampicillin, rifampicin, cap-

topril, etc.), leukemia and lymphoma (Hodgkin disease),
solid tumors (carcinoma and sarcoma) and allergy (food,
bee stings, and pollen). Hypertension, sometimes severe, as

well as renal insufficiency is more common in adults (7). In
fact, failure renal has been reported in up to 20% of elderly

patients. Acute renal failure can be reversible when invol-
ving both hypovolemia and interstitial nephritis due to

diuretic treatment. But evidence of atherosclerosis and
tubular epithelial features compatible with ischemic failure
may be present in patients older than 60 years (8).
Thromboembolic episodes occur in 20 to 44% (9) of the

adult patients with NS, in particular, those with deep
venous thrombosis and renal vein thrombosis. Factors
such as flank pain, hematuria, and renal failure are useful
in predicting the presence of renal vein assessed as
increased kidney size by imaging diagnostic techniques.
Pulmonary embolism has been reported as 20%, but
15% of adult patients with NS and no symptoms of pul-
monary thrombosis show positive results on ventilation/
perfusion scans, so that may be even higher.
It has been reported that the patients with NS are at a

substantially increased relative risk of 5.5 compared with

the general population for coronary artery disease (10).
However, hyperlipemia and hypercoagulability as well as
others factors of cardiovascular risk, e.g. smoking, hyper-
tension, or hereditary factors, contribute to making the
association between NS and atherosclerosis uncertain.
The prevalence of bacterial infections ranges from 10 to

40% in children, principally peritonitis as the result of
Streptococcus pneumoniae. Other complications are sepsis,
cellulites, urinary tract infection, and osteomyelitis. The
infections are notable during episodes of relapse (11) and
are associated to IgG levels profoundly decreased.
In non-responder children, MCN progress to advanced

stages, complications can result of long-lasting minerals
and vitamins leading to bothmalnutrition and reduction in
bone density with features of osteopenia and osteoporosis.

These last can account through long steroids treatment.

Biochemical Features

MCN is characterized by nephrotic proteinuria (>3.5 g/
day in adults or 40mg/h/m2 in children), hypoalbumine-
mia (<3 g/dl), and hypercholesterolemia. Other laboratory
abnormalities observed in MCN are listed in Table 90.2.
The primary defect is loss of selective protein in the

urine. The liver reacts to the fall in serum albumen levels
by increasing albumen synthesis, but the response in NS is
inadequate. The alteration in serum globulins and lipopro-
teins in MCN is the consequence of the hypoalbuminemia
that would increase the synthesis of cholesterol and

TABLE 90.1. Symptoms and signs of MCN at presentation.

Prevalence

Children (%) Adults (%)

Fatigue >70 >70

Edema 100 100

Anasarca >80 <60

High blood pressure No 30

Arterial thrombosis 1 3

Vein thrombosis 1 >30

Infections >30 <15
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lipoproteins in liver. Hyperlipidemia is also due to dimin-
ished catabolism.

The hypercoagulability leading to thrombosis in NS is
multifaceted (12). Causes such as platelet hyperaggregabil-
ity, urinary loss of small clotting factors, increased hepatic
synthesis of clotting factors, decreased fibrinolysis, and
especially decreased levels of antithrombin III are being
implicated.

Diagnostic Criteria

MCN prevalence is cardinal in young children. The most
children with MCN are steroid responsive. Therefore, the
current practice is to perform renal biopsies those who are
steroid unresponsive within 4- to 6-week course of predni-
sone or develop clinical features suggesting other diagnosis
than MCN.

In adults, the prevalence of MCN compared with other
causes of NS (1) is tenuous. Thus, the renal biopsy is
always required in adults and in elderly patients.

Prognosis

Ninety percent children and 70% adults with MCN are
corticosensitive at the presentation and respond with dis-
appearance of proteinuria (<0.3 g/day in adults or <4mg/
h/m2 in children). Adults with MCN are more steroid
resistant than the children. On the contrary, children
have more frequent relapsing NS than adults (Table 90.3).
Finally, a half of children, who present relapses during

tapering of steroids or within 2weeks after withdrawal,
becomes steroid dependent and requires additional ther-
apy aimed at minimizing the complications of corticoster-
oid treatment.

Prediction

Genetic defects that affect the function and the composi-
tion of the glomerular capillary wall, in particular of the
visceral epithelial cells called podocytes, have been recog-
nized as the cause of familial forms of NS, which can be
predicted (13).
The insight in the non-familial forms of NS such as

MCN is limited. The renal function is conserved at the
presentation of the disease. The proteinuria is the principal
prognosis factor in MCN. A large body of evidence indi-
cates that patients with MCN and persistent nephrotic
proteinuria have a poor prognosis and that its reduction
by treatment is the best indicator of long term outcome (7,
14, 15). In fact, the prognosis of the MCN is good, in
particular in the corticosensitive patients.

Therapy

The treatment of MCN is directed to three standard goals:

l To lower proteinuria and thereby slow rate of deteriora-
tion in renal function

l To decrease the number of relapses of NS
l To renoprotection and whole protection by active treat-

ment of all comorbid conditions.

Prednisone at a dose of 60mg/m2/day in children and
1mg/kg body weight (not exceeding 80mg/day) in adults
is the initial cardinal treatment. This therapy results in a
complete disappearance of proteinuria within 4 to 6weeks,
and must be continued to alternate-day prednisone during
at least other 4weeks. If the dose is changed to alternate-
day when remission has occurred, the tapering regimen of

TABLE 90.2. Laboratory findings inMCN. The semiquantitative
("") system indicates the extent of the observed abnormalities in

plasma and serum.

Biochemical feature Changes

Lipid abnormalities

Cholesterol """"
LDL/VLDL ""
Apolipoproteins apo B, C-II, E ""
Triglyceride ""

Coagulation abnormalities

Antithrombin III ###
Factors IX, XI, XII ##
Plasma plasminogen ##
Factors II, V, VII, VIII, X, XIII ""
Plasma fibrinogen ""

Binding proteins

Metal: iron, copper, zinc ##
Vitamin D: 25 (OH), 1–25 (OH)2 ##
Transferrin ##

Serological feature

a2-globulin/b-globulin ""
g-globulin IgG ### / IgA /IgM/IgE " or ¼
Factor B /C3 ##

TABLE 90.3. Patterns of response of MCN to corticosteroid
treatment. The percentage values are given in brackets.

Initial response Outcome

Complete remission Permanent remission

Children (90%) Children (20%)

Adults (75%) Adults (65%)

Partial remission Infrequent relapses

Proteinuria> 0.3 g/day in adults

or > 4mg/h/m2 in children

One relapse in the first 6months

after initial response

Steroid-induced remission Frequent relapses

No response to relapse More than one relapses a year

Steroid resistance Steroid dependency

Children (< 10%) Children (50%)

Adults (25%) Adults (20%)
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prednisone must be slow because sudden withdrawal may

prompt a release. The corticosteroid treatment and immu-

nosuppressor agents can be considered in both relapsing

and steroid-dependent MCNs. This last steroid-sparing

treatment is important, in particular, in children and

young patients. Generally, cyclophosphamide at a dose

of 2mg/kg for 8 to 12weeks leaves patients free of protei-

nuria for 2 years in up to 75% of patients. The use of

chlorambucil in doses of 0.1 to 0.2mg/kg/day in an 8-

week course can also produce stable remission (16). Both

cyclophosphamide and chlorambucil have profound side-

effects such as bone marrow suppression, life-threatening

infection, gonadal dysfunction, hemorrhagic cystitis, and

risk of leukemia.
Cyclosporine at a dose of 100–150mg/m2/day in chil-

dren and 4–5mg/kg body weight in adults induces remis-

sion of proteinuria in 80% of corticosensitive patients with

MCN (17). Cyclosporine has been found effective inMCN

corticoresistant patients, in those for whom corticosteroid

treatment is overly toxic, and those patients who are

resistant to alkylating agents (18). Mycophenolic acid-
derived agents are an encouraging alternative approach

to the treatment inMCN (19). Finally, other agents includ-

ing levamisole, plasmapheresis, and rituximab (20) have

been used in patients resistant to treatment with corticos-

teroids, alkylating agents, and calcineurin inhibitors, but

evidence is still limited. Figure 90.1 is an algorithm of the

specific management of MCN notifying the therapeutic

recommendation rank based on evidence. Edema is cur-

rently treated with thiazide diuretics and furosemide for
moderate to severe NS. At present, hepatic hydroxy-

methylglutariyl-coenzyme A (HMG-CoA) reductase inhi-

bitors appear to be the treatment of choice in

hyperlipidemia.
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91
Focal and Segmental Glomerulosclerosis

José A. Balları́n, Cristina Cabrera, Carlos Quereda and Montserrat Dı́az

Abstract Focal and segmental glomerulosclerosis (FSGS) is a common cause of Nephrotic Syndrome in adults. Its
most typical course runs from NS to progressive loss of renal function and may recur in the graft after renal
transplantation. Current evidence favors prolonged corticosteroid therapy (6 months or longer) to induce remission of
proteinuria. Steroid-dependent and steroid-resistant patients may benefit from treatment with cyclosporine or cyclopho-
sphamide. Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) are effective in
reducing proteinuria and are recommended in all patients with FSGS, particularly those with nonnephrotic proteinuria.
FSGS can be idiopathic or secondary to glomerular hyperfiltration and high intraglomerular capillary pressure or to
viral or toxin-mediated damage. The characteristic lesion is a segmental solidification of the glomerular tuft.

Keywords Focal and segmental glomerulosclerosis � classification � treatment

Introduction

Focal and segmental glomerulosclerosis (FSGS) is a non-

specific pattern of glomerular injury, defined by a segmen-

tal solidification of the glomerular tuft owing to collapse of

the capillary wall, affecting some glomeruli only. It is one

of the main causes of nephrotic syndrome in adults and is
characterized by a high incidence of progression to end-

stage renal disease. The best predictor of outcome is remis-

sion of proteinuria, and because adult nephrotic patients

may respond to an aggressive course of corticosteroids, a

trial of therapy is recommended. Steroid-dependent and

steroid-resistant patients may benefit from treatment with

cyclosporine or cyclophosphamide.
FSGS can be idiopathic or secondary to glomerular

hyperfiltration (including disorders with a reduced renal

mass), viral infections or drug toxicity. Secondary forms

usually present with nonnephrotic proteinuria, and pri-

mary forms with nephrotic syndrome. Several genetic

abnormalities involving proteins of the glomerular epithe-

lial cell cytoskeleton and cell junction proteins have been

described in patients with familial NS; in some others, a

factor increasing glomerular permeability has been identi-

fied (1, 2).
There has been a long debate as to whether Minimal

Change Disease and FSGS are part of the same disease

spectrum. Some patients with biopsy-proven minimal
change disease later progress to FGS: in both, the response

to corticosteroids is the major prognostic factor for pro-

gression to renal insufficiency and the same genetic defects

have been described in both entities (3).

Epidemiology

In the past 20 years, the incidence of FSGS has increased

considerably. It is the most common cause of NS,

accounting for 35% of cases (33% for membranous

nephropathy) in the general population, for more than

50% of cases in black adults and for 67% of such cases

in black adults younger than 45 years of age. There has

been an eleven-fold increase (United States Renal Data) of

it as a cause of ESRD during a 20-year period (1980–2000)
and it is now the most common cause of ESRD owing to

primary glomerular disease in both black and white popu-

lations. In contrast, in other countries, the incidence of

FSGS has not varied in the past years as shown by data

from Europe.
The peak decade of life for ESRD incidence is 40 to 49

years in black subjects and 70–79 years in white indivi-

duals. Men have 1.5- to 2-fold greater risk than women

(4, 5, 6).
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Pathogenesis

The podocyte constitutes a major portion of the glomeru-

lar filtration barrier that separates blood from the urinary

space and has a pivotal role not only in genetic but also in

many acquired forms of FSGS. The podocyte dysfunction
may be caused by a primary T-cell disorder leading to the

presence of circulating toxin (perhaps cytokines) or a
genetic disease with mutations in genes that encode pro-

teins which are localized to the slit diaphragms or which
interact with the actin cytoskeleton. These proteins are

vital for an intact glomerular barrier.
One gene located on chromosome 19q13 has been linked

with familial autosomal dominant FSGS. It codes for

nephrin, a major component of the slit diaphragm of the
podocytes. NPHS2, a gene that codes for the protein

podocin localized to the slit-diaphragm, is responsible of

some recessive and sporadic forms (20–30% of steroid-
resistant forms). It has been mapped to chromosome

1q25–31. The patients are heterozygotes for mutations in

NPHS2 and compound heterozygotes for a nonconserva-
tive R229Q amino acid substitution in the same gene.

Mutations that codes for other proteins, such as a-actin-
4, CD2AP, and TRPC6 have also been identified in some

cases of autosomal dominant forms of the disease. These
forms present later and progress more slowly than reces-

sive forms (7, 8) Table 91.1.
In others cases, a ‘‘circulating factor’’ of T-cell origin

that is able to alter glomerular permeability has been

hypothesized. This idea derives from the following obser-

vations: the frequent and immediate recurrence of protei-
nuria after renal transplantation in 30–40% of the

corticosteroid-resistant cases, the beneficial effect of plas-

mapheresis or protein A immunoabsorption in these
cases, and the transmission from mother with FSGS to

fetus of the increase of the glomerular permeability. How-
ever, the identity of that plasma factor has not yet been

discovered (9).
When a circulating factor is present, steroids and/or

immunosuppressive agents may have a beneficial effect
and recurrence after renal transplantation is frequent.

The inherited forms do not respond convincingly to cyclo-

phosphamide or cyclosporin A (CsA) and the disease does
not recur after transplantation.

However, the difference between the genetic forms and
those due to a circulating factor is not so clear and it has

been hypothesized that idiopathic NS may be a multifac-

torial disease, including both pathogenic mechanisms,

because in some patients with NPHS2, immunosuppres-
sive drugs have a beneficial effect and in some others FSGS

recurs after renal transplantation (10).
In addition to idiopathic forms, FSGS can be observed

in a variety of secondary settings. In these cases, the histo-

logical injury results from an adaptive response to

glomerular hypertrophy or hyperfiltration or from scar-
ring of previous injury. This adaptative response occurs in
diseases with nephron loss or renal vasodilatation (1).

Clinical Presentation

Most patients (60–75%) present with acute onset of the
nephrotic syndrome. In addition, hypertension (45–65%)
and microscopic hematuria (30–50%) are also commonly
seen. The level of kidney function may vary (renal insuffi-
ciency in 25–50% of the cases). Slowly increasing, often
nonnephrotic proteinuria and renal insufficiency over time
are characteristic of the secondary disorders (1, 2) Table
91.2.

Histological Variants

The typical lesion of FSGS is a segmental solidification of
the glomerular tuft owing to obliteration of the glomeru-
lar capillary lumen by a relative acellular matrix material
on light microscopy and a diffuse epithelial foot process
fusion on electron microscopy. The glomeruli not
involved in the sclerotic lesion and the remaining part of
the tuft of the glomeruli involved in the segmental lesion
appear normal. Immunofluorescence microscopy only
reveals nonspecific binding of IgM and complement (C3
and variably C1) in sclerotic lesions and very weak
mesangial deposition of IgM.
Recently, five histopathological variants have been

included in the diagnosis of primary FSGS (11) Figure 91.1:

1. classic FSGS or ‘‘NOS’’ (not otherwise specified) with
the above-described typical histological lesion,

2. perihilar variant: Sclerosis and hyalinosis are perihilar.
This variant is frequently observed in the secondary
forms.

3. cellular variant: characterized by segmental hypercel-
lularity in some glomeruli and ‘‘classic’’ lesions in
others.

4. tip variant: the lesion occurs at the ‘‘tip’’ of the glomer-
ulus near the beginning of the proximal tubule. This
variant presents with a high incidence of NS and
absence of chronic tubulointerstitial injury. It could
include two conditions, one an early form of classic
FSGS, and the other closely related to MCN.

5. collapsing variant: the entire glomerular tuft is col-
lapsed and sclerosed. This variant may be primary or
due to HIV infection, presents with NS, is often resis-
tant to therapy and has the worst outcome of all the
histological variants.

However, there is no significant difference in the response
to steroid treatment among the patients with these differ-
ent histopathological subsets (12), and it does not seem

498 Balları́n et al.



that this new classification will help in selecting treatment
protocols.

Natural History

Rates of remission of proteinuria and progression to
ESRD were reported in a recent systematic review
where data from 380 adult patients with FSGS and NS
were analyzed (13). Two hundred and four (54%)
patients were treated with steroids and different immu-
nosuppressive drugs, and 138 (46%) were untreated.
Fifty-five percent of treated patients (n = 113) achieved
partial (22%) or complete remission (33%), only 20%
(n = 28) achieved partial (17%) or complete remission
(3%) (p < 0.001). The overall renal survival varies from
58 to 85.2% at 5 years and from 25 to 58% at 10 years. In
patients without NS, the 10-year renal survival varies
from 83 to 92% (14, 15).

Patients with FSGS are initially treated with corticoster-
oids and, irrespective of histological variant, steroid
responsiveness is the best predictor of outcome in nephro-
tic patients. Failure to obtain remission is associated with a
50–60% likelihood of ESRD and complete remission is
associated with no risk (12).

More recently, it has been demonstrated that even par-
tial remission improves long-term renal survival (16).

Others predictors of outcome are nephrotic-range pro-
teinuria and presence of interstitial fibrosis on biopsy.
FSGS is more frequent and more severe in black and
Hispanic men, both in adults and in children (12).

Relapse on Transplanted Kidney

Primary FSGS may recur in the renal allograft with a rate

that varies from 30 to 56%. Recurrence is of rapid onset

(during the first month in 66% of the cases) and results in a

high rate of graft loss (13).
There is no difference in the frequency of recurrence

between living, related or cadaveric transplants.
The inherited forms have very low recurrence rates (10%

in the case with podocin mutations).
Reported risk factors for recurrence include age at onset

of proteinuria (less than 20 years), recurrence in a prior

allograft (the rate of recurrence is 80%), rapid deteriora-

tion from initial diagnosis to end-stage renal disease and
mesangial hypercellularity in the native kidney (17).
Because of the risk of graft loss in recurrent disease,

aggressive therapy including plasmapheresis or immu-
noadsorption is recommended. This approach improves

graft survival (13).

Treatment

Clinically, it is important to distinguish secondary from

primary FGS, because the treatment is different.
There have been no randomized clinical trials of steroid

therapy in primary FSGS. In two systematic reviews, it was

concluded that treatment with prednisone should be con-

sidered for patients with FSGS and NS (13, 18). Full dose

(1mg/kg/day with a maximum dose 50 to 80mg/day) is

FIGURE 91.1. Focal and segmental Glomerulosclerosis (FSGS): Glomerular segmental sclerosis and collapsed with presence of
hyaline. Silver Staining.
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given for 12–16 weeks followed, in case of even partial
remission, by a slow tapering schedule over months (6–8
months) to avoid a rebound effect. The treatment must be
sufficiently long (4 months at 1mg/kg/day) before declar-
ing the patient steroid resistant (1). The efficacy of steroids
in patients with decreased kidney function is unclear and
they are not indicated in case of nonnephrotic proteinuria.
Only 50% of the patients achieve a complete remission of
the proteinuria with such a protocol, 25% a partial remis-
sion, and 25% do not respond.

Cyclophosphamide and chlorambucil have been used
since the 1950s and the best results are obtained in the
cases with steroid dependency. Steroid resistance is highly
predictive of resistance to alkylating agents (13).

Randomized controlled trials and uncontrolled studies
have demonstrated the effectiveness of cyclosporine in
reducing proteinuria in steroid-dependent and steroid-
resistant FGS. The initial dose is approximately 5mg/kg/
day adjusted to 12-h levels of 100–150 ng/mL. CsA is dis-
continued at 3 months if there is no response. CsA depen-
dency is observed but the likelihood of relapse appears to
be lower if the cyclosporine treatment is prolonged up to
one year or longer after remission is induced, and then
gradually tapered and discontinued (13, 18).

Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) reduce proteinuria
but remission is rarely attained. In addition, it is well

known that they slow the rate of progression to ESRF.
They are recommended in all patients with FSGS (19, 20).
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Hereditary forms

500 Balları́n et al.



16. Troyanov, S., Wall, CA., Miller, JA., Scholey, JW.,
Cattran, DC. Toronto Glomerulonephritis Registry

Group (2005) Focal and segmental glomerulosclerosis:

definition and relevance of a partial remission J Am soc
nephrol 16, 1061–1068.

17. Pardon, A., Audard, V., Caillard, S., Molin B., Desvaux, D.,

Bentaarit, B., Remy, P., Sahali, D., Roudot-Thoraval, F.,

Lang, P., Grimbert, P. (2006) Risk factors and outcome
of focal and segmental glomerulosclerosis recurrence in

adult renal transplant recipients Nephol Dial Transplant 21,

1053–1059.

18. Burgess, E. (1999) Management of focal and segmental glo-
merulosclerosis: evidence based recommendationsKidney Int

55 (S70), S26–S32.

19. Praga, M., Hernandez, E., Montoyo, C., Andres, A.,
Ruilope, LM., Rodicio, JL. (1992) Long-term beneficial
effects of angiotensin-converting enzyme inhibition in patients

with nephrotic proteinuria Am J Kidney Dis. 20, 240–248.

20. Delucchi, A., Cano, F., Rodriguez, E., Wolf, E., Gonzalez,
X., Cumsille, MA. (2000) Enalapril and prednisone in chil-

dren with nephrotic-range proteinuria Pediatr Nephrol 14,

1088–1091.

91. Focal and Segmental Glomerulosclerosis 501



92
Membranoproliferative or Mesangiocapillary
Glomulonephritis

Montserrat M. Dı́az, Laia Sans, Yolanda Arce and José Ballarin

Abstract Membranoproliferative glomerulonephritis (MPGN), also called mesangiocapillary glomerulonephritis, is a
complex and uncommon cause of glomerular disease. Its name describes the most relevant histological characteristics of
this entity: thickening of glomerular basement membrane due to immune complexes deposition and cell proliferation
caused by mesangial cell and influx of inflammatory cells, mainly monocytes. Identification of circulating antibodies
against some complement substrates supports the autoimmune pathogenesis of this disease.

MPGN accounts for 4–5% of all glomerular diseases. The outcome is usually poor; the estimated renal survival ranges
from 60 to 65% after 10–15 years from the initial renal biopsy, regardless of treatment. Signs of prognostic value are:
nephrotic syndrome, renal impairment, high blood pressure, crescents and tubulointerstitial involvement in biopsy.
Corticosteroids are the only treatment that has shown prognostic improvement of this disease in children, not in adults.

Keywords Mesangial proliferation � immune deposits � complement antibody � nephritic factor

Membranoproliferative or mesangiocapillary glomerulo-
nephritis (MPGN) is caused by an abnormal, immune
response with deposits of antibodies in the kidneys result-
ing in chronic inflammation and finally ESRD.MPGN is a
pathological definition of a very complex entity. Its main
characteristic features are: (a) immune deposits in different
structures of glomerular basement membrane, (b) intense
glomerular hypercellularity due to mesangial proliferation
involving cells and matrix with interposition of mesangial
cells into the capillary wall. (c) Influx of inflammatory
cells, mainly monocytes (1).

Classification

MPGN can be primary (or idiopathic) and secondary. The
primary form, less common in industrialized countries, is
divided into three subcategories: types I, II and III. These
entities can be differentiated by the location of the
immune deposits: subendothelial (Type I), intramembra-
nous dense deposits (type II) and subendothelial and sub-
epithelial deposits, both at the same time (type III) as well
as by the pathogenesis: activation of the classical comple-
ment-mediated pathway by immune complex (Type I),
alternative pathway mediated by an antibody (the Nephri-
tic Factor) (Types II and III) (1, 2, 3).

Epidemiology

MPGN is a chronic nephritis that occurs most commonly
in children and young adults and is more frequent between
the ages of 5 and 15 years, but it can be diagnosed at any
age. Some studies suggest a slight increase of frequency in
men, but in most of them the gender ratio is close to
one. Its overall incidence is progressively decreasing in
developed countries, accounting for around 7–12% of
glomerular disease diagnosed by kidney biopsy. In under-
developed areas or developing countries, it still represents
a high proportion of glomerulopathies. The real incidence
is difficult to ascertain, because a kidney biopsy is required
for diagnosis and this procedure is not available routinely
in most of the underdeveloped areas (4, 5, 6).

Pathogenesis

Immune complex formation that activates the classical
complement pathway may be the mechanism involved in
most cases of MPGN type I, but the antigen or antigens
that trigger this immune response remain unknown.
A cause-effect relationship is difficult to invoke because
neither the complement level nor the presence of the C3

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_92,
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nephritic factor antibody (C3NeF) is related with the dis-
ease severity or outcome. In the case ofMPGN type II and

III, the alternative pathway is impaired, because an auto-

antibody against the C3 convertase has been identified that

stabilizes the enzyme to become resistant to H factor inac-

tivation; in addition, the stability of the convertase is
greater than the one produced by binding to properdin,

and is properdin independent. Another mechanism is the

genetic absence or dysfunction of H factor. Some cases of

MPGN type III have been related to a circulating nephritic

factor, which is properdin dependent, and which affects

the terminal loop of the alternative pathway (2, 7, 8, 9).

Clinical Manifestations

The clinical features of this disease are variable. It can have

an asymptomatic course, with persistent hematuria and/or
proteinuria detected in a screening programme of Japanese

schoolchildren. Nephrotic syndrome is present in roughly

50% of cases, ranging from 24 to 69%, hypertension in

about 40% and renal impairment at time of presentation is

highly variable, between 15 and 44% (6, 7). This is sum-

marized in Table 92.2.

Pathology

The classification of MPGN in three histological types,

based on serological and histological differences, is cur-
rently accepted.

Type I: predominant presence of subendothelial depos-

its; in 15–20% of cases subepithelial ‘‘hump-like’’ deposits.

Mesangial cells andmatrix proliferation and in some cases,

exudative leukocytes, cause interposition along the
membrane; this gives the morphological appearance of

‘‘double contour.’’ Matrix and cell proliferation can be

prominent, producing a lobular aspect (Figure 92.1). The

composition and distribution of the deposits are variable:

C3 is almost always present, C4 and C1q in 50% of cases,
IgG and IgM in one-third of the cases. The deposits have a

granular appearance (1).
Type II, also called dense deposits disease (DDD),

is characterized by homogeneus dense deposits along

the basement membrane and in the mesangium.

They can also involve Bowman’s capsule and tubular

basement membrane. The C3 immune deposits are

described as ribbon-like, linear or sublinear, granular
or nodular (8).
Type III can be differentiated from type I only by the

subepithelial deposits always present in type III and by

the complement pattern. The characteristic lesion of

MPGN type III consists of interruptions of lamina

densa, associated with subendothelial and subepithelial

deposits, sometimes confluent, and combined with multi-

ple layers of new basement membrane (3).

TABLE 92.2. Symptoms and Signs of MPGN at presentation.

Symptoms or Signs %

Minimal urinary abnormality (hematuria and/or non

nephrotic proteinuria)

20–30

Nephrotic Syndrome 50 (24–69)

Acute Nephritic syndrome 16–30

Renal impairment 15–40

Hypertension 40

Recurrent episodes of gross hematuria 10–20

The percentage presented in the table come from data published (6, 7) by

six different authors and 342patients.

TABLE 92.3. Serological features by type of MPGN.

MPGN

Complement: C3 C4 C5 C6-C9 P NF

Type pattern

Type I (A, B, C) #/N ## #/N #/N #/N 50% (NFa/NFt)

Type II (B) ### #/N N N N 80% (NFa)

Type III (C) #/### N # ### ## * (NFt)

(A) classical pathway, (B) Alternative pathway (C3 activation), (C) Alter-

native pathway (terminal pathway activation). Nephritic Factor (NF),

Properdin (P).
*There are not enough data to estimate the frequency of NFt in MPGN

type III.

TABLE 92.1. Classification of MPGN.

Idiopathic form (Immune complex or antibody-mediated without

identifiable cause)

MPGN type I

MPGN type II or dense deposits disease

MPGN type III

Secondary MPGN or with identifiable association

Chronic infection:

Viral: (hepatitis B, hepatitis C)

Bacterial: Endocarditis, Infected ventriculoatrial shunt, leprosy

Protozoal: Malaria, schistosomiasis

Others: Mycoplasma

Autoimmune diseases: Systemic SLE, Sjögren’s syndrome, Inherited

complement deficiencies, cryoglobulinemia, also described in

Rheumatoid Arthritis,

Thrombotic Microangiopathies: Antiphospholipids Syndrome, Sickle cell

anemia, polycythemia,

Malignant neoplasm: Lynphoma, Leukemia, Carcinoma, also described in

hydatidiform mole.

Paraprotein deposition disease: Waldeström’s macroglobulinemia,

immunotactoid glomerulopathy, fibrilary glomerulopathy

Miscellaneous: chronic liver disease, a1-antitrypsin deficiency, transplant

glomerulopathy, radiation nephritis, familial partial lipodystrophy

(Type II)
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Serological Features

Hypocomplementemia and presence of nephritic factor are
the most relevant serological features of this disease. In
MPGN type I, three different patterns of complement
activation may be present (a) nephritic factor of amplifica-
tion loop (NFa); in this case, C3 is very low and the earlier
components of the complement cascade are normal,
(b) nephritic factor of the terminal pathway (NFt), char-
acterized by a decrease in the last complement component
(C6–C9); C3 is low in variable degree and properdin is also
decreased. (c) The last and more common pattern is
immune complex-mediated classical pathway activation
with decrease of C1q, C2 in variable extent. The MPGN
type III complement pattern is similar to that of the
terminal pathway described earlier. MPGN type II is
characterized by C3 depression and the presence of C3
nephritic factor in 80%of cases (3, 9). ANAS, Rheumatoid
Factor, and viral serology for HBV and HCV should be
investigated, but they are negative in primary forms of this
disease.

Diagnostic Criteria

There are no clinical criteria for diagnosis and the clinical
presentation is diverse. To reach a diagnosis, some histo-
logical criteria need to be fulfilled, namely, the presence of:
(a) Diffuse or segmental thickening of glomerular mem-
brane and (b) hypercellularity, mainly due to mesangial
proliferation.

Prognosis

Long term prognosis of this disease is poor, and this has
been confirmed in most studies carried out to analyze its
outcome. Renal survival is variable but large series esti-
mate a mean of 60–65% survival at 10 years, with or
without treatment, the worst prognostic features being
nephrotic syndrome, renal impairment at time of
presentation and interstitial fibrosis. Patients with nor-
mal interstitial space remain with normal ir slightly
altered renal function in 63% of cases; this proportion
decreases to 13–25% when interstitial fibrosis or renal
impairment is present. The degree of glomerular invol-
vement does not worsen the prognosis, but as in most
renal diseases the presence of crescents in the biopsy
decreases the probability of maintaining renal function.
Eighty-seven percent of these patients die; they are in
need of dialysis or renal transplantation (5, 7). Relapse
after transplantation is around 30% in MPGN type I,
but is highly variable by series, ranking between 9%, as
reported by Cameron and 53% in O’Meara’s series (10).
The recurrence of MPGN type II is hard to estimate,
fluctuating from 18 to 100% by series; a recent report
estimates recurrence in 40% of patients, but is a cause of
graft loss in less than 10% (11).

Treatment

The low incidence of this disease makes it very difficult to
design clinical trials with new immunosuppressant drugs.
All randomized studies were carried out during the 1980s.

• Membranoproliferative glomerulonephritis with  glomerular hypercellular lobular appearance, endocapillary and
   mesangial proliferation, presence  of double contours. PAS.staining

FIGURE 92.1. 40 X.
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In children with impaired renal function, with or without
nephrotic proteinuria, treatment with high doses of pre-
dnisone (40mg/m2 in every other day during 6–12months)
has been advocated (12, 16). Immunosuppressive drugs
(cylophosphamide and chlorambucil) are not effective in
changing the disease’s natural history. In adults, treatment
with aspirin plus Dypiridamol in patients with renal func-
tion impairment and/or nephrotic proteinuria is widely
accepted. Corticosteroids and immunosuppressant drugs
are not effective (13, 14, 15, 16).
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93
Autoimmune Hemolytic Anemia

Urs E. Nydegger

Abstract Autoaggressive targeting of red blood cells (RBCs) including complement (C) activation hits an erythron, the
total cell surface of which in an adult adds up to one of the largest destinations for any autoimmune process. New
developments in diagnostic precision, such as Coombs tests completed by cytofluorometry and specific diagnostic
monoclonal antibodies (mAbs), bring us closer to understanding autoimmune hemolytic anemia (AIHA) triggers. The
rituximab (mAb anti-CD20) landslide has also reached AIHA treatment; improved treatment of underlying diseases
in secondary AIHA guides ways to curative AIHA treatment. The acute phase of AIHA, often lethal in former times, if
readily diagnosed, can now be stopped using plasma exchange, extracorporeal immunoadsorption and/or RBC transfu-
sion with donor RBCs devoid of the autoantibody target antigen. Genotyping blood groups (http://www.bloodgen.com)
and narrowing down the blood-type subspecificities with diagnostic mAbs help to define the triggering autoantigen and
to select well compatible donor RBC concentrates which thus escape recognition by the autoantibodies.

Keywords Autoimmune hemolytic anemia � Coombs test � antiglobulin test � immunoglobulin � complement

Anemia occurs by reduced red blood cell (RBC) produc-
tion or increased destruction, the latter being the case in
autoimmune hemolytic anemia (AIHA). Hemolysis involves
a shortening of the half-life time of RBC, from normally
�100 days down to a few days in overt cases. With other
autoimmune diseases, AIHA shares the offence of the hosts’
immune system against his/her own tissue, in this case the
erythron (1). The antibody and complement (C)-offended
RBC either lyses or becomes phagocytosed by Fc- and C-
receptor bearing cells. Some authors compare AIHA with
aplastic anemia, caused by autoreactive T lymphocytes,
which suppress or destroy hematopoietic cells – an aggres-
sion against the erythron at an early stage of maturation
brought about by early stages of (auto-) immune responses
indeed.

There is no preselection of demographic groups or life
age for AIHA although children with primary immunode-
ficiency disease (PID) are commonly affected; because PID
is rare, this association does not tip the balance to pedia-
trics. Different forms of AIHA can be distinguished based
on serologic characteristics of involved autoimmune pro-
cess with autoantibodies maximally active at body tempera-
tures or at cooler ranges referred to as warm-type AIHA
or cold agglutinin disease. An alternate classification of
AIHA is based on the presence/absence of underlying

disease; in the latter case the condition is termed primary
or idiopathic AIHA. Secondary AIHAs may be associated
with lymphoproliferative disorders (e.g., Hodgkins dis-
ease, lymphoma), rheumatic disorders, primarily SLE,
certain infections (2), nonlymphoid neoplasma (e.g., ovar-
ian tumors), certain chronic inflammatory diseases (e.g.,
ulcerative colitis) or certain drugs (e.g., a-methyldopamin,
alemtuzumab, mycophenolate).

The Diagnosis of AIHA

The diagnosis of AIHA must go beyond the clinical triad
of anemia, splenomegalia and jaundice, the latter two with
signs of inconsistent presence (Table 93.1). It is the Coombs
test, often referred to as direct antiglobulin test, which ends
up to be the most powerful diagnostic tool after a long
train of deductions for AIHA. If AIHA still remains idio-
pathic in many patients, currently many forms come to
light as secondary form for different reasons related to
modern diagnostic criteria.
AIHA has been noted with increased incidence in

patients receiving uridine nucleoside analogues for hemato-
logic malignancies. Upon hematopoietic stem cell trans-
plantation, recipients of ABO-mismatched products can

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_93,

� 2008 Humana Press, Totowa, NJ
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receive, becoming self in the posttransplant life, non-self-
anti-RBC antibodies, transferred by passenger lympho-
cytes from the donor; fortunately, AIHA in these cases is
generally transient, even upon severe hemolysis (4).
Venous thromboembolism is a little-recognized, though
likely common, complication of AIHA and in some
instances may be related to coexistent antiphospholipid
antibodies (5).

Monoclonal antibody (mAb) therapy of an ever-
increasing number of labeled indications can induce, in
rare instances, AIHA (6) because of formation of soluble
immune complexes involving mAb. With the Coombs test,
antibody avidity, or strength of bonding, and distribution
and concentration of accessible antigens on the RBC sur-
face differentiate the agglutination responses. Thermody-
namics is the first factor: complexes of Coombs antibodies
and their antigen on or adsorbed in the form of previously
soluble immune complexes (7) to RBCs are unable to form
strong bridges, requiring the intervention of rabbit anti-
human antibodies to link and agglutinate the RBCs. While
most cold antibodies are IgM class, Donath-Landsteiner
antibodies are IgG: they bring C to the surface at warm
temperatures and leave the RBC <258C with C left back
on the cell surface. To the immunohematologist, ‘‘cold’’ is
<308C already and for patients suffering from this type
of AIHA, exposure to cold air or food can suffice to trigger
a AIHA crisis. The diagnosis of mixed-type AIHA is based
on demonstrating the presence of ‘‘warm’’ IgG autoantibody
and ‘‘low titer’’ (<64 at 48C), ‘‘high thermal amplitude’’
(reacting at/or >308C) and ‘‘cold’’ IgM autoantibody.
While mixed-type AIHA on the same patient is uncom-
mon, large groups of AIHA patients classify to different
temperature spectra of anti-RBC antibody reactivity. RBC
agglutination on the peripheral blood film is a common
finding in mixed-type AIHA and can lead, initially, to a
misdiagnosis of cold agglutinin disease.

A reactive Coombs test should be sought by all means
and, if reactive, rarely proves to be capable of bearing
another interpretation thanAIHA. The distinction between
primary and secondary AIHA is more of a scholarly
problem because the former is an exclusion diagnosis
and must remain one during the follow-up care of the
patient. Presence of anti-RBC autoantibodies with a reac-
tive Coombs test are the mainstays of AIHA. Using

agglutination tests and/or flow cytometry, IgG, proteolytic
fragment of C (mainly C3 andC4) or both are found on the
thus damaged RBCs. The blood film exhibits polychroma-
sia and spherocytosis, the latter a blood film hallmark of
the disease visible not only at microscopic inspection but
detectable also by the CellAVision1 device (8). Indirect
hyperbilirubinemia, increased urinary urobilinogen and
serum lactate dehydrogenase and increased serum hapto-
globin are variably present but not necessary for the
diagnosis.

Laboratory Tests

Laboratory tests, if fully detached from clinical pictures,
must be reviewed critically (Table 93.2): the importance of
the Coombs test, while rock-solid, should not be overesti-
mated because Coombs-test-negative AIHA exists (10). To
stretch diagnostic inference too far with Coombs tests may
mislead physician and patient. Thus the antiglobulin
serum used to detect RBC-bound IgG may fail because it
might not be reactive with IgA anti-RBC. Coombs test
results may become reactive only when C protein fragments
cover the RBC surface brought about by C-activating anti-
bodies, albeit non-C-activating antibodies are inducing
AIHA with identical fierceness, as recently confirmed
with a well-established mouse model (11) in which erythro-
phagocytosis by Kupffer cells was also evaluated. Accord-
ingly, the quality/composition of RBC-reactive immune
complexes has been shown as of relevance in human med-
icine (12) IgG2 containing IgM–IgG immune complex
being innocuous to RBCs. Evidence is accruing that the
Coombs test will more frequently become completed by,
instead of reading agglutination patterns, performing flow
cytometry (FC). In 33 Chinese patients with AIHA who
were found to have RBC-bound IgG, both the mean fluor-
escence intensity (MFI) and percentage of fluorescence-
activated RBCs were remarkably increased and results

TABLE 93.1. Signs and symptoms of autoimmune hemolytic
anemia in percentage.

Percent cases

with this sign Circumstance

Reference

number

Breath shortage 60–70 Relates to acute cases

Pallor 100 Hb <80 g/l

Splenomegaly 20 Ultrasound diagnosis

required

Jaundice 60 (3)

Rapid heart rate 50 Upon physical effort

TABLE 93.2. Laboratory findings bearing strong evidence for
autoimmune hemolytic anemia.

Percent cases with

this finding (approx) Circumstance

Hyperbilirubinemia 80 Indirect,

prehepatic

bilirubin

increased (3)

Increased serum lactate

dehydrogenase

100 Iso-form 5

Reticulocytosis 100

Mean reticulocyte

hemoglobin content

reduced

Coombs test 90% (revealed by

agglutination)

95% revealed

by FCa (9)

a Flow cytometry.
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of both were considered positive (13). In anemic patients
with negative Coombs test, the results of FC were always
negative. FC performed in suspected AIHA cases can be
reactive whilst conventional, agglutination-based Coombs
test remained negative (14). In this study, there was poor
correlation between strength of Coombs test and MFI by
FC. Preliminary evidence suggests that FC-based Coombs
test is more sensitive test than the hemagglutination-based
and helps in the serological diagnosis of hemagglutination-
based Coombs negative AIHA. In resource poor settings,
the hemagglutination-based Coombs test remains state of
the art.

The quantity of IgG subclass bound to the surface of
RBCs can be estimated (15). A mean number of 80,000–
120,000molecules of IgG1/RBC were detected. The mean
concentration of IgG2a autoantibodies was lower�40,000
molecules/RBC. In humans, the healthy RBC normally
carries several thousands of IgG molecules because in the
normal state, RBCs transport physiological immune com-
plexes (7), but cut-offs of both Coombs tests and CF need
to be set such that these normal amounts do not show up
as pathological. This might not be the end of increasing
the sensitivity of the Coombs principle. Single-cell analysis
that avoids loss of information associated with ensemble
averaging of large cell numbers is now possible: a micro-
fluidic device lets one manipulate, lyse, label, separate and
quantify protein contents of single cells using molecule
fluorescence counting – if such technology will perhaps
not help to improve patient care, at least it could help
us to better understand development of AIHA at the
molecular level (16). Other researchers use the activity of
phagocytes to ingest damaged RBCs with the erythro-
phagocytosis assay that has the advantage of revealing
function (Table 93.3). Such systemmay help identification
of AIHA patients with negative Coombs test as well (19).

Predictive Values

Predictive values for AIHA do exist but because this dis-
ease may or may not express itself in a number of under-
lying immunopathological disorders, their exchange for
corroboration of diagnosis is relatively weak – too many

criteria must act in concert to boost positive prediction of
laboratory criteria.
There exists a susceptibility of AIHA in case of under-

lying diseases. Thus, in contrast to the NZLB/W mouse,
whose SLE is preceded by AIHA, in humans, AIHA is a
well known but not obligatory complication of overt SLE.
However, AIHA remains a rare complication of any of
the cited underlying diseases such that a Positive Predictive
Value is way from reaching significance.A reactiveCoombs
test in individuals without clinical overt AIHA cannot be
used to predict development of AIHA. The frequency of
healthy blood donors with a positive direct Coombs test
was approximately 1 in 3000 in a recent study (9). None of
the donors had hemolysis. Hence, Coombs test reactive
donors can be a reason for incompatibility results upon
RBC donor/recipient compatibility testing.
If there is one disease that cannot be predicted, it is

AIHA. There is no familial hereditary component, there
is no age preselection, nor have we identified genetic
background making an individual susceptible to develop
AIHA.

Therapy

Therapy of diseases that sometimes resolve spontaneously,
such as AIHA, is often deferred to stages at which mea-
sures become urgent. This is certainly so, when RBC trans-
fusions become necessary, often on Friday or Saturday
nights. Many years ago, Mueller-Eckhardt and his dis-
ciples have taught us that RBC concentrate transfusions
should not be withheld to severely anemic AIHA patients
with reactive Coombs tests. Compatibility testing is
the standard protocol that identifies suitable blood for
patients requiring transfusion. Where autoantibodies or
non-clinically significant alloantibodies compromise the
indirect Coombs test, the supply of RBC transfusions will
delay the supply of blood to the patient. No adverse
reactions were reported in a recent study where ‘‘suitable’’
blood was provided after a serologically mismatched
Coombs testing.
Glucocorticoids are effective in slowing the rate of

hemolysis. Because speculation exists that the spleen is the

TABLE 93.3. Serological markers of autoimmune hemolytic anemia.

Antibody property Particularity Reference number

Anti-RBC autoantibodies Often with Rhesus D specificity (17)

Association auto- with alloantibodies 15–47% of cases [Meta-analysis, (18)]

Circulating immune complexes Defective composition Other than IgG2 subclass in mixed

IgM–IgG complexes

(12)

Anti-phospholipid antibodies Part of antiphospholipid syndrome part of

disease cluster

(5)

Cold agglutinins 20% of cases

Donath-Landsteiner 5% of cases

Erythrophagocytosis In the presence/absence of opsonizing antibodies
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principal producer of anti-RBC autoantibodies, splenect-
omy may become indicated for patients who require an
unacceptable high maintenance of prolonged administra-
tion of steroids, but these cases should first go through
other options than surgeon’s knife. Intravenous immuno-
globulins (IVIgs) and rituximab may provide short-term
control of hemolysis, especially in children, and immuno-
suppressive drugs and danazol have been used with success
in refractory adults. With anti-RBC antibodies of known
specificity, novel approaches in therapy might prove useful
for some patients. Thus, anti-A/B antibodies are increas-
ingly depleted using absorber technology (http://www.
absorber.se). Prior to removing such antibodies by plasma
exchange or absorption, a careful diagnosis now involves
such techniques as Luminex or XM-ONETM of AbSorber,
whose commercially available product is based on beads
(magnetic nanoparticles) carrying synthetic blood group A
and B antigens. By adding patient sera to the beads, the
presence of blood group antibodies can be measured by
flow cytometry. The most common measurement methods
today are hemagglutination or ABO-ELISA.Measurement
results are unreliable in that they vary from time to time
and from clinic to clinic.

For paroxystic nocturnal hemolysis, the mAb eculizu-
mab (Alexion Pharmaceutcal’s Soliris1) may be efficient
and colleagues have begun to look at the efficacy of ritux-
imab (anti-CD20) in treating selected cases of AIHA in
adults as well (20).
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94
Pernicious Anemia

Mario Garcı́a-Carrasco, Mario Jiménez-Hernández, Claudia Mendoza-Pinto,
Alejandro Ruiz-Argüelles and Salvador Fuentes-Alexandro

Abstract Pernicious anemia (PA) is the most common manifestation of vitamin B12 deficiency, in which an autoimmune
pathogenesis is supported by (a) the presence of mononuclear-cell infiltration into gastric mucosa with loss of parietal
cells, (b) autoantibodies to parietal cells and intrinsic factor, (c) autoreactive T cells, (d) regeneration of parietal cells after
therapy with corticosteroids or immunosuppressive drugs, (e) familial predisposition and (f) association with other
autoimmune diseases. The progression of the chronic atrophic gastritis to gastric atrophy and clinical anemia is likely to
span 20 to 30 years. The presence of serum antibodies to gastric parietal-cells predicts autoimmune gastritis. Immune
suppression with corticosteroids or azathioprine appears to be the best treatment in early stages of the disease.

Keywords Pernicious anemia � vitamin B12 deficiency � type A gastritis

Pernicious anemia (PA) also known as Biermer’s anaemia,
Addison’s anaemia or Addison-Biermer anaemia, is a form
of megaloblastic anemia due to vitamin B12 (Cbl) defi-
ciency; it is an autoimmune disease resulting from antibo-
dies against intrinsic factor (IF) and gastric parietal cells (1);
gastric atrophy probably resulting from immune destruc-
tion of the acid and pepsin-secreting portion of the gastric
mucosa.; PA is considered as a chronic illness in which
there is impaired absorption of vitamin B12 in the terminal
ileum because of a lack of IF (secreted by the parietal cells of
the gastric mucosa) (2); its usual course is slowly progres-
sive and is the most common cause of vitamin B12 defi-
ciency and, at the end stage, of the type A atrophic gastritis
influencing the fundus and body of the stomach (3).

Epidemiology

Traditionally, pernicious anemia was believed to occur
predominantly in people of northern European descent
as well as in older populations because multiple epidemio-
logical studies have shown that the average age of onset of
pernicious anemia is greater than 60 years, with an increas-
ing frequency with advancing age. Moreover, Carmel et al.
(4) in a population survey found that 1.9% of persons
more than 60 years of age have undiagnosed pernicious
anemia. Nowadays, it has become apparent that the occur-
rence of PA in all racial and ethnic groups is more common

than was previously recognized. Accordingly, reports of
small case series of Chinese PA patients have emerged:
Wun Chan et al. (5) recently found that 224 of 296 (76%)
Chinese with megaloblastic anemia had PA. In fact the
incidence is increasing in women and older adults because
the diagnosis is unusual before 35 years of age, although
typical pernicious anemia can be seen in children under
10 years of age (juvenile pernicious anemia) (3) and the
overall prevalence of undiagnosed PA over age 60 years of
age is 1.9% (4). In general, the prevalence is 80 cases per
100,000 individuals and the prevalence is highest in women
(2.7%), particularly in black women (4.3%) and is less
common in southern Europeans and Asians (6).

History

Pernicious anemia was first described in 1849 by the
English physician Thomas Addison; later on, Austin Flint
in 1869 linked the anemia with alterations of the stomach. (7)
The name ‘‘pernicious anemia’’ was coined in 1872 by
the German physician Anton Biermer. The studies of
George H.Whipple on the effects of feeding liver in anemia
followed by those of George R. Minot and William P.
Murphy on the effects of feeding liver specifically in perni-
cious anemia led to the cure of pernicious anemia and
to their receiving the Nobel Prize in 1934. As a result, it
was suggested that the anemia was caused by lack of an
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extrinsic factor found in liver that was vitamin B-12 and
an intrinsic factor in gastric secretion. Afterward, a serum
inhibitor factor of intrinsic factor and autoantibodies to
parietal cells were discovered (8) giving an immunological
explanation of the underlying gastritis that caused perni-
cious anemia. Also in the 1950 s and 1960 s, the Schilling
test became established.

Pathogenesis

A genetic predisposition to PA is suggested by clustering
of the disease and of gastric autoantibodies in families,
and by the association of the disease and gastric autoanti-
bodies with the autoimmune endocrinopathies. About
20% of the relatives of patients with PA have PA. These
relatives, especially first-degree female relatives, also have
a higher frequency of gastric autoantibodies than normal.
Recently, Junca et al. (8) detected early abnormalities in
gastric function in first-degree relatives of patients with
PA. About 23% of these relatives had parietal-cell anti-
bodies. The disease is associated with HLA types A2, A3,
A7, and B12 and with blood group A (9). The pathological
process associated with type A gastritis appears to be
directed toward the gastric parietal cells, shown by patho-
logic lesions restricted to parietal cells and the presence
of autoantibodies to parietal cells and to their secretory
product, intrinsic factor, in the serum and gastric juice.
Evidence has shown that Hþ/Kþ-ATPase is the antigen
recognized by parietal-cell autoantibodies (10). This enzyme
has a highly conserved catalytic (a) subunit that is phos-
phorylated during reaction cycles. Gastric Hþ/Kþ-ATPase
is responsible for secretion of hydrogen ions by parietal
cells in exchange for potassium ions. Autoantibodies to
parietal cells bind to both the 100-kd catalytic (a) subunit
and the 60-to-90-kd glycoprotein (b) subunit of gastric Hþ/
Kþ-ATPase. Although parietal-cell autoantibodies can fix
complement and lyse parietal cells in vitro, it is unlikely
that these autoantibodies are pathogenic in vivo, because
gastric Hþ/Kþ-ATPase is not accessible to circulating anti-
bodies. The importance, if any, of an early observation
that passive transfer of parietal cell autoantibodies to rats
resulted in reduction in parietal-cell mass without an
inflammatory response is therefore uncertain. This parti-
cular finding could reflect that cell loss is due to antibody-
triggered apoptosis, as has been forwarded for other
pathophysiological conditions (11). A report describing
autoantibodies that bind to the gastrin receptor was not
confirmed. The results of studies showing reactivity
of parietal-cell autoantibodies with the surface membranes
of parietal cell in vitro may be explained by the loss of
cell polarity after cellular dissociation (12). Pathogenic
CD4þ T cells are reactive to the parietal cell autoantigen,
Hþ/Kþ ATPase, and are controlled by CD4þCD25þ T
cells in an immunosuppressive cytokine-independent

manner. Comparison of CD4þCD25þ T cell-mediated
suppression in other autoimmune models shows inconsis-
tencies with respect to requirements of cytokines for
immunosupression. More recent data, however, indicate
that the evidence for requirement of IL-10 and TGF-b
could be due to the complex nature of the T cells causing
the disease, as well as the role of induced regulatory T-cell
populations.Evidence from thismodel indicates that immune
responses must be initiated and then CD4þCD25þ T cells
are recruited to control the quality of the immune response
(10, 12). Finally, anemia, the principal feature of PA is
caused by malabsorption of vitamin B12 in the terminal
ileum due to intrinsic-factor deficiency.

Clinical Manifestations

The classic triad of weakness, sore tongue, and paresthe-
sias may be elicited but usually is not the chief symptom
complex, because the onset of PA is insidious and unclear
and progresses slowly. Generally, the anemia is often well
tolerated in this disease andmany patients are ambulatory.
The median age at diagnosis is 60 years; however, child-
hood PA has been reported associated with genetic failure
to secret intrinsic factor or the secretion of a defective
intrinsic factor (13). Symptoms of anemia are the usual
presentation, but asymptomatic patients can be identified
by routine hematologic investigation. Generally, the pre-
sentation of pernicious anemia resembles that of any other
form of anemia. Mainly, neurological complications sec-
ondary vitamin B12 deficiency are developed which may
cause peripheral neuropathy (paresthesias and numbness)
and lesions in the posterior (loss of vibration and posi-
tion sense, sensory ataxia) and lateral columns (limbs
weakness, spasticity, and extensor plantar response) of
the spinal cord and in the cerebrum. These lesions progress
from desmyelination to axonal degeneration and eventual
neuronal death (14). Megaloblastic madness is less com-
mon and can be manifested by delusions, hallucinations,
outbursts, and paranoid schizophrenic ideation. Identify-
ing the cause is important because significant reversal of
these symptoms and findings can occur with vitamin B-12
administration. Also, patients with PA may develop sev-
eral abnormalities of the digestive tract such as atrophic
glossitis characterized by smooth and beefy, tongue mega-
loblastosis of the epithelial cells of the small intestine that
results in diarrhea andmalabsorption. Instestinal metapla-
sia is a risk factor for adenocarcinoma (15). Achlorhydria
and bacterial overgrowth may also lead to the formation
of carcinogenic nitrosoamines. The cardiovascular system
is also affected; cardiac output is usually increased with
hematocrit less than 20%, and the heart rate accelerates;
therefore, in patients with preexisting heart disease, cor-
onary insufficiency and congestive heart failure can occur.
On the contrary, PA has been associated with common
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variable immunodeficiency and low serum immunoglobu-
lin concentrations. Prevalence of clinical manifestations
is shown in Table 94.1. PA may be associated with other
autoimmune diseases such as autoimmune thyroiditis,
insulin-dependent diabetes mellitus, Addison’s disease,
primary ovarian failure, primary hypoparathyroidism,
Grave’s disease, vitiligo, myasthenia gravis, and the
Lambert-Eaton syndrome.

Pathological Features

Chronic atrophic gastritis is recognized macroscopically
by loss of gastric mucosal folds and thinning of the gastric
mucosa. It can be classified into two types according to
whether the lesion affects the gastric antrum. Type A
(autoimmune) gastritis involves the fundus and the body
of the stomach and spares the antrum. It is associated with
PA, autoantibodies to gastric parietal cells and to intrinsic
factor, achlorhydria, initial low serum gastrin concentra-
tions, that later result in hyperplasia of gastrin-producing
cells. Type B gastritis is usually associated withHelicobacter
pylori infection (10). The most common lesion in gastric-
biopsy specimens from PA patients are mononuclear
cellular infiltrates in the submucosa extending into the
lamina propria between the gastric glands; extension of
the cellular infiltrate into the mucosa is accompanied by
degenerative changes in parietal cells and zymogenic cells.
The cellular infiltrate includes plasma cells and T cells (16).
Thereafter, the mucosa becomes atrophic, containing few
pepsin-secreting and parietal cells, and then intestinal
metaplasia is established. The chronic atrophic gastritis in
PA is also associated with an increased risk of intestinal-
type gastric cancer and gastric carcinoid tumors. The latter
are presumably due to prolonged achlorhydria resulting
from parietal-cell loss, compensatory hypergastrinemia,
and argyrophilic cell hyperplasia. The bonemarrow biopsy
and aspirate usually shows that erythroid precursors are
large and often oval. The nucleus is large and contains
course motley chromatin clumps, having a checkerboard
appearance. Nucleoli are visible in the more immature
erythroid precursors. Giant metamyelocytes and bands
are present, and the mature neutrophils and eosinophils
are hypersegmented. The bone marrow histology is similar

in both folic acid and Cbl deficiency. The megaloblastic
changes due to Cbl deficiency can be reversed by pharma-
cological doses of folic acid but not otherwise. (17).

Hematologic Features

Laboratory abnormalities found in PA with established
megaloblastic anemia are summarized in Table 94.2. The
most important laboratory finding observed in PA is
erythrocytic macrocytosis which is obvious when the mean
cell volume (MCV) is greater than 100 fL (1, 17). TheMCV
and mean corpuscular hemoglobin (MCH) are increased,
with amean corpuscular hemoglobin concentration (MCHC)
within the reference range. In addition, the peripheral
blood usually shows a mild leukopenia and thrombocyto-
penia or pancytopenia, which parallel the severity of the
anemia because vitamin B12 deficiency affects all hemato-
poietic cell lineages (10). Examination of the marrow is not
indicated if the diagnosis is unequivocal; the earliest sign
of megaloblastosis reflected in the peripheral blood smear
is hypersegmentation of the polymorphonuclear leuko-
cytes followed by the appearance of oval macrocytes, and
anisopoikilocytosis (17).

Serological and Biochemical Features

Diagnosis of PA is supported by measuring blood levels of
Cobalamin (Cbl) and folate; Cbl is low in most but not all
patients with cobalamin deficiency. Patients with vitamin
B12 deficiency will have serum levels <170 pg/mL, with
symptomatic patients usually having levels <100 pg/mL.
The diagnosis is best confirmed by finding an elevated level
of serum methylmalonic acid (>1000 nmol/L); in fact, two
metabolic markers, plasma methylmalonic acid (MMA)
and plasma total homocysteine (tHC), are generally con-
sidered as more sensitive indicators of vitamin B12 status
than plasma cobalamin levels. MMA and tHC are ele-
vated in vitamin B12 deficiency (17). Normal MMA and

TABLE 94.1. Clinical manifestation of PA.

Clinical Manifestation Prevalence %

Anemia

Neurological complications

Peripheral neuropathy

Degeneration of cord

Dementia

Gastrointestinal complication

Glositis

Gastric carcinoma

30–60

10–28

0.6

2.8

5

15

1–3

TABLE 94.2. Hematological findings in PA patients.

Peripheral blood

Macrocytosis with hypersegmented polymorphonuclear leucocytes.

Anemia

Leukopenia

Thrombocytopenia or

Pancytopenia

Bone marrow

Megaloblasts

Large myeloid precursors (‘‘gyant metamyelocytes’’)

Low serum vitamin B12 concentrations

Normal serum folate concentrations

Positive Schilling test

Low serum holotranscobalamin concentrations
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homocysteine levels rule out cobalamin deficiency with

100% confidence, and normal homocysteine levels suggest

that megaloblastic anemia is not caused by folate defi-

ciency, since only tHC is elevated in folic acid deficiency

(18). However an increased concentration of plasma

methylmalonic acid (P-MMA) does not predict clinical

manifestations of vitamin B12 deficiency and should not

be used as the only marker for diagnosis of B12 deficiency.

A Schilling test will confirm that vitamin B12 deficiency
is the results of intestinal malabsorption due to intrinsic-

factor deficiency. The Shilling test assay for cobalamin

absorption consists of measuring urinary radioactivity

after an oral dose of radioactive cobalamin is given:

Absorption is low in PA, and it increases if radioactive

vitamin B12 is administrated along with intrinsic factor

(17). In patients with PA, serum antibodies that recognize

the Hþ/Kþ-ATPase occur. Table 94.3 shows the preva-

lence of autoantibodies in PA. Antiparietal cell antibodies

also occur in a significant percentage of patients with thyr-

oid disease (1), and conversely, patients with PA have a

higher than expected prevalence of antibodies against thyr-

oid epithelium, lymphocytes, and renal collecting duct

cells. Serum antibodies to gastric parietal cells can be

detected by indirect immunofluorescence with unfixed,

air-dried, frozen sections of mouse stomach in which the

antibodies stain parietal cells. Antibodies to intrinsic fac-

tor (‘‘type I’’ or ‘‘blocking,’’ antibodies) or the intrinsic

factor–cobalamin complex (‘‘type II’’ or ‘‘binding,’’ anti-

bodies) are highly specific to PA patients. Type I autoanti-

bodies are demonstrable in the serum of about 70% of

patients with PA. Type II autoantibodies are found in the

serum of about 35–40% of patients, and rarely occur in the
absence of type I antibodies. Both types of autoantibodies

can be detected more frequently in gastric juice than in

serum (16).

Diagnostic Criteria

There are no diagnostic criteria for PA; however the

presence of hematologic disorders, such as megaloblastic

anemia, with positive Schilling test and type A chronic

atrophic gastritis with loss of gastric parietal cells can

support the diagnosis.

Prognosis

PA is a silent disease until its advanced or end stage. The
prognosis depends of the stage of the disease when the
diagnosis is made. Neurological complications may not
be reversed even when the treatment is begun. On the
contrary, if gastric cancer or gastric carcinoid tumors are
developed, the prognosis will also depend on the early
diagnosis and treatment. Because PA is associated with
achlorhydria there is a 3-fold likelihood of developing
gastric carcinoma; therefore periodic endoscopy is recom-
mended approximately every 5 years, even in asympto-
matic cases, to rule out gastric polyps or gastric carcinoma.

Predicting Role of Autoantibodies

The presence of serum gastric parietal cells predicts auto-
immune gastritis. Anti parietal cells and anti-intrinsic fac-
tor antibodies are rarely measured in individuals with
megaloblastic anemia, even though the anti-intrinsic factor
antibodies in particular could be of considerable diagnos-
tic value. Anti-intrinsic factor antibody is highly specific
for PA (although its sensitivity is only modest), and its
presence in megaloblastic anemia makes the diagnosis of
PA almost certain.

Therapeutic Management

The first standard treatment widely used was a regular
monthly intramuscular injection of at least 1mg of vitamin
B12 to correct the vitamin deficiency (4). Therapeutic
management is summarized in Table 94.4. However,
nowadays there are different proposed schedules:

(a) Therapy consisting of five to six intramuscular injec-
tions of hydroxocobalamin (1mg each) over a 3-week
period. Patients are then given 1mg intramuscularly
every 3months for life (19). This regimen corrects the
hematological abnormalities and replaces B12 stores.

(b) Therapy consisting of intramuscular injection of hydro-
xocobalamin 1mg three times a week for two weeks and
then once every 3 months for life. Daily dosing is given
initially if there is neurological involvement (20).

These two treatments correct the anemia andmay correct the
neurological complications if given soon after their onset.
There is little evidence of a satisfactory hematological,

biochemical, and clinical short-term response for oral
B12 replacement in some randomized controlled trials.
The evidence derived from limited studies suggests that
high oral doses of B12 (1000 and 2000mg daily) could be
as effective as intramuscular administration in achieving
hematological and neurological responses (21). Accord-
ingly, high doses of oral vitamin B12 (1000mg) initially

TABLE 94.3. Prevalence of autoantibodies to gastric parietal cells
in several situations.

Patients with pernicious anemia 90%

Patients with simple atrophic gastritis 60%

Nonanemic first-degree relatives of patients with PA 30%

Normal subjects in the third decade 2.5%

Normal subjects in the eight decade 9.6%
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daily, thereafter weekly, and then monthly, are as effective
as intramuscular vitamin B12 (22).

In the meantime, for newly diagnosed patients with
vitamin B12 deficiency secondary to pernicious anaemia,
who have an intact terminal ileum, an initial intramuscular
dose of vitamin B12 followed by a trial of oral replacement
may be considered (21). This recommendation is based on
the observation that about 1% of vitamin B12 is absorbed
by mass action in the absence of intrinsic factor.

A further large, pragmatic trial in primary care is needed
to determine whether oral vitamin B12 is effective in patients
with pernicious anaemia in primary care settings, but this
therapy should not be used in hospitalized/critical patients.

Precautions in the therapy replacement of B12 deficiency
should be considered:

– Administration of folic acid in a patient with vitamin
B12 deficiency may induce a hematological response
but will worsen any neurological symptoms, and can
actually precipitate subacute combined degeneration of
the cord (19).

– Patients with pernicious anaemia should also be given
oral iron, because most will soon exhaust their iron
stores (20).
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TABLE 94.4. Pharmacological treatment of pernicious anemia.

Acute treatment Dose Duration Maintenance Dose Duration
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B Hydroxocobalamin 100mcg IV 3 times a week 2weeks Hydroxocobalamin 100mcg IV once every 3 months for life
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95
Idiopathic Aplastic Anemia

Baraf Lior and Levy Yair

Abstract Aplastic anemia, an uncommon hematological disease, is the paradigm of the human bone marrow failure

syndromes. The pathophysiology is immune mediated in most cases, with activated type 1 cytotoxic T cells implicated.

The molecular basis of the aberrant immune response and deficiencies in hematopoietic cells is now being defined

genetically; examples are telomere repair gene mutations in the target cells and dysregulated T-cell activation pathways.

Almost universally fatal just a few decades ago, aplastic anemia can now be cured or ameliorated by stem-cell

transplantation or immunosuppressive drug therapy. Immunosuppression with antithymocyte globulins (ATGs) and

cyclosporine is effective at restoring blood-cell production in the majority of patients, but relapse and especially

evolution of clonal hematologic diseases remain problematic. Allogeneic stem-cell transplant from histocompatible

sibling donors is curative in the great majority of young patients with severe aplastic anemia; the major challenges are

extending the benefits of transplantation to patients who are older or who lack family donors.

Keywords Aplastic anemia � pancytopenia � CD34þ

Definition

The term ‘‘aplastic anemia’’ was introduced by Vaquez and
Aubertin in the year 1904. The word ‘‘aplastic’’ is derived

from the Greek ‘‘a’’ and ‘‘plasso’’ meaning ‘‘without form.’’
‘‘Anemia’’ is a potentially misleading term, as patients with

aplastic anemia fail to form blood cells from all three
lineages. The combination of peripheral cytopenias with
a decreased or absent bone marrow precursor cells char-
acterizes aplastic anemia. Although there are many known
etiologies (Table 95.1), the cause of aplastic anemia is
generally difficult to determine in an individual patient,
and in the vast majority of cases, no causal etiology can not
be found. At times, multiple risk factors can be uncovered

in a given patient (Table 95.1).

Epidemiology

A large, prospective study conducted in Europe and Israel
between 1980 and 1984 that required stringent case defini-
tion and pathologic confirmation reported an annual inci-
dence of aplastic anemia of 2 new cases per 1 million
population per year (1). Aplastic anemia occurs two- to

three-fold higher in the Far East than in the West. This
geographic variation likely stems from environmental
rather than genetic risk factors, because the Japanese
population in Hawaii manifests similar rates of aplastic
anemia as other Americans (2). Studies have not been able

to attribute the increased risk of aplastic anemia in the Far
East to specific agents, such as chloramphenicol, widely

used in Asia (3).
The incidence of acquired aplastic anemia varies bimod-

ally with age, with one peak between ages 15 and 25 years
and another peak at older than 60 years of age (4). Aplastic

anemia occurs with equal frequency in both genders (1, 2).

Pathophysiology

An immune mechanism was implied decades ago from

the recovery of hematopoiesis in patients who failed to
engraft after stem-cell transplantation, when renewal of

autologous blood-cell production was credited to the con-
ditioning regimen. Also suggestive was that the majority of
syngeneic transplantations in which bone marrow was
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infused without conditioning failed (5). The responsiveness
of aplastic anemia to immunosuppressive therapies remains
the best evidence of an underlying immune pathophysiol-
ogy: the majority of patients show hematologic improve-
ment after only transient T-cell depletion by antithymocyte
globulins (ATGs).

In early laboratory experiments, removal of lympho-
cytes from aplastic bone marrows improved colony num-
bers in tissue culture and their addition to normal marrow
inhibited hematopoiesis in vitro (6). The effector cells were
identified by immunophenotyping as activated cytotoxic T
cells expressing Th1 cytokines, especially interferon-g. In
general, patients at presentation demonstrate oligoclonal
expansions of a few subfamilies of those T cells, which
diminish or disappear with successful therapy. Original
clones re-emerge with relapse, sometimes accompanied
by new clones, consistent with spreading of the immune
response. Occasionally, a large clone persists in remission,
perhaps evidence of T-cell tolerance (7). The impact of
T-cell attack on marrow can be modeled in vitro. It has
been shown that interferon-g in increasing doses reduces

numbers of human hematopoietic progenitors assayed by
inducing apoptosis in CD34 target cells (8).
A number of hypothesis have been made for the unclear

activation of T cells in aplastic anemia patients, most of
whom are associatedwith alterations in nucleotide sequence
(e.g., polymorphisms in cytokine genes like interferon-g) or
in gene regulation: SAP gene encodes a small modulator
protein that inhibits interferon-g production whose levels
are markedly diminished in a majority of acquired aplastic
anemia cases (9). Perforin gene which is an important
cytolytic, T cell mediated, APCs is diminished and assump-
tually responsible in the uncontrolled expansion of cyto-

toxic T cells and CD34 destruction in few idiopathic
aplastic patients.
The aforementioned process in which hematopoietic

cells are immunely T-cell mediated and destroyed leads to
marrow failure. The pallor of the marrow biopsy core or
empty spicules of an aspirate, few or no CD34 cells on flow
cytometry, and minimal numbers of colonies derived from
committed progenitors in semisolid media all reflect the
severe reduction in hematopoietic cells that defines the dis-
ease. The few hematopoietic cells that are seen in the mar-
row of aplastic patients experience cell destruction through
apoptotic mechanisms. The same process was reproduced
in normal CD34 cells exposed to interferon-g (10).
One peculiar feature of white blood cells in aplastic

anemia is telomeres length. Telomeres are short in one-
third to one-half of patients (11). The first hypothesis that
blamed telomere shortening on stem-cell exhaustion was
dismissed by the discovery of mutations in genes that
repair and protect telomeres. The working premise in
these days is that those mutations are genetic risk factors
in acquired aplastic anemia, probably because they confer
a quantitatively reduced hematopoietic stem-cell compart-
ment that may also be qualitatively inadequate to sustain
immune-mediated damage.
Finally, to date, there is no satisfying mechanism to

explain clonal escape evolving to other hematologic dis-
eases that are characterized by proliferation of distinctive
cell clones, as in paroxysmal nocturnal hemoglobinuria
(PNH) or myelodysplasia (MDS).

Clinical Manifestations

The patient with aplastic anemia occasionally comes to
medical attention because of the fatigue and even cardio-
pulmonary compromise associated with progressive ane-

mia. However, more common presentations are recurrent
infections due to profound neutropenia or mucosal hemor-

rhage due to thrombocytopenia. Increased menstrual flow
is a common complaint in premenopausal women. Major
hemorrhage from any organ can occur in aplastic anemia
but is usually not seen until late in the course of the disease

TABLE 95.1. A classification of aplastic anemia.

Acquired aplastic anemia

Secondary aplastic anemia

Irradiation

Drugs and chemicals

Regular effects

Cytotoxic agents

Benzene

Idiosyncratic reactions

Chloramphenicol

Nonsteroidal anti-inflammatory drugs

Antiepileptics

Gold

Other drugs and chemicals

Viruses

Epstein–Barr virus (infectious mononucleosis)

Hepatitis virus (non-A, non-B, non-C, non-G hepatitis)

Parvovirus (transient aplastic crisis, some pure red cell aplasia)

Human immunodeficiency virus (acquired immunodeficiency

syndrome)

Immune diseases

Eosinophilic fasciitis

Hypoimmunoglobulinemia

Thymoma and thymic carcinoma

Graft-versus-host disease in immunodeficiency

Paroxysmal nocturnal hemoglobinuria

Pregnancy

Idiopathic aplastic anemia

Inherited aplastic anemia

Fanconi’s anemia

Dyskeratosis congenita

Shwachman–Diamond syndrome

Reticular dysgenesis

Amegakaryocytic thrombocytopenia

Familial aplastic anemias

Preleukemia (e.g., monosomy 7)

Nonhematologic syndromes (e.g., Down, Dubowitz, Seckel)
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and is generally associated with infections, or traumatic
therapeutic procedures (e.g., intravenous line placements).

The infections in aplastic anemia patients are typically

bacterial, including sepsis, pneumonia, and urinary tract

infection. However, invasive fungal infection is a common

cause of death, especially in subjects with prolonged and

severe neutropenia.
The physical examination is generally unremarkable

except for bruising and petechiae, as noted above. Hepa-

tosplenomegaly and lymphadenopathy are usually absent.

Diagnosis

Signs and symptoms at presentation are illustrated in

Table 95.2.
The possible presence of aplastic anemia is suggested by

the complete blood count, which reveals pancytopenia

along with absolute reticulocytopenia, suggestive of bone

marrow failure. The red blood cells are usually normocytic

but occasionally may be macrocytic. Examination of the

peripheral blood smear shows that the remaining elements,

while reduced, are morphologically normal.
Aspiration and biopsy of the bone marrow, along with

cytogenetic analysis, are pathognomonic and usually pro-

vide sufficient information to establish the diagnosis: in

most cases the marrow shows hypocellularity with a

decrease in all elements, although significant residual cel-

lularity is present in some patients because of lymphocytes.
In those few patients in whom there is a discordant rela-

tionship between cellularity and peripheral blood findings,

cellularity often diminishes rapidly and a second evaluation

will reveal the classic marrow picture. The marrow space is

composed mostly of fat cells and marrow stroma. The

residual hematopoietic cells are morphologically normal

and there is no malignant infiltrates or fibrosis. Bone mar-

row cytogenetics is typically normal for patients initially

presenting with aplastic anemia. In contrast, cytogenetic

abnormalities are frequently found in myelodysplastic

bone marrows and may be helpful in distinguishing aplastic

anemia from hypoplastic MDS.

The severity of aplastic anemia was classified (12) in an
effort to make possible the comparison of diverse groups
of patients and different therapeutic approaches. Diagno-
sis of severe aplastic anemia requires that the patient have
a marrow biopsy showing <25% of normal cellularity or
marrow showing<50% normal cellularity, in which fewer
than 30% of the cells are hematopoietic and at least two of
the following are satisfied: a granulocyte count <500/ml, a
platelet count <20,000/ml, and an absolute reticulocyte
count <40,000/ml. Very severe aplastic anemia is further
defined by a granulocyte count <200/ml.

Treatment: Curative Treatment

Immunosuppression

For aplastic anemia that is severe, as defined above, defi-
nitive therapies are immunosuppression or stem-cell
transplantation.
Immunosuppressive therapies are most widely used

because of lack of histocompatible sibling donors, patient
age, and the immediate cost of transplantation. The most
acceptable immunosuppression regimen today is an ATG
used in combination with cyclosporine (13). ATGs, which
are produced by immunizing animals against human thy-
mocytes, probably are immunomodulatory as well as lym-
phocytotoxic, perhaps by producing a state of tolerance by
preferential depletion of activated T cells. Cyclosporine’s
selective effect on T-cell function is due to direct inhibition
on the expression of nuclear regulatory proteins, resulting in
reducedT-cell proliferation and activation. Although severe
aplastic anemia can respond to cyclosporine alone, it is less
effective than ATG alone or ATG plus cyclosporine.
Reported hematologic response rates vary, at least in

part due to lack of consensus on parameters (transfusion
independence, absolute or relative improvement in blood
counts) and defined landmarks. Improvement in blood
counts, so that the criteria for severity are no longer met,
highly correlates with termination of transfusions, free-
dom from neutropenic infection, and better survival (14).
By this standard, about 60% of patients are responders
at 3 or 6months after initiation of ATG treatment (15).
Responders have much better survival prospects than do
non-responders and the outcomes are related to patient
age: 5-year survival of>90% of children has been reported
in recent trials, compared with about 50% survival for
adults older than 60 years in the collective European
experience (16).
Relapse, defined as a requirement for additional immu-

nosuppression, is not uncommon, occurring in 30–40% of
responding patients. Reinstitution of cyclosporine usually
reverses declining blood counts, and when required, a
second round of ATG is usually effective. As much as it
known today, relapse does not confer a poor prognosis.

TABLE 95.2. Presenting symptoms of aplastic anemia.

Symptoms Number of patients

Bleeding 41

Anemia 27

Bleeding and anemia 14

Bleeding and infection 6

Infection 5

Routine examination 8

Total 101

Adapted from Williams DM, Lynch RE, Cartwright GE. Drug induced

aplastic anemia. Semin Hematol 1973; 10: 195.
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Molecular analysis of T cell suggests that the major reason
for relapse is incomplete eradication of pathogenic clones
by ATG.

The addition of other immunosuppressive agents (myco-
phenolate mofetil, sirulimus) to the ATG–cyclosporine

regimen has not shown any superiority in hematologic
response, relapse, or evolution rates.

Hematopoietic Stem Cell Transplantation

Allogeneic transplant from a matched sibling donor cures
the great majority of patients with high 5-year survival rates
(17).Despite this, graft-versus-host disease (GVHD) remains
a serious problem for older patients (40–45% > 20 years
of age), even with routine cyclosporine prophylaxis.
Chronic GVHD rises the risk of death and often requiring
years of immunosuppressive therapy (18). Even with reso-
lution, chronic GVHD remains a risk factor for late com-
plications such as growth and endocrine system effects,
pulmonary disease, cataracts, neurological dysfunction,
and secondary malignancy. Addition of ATG and more

recently its substitution by alemtuzumab (monoclonal
antibody against CD52, which is found on mature lym-
phocyts) (18) may reduce the frequency and severity of
acute GVHD, a predictor of chronic GVHD.

As the outcome in aplastic patients who have failed a
single round of ATG has been poor and the matched

sibling donor available is only 20–30%of cases, alternative
sources of hematopoietic stem cells have been sought. The
outcomes of 318 alternative donor transplants performed
from 1988 to 1998 recently have been summarized for the
European registry (19): the rejection rate was 15%, the
GVHD 2–4 grades, 48%, and 5-year survival was esti-
mated at 39%. The mortality rate is about twice that
observed in matched sibling transplants. On the contrary,

retrospective analysis from the Japan Marrow Donor
Program suggested that patients with the most favorable
characteristics and conditioned with a minimal dose of
radiation might anticipate survival comparable with
matched sibling transplants (20). In current practice, unre-
lated transplant is offered for children who have failed a
single course of immunosuppression and to adults who are
refractory to multiple courses of ATG and alternative
therapies such as androgens. Studies with longer follow-

up of larger numbers of patients are crucial to establish the
optimal conditioning regimen and to define which patients
will benefit and especially how early unrelated transplan-
tation should be performed.

Very few clinical trials have specifically addressed mod-
erate disease in which the course and treatment are less
clear. As for the course, some patients progress to severe
disease, whereas others remain stable and may not require
intervention. The two most acceptable modes of treatment
options are immunosuppressive and androgen therapies.

Supportive Care

The initial management in the majority of aplastic anemia

patients consists of blood transfusions, platelet concen-

trates, and treatment and prevention of infection. All

blood products should be filtrated to reduce the risk of

alloimunization and irradiated to prevent grafting of live

donor lymphocyte.
Although it is generally accepted that prophylactic pla-

telet transfusions can reduce the risk of hemorrhage, the
guidelines for such treatments remain an area of contro-

versy. Multicenter, randomized trials in newly diagnosed

acute myelocytic leukemia (AML) patients found no sig-

nificant difference in risk of major bleeding between

patients randomized to receive prophylactic platelet trans-

fusions at threshold platelet counts of 20,000/ml versus
10,000/ml. Use of the lower platelet threshold significantly

reduced platelet use. Platelet transfusions at platelet counts

below 5000–10,000/ml in stable outpatients with chronic

severe aplastic anemia were feasible and safe in recent

studies (21). In practice, the decision for platelet transfu-

sion must be individualized and take into account the

number of platelets, the personal tendency of the patient

to bleed, and whether is the patient at increased risk of

bleeding (e.g., fever, infection). Whereas severe granulocy-

topenia may last for years, the cellular immune functions

of aplastic anemia patients remain intact. Neutropenia
(and perhaps monocytopenia) increases the risk of bacter-

ial infection in aplastic anemia. Because neutropenia pre-

cludes the development of an inflammatory response, signs

and symptoms of infection can be deceptively minimal.

Despite all of that, the use of prophylactic antibiotics has

no demonstrated role in the otherwise well patient with
aplastic anemia. In the context of fever and neutropenia,

complete evaluation and cultures of all possible sites

should generally be followed by the administration of

broad-spectrum parenteral antibiotics until the fever

abates and all cultures are negative. Deficiency of hemo-

poietic growth factors (such aserythropoietin) is not the

cause of the bone-marrow failure in aplastic anaemia;

concentrations of hemopoietic growth factors are very

high in patients with the disorder, in a compensatory

attempt to increase blood production. Hence, these factors

should not be used routinely.
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96
Acquired Adult Pure Red Cell Aplasia

Hedi Orbach, Gisele Zandman Goddard, Asher Winder and Yehuda Shoenfeld

Abstract Pure red cell aplasia (PRCA) is a selective non-regenerative erythroid cell line disease characterized by anemia
with the arrest of erythropoiesis, severe reticulocytopenia and absence of bone marrow erythroblasts. Primary adult
PRCA is an isolated disease. The etiology of secondary disease includes exogenic triggers as drugs mainly recombinant
erythropoietin (EPO), infections (parvovirus B19) incompatible ABO bone marrow transplantation, autoimmune
diseases, malignancies (mainly hematological and thymoma), and pregnancy. In most of the cases, the red cell aplasia
is immunologically mediated. The diagnosis is made in severe symptomatic normochromic normocytic anemia. In our
opinion, anemia with almost complete absence of erythroblasts in the bone marrow with normal development of the
myeloid and megakaryocytic lines is diagnostic. The treatment includes blood transfusions and therapy of the primary
disease, and if the anemia persists despite multiple blood transfusions, immunomodulation by corticosteroids is
warranted. In resistant cases, other options are used: cyclophosphamide, azathioprine, cyclosporine, anti-thymocytic
globulin and high-dose intravenous immunoglobulin (IVIg). Plasmapheresis, EPO, interferon and monoclonal anti-
bodies against CD20 and CD52, splenectomy and allogeneic stem cell transplantation after cyclophosphamide con-
ditioning are anecdotal therapies.

Keywords Pure red cell aplasia � anemia � reticulocytopenia � erythroblasts � diagnostic criteria � large granular
lymphocytes � erythropoietin � parvovirus

Pure red cell aplasia (PRCA) is characterized by anemia

with severe reticulocytopenia caused by selective failure

of erythropoiesis (1). This disease was first described by

Kaznelson in 1922 (2).

Epidemiology

PRCA is a rare disorder. The incidence rate is not known.

It affects all age groups in all parts of the world without
known ethnic or racial predisposition (3).

Classification of PRCA (Table 96.1)

The congenital formof PRCAknown asDiamond-Blackfan

anemia is a genetic disease with chromosomal and physical

abnormalities (4). Transient erythroblastopenia of child-

hood is a heterogeneous disease with unclear etiology (5).

The causes of acquired PRCA of the adult (Table 94.1)

include a primary disorder (isolated PRCA) or secondary

PRCA. The most common etiologies of acquired PRCA

are manifold: exogenic triggers include drugs, infections

and ABO-incompatible bone marrow transplantation (6).

Drugs induce disease [recently the main drug is human

serum albumin-free recombinant erythropoietin (EPO)

(7) administered subcutaneously to dialysis treated

patients]. Infections induce PRCA mainly parvovirus

B19. PRCA is a rare manifestation of autoimmune dis-

eases as systemic lupus erythematosus (8) and rheumatoid

arthritis (9). Malignancies include hematological malig-

nancies as chronic lymphocytic leukemia [B-cell, T-cell or

large granular lymphocyte (LGL) leukemia], lymphomas
and solid tumors mainly thymoma (10) (and rarely other

solid tumor malignancies) and pregnancy rarely induce

PRCA. There is not enough information in the literature

on the percentage of the different primary causes of
PRCA.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_96,

� 2008 Humana Press, Totowa, NJ
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Pathophysiology of PRCA

The mechanism of B19 parvovirus-induced PRCA is by

direct damage. The virus destroys proerythroblasts by

attacking the blood group P antigen receptor. Severe

anemia occurs usually in patients with hemolytic anemia

or immune compromised patients (11). Most of the other

cases are immunologically mediated red cell aplasia.
In vitro studies show that PRCA bone marrow responds

to EPO or normal plasma, but incubation with the

patient’s plasma causes often inhibition in heme synthesis.

The inhibitor disappears in PRCA remission (12).

Antibody-Mediated PRCA

IgG antibodies are complement binding or directly cyto-
toxic to erythroblasts (13). The antibodies inhibit burst-

forming unit erythroid (BFU-E) and colony-forming

unit erythroid (CFU-E) colony formation. In rare cases,

EPO-specific antibodies were identified, mainly in epoietin

� (Eprex)-induced PRCA (7). Other possible targets are the

EPO receptor or other red cell signaling pathway factors (1).
In EPO-induced PRCA, the underlying cause may be

connected to the stabilizer polysorbate 80 in rubber-coated
pre-filled syringes and poor handling of the syringes,

producing organic compounds that act as an adjuvant

resulting in anti-EPO antibodies. More than 200 dialysis

patients treated with EPO � subcutaneously developed

PRCA, mainly between the years 2001 and 2003. After-
wards the rate declined because of new instructions in

order to prevent this complication (7).

T-cell-Mediated PRCA

Lymphocytes from patients with PRCA secondary to
chronic lymphocytic leukemia (CLL), lymphomas, thy-
moma, and infection with EBV and HTLV1 suppress
erythropoiesis in colony assays (14). Expansion of LGLs
and LGL leukemia are most commonly associated with
PRCA (1).

Clinical Manifestations

Because the course of disease is slow, symptoms of anemia
appear only in advanced stage. Physical examination
reveals pallor and signs of anemia. After long-term red
cell transfusion and glucocorticoid therapy, physical find-
ings compatible with hemosiderosis and iatrogenic cush-
ingoid state appear. In secondary PRCA the findings are
usually consistent with the primary disease.

Laboratory Findings (Table 96.2)

A significant normocytic normochromic anemia, usually
requiring recurrent blood transfusions, is found in PRCA
patients. The blood smear reveals severe reticulocytopenia.
Bone marrow analysis depicts normal myelopoiesis, lym-
phopoiesis and megakaryopoiesis, but only few, if any,
erythroid precursors. The levels of vitamin B12, folic acid,
serum iron, transferrin and ferritin are normal.

Differential Diagnosis (Table 96.2)

The differentiation of PRCA from other diseases asso-
ciated with red cell aplasia is usually not difficult and is
based mainly on bone marrow findings. In myelodysplas-
tic syndrome (MDS) patients, the bone marrow usually
reveals dysplastic features in two or more blood linages.
Moreover, the marrow is hypercellular. Cytogenetic
abnormalities are frequent in MDS. In aplastic anemia,
pancytopenia with hypoplasia or aplasia of all three lines is
the hallmark in bone marrow.
In order to exclude the diagnosis of lymphoid malignan-

cies (B, T, or LGL CLL), immunophenotyping of the
lymphocytes by flow cytometry or T-cell receptor gene
rearrangement are performed (3).
In parvovirus B19 infection-related PRCA, usually

giant proerythroblasts with vacuolated cytoplasm and
pseudopodia exist in bone marrow. Elevated liters of IgM
antibodies confirm the diagnosis, but in chronic infection,
in an immune compromised host, further diagnosis is
needed with demonstration of the presence of viral DNA
in the serum (1).
Chest CT scan is mandatory to exclude thymoma.

TABLE 96.1. Classification of acquired adult PRCA by associated
disease.

A. Primary pure red cell aplasia

B. Secondary red cell aplasia

1. Exogenic triggers

I. Drugs: Recombinant human erythropoietin, phenytoin,

trimethoprim–sulfamethoxazole, zidovudine, chlorpropamide,

mycophenolate mofetil

II. Infections: B19 parvovirus, human immunodeficiency virus,

viral hepatitis, Epstein–Barr virus

III. ABO-incompatible bone marrow transplantation

2. Autoimmune diseases: Systemic lupus erythematosus, rheumatoid

arthritis, mixed connective tissue disease, Sjögren’s syndrome,

autoimmune hemolytic anemia

3. Malignancies

I. Hematological malignancies: Chronic lymphocytic leukemia

(B-cell, T-cell, large granular lymphocyte type), lymphoma,

myeloma, chronic myeloid leukemia, agnogenic myeloid

metaplasia with myelofibrosis, prodrome of myelodysplastic

syndrome

II. Solid tumors: Thymoma, adenocarcinoma of breast,

squamous cell carcinoma of lung

4 Pregnancy
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Diagnostic Criteria (Table 96.3)

The diagnosis of PRCA is established in severe normochro-

mic normocytic anemia, with reticulocytopenia and almost
complete absence of erythroblasts in the bone marrow
with normal development of myeloid and megakaryocytic

lines.
There are no formal validated diagnostic criteria based

on studies reporting sensitivity and specificity, because
PRCA is a rare disease with heterogeneous etiologies.

According to Casadevall et al., the current standard
diagnostic criteria for PRCA are listed in Table 96.3 (15).

The limit of erythroblast percentage is 0.5% (3) or <5%
erythroblasts (15); all the other features are consistent in
the literature. In our opinion for the diagnosis, anemia

with the findings in bone marrow of less than 1% erythro-
blasts with normal myeloid cells and megakaryocytes are
sufficient. It is required to exclude secondary PRCA accor-
ding to the classification.

Therapy

According to clinical criteria, blood transfusions should
be given for symptomatic anemia, and supplement with
Vit B12 or folic acid in case of deficiency. Once the etiology

is known, specific therapy should be given. Medications
that might cause PRCA should be discontinued. Thymect-
omy is recommended in patients with thymoma.

In cases of primary PRCA or secondary PRCA that is
not responding to the therapy of the primary disorder, the
recommended treatment is based on case series.

Corticosteroids, usually prednisone 1mg/kg, are pre-
scribed until remission, which occurs in 40% of patients
usually after 4 weeks. It is not recommended to continue

more than 12 weeks in non-responders. In responders, after
reaching hematocrit of 35%, the dose is tapered gradually
and prednisone is discontinued after 3–4 months.

Patients who do not respond to prednisone after 2–3
months are candidates for immunosuppressive therapy
including cyclophosphamide, azathioprine, cyclosporine,
anti-thymocytic globulin and a course of high-dose intra-

venous immunoglobulin (IVIg) (16) in the dosage recom-
mended for other autoimmune diseases.

The choice of therapy is based on the primary disease,
age, kidney function and fertility status.

Other successful therapies reported in refractory cases
include plasmapheresis (17), EPO (8), interferon and

reports of successful therapy in resistant PRCAwith ritux-
imab and alemtuzumab (18), splenectomy and allogeneic
stem cell transplantation after cyclophosphamide condi-

tioning (19).
In the immune compromised host, particularly in AIDS

patients with chronic or severe cases of PRCA due to

parvovirus infection, IVIg therapy is recommended with

good results and few side effects (16).

TABLE 96.2. Diagnostic procedures in acquired PRCA.

PRCA Other diseases

Blood smear Normocytic

normochromic

anemia, normal

white cells and

platelets

MDS: macrocytic

anemia, dysplastic

features of white cells,

sometimes

monocytosis or

Pelger–Huët anomaly

Aplastic anemia:

pancytopenia

CLL: lymphocytosis

Bone marrow

biopsy

<0.5–5%

erythroblasts

with normal

myeloid and

megakaryocytic

lines

MDS: hypercellular with

dysplastic

myelopoiesis, shift to

the left and "blasts and
mononuclear

megakaryocytes.

Erythroblasts >5%

with megaloblastoid

features

Aplastic anemia:

hypoplasia or aplasia

of all 3 lines

Parvovirus B19: giant

proerythroblasts with

vacuolated cytoplasm

and pseudopodia

Reticulocyte

count

<1% Usually >1% except of

aplastic anemia

Vitamin B12, folic

acid

Usually normal

Erythropoietin

serum level

"Except of in
presence of anti

erythropoietin

antibodies (#)
Cytogenetic tests Normal MDS: frequent

abnormalities

Immune

phenotyping of

lymphocytes

Normal CLL: monoclonal

proliferation

Parvovirus B19,

IgM, PCR

or viral DNA

Negative IgM Parvovirus: IgM", in
immune compromised

patients: PCR or viral

DNA detected.

Chest CT scan Normal Thymoma: mediastinal

mass

Erythroid colony

assay

CFU-E and BFU-E

usually present.

#Between CFU-E

and proerythroblast.

In 60%, IgG in

serum inhibits

growth of erythroid

progenitors

BFU-E, burst-forming unit erythroid; CFU-E, colony-forming unit

erythroid; CLL, chronic lymphocytic leukemia; MDS, myelodysplastic

syndrome; PRCA, pure red cell aplasia.
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TABLE 96.3. Diagnostic criteria for PRCA (15).

1. Fall in red cell count of about 1%/day

2. Reticulocyte count below 1%

3. No major changes in white cell count, platelet count, or differential

leukocyte count

4. Normal cellularity of bone marrow, less than 1% erythroblasts

(occasionally up to 5% proerythroblasts or basophilic

erythroblasts)

5. Normal myeloid cells and megakaryocytes in bone marrow

In order to diagnose PRCA, anemia with the 4th and 5th criteria is suffice.

Prognosis

Five to ten percent of patients remit spontaneously. The
majority of patients (68%) enter remission with the com-
mon immunosuppressive therapy, but up to 80% are at
risk to relapse in 2 years, part of them will need low-dose
maintenance immune suppressive treatment for 1–2 years.
The estimated median survival of primary PRCA patients
is 14 years (20).

Refractory cases diagnosed as primary PRCAmaydevelop
leukemia usually the LGL type. The prognosis of secondary
PRCA is dependent on the prognosis of primary disease (3).
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97
Myelodysplastic Syndromes

Laura F. Newell and Joseph M. Tuscano

Abstract The myelodysplastic syndromes comprise a heterogeneous cluster of hematological stem cell disorders.
Patients typically present with cytopenias that often manifest with a variety of symptoms, ranging from asymptomatic
to the sequel of anemia, infections, bruising, or bleeding. Classification is based on the FAB and WHO criteria.
Abnormalities in cytogenetics, apoptosis, and in the hematopoietic microenvironment are involved in the development
of the MDS phenotype. The role of autoimmune pathogenesis is suggested by clonal expansion of cytotoxic T cells,
as well as the response in many patients to immunosuppressive therapy. Treatment options are supportive care, growth
factors, DNA modifiers, immunomodulatory drugs, and hematopoietic stem cell transplantation.

Keywords Myelodysplastic syndromes � hematopoiesis � dysplasia

Themyelodysplastic syndromes (MDSs) are a heterogeneous
group of conditions with widely different biological features
and clinical manifestations. MDS defines a spectrum of clo-
nal myeloid disorders marked by ineffective hematopoiesis,
cytopenias, qualitative disorders of blood cells and their
precursors, clonal chromosomal abnormalities, and a vari-
able predilection to evolve into acute myelogenous leukemia
(AML) (1). There are a number of overlapping diseases that
include myeloproliferative disease, AML, and those with
autoimmune elements including aplastic anemia (AA), par-
oxysmal nocturnal hemoglobinuria (PNH), pure red cell
aplasia, and large granular lymphocytosis (Figure 97.1) (2).

History

MDS was first described as a ‘‘pseudo-aplastic anemia’’ by
Luzzatto in 1907, and in 1949Hamilton-Paterson used
the term ‘‘preleukemic anemia’’ to describe patients with
refractory anemia antecedent to AMLdevelopment. It was
not until 1975 at a conference in Paris that it was classified
as a separate disease (3).

Epidemiology

There are an estimated 10,000–15,000 new cases every year
and the incidence is increasing. Thismay be due to the aging
population (median age at diagnosis is 65–70), improved

recognition and diagnostic capabilities, and secondary
MDS due to prior treatment with chemotherapy (3).

Pathogenesis

MDS affects the development of immature blood cells
(blasts), resulting in a disproportionate number of blasts
remaining in the bone marrow. A hypercellular bone mar-
row is present in 90% of cases; in the blood, circulating
mature blood cells are fewer in number and may not func-
tion properly because of dysplasia. A hypocellular marrow
is present in approximately 10% of cases and must be
distinguished from AA (1). Ineffective hematopoiesis
results from a complex interaction between hematopoietic
progenitors and their maturing progeny. Several biological
features drive theMDS phenotype. These include chromo-
somal and epigenetic DNA abnormalities, accelerated
apoptosis, impaired responses to cytokines, and defects
in the bone marrow microenvironment such as stromal
dysregulation and medullary angiogenesis (4, 5, 6). Acce-
lerated apoptosis of hematopoietic progenitors and abnor-
mal regulation of apoptosis in their progeny represent
important mechanisms underlying the development of
MDS. Studies indicate that large numbers of hematopoie-
tic cells are rapidly proliferating in the bone marrow
but are also undergoing apoptosis, a process mediated
by cytokines such as TNF-a, IL-1b, IL-6, and others.

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_97,
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Excessive apoptosis is a plausible hypothesis that can
explain how a clonal expansion of marrow progenitor
cells could result in ineffective hematopoiesis and periph-
eral cytopenias (5). In addition, the presence of stromal cell
apoptosis and the altered distribution of cell types in the
marrow suggest an underlying abnormality in the stroma.
Aberrant cytokine production and altered interactions of
hematopoietic cells within the extracellular matrix have
both been demonstrated in MDS (5).

The Role of Autoimmunity
in the Pathogenesis of MDS

Immune-mediator cells, particularly T cells, are part of the
hematopoietic microenvironment regulating both hemato-
poietic proliferation and differentiation. The response of
some cytopenic MDS patients to immunosuppressive
treatment led to the hypothesis that MDS may be in part,
autoimmune mediated. MDS patients exhibit high percen-
tages of CD8þ, CD28–, and CD57þ T cells, a phenotype
consistent with mature cytotoxic T cells. In many autoim-
mune disorders such T cells have been found to differenti-
ate either from antigen-specific naı̈ve or memory T cells.
These T cells have limited T-cell receptor (TCR) repertoire
representation, suggesting expansion of dominant T-cell
clones. Clonal expansions are not always necessarily a
manifestation of a malignant process; they may also repre-
sent clonal or oligoclonal expansion of autoreactive
T cells. The increase in CD57 expression by CD8þ cells
and the demonstration of expanded TCR variable beta

chain families expressing CD57 are characteristic features
of diseases attributable to an activated immune environ-
ment such as acute graft-versus-host disease, multiple
sclerosis, and rheumatoid arthritis (7). Recent findings in
patients with MDS have led to the hypothesis that MDS
may be the result of an autoimmune reaction directed
against marrow stem cells. However, we still lack proof
of an antigen-driven T-cell process, not to mention identi-
fication of the causal antigen. A high percentage of
researchers subscribe to the popular concept of immune
system involvement in the pathogenesis of MDS; evidence
supporting this theory was found in a prospective study
identifying an autoimmune inflammatory manifestation
(AIM) in 22% of MDS patients (8). While the observed
associations are extremely variable and not specific, taken
together with the clonal expansion of cytotoxic T cells and
the response in many patients to immunosuppressive ther-
apy, these associations give support to the autoimmune
hypothesis.

Clinical Manifestations

Approximately half of the individuals are asymptomatic
at the time of initial diagnosis and are usually diagnosed
after a routine blood count. Progressive hematopoietic
failure leading to anemia, thrombocytopenia, and leuko-
penia, either alone or in any combination, is the dominant
finding in MDS. Anemia is an almost universal character-
istic at the time of initial diagnosis; more than 80% of
patients present with a hemoglobin concentration below
10 g/dl. Fatigue and/or exertional dyspnea as a clinical
manifestation of anemia may develop insidiously, often
exceeding 6–12months. The reticulocyte count is usually
reduced. Peripheral blood leukocyte count is low in
�25–30% of individuals with MDS. Granulocytes may
exhibit reduced segmentation and either diminished or
absent granulation. Approximately one-third of indivi-
duals have recurrent infections. These occur not only
because of quantitative neutropenia, but also as a result
of qualitative defects in neutrophil function including
impaired chemotaxis and reduced phagocytic activity.
Signs of bleeding, such as petechiae, gingival bleeding, or
hematoma following trivial injuries, are surprisingly
uncommon, given the frequency of thrombocytopenia.
Fewer than 10% of patients will initially present with
serious bleeding (9).

Classification

In 1982, the French–American–British (FAB) Cooperative
Group classified five subentities of MDS: refractory ane-
mia (RA), refractory anemia with excess of blasts (RAEB),

                      

AML  

Myeloproliferative 
Disease  

AA 

Pure 
Red Cell 
Aplasia  

Large Granular 
Lymphocytosis  

MDS 

Hypocellular 
MDS  

PNH  

FIGURE 97.1. A number of diseases share biological features and
clinical manifestations; however, treatment and prognosis can be
very different. Paroxysmal nocturnal hemoblobinuria (PNH)

aplastic anemia (AA), pure red cell aplasia, and hypoplastic

MDS all may respond to immunosupressive therapy. However,
AML, most MDS, and myeloproliferative diseases may also pre-

sent with cyopenia but in frequently will respond to immunosu-

pressive therapy.
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refractory anemia with excess of blasts in transformation

(RAEB-T), refractory anemia with ringed sideroblasts
(RARS), and chronic myelomonocytic leukemia (CMML)

(10). This classification based on morphological criteria

was recently revised, resulting in the World Health Orga-

nization (WHO) classification (Table 97.1). While the

FAB grouping provides prognostic information, the

WHO classification incorporates cytogenetics, subcate-
gories for subentities (i.e. better prognosis of patients

with an isolated cytogenetic aberration at 5q), and changes

in AML diagnostic criteria (11). Secondary MDS is a term

that is used to differentiate the subtype of MDS resulting

from exposure to a mutagen, occurring either as a con-

sequence of therapy for another disease (treatment-

related MDS), or as an exposure to a toxic material such

as benzene.

Karyotypic andMolecular Abnormalities

The cytogenetic changes found in MDS are not unique

to the disease. Both structural and numerical cytogene-

tic changes may occur. The most frequent chromosomal

abnormalities in MDS involve deletions of chromosomes

5, 7, 11, 12, and 20 and/or trisomy 8 (Table 97.2) (9). The

incidence of chromosomal abnormalities is about 30–50%
in primary MDS and 80% in mutagen-related MDS.

The latter often features complex changes that involve

deletions of chromosomes 5 and/or 7. Translocations are

rare in MDS. MDS-related chromosomal deletions imply

alterations in tumor suppressor genes or DNA repair

genes. Usually such changes require two hits: mutation of

the target gene and loss of the second allele through dele-

tion, duplication, or recombination.

Prognosis

Based on the substantial clinical heterogeneity of MDS,

there have beenmany attempts to identify prognostic factors

that allow for an accurate prediction of clinical outcome and

response to therapy. The most widely adopted is the Inter-

national Prognostic Scoring System (IPSS). This system

generates a score that is based on the number of cytopenias,

karyotype, and percentage of blasts in the bone marrow

(Table 97.3). The total score predicts median survival and

the risk of transformation to AML. Scores ranging from 0

to �2.5 predict a median survival from 5.7 to 0.4 years,

respectively. Using IPSS to stratify patients in clinical trials
has allowed for better prediction of therapeutic efficacy (12).

The presence of a PNH phenotype, i.e. CD55 and CD59

negative granulocytes and erythrocytes, is of pathogenetic

and prognostic importance. A significant increase in PNH-

type cells has been detected in 18% of patients with
RA. These patients may exhibit distinct clinical features,

such as ‘‘less-pronounced’’ red cell dysplasia, more severe

thrombocytopenia, a lower incidence of clonal cytogenetic

TABLE 97.1. The FAB and WHO classification of the myelodyplastic syndromes.

FAB WHO

Category Description BM Blasts (%)

Median

Survival (mo) Category Description BM blasts (%)

Median

survival (mo)

RA Refractory anemia <5 37 RA Unilineage erythroid

dysplasia

<5 69

RARS RA þ >15%
ringed

sideroblasts

<5 49 RARS RA þ > 15% ringed

sideroblasts

<5 69

RAEB RA with excess

blasts

5–20 9 RCMD RARSþ multilineage

dysplasia

<5 33

RAEB-t RAEB in

transformation

21–29 6 RCMD-RS RCMD þ > 15%

ringed sideroblasts

<5 32

CMML Chronic Myelo-

monocytic

leukemia

5–20 22 REAB-1 RA with excess blasts 5–9 18

RAEB-2 RA with excess blasts 10–20 10

MDS 5q- MDS þ isolated 5q- <5 116

MDS-U MDS unclassifiable <5 –

TABLE 97.2. Most frequent karyotypic abnormalities.a

Numerical Translocations Deletions

þ8 (19%) inv 3 (7%) del 5q (27%)

–7 (15%) T(1;7)(2%) del 11q (7%)

þ21 (7%) t(1;3) (1%) del 12q (5%)

–5 (7%) t(3;3) (1%) del 20q (5%)

t(6;9) (<1%) del 7q (4%)

t(5;12) (<1%) del 13q (2%)

a Symbols, loss of chromosome.

þ, additional chromosome.

inv, inversion.

t, translocation.

del, chromosomal deletion.
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abnormalities (4.8% vs 32.8%) and a lower incidence of
progression to AML (0% vs 6.2%). They also demonstrate
a higher probability of responding to immunosuppressive
therapy.

Treatment

Until recently, the treatment of MDS has been primarily
supportive. However, within the past several years a number
of agents have been approved by the FDA and several other
promising investigational agents are in different stages of
development. New and emerging therapies have mediated
a change in the treatment goals from supportive care to
active therapy, and may change the natural history of this
disease. Active therapeutic options for patients include epi-
genetic DNA modifiers, immunosuppressive therapy,
immune modulators/anti-angiogenics, bone marrow/stem
cell transplantation, and numerous investigational agents.

Supportive Care

Supportive care remains an essential component of MDS
patient management, even in those that are receiving active
and/or intensive therapy. The primary goal of supportive
therapy is to reduce morbidity and mortality from cytope-
nia(s) while providing an acceptable quality of life (QoL).
Anemia, the most common clinical manifestation, is sup-
ported with packed red cell transfusions and erythropoietic
stimulating agents (ESAs). Transfusions can provide reliable
and immediate relief, but may be associated with a number of
complicating issues including iron and fluid overload, alloim-
munization, and transfusion reactions.ESAshave reduced the
need for red cell transfusion, but only a minority of patients
has significant hematological benefit. On average, only 16%
of patients have a significant response to ESA; however, rates

can vary widely from 7 to 74% depending on serum erythro-
poietin levels (above or below 100–500 U) and prior trans-
fusion requirements (above or below 2 units/month). The
addition of low dose myeloid growth factors (G/GM-CSF)
can enhance the erythropoietic response to ESA (13).

Epigenetic DNA Modifiers

Based on the propensity for cytogenetic deletions, it has been
hypothesized that tumor suppressor genes play a dominant
role in the pathogenesis of MDS. Hypermethylation is com-
mon in MDS and methyltransferase inhibitors (MTIs) pro-
mote hypomethylation of DNA, allowing expression of
previously silenced genes. Two MTIs have recently been
approved by the FDA for the treatment of MDS: 5-azacita-
bine (VidazaTM) and decitabine (DacogenTM). 5-Azacitabine
was the first to be approved by the FDA; in a pivotal rando-
mized trial comparing this agent to best supportive care
(BSC), 5-azacitabine generated an overall response rate of
60% compared with 5% in the BSC arm, with 7% being
complete remissions (CRs) and 45% becoming transfusion
independent. Decitabine has produced similar overall
response rates (38–70%); however, CRs were 21–48%. Simi-
lar to 5-azacitabine, the median survival of patients treated
with decitabine was 22months (14, 15).

Immunosuppressive Therapy

Evidence of immune dysfunction includes abnormal
CD4:CD8 ratios and increased activated cytotoxic and
oligoclonal T cells in MDS patients compared with
controls. Immunotherapeutic agents that inhibit these
immune mechanisms play an important role in the man-
agement of some patients with MDS. Antithymocyte glo-
bulin (ATG) has been demonstrated to produce clinically
meaningful responses in patients with MDS. Approxi-
mately 34–44% of unselected patients with RA or RAEB
can be expected to become transfusion independent within
8months of a single 4-day course of ATG. HLA-DR2
and HLA-DR15 frequencies have been shown to be higher
in patients with RA and aplastic anemia; in some studies,
both appear to be associated with clinically significant
positive responses to ATG or cyclosporine (2, 7, 9, 15).

Immune Modulators/Anti-angiogenics

Immunomodulatory drugs (IMiDs) have an effect on
extrinsic factors in the bone marrow microenvironment
that are hypothesized to drive the MDS phenotype.
These agents modulate ligand-induced responses to

TABLE 97.3. International prognostic scoring system.

Score value

Prognostic

variable

0 0.5 1.0 1.5 2.0

Bone marrow

blast (%)

<5 5–10 – 11–20 21–30

Karyotypea Good Intermediate Poor – –

# of cytopenias
b 0/1 2/3 – – –

Total score 0 0.5–1.0 1.5–2.0 >2.5 –

Median survival

(yr)

5.7 3.5 1.2 0.4 –

Median time to

AMLc(yr)

9.4 3.3 1.1 0.2 –

a Good = normal, -Y, del(20), del(5q).
b Hgb,10 g/dl, ANC< 1800/ml, plt< 100K.
c when 25% of patients with this score will develop AML.

Intermediate = other karyotypic abnormalities.

Poor = complex (� 3 abnormalities) or chromosome seven abnormalities.
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inflammatory cytokines, immune responses, and medul-
lary angiogenesis to both improve erythropoiesis and
suppress IMiD-sensitive MDS clones. Thalidomide (Tha-
lomidTM), which displays both anti-angiogenic and TNFa
inhibitory properties, represents the first agent investi-
gated in this class of therapeutics. In a Phase II trial of
thalidomide, 15 of 83 (18%) patients experienced either
red blood cell transfusion independence (TI) or a >50%
decrease in transfusion burden, whereas improvement
in non-erythroid lineages was uncommon. Lenalidomide
(RevlamidTM), a much more potent analog, produced
dramatic responses in patients with the del(5q) cytogenetic
abnormality. Eighty-three percent of patients with a dele-
tion of 5q31.1 had an erythroid response, compared with
57% of patients with normal karyotypes, and 12% of
patients with other cytogenetic abnormalities; nearly
50% of patients with del(5q) became TI. What was most
striking was that cytogenetic responses occurred in 55% of
patients with a clonal cytogenetic abnormality; of note,
83% of patients who had del(5)(q31.1) achieved cytoge-
netic response, with 75% achieving complete cytogenetic
remission. A subsequent study confirmed the striking
activity in patients with del(5q) with 67% achieving TI
and 77% having a cytogenetic response, 45% being com-
plete. A larger study assessed the response to lenalidomide
in patients without del(5q), in whom 43% achieved a ery-
throid response or become TI (25%). Cytogenic responses
were considerably lower (20% with 9% being complete),
although considering the difficulty of treating this disease,
the data in the non-del(5q) patients is quite remarkable
(14, 15).

Hematopoietic Stem Cell
Transplantation

Autologous and allogeneic hematopoietic stem cell trans-
plantation (HSCT) has been extensively investigated in
MDS. Autologous HSCT in MDS is theoretically feasible
in only a small proportion of patients who achieve a com-
plete remission after induction chemotherapy and in whom
a suitable autologous harvest can be collected. A successful
autograft is restricted by a limited potential for peripheral
blood stem cell (PBSC) collection, graft contamination,
delayed engraftment, and a high relapse risk of up to
72%, with a 2-year disease-free survival of only 25% for
patients 40 to 63 years of age. On the basis of this, enthu-
siasm for this approach is limited. Although conventional
myeloablative allogeneic HSCT has a significantly lower
relapse rate than autografts at 28–48%, the transplant-
related mortality (TRM) can be substantial (39% to
54%). Transplant-related complications include graft-ver-
sus-host disease (GVHD), which increases in frequency
and severity with advancing age. Allogeneic HSCT is the

only therapeutic modality at present that may be delivered
with curative intent in MDS: recipient dysplastic hemato-

poiesis is replaced with healthy donor hematopoiesis

and an immune system with an attendant graft-versus-

leukemia (GVL) effect. Its applicability, however, is lim-

ited by the availability of a suitable HLA-matched donor

and by the toxicity of the conditioning regimens, which is

directly proportional to the age of the recipient. Most

patients with MDS are of advanced age, with only about

25% of patients younger than 60 years. Often with con-

current medical conditions that effectively preclude stan-

dard conditioning for allogeneic HSCT, various strategies

have been adopted in order to attempt to reduce the toxi-

cities associated with the transplant procedure. At present,

there is considerable interest in reduced-intensity or ‘‘non-

myeloablative’’ conditioning, which can result in stable

donor hematopoietic engraftment, without the toxicity

associated with conventional HSCT (14, 15).

Promising Investigational Approaches

A clearer understanding of the biology of MDS has pro-

vided important new therapeutic strategies for active treat-

ment of these diseases. New treatment approaches currently

under investigation are reversal of epigenetic gene silencing,

apoptosis inhibition, suppression of the malignant MDS

clone, immune modulation, histone deacetylase inhibition,

farnesyl transferase inhibition, andmore specific and potent

angiogenesis inhibition (9, 14, 15).
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Autoimmune Lymphopenia

Amani Mankaı̈, Sophie Hillion, Valérie Devauchelle-Pensec, Alain Saraux, M. Eric Gershwin
and Pierre Youinou

Abstract Lymphocyte cytotoxic antibodies (Abs) are encountered in a number of pathological conditions, particularly
nonorgan-specific autoimmune diseases, and most particularly systemic lupus erythematosus (SLE). The basic test
systems to detect these autoAbs are the microlymphocytotoxic test andWestern blotting. As a target, CD45 is of special
interest, given the role of this phosphatase in the signal transduction of lymphocytes. Lymphopenia may be associated
with opportunistic infections, renal failure, and central nervous system complications in SLE. Their relevance to the
disease remains nonetheless elusive.

Keywords Lymphocyte � autoantibody � lymphocytotoxin

Lymphocyte cytotoxic antibodies (LCAs) were first

identified in sera from women immunized by pregnancy

and recipients of repeated transfusions (1). They were
subsequently acknowledged as autoantibodies (Abs)

during the course of systemic lupus erythematosus

(SLE). Among them, cold lymphocytotoxins (CLTs)

resulting from nonallogenic stimuli have been described

in patients with infectious disease, and characterized in
that they have a temperature optimum of 158C and pre-

sent as inherently IgM. In contrast, autologous cytotoxi-

city reacts at 378C, and, for most part, is due to IgG.

Interestingly, these autoAbs bind to T cells rather than

to B cells, recognize activated T lymphocytes, and target

different isoforms of CD45 (2). Not only have reduced

lymphocyte counts been selected as a diagnostic criter-

ion in SLE (3), but this abnormality also exists in rheu-

matoid arthritis (RA) and primary Sjögren’s syndrome

(SS). Lymphopenia is indeed a poorly studied but recog-

nized feature or RA (4), while Ab to CD4 is a frequent

finding in patients with primary SS (5). Idiopathic

CD4 lymphocytopenia (ICL) refers to a decrease of

CD4 T lymphocytes below 300 cells/mL on two separate

points, 6 weeks apart, with no evidence of human

immunodeficiency virus (HIV) infection. Both groups

of lymphopenia may be relevant to basic mechanisms
underlying immunological dysfunction in autoimmune

diseases.

Pathogenesis

Owing to its unusually high expression on hematopoietic

cells, the leukocyte common antigen CD45 is of special
interest in this process. All blood cells except erythrocytes

harbor one or several CD45 isoforms generated by alter-

native splicing of 5 variable exons encoding sequences at

the NH2 terminal domain of the molecule. They vary both

in size with a molecular weight ranging from 180 to 240

kiloDaltons (kDa) from CD45RA through CD45RO, and
in glycosylation with N- and/or O-linked polysaccharides.

Their function has been defined best in T lymphocytes, and

these tyrosine phosphatases shown to be critical regulators

of signaling thresholds in immune cells. However, ques-

tions concerning the physiological significance of the find-

ings obtained still remain.
Lymphopenia may be induced by LCAs, and, in return,

the system is open to a breach of tolerance to the self. The
phenotype of the latter sequence involves a marked decline

of CD4 cells, and a less pronounced decrease of CD8 cells.

Little research has, however, tried to dissect such a hetero-

geneous syndrome. That is, all we know is that disturbed

differentiation of stem cells contributes to some cases, and

that progressive loss of CD4 cells may rather be due to

specific autoAbs (6). A group of CD45 autoAbs have even

the capacity to neutralize activated T lymphocytes through
anergy and apoptosis (7). There is also evidence to suggest
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that some antinuclear Abs might have LCA effect, as
supported by the close association of anti-Ro/sicca syn-

drome (SS) A and anti-La/SSB Abs with lymphopenia in
SLE (8) and primary SS (9). In yet another group of SLE
patients, IgG anti-ribosomal P protein Abs bind to a lym-
phocyte membrane-associated 38-kDa molecule appar-
ently identical to the ribosomal protein (10). Anti-P Abs

might also penetrate cells by an unknown mechanism.
Irrespective of the mechanism, lymphopenia accounts

for homeostatic expansion of naı̈ve T cells, and thereby for
the generation of autoimmunity (11). This complication is
normally prevented by CD4þCD25þ regulatory T cells
(Treg). The seminal transfer experiments implicating criti-
cal roles for Treg in the control of homeostatic T-lympho-
cyte expansion have established that naı̈ve T cells induce
autoimmune colitis, whereas memory T cells do not (12).

Consanguineous relatives to SLE and RA patients may

possess LCAs, suggesting that their production is geneti-
cally controlled. Eroglu and Köhler (13) have reported a

microlymphocytotoxic (MCL) assay positive for 83% of
the SLE patient group, 50% in the consanguineous relative
group, 11% in the nonconsanguineous relative group, and
5% in the healthy control group.

Clinical Presentation

A number of pathological settings are associated with
LCAs (Table 98.1). These include nonorgan-specific and
organ-specific autoimmune conditions, infectious diseases,
malignancies, drug side-effects and all sorts of immune-
mediated disturbances.

Bacteria, such as Mycobacterium tuberculosis or typical
mycobacteria, and viruses, such asHIV, or cytomegalovirus,
may depress CD4 cell counts. Reciprocally, lymphocytope-
nia typically becomes apparent through themanifestation of
opportunistic infections (Table 98.2), ranging from asymp-
tomatic to severe complications. These includePneumocystis
carinii pneumonia, histoplasma-induced brain abscess, and
cryptococcal meningitis (14).

Bermas et al. have reported association of lymphopenia
with increased activity of SLE (15). Furthermore, LCAs
accompany active lupus nephritis concomitant with a
reduction in the circulating CD45RA population, a dimin-
ished plasma complement level, and a high titer of circulat-
ing anti-double-stranded (ds) DNAAb. Diverging titers of
anti-dsDNA from LCAs suggest different mechanisms for
their production. The association of cold-reactive IgM
LCAs with lymphopenia and disease flares in SLE (16)
and increased acute phage response in RA (17) suggests

that these autoAbs may play a role in T-cell depletion.
Several studies also present relationships between the

presence of LCAs and the development of nervous com-
plications in patients with SLE. LCAs have finally been

suspected to be involved in reproductive failure in these
patients.

The Serological Concerns

Special care has to be taken to minimize the ambiguity

inherent in such experiments, by ruling out interactions of
Fc-gamma in the serum sample with Fc-gamma receptors

on the lymphocyte membrane.
In the MLC assay, the presence of LCA-mediated com-

plement cytolysis is tested using peripheral blood lympho-

cytes from healthy donors. Several parameters need
attention. First, the reaction has to be conducted at 158C
to ensure the binding of all Ab classes. Second, the source
of complement is critical. In this way, rabbit sera which
contain heterologous LCAs should be avoided as source of
complement. If human sera are used, autologous LCAs
have to be dismissed first. Third, fresh cells, instead of
frozen ones, are preferred to avoid cell susceptibility to
lysis and false-positive results. The usual cutoff to define
a positive test is set at 10% but may vary according to the
laboratory.

TABLE 98.1. Pathological settings of lymphocytotoxic antibodies.

. Nonorgan-specific autoimmune conditions

� Systemic lupus erythematosus

� Rheumatoid arthritis
. Organ-specific autoimmune conditions

� Autoimmune thyroiditis

�Multiple sclerosis

� Primary biliary cirrhosis

�Myasthenia gravis

� Autoimmune haemolytic anemia
. Infectious diseases

� Infectious mononucleosis

� Rubeola

� Acquired immunodeficiency syndrome
. Immune-mediated disturbances

� Graft-versus-host reactions

� Organ transplantation
. Malignancies

� Non-Hodgkin lymphoma

�Mycosis fungoide

� Aplastic anemia

�Myelodysplastic syndrome
. Drugs side-effects

� Corticosteroids
� Immunosuppressants

� Cephalosporins

TABLE 98.2. Clinical features of autoimmune lymphopenia.

. Opportunistic infection

. Glomerulonephritis

. Neurological complications

. Spontaneous pregnancy loss
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TheMLC test presents several disadvantages. Viable cells
are required. Activation of complement is necessary, lead-

ing to the inability to detect noncomplement fixing Abs. All

determinants may not be present on lymphocyte-like anti-

gens (Ags) that are temporarily expressed, induced by acti-

vation. Differentiation between IgA and IgG is possible
with the standard MLC assay. Then, several techniques

were introduced as an alternative to the MLC test to over-

come MLC’s pitfalls. These are based on immunofluores-

cence, enzyme-linked immunosorbent assay (ELISA) and

flow cytometry (FACS), and immunoblotting.
The ELISA test permits the presenting of purified Ags,

instead of living lymphocytes, as target for the binding of

Abs. This method permits furthermore to differentiate IgG

versus IgM Abs. The FACS Ab screen detects Ab binding

independently from the complement activation and also

detects small amount of Abs and thus is more sensitive.

Discrimination between IgM and IgG may be also done.

Use of Ag-coated microparticles as targets may be used for

the Ab specificity determination. By immunoblotting,

crude lymphocyte preparations can confirm the presence

of Abs to Ags of defined size.
Anti-dsDNA Abs may be identified bound to T-cell

surface membrane (18). Their specificity is not restricted

to T cells, because they bind different cell lines. Other anti-

lymphocyte Abs are specific for B cell (17) (Table 98.3).

Perplexingly, those RA patients with the shared epitope

have lower numbers of circulating CD19þ B cells than

those without it. Lupus autoAbs can also recognize

CD45 on B cells, in particular Abs encoded by VH4.34,

which are greatly expanded in SLE, and appear to have

special tropism for B cells (19).
Thus, patients with various conditions develop LCAs.

Part of them are specific for T lymphocytes, or even CD4þ
T lymphocytes, while others are specific for B cells. It is

interesting that natural Abs (20) include LCAs, notably
those reacting with thymocytes. The rationale for such a

process is unknown. Additional studies are currently under

way to dissect the mechanisms and actual consequences of

these autoAbs.
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Sjögren’s syndrome. J Rheumatol 2004; 31: 726–8

6. Mamoune A, Saraux A,Delaunay JL, LeGoff P, Youinou P,
Le Corre R. Autoantibodies to CD45 in systemic lupus
erythematosus. J Autoimmun 1998; 11: 485–8

7. Mamoune A, Kerdreux S, Durand V, et al. CD45 autoanti-

bodies mediate neutralization of activated T cells from lupus
patients through anergy or apoptosis. Lupus 2000; 9: 622–31

8. Wenzel J, Gerdsen R, UerlichM, Bauer R, Tueting T, Bieber

T. Lymphocytopenia in lupus erythematosus: close in vivo
association to autoantibodies targeting nuclear antigens. Br J

Dermatol 2004; 150: 994–8

9. Henriksson G, Manthorpe R, Bredberg A. Antibodies to
CD4 in primary Sjogren’s syndrome. Rheumatology

(Oxford) 2000; 39: 142–7
10. Stafford HA, Chen AE, Anderson CJ, et al. Anti-ribosomal

and ’P-peptide-specific autoantibodies bind to T lympho-
cytes. Clin Exp Immunol 1997; 109: 12–19

11. King C, Ilic A, Koelsch K, Sarvetnick N. Homeostatic

expansion of T cells during immune insufficiency generates
autoimmunity. Cell 2004; 117: 265–77

12. Powrie F, Leach MW, Mauze S, Caddle LB, Coffman RL.
Phenotypically distinct subsets of CD4þ T cells induce or

protect from chronic intestinal inflammation in C. B-17 scid

mice. Int Immunol 1993; 5: 1461–71
13. Eroglu GE, Kohler PF. Familial SLE: the role of genetic and

environmental factors. Ann Rheum Dis 2002; 61: 29–31
14. Schattner A, Friedman J, Bentwich Z. Opportunistic infection

due to unexplained CD4þ lymphocytopenia and associated
Sjogren’s syndrome. Rheumatology (Oxford) 2004; 43: 111–2

15. Bermas BL, PetriM, GoldmanD, et al. T helper cell dysfunc-

tion in systemic lupus erythematosus : relation to disease
activity. J Clin Immunol 1994; 14: 169–77

16. Winfield JB, Mimura T, Fernsten PD. Autoantibodies to

CD45 in systemic lupus erythematosus. Int J Clin Lab Res
1992; 21: 292–5

17. Wagner U, Kaltenhauser S, Pierer M, Wilke B, Arnold S,

Hantzschel H. B lymphocytopenia in rheumatoid arthritis is

associated with theDRB1 shared epitope and increased acute
phase response. Arthritis Res 2002; 4: R1

TABLE 98.3. Anti-lymphocyte antibodies specificities.

Target Isotype Cells Effect Disease

CD45 (desialyl

O-link)

IgM, G T-cells ADCC SLE

B2microglobulin,

HLA class I/II

IgM, IgG B-cells Unknown Alloimmunization

CD45

(N-acetyl

galactosamin)

IgM, G

(VH4034)

naı̈ve B

cells

Apoptosis SLE

TCR/CD3 IgG T cells Repress IL-2

synthesis

SLE

ADCC: Antibody-dependent cell cytotoxicity; SLE: Systemic lupus

erythematosus; TCR: T-cell receptor; IL: interleukin.

98. Autoimmune Lymphopenia 537



18. Shoenfeld Y, Zamir R, Joshua H, Lavie G, Pinkhas J.
Human monoclonal anti-DNA antibodies react as LCA.

Eur J Immunol 1985; 15: 1024–8

19. Cappione AJ, Pugh-Bernard AE, Anolik JH, Sanz I. Lupus
IgG VH4.34 antibodies bind to a 220-kDa glycoform of

CD45/B220 on the surface of human B lymphocytes. J
Immunol 2004; 172: 4298–307

20. Hardy RR, Hayakawa K. Development of B cells producing

natural autoantibodies to thymocytes and senescent erythro-
cytes. Springer Semin Immunopathol 2005; 26: 363–75

538 Mankaı̈ et al.



99
Autoimmune Neutropenia

Pierre Youinou, Amani Mankaı̈, Sophie Hillion, Yehuda Shoenfeld Christian Berthou
and Ibtissem Ghedira

Abstract Neutropenia is defined by a reduction in the number of circulating polymorphonuclear neutrophils (PMNs)
below 1.5 � 109/L. This may occur as a primary condition, or as a complication of systemic autoimmune diseases or
hematological neoplasms. The autoantibodies are particularly difficult to identify. Granulocyte colony-stimulating
factor is the first-line therapy, but should be restricted to patients with total absence of PMNs and/or severe infections.

Keywords Polymorphonuclear neutrophil � autoantibody

Neutropenia denotes blood polymorphonuclear neutro-

phil (PMN) count below 1.5� 109/L for at least 6months.
By definition, this disorder is autoimmune when the exces-
sive destruction of PMNs proceeds from the harnessing

of their plasma membrane with antibodies (Abs). Given
the controversy over the role of immune complexes (ICs),
such autoAbs have, however, proved extremely difficult

to charge with the pathophysiology of the disease (1).

Primary autoimmune neutropenia (AINs) occur as iso-
lated clinical entities, especially in infancy, where the fre-
quency is 1 in 100,000 newborn babies. Secondary AINs

are more common and set against a background of con-
nective tissue disease, e.g., primary Sjögren’s syndrome
(SS), systemic lupus erythematosus (SLE), and rheuma-
toid arthritis (RA), or a background of hematological

neoplasms, e.g., large granular lymphocyte (LGL) leuke-

mia, autoimmune lymphoproliferative syndrome (ALPS),
and even Hodgkin’s disease. Insights have recently been
gained into the pathogenesis of these confusing settings.

Pathogenesis

Approximately one-third of adult patients (2) and almost
80% of newborn babies with AIN (3) present with anti-

PMN Abs in their serum. These autoAbs have to be set
apart from Fc-gamma receptor (FcgR)II and FcgRIIIb-
bound ICs in the former population, and from neonatal
alloimmune Abs in the latter. The source of immunization

is currently unknown. Consistent with the heightened

number of apoptotic PMNs in the circulation of patients

with SLE (4), this source might be the release of antigens
(Ags) by injured cells. There is no definite evidence of
the exact mechanism and location of cell destruction.

Unlike autoimmune hemolytic anemia and idiopathic
thrombopenic purpura where complement-mediated or
Ab-dependent cell cytotoxicity operate, these anti-PMN

Abs generate opsonic activity favoring the phagocytosis of

sensitized cells by the reticulohistiocytic system. However,
although the patients show features of a survival defect,
the degree of neutropenia does not square with the level of

autoAb. Not only is the clearance of PMNs offset by a
commensurate raise in the production of PMNs, but such
response can also be inverted. That is, a subset of anti-

PMN Abs have the capacity to rescue senescent cells
from spontaneous apoptosis, through the synthesis of

granulocyte colony-stimulating factor (G-CSF) and gran-
ulocyte-macrophage colony-stimulating factor and the
resulting downregulated expression of Bax in PMNs (5).

Clinical Presentation

The clinical course of primary AIN is relatively benign.
AINs occur much more frequently than originally stated,

because of two biases. On one side, asymptomatic indi-
viduals do not give rise to investigation. On the other
side, PMN counts vary considerably from day to day, so
that cases described as cyclic neutropenia are possibly

AINs (6). Conversely, a normal PMN count can be
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maintained, despite the presence of anti-PMN autoAb,

through accelerated turn-over of the cells. AutoAbs may,

however, lead to qualitative defects by impairing the func-

tion of the cells (7).
It has been recognized that the degree and length of

neutropenia augment the risk of infection. The most

frequent complications are listed in Table 99.1: various

Gram-positive and Gram-negative bacterial infections

and fungal infections with Candida and Aspergillus have

been reported in infants (8), as well as in adults (2). In

secondary AINs, infections have been noticed to be worse

during relapse of the underlying pathology. With respect
to autoimmune settings, the messages are that neutrope-

nia is rarely seen in patients with primary SS (9), detected

in up to half of those with SLE (10), and associated with

RA and variable splenomegaly (11) in the Felty’s syn-

drome (FS). AIN can also coexist with hematological

diseases, and one-fourth of the LGL leukemia patients

who experience RA resemble those with FS (12). There is

an obvious need for clarification of the relationship

between these two diseases, because they are just distin-

guished by T-cell clonality which exists in LGL leukemia,

but not in FS. The clinical features in common are pre-

sented in Table 99.2. Of note, rheumatologic manifesta-

tions are more severe in FS compared with RA. Another

condition associated with PMN and platelet autoAbs is

ALPS (13). In this intriguing disease, it is uncertain as to

why blood cells seem to be such a common target for anti-

self responses, and not the various organ systems, as seen

in RA or SLE, for example.

Hematological Findings

Laboratory findings are summarized in Table 99.3.
Around 60% of the patients have isolated neutropenia,
while the remaining 40% combine their neutropenia with
anemia and/or thrombocytemia (2, 8). Most of them show
normal or increased cellularity in the bone marrow (BM),
with a normal or low number of mature PMNs. Phagocy-
tosis of PMNs by BM macrophages is occasionally
observed.

Serological Tests

Given that no single method can pick up all possible anti-
PMN autoAbs, a number of assays have been devised. The
screening procedure should include a minimum of two of
them (15): viz the granulocyte agglutination test (GAT)
and the granulocyte immunofluorescence test (GIFT),
both based on the use of PMNs from blood donors as the
substrate. Formal quality assurance schemes have recently
confirmed that, although the GAT has low sensitivity
compared with the GIFT, it is the only reliable method
for detecting particular PMN-specific autoAbs (16). Most
of them act against human neutrophil Ags (HNA)
HNA-1a, HNA-1b, and HNA-1c on FcgRIIIb referred
to as CD16, FcgRII referred to as CD32, complement
receptor 1 referred to as CD35, and HNA-4a and HNA-
4b on CD11b and CD11a, respectively (8, 14). Recourse to
the monoclonal Ab immobilization of granulocyte Ag
assay is indicated in cases in which there are complex
mixtures of Abs, or in which confirmatory tests are
required (16).
PMN Abs have also been detected using an indirect

immunofluorescence flow (IIF) cytometric test, coupled
with an enzyme-linked immunosorbent assay (ELISA)
with recombinant FcgRIIIb as a capture agent; such
autoAbs have been detected in half of the patients with
primary SS, and the sera categorized on the basis of posi-
tivity for the two methods as IIFþELISAþ, IIFþELISA-
and IIF-ELISAþ (17). Their presence does not necessarily
imply that the patients are neutropenic. More recently,
autoAbs to myeloid precursors have been recognized in
pure white-cell aplasia (18), and autoAbs against G-CSF

TABLE 99.1. Infections present at the time of diagnosis.

Infection Frequency (%)

Upper respiratory infections 20

Otitis media 17

Pyoderma 12

Fever of unknown origin 12

Abscess 10

Gastroenteritis 10

Pneumonia 8

Based on References (2) and (8).

TABLE 99.2. Clinical features associated with large granular

lymphocyte leukemia.

Clinical feature Frequency (%)

Age > 50 years 70

Male : female 1

Recurrent infection 20–40

Splenomegaly 20–50

Fever, night sweats, and weight loss 20–30

Bone marrow involvement 25–80

Hepatomegaly <20

Lymphadenopathy <5

Based on Reference (12).

TABLE 99.3. Hematological features in primary autoimmune

neutropenia.

Finding Frequency (%)

Isolated neutropenia 60

Neutropenia þ anemia and/or thrombocytopenia 40

Normal bone marrow 30

Reduced no. of mature neutrophils 15

Hypercellular with reduced no. of mature neutrophils 20

Based on References (2), (8) and (14).
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identified in neutropenic patients with SLE or FS (19). In
some other patients, there is evidence for anti-Ro/Sicca
syndrome A cross-reacting with PMN membrane Ags in
patients with SLE or primary SS (20).

Therapy

Steroids exert little effect. To date, G-CSF is the sole
therapy allowing recovery of the circulating PMN count
and better control of infection in primary AIN and FS.
This treatment should be all the more restricted to cases
with severe infections, that RA and SLE patients can flare
on G-CSF. Remission was also obtained using the huma-
nized monoclonal anti-CD52 Ab Campath-1H. Parenthe-
tically, although it can induce neutropenia, intravenous
immunoglobulin has met transient remission. It stands to
reason that control of the underlying disease in secondary
AINs is of utmost importance in secondary AINs.

In conclusion, there is a need for standardization of the
tests for anti-PMN autoAbs. These may accompany
numerous pathological settings, such as BM or organ
transplantation, treatment with Rituximab or fludarabine,
and infection with parvorirus B19 or human immunodefi-
ciency virus. Still, several issues remain areas of intense
investigation.
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100
Autoimmune Thrombocytopenic Purpura

Nurit Rosenberg, Yulia Einav and Boris Shenkman

Abstract Immune thrombocytopenic purpura (ITP) is a common acquired autoimmune disorder characterized

by a low platelet count caused by antibodies against platelet surface antigens, mostly glycoproteins IIb/IIIa and

Ib/IX. ITP can be present as acute (mainly in children 1–7 years old) and chronic (mainly more than 10 years

old). Platelet destruction is triggered by antibodies, but complement-mediated lysis and T-cell cytotoxicity could

be involved. Disturbance in megakaryocytes maturation and platelet production, as well as apoptosis were also

described. ITP is a diagnosis of exclusion. The diagnostic approach is based primarily on clinical history and

physical examination. The first indication of ITP is reduction of platelet count without a change in other cell

types. Detection of antiplatelet antibody supports an immune nature of the disease rather than contributing to

ITP diagnosis. Treatment of ITP includes steroids, IV immunoglobulin, Rho(D)Ig, anti-CD20 antibody, sple-

nectomy, immunosuppressive drugs, and thrombopoietin.

Keywords ITP � bleeding disorder � platelet antibodies

Definition

Immune (idiopathic) thrombocytopenic purpura (ITP) is a

common acquired autoimmune disorder characterized by

a low platelet count caused by antibodies against platelet
surface antigens. The antiplatelet antibodies are mainly

IgG, but IgA and IgM were also found. The epitopes

against the antibodies are lying mostly in GPIIb/IIIa

and GPIb/IX complexes, but antibodies against GPIa/IIa

or GPIV were also described, and antibodies that react
with multiple platelet antigens are common. The specific

platelet antibodies considered causing accelerated platelet

destruction. ITP can be classified based on the absence or

presence of other diseases (primary or secondary), patient

age (adults or children), and duration (acute or chronic).

Considerable heterogeneity in ITP definition exists in

the literature: platelet count thresholds ranged from

100 to 150 � 109/l; duration of thrombocytopenia (TP)

before chronic disease is developed ranged from 6weeks to

3–6months. The presence of antiplatelet antibody in the

plasma is not required for ITP definition. The consensus in

definition of ITP is low platelet count, normal hemoglobin

level andwhite blood cell count, no changes in blood smear
(except TP), and the absence of other causes of TP.

Epidemiology

ITP is relatively common in children with estimated pre-
valence of 5:100,000 and somewhat lower in adults; an
equal incidence in both males and females in the 1- to
7-year-old age patients with acute ITP is documented
(Table 100.1). This is different from the adults who are
more likely to have chronic ITP (1) with a female prepon-
derance (1.7:1) (2). Women of age 20–40 years are afflicted
most often and outnumber men by a ratio of 3:1 (3).
The trigger for ITP in children is assumed to be a viral

infection (Epstein–Bar virus, cytomegalovirus, varicella,
rubella, mumps, and parvovirus); most of the children
recover within few weeks to 1 year, but about 15% of
them remain chronically thrombocytopenic (4). Predispos-
ing conditions in adults are infections such as human
immunodeficiency virus, hepatitis C, and Helicobacter
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pylori or presence of other diseases such as systemic lupus
erythematosus (SLE) or cancer.

History

ITP was first described in the mid 16th century by Amatus
Lusitanus as an exanthema in a disease called ‘‘flea-like
without fever.’’ Lazarus Riverius (1658) observed bleed-
ings, which come out at the nose. A hundred years later, in
1735, Paul Gottlieb Werlhof reported a disease called
‘‘morbus maculosus hemorrhagicus.’’ In 1808, Robert
Willan described various types of purpura. Joseph Denys
found in 1887 that purpura was associated with low plate-
let count. Name Kaznelson (1916) hypothesized that
spleen was the site of platelet destruction and performed
the first splenectomy in a TP patient. William Harrington
(1951), who transfused plasma from ITP patients into
normal volunteers, which was followed by a rapid fall in
platelet counts, presented first evidence for humoral fac-
tors causing TP. The immune nature of the disease was
suspected when Shulman in 1965 showed that the factor
absorbed by platelets was present in the IgG-rich plasma
fraction. Since the 1970 s, the identification of platelet
antigens led to definition of specific platelet autoantibodies
causing TP.

Pathogenesis

The pathogenesis of ITP is accelerated platelet destruction
as a result of antiplatelet antibodies. Interaction of auto-
antibodies with platelet surface antigens leads to platelets
clearance by the reticuloendothelial system, mostly by the
spleen, via Fc� receptors, or to platelet destruction by
complement-mediated lysis. The T-cell cytotoxicity is not
excluded. Disturbance in megakaryocytes maturation and

platelet production was also described (5). Electron micro-
scopic studies showed that 50–75%megakaryocytes in ITP
had extensive damage, with abnormalities of the mem-
brane system. Other studies showed extensive apoptosis
and an increased proportion of megakarycytes with acti-
vated caspase-3 (6). In some cases, thrombopoietin level
was found to be inappropriately low in patients with ITP,
and plasma of patients with ITP suppressed in vitro pro-
duction or maturation of megakaryocytes and platelet
production. Although antibodies appear to mediate these
effects, other mechanisms as altering the cytokine milieu of
the bone marrow may alternatively be the cause. Trans-
forming growth factor (TGF)-b1 secreted by T cells is a
potent inhibitor of megakaryocyte maturation and its level
inversely correlates with disease activity. Recently, a role
of platelet apoptosis in the pathogenesis of ITP was sug-
gested; accelerated platelet apoptosis in response to anti-
GPIIb antibody was demonstrated in a murine model of
ITP (7).
The trigger for the autoantibody production is not clear.

In acute childhood ITP, molecular mimicry has been pro-
posed as the pathogenetic mechanism, although only few
reports showed cross-reactivity between viral antibodies
and platelets (e.g., varicella zoster). In chronic adults’
ITP, molecular mimicry was suggested for H. pylori and
GPIIIa, but in most cases the antibodies are directed
against ‘‘cryptic’’ epitopes or neoantigens that become
visible to the immune system. Recent studies show that
apoptotic cells cause exposure of hidden antigens to the
immune system by redistribution of intracellular autoanti-
gens into cell surface blebs or by generating neoantigens.
Existence of ‘‘cryptic’’ antigen could be explained also by
increased expression of HLA-DR and CD40-ligand by
platelets of ITP patients. In summary, the pathogenesis
of ITP is associated with different immune defects trig-
gered by external events cooperating with genetic factors
and environment.

Clinical Manifestations

ITP in adults usually has an insidious onset and is pre-
sented as a chronic disorder. In contrast, ITP in children at
an age 1–7 years follows viral or another illness and typi-
cally is presented as an acute disorder. Children older than
10 years may be more likely to have a chronic course.
Symptoms of ITP are variable and range from mild bruis-
ing and mucosal bleeding to massive hemorrhage. Local
abnormalities in different systems may increase the risk of
bleeding. Generally, bleedings are associated with reduc-
tion of platelet count below 30 � 109/l. Children with
severe TP (below 10� 109/l) suffer frommild hemorrhage,
and only few of them have serious symptoms including
intracranial hemorrhage. During normal pregnancy,
within the third trimester, platelet count tends to fall,

TABLE 100.1. Acute and chronic immune thrombocytopenic
purpura (ITP).

Acute Chronic

Age (mostly) 1–7 years >10 years

Lasting period <3–6months >3–6months

Sex F:M = 1:1 F:M = 1.7:1

Incidence After viral infection,

vaccination, allergy

Primary or

secondary

Association between

platelet count and

bleeding

Mild Strong

Presence of IgM

antiplatelet antibodies

Frequent Rare

Need of therapy with

platelet count

<10 � 108/l <30 � 108/l

Preferential therapy Anti-D, IVIg Steroids, IVIg,

splenectomy

Recovering 2 months Years
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usually with no bleeding risk to mother or infant. How-
ever, ITP in pregnant women is dangerous to infants due to
transmission of antibodies across the placenta causing
fetal or neonatal TP and hemorrhage. This type of neona-
tal TP must be distinguished from alloimmune TP, in
which mothers become sensitive to platelet membrane
antigens present on fetal platelets.

Diagnostic criteria

ITP presents as primary (idiopathic) or secondary disor-
der. The latter is associated with lymphoma, leukemia,
HIV infection, hepatitis C, myelodysplastic syndrome,
and other disorders. In children, a preceding illness, mostly
viral infection or other immunogenic factors, such as aller-
gic reaction, insect bite, or vaccination, may be a trigger for
development of ITP. The diagnostic approach for ITP is
based primarily on clinical history and physical examina-
tion (8, 9). ITP is a diagnosis of exclusion. First of all, the
physician should distinguish the type of bleeding due to
primary (platelet-type) or secondary (coagulation-type)
hemostasis disorder. Pseudo-TP and other pathologies,
such as microangiopathic drug-induced TP, and those
associated with bone marrow failure should be ruled out.
In young children (within a few weeks of birth), a possibi-
lity of congenital disorders, such as Wiskott Aldrich syn-
drome and Bernard–Soulier syndrome, should be
considered. In older children, aplastic anaemia and acute
leukaemia must not be missed.

The first indication of ITP is reduction of platelet count
without a change in other cell types, found on a routine
blood count. The blood film serves also to exclude other
abnormalities. If atypical findings are present, additional
investigations are desired to perform.

Despite many studies have been undertaken regarding
definitive search for platelet autoantibodies, this issue still
remains a diagnostic challenge. Measurement of platelet-
associated IgG by fluorescence flow cytometry is sensitive
but lacks specificity. Assay of serum-containing antibo-
dies, especially when a pool of normal platelets is used
for antibodies binding, has a higher specificity but lacks
sufficient sensitivity. Measuring autoantibodies against
specific platelet targets, including glycoproteins (GP) IIb/
IIIa, Ib/IX, IV, and Ia/IIa, is promising but still possess
low sensitivity. Among them, the anti-GP IIb/IIIa antibo-
dies are the most common. Currently, monoclonal anti-
body immobilization of platelet antigen (MAIPA) and
radioactive immunobead assays are used. But such assays
are available in a limited number of platelet laboratories.
Even when the specific antibodies are assayed, they can be
demonstrated in only 60–65% of ITP patients. The causes
of ‘‘absent’’ specific antiplatelet antibody may be the pre-
sence of antibody against other platelet surface proteins,
presence of anti-idiotype antibodies, T-cell-mediated

platelet destruction, immunosuppressive therapy, or meth-
odological detection problems. Hence, to date, detection
of antiplatelet antibody supports an immune nature of the
disease rather than contributing to ITP diagnosis. How-
ever, in the case that the third-line treatment is considered,
the determination of anti-platelet antibodies may be of use.
Bone marrow examination for the diagnosis of ITP is

not recommended providing that thorough clinical history
and physical examination are undertaken and that the
blood count and smear show no abnormalities apart
from TP. Bone marrow analysis is recommended to per-
form in patients who are older than 60 years, or have
atypical findings, or poor response to first line treatment,
or in whom splenectomy is being considered. In children,
bone marrow examination should be reserved for those
having atypical clinical and laboratory features (10). It is
performed usually before steroid therapy is given.
Special assays such as thrombopoietin level and the

presence of reticulated (young) platelets may be informa-
tive, but they are restricted to limited number of labora-
tories. Based on the role of H. pylori in initiating ITP, it is
worthwhile to detect the microorganism, at least in
patients who are refractory to the common therapy.

Prediction

In patients with TP whose peripheral blood film revealed
only low platelet count, several laboratory findings allow
prediction of ITP and discrimination from other disorders:
increased platelet-associated and serum anti-platelet anti-
bodies, finding of platelet antibody-producing B cells, ele-
vated percentage of reticulated platelets, and normal or
slightly increased plasma thrombopoietin level. Three or
more of these signs were found at presentation in 96%
patients later diagnosed as ITP (11).

Therapy

Treatmentof ITPshouldbe consideredon thebasis of platelet
count, bleeding severity, and general clinical status (12). The
requirement for treatment is tailored to the individual patient.
In adults, therapy is not indicated in those patients having
platelet count greater than 30 � 109/l or without signs of
bleeding. If there is a need for maintenance therapy, platelet
count of more than 30� 109/l must be achieved.
Children with acute ITP andmild clinical disease may be

managed with supportive advice, but platelet count should
be monitored until resolution of clinical symptoms. The
asymptomatic pregnant women with ITP and platelet
count higher than 20 � 109/l do not require treatment
until delivery is imminent. Platelet count of 50 � 109/l is
regarded safety for both vaginal delivery and Caesarian
section (8).
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The treatment of ITP aimed to interfere with antibody-
mediated platelet destruction, to inhibit the function of

macrophage Fcl receptors and antibody production by
B cells. The first-line therapy includes corticosteroids and
intravenous immunoglobulin (IVIg). About two-thirds of

patients respondwell to corticosteroids, but the drug should

be stopped in non-responding patients after 4weeks of ther-
apy. In about 75% patients, IVIg therapy is followed by

rapid elevation of platelet count that lasts about 3–4weeks.
The mechanism of action of IVIg involves blockade of Fc

receptors on macrophages, immune suppression, and possi-
bly the presence of anti-idiotype antibodies in the pooled

human Ig. It is the decision of the physician not to treat ITP,
treat with one of these two drugs or with the combination of

drugs, and to define the duration of the treatment.
Splenectomy belongs to the second-line therapy, and in

two-thirds of patients significant increase of platelet count
occurs, which is often sustained without additional ther-

apy. Patients failing to respond to the first- and second-
line therapies can be treated with interferon-a, anti-CD20

antibody (rituximab), Rho(D) immunoglobulin (for

Rhesus-positive patients), or cytotoxic drugs modulating
or inhibiting B-cell antibody production and T-cell cyto-
toxicity. Repeated protein A immunoadsorption alone or

in combination with corticosteroids is effective in patients

with refractory ITP. Thrombopoietin or nonimmunogenic
thrombopoietic peptides represent a new strategy for treat-

ment of ITP patients who are refractory to second- and
third-line therapies.
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101
Thrombotic Thrombocytopenic Purpura
and Other Thrombotic Microangiopathic
Hemolytic Anemias

Boris Shenkman, Yulia Einav and Ophira Salomon

Abstract Thrombotic microangiopathies (TMAs) include several diseases, most prominently thrombotic thrombocy-

topenic purpura (TTP) and hemolytic uremic syndrome (HUS) characterized by profound thrombocytopenia and

microangiopathic hemolytic anemia. Usually congenital TTP is due to mutations in the gene ADAMTS13 or idiopathic

when autoantibodies against ADAMTS13 are defined. The differential diagnosis of TTP from other TMAs can be

sometimes challenging even with the discovery of ADAMTS13 for more than a decade. The presence of ADAMTS13

activity does not rule out TTP and ultra-large vonWillebrand factor (ULVWF) multimers not always present in plasma

of patients with TTP. Pathogenesis of TTP is related to massive intravascular aggregation of platelets as a result of lack

of degradation ofULVWFmultimers because of a lack of ADAMTS13 or secretion of excessive ultra-large multimers by

endothelial cells. Diagnostic criteria of TTP are based on clinical features of neurological and renal disfunction along

with hemolytic anemia, severe thrombocytopenia, low ADAMTS13 activity, and mutation in ADAMTS13 gene when

congenital TTP is suspected. The standard treatment of TTP includes plasma exchange or plasma infusion. Splenectomy,

protein A immunoadsorbtion, immunosuppressive drugs, and CD20 antibodies against B cells like rituximab are also

used. Recombinant ADAMTS13 in congenital TTP is still to be used only in clinical trials. In HUS plasmapheresis is not
efficient. Treatment of other TMA diseases is based on their underlying conditions.

Keywords Thrombotic thrombocytopenic purpura � hemolytic uremic syndrome � thrombotic microangiopathies �
ADAMTS13 � von Willebrand factor

Definition

Thrombotic microangiopathy (TMA) is the term for dis-

eases in which disseminated microthrombi composed of

agglutinated platelets occluding arterioles and capillaries.

Thrombotic thrombocytopenic purpura (TTP) and hemo-

lytic uremic syndrome (HUS) are the two main diseases
associated with TMA and characterized by severe throm-

bocytopenia, erythrocyte fragmentation, and organ fail-

ure. TMA is the result of immune-mediated phenomenon

as in idiopathic TTP or direct endothelial activation or

toxicity following chemotherapy and/or radiotherapy
(Table 101.1). TTP can be congenital or idiopathic depend-

ing on whether it is the result of mutation in ADAMTS13

or acquired by development of autoantibodies directed

against ADAMTS13. Other TMA types include TTP-like

syndromes that occur after bone marrow transplantation,

occur in disseminated malignancy, catastrophic antipho-

spholipid syndrome, or sepsis, or are drug induced.

Epidemiology

The incidence of TTP in the USA is estimated at 4 to 11
cases per million people. The incidence is lower in conge-
nital TTP. Females before the age of 50 are at greater risk
than male with a ratio of about 2:1 but become equal after
the age of 60 (1). Congenital TTP often present between
neonatal period and 5 years in contrast to idiopathic TTP
with peak incidence between 30 and 50 years. Escherichia
coli is the most common cause of HUS, which is slightly
less common than TTP and is distributed throughout
childhood.

History

TTP was first described in 1924 by Eli Moschovitz as ‘‘an
acute febrile pleomorphic anemia with hyaline thrombi in
arterioles and capillaries’’ (2). Clinical link of TTP to von
Willebrand factor (VWF) was made in 1982 by Moake,
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who found that plasma of patients with chronic relapsing
TTP contained ultra-large VWF (ULVWF) multimers (3).
He postulated that deficiency of depolymerase is respon-
sible for the ULVWFmultimers. But only in 1996, the two
groups had isolated from normal plasma a metal-depen-
dent protease that cleaves VWF multimers in the A2
domain at the peptide bond between tyrosine at position
1605 and the methionine at position 1606 (4, 5). In 1998,
patients with idiopathic TTP were reported to develop
autoantibodies against VWF-cleaving protease, but in
children with congenital TTP, the activity of this metallo-
protease was absent (6). In 2001, Zheng et al. identified the
protease as a new member (the thirteenth) of ‘‘a disintegrin
and metalloprotease with thrombospondin type 1 repeats’’
(ADAMTS13), which was involved in TTP (7). At the
same time Levy et al. identified the ADAMTS13 locus by
linkage analysis in families suffering from congenital TTP,
and mutations in the ADAMTS13 were defined (8). In
subsequent clinical trials, the association between conge-
nital and idiopathic TTP and severe deficiency of
ADAMTS13 activity was established.

Pathogenesis

Factors that trigger TTP are poorly understood, but there
is an accumulation of ULVWF multimers due to the
absence or substantial reduce of ADAMTS13 activity.
As a result, intravascular aggregation of platelets occurs
occluding arterioles and capillaries. The microcirculation
of each organ can be affected withmicrothrombi leading to
ischemia and even to infarction with organ dysfunction. In
TTP the involvement of the brain is almost usual. Despite
similar clinical picture of different TMA types, etiology
and pathogenesis is not unique. Only ‘‘classical’’ TTP
is associated with profound deficiency of ADAMTS13
activity and accumulation of ULVWF multimers in
blood circulation. However, recent studies suggest that
ADAMTS13 deficiency is not sufficient for development
of the disease. Regarding acquired TTP, it is not known
what factors trigger the formation of antibodies against
ADAMTS13 or insult the endothelial cells to secrete large

quantities of ULVWF multimers. HIV infection, preg-
nancy, antiplatelets, antibodies and immunosuppressive
drugs were found to be the candidates.
The etiology of HUS is usually associated with ingestion

of E. coli, which produces Shiga-like toxin (verotoxin) (9).
This type of TMA does not have a severe reduction in
plasma ADAMTS13 activity.

Clinical Manifestations

Typical TTP is distinguished from other TMA types by a
pentad: severe thrombocytopenia (�10,000/ml), hemolytic
anemia with schistocytosis (�3%), fever, and neurological
and renal abnormalities. However, neurological abnorm-
alities occur in only 50–75% of the patients, and renal
disfunction is not severe as in HUS. Children with con-
genital TTP usually present with thrombocytopenia,
hemolytic anemia, and unconjugated hyperbilirubinemia.
In contrast to idiopathic TTP, they tend to have chronic
relapses. HUS is characterized by the prodromic diarrhoea
and severe renal dysfunction.

Diagnostic Criteria

The diagnosis of TTP may be difficult because the symptoms
are not specific. The values of the measuring of ADAMTS13
antigen andADAMTS13 activity and inhibitor remain uncer-
tain. Although undetectable levels of ADAMTS13 can direct
the diagnosis, not all cases of TTP present with low titers of
ADAMTS13activity.ThepresenceofADAMTS13mutation
identified those with congenital TTP. The diagnosis is still
depended on laboratory evidence of anemia and thrombocy-
topenia in theabsenceof leukopenia.Theanemia is ‘‘Coombs’’
negative hemolytic anemiamanifested by fragmented red cells
(schistocytes) and polychromatophilic red cells (reticulocytes)
in peripheral smear, increased serum levels of indirect biliru-
bin, reduced or absent haptoglobin, and elevated serum levels
of lactate dehydrogenase. In TTP there is no evidence of
disseminated intravascular coagulation. The clinical symp-
toms of TTP usually are manifested as fluctuating

TABLE 101.1. Etiology, epidemiology, and pathogenesis of thrombotic microangiopathy (TMA).

Congenital TTP Acquired TTP HUS

Etiology ADAMTS13

mutation

Antibody to ADAMTS13,

endothelial cell activation

Escherichia coli or other microorganisms

Epidemiology �1 case per year

per million

5–10 cases per year per million 1–5 cases per year per million, mainly in children

Pathogenesis Defective cleavage of VWF multimers, massive secretion

of ULVWF multimers, increased platelet deposition

under shear condition, occlusion of blood vessels in

microcirculation

Intoxication with Shiga-like toxin, damage of endothelial cells,

enterohemorrhagic colitis, renal disorder

HUS, hemolytic uremic syndrome; TTP, thrombotic thrombocytopenic purpura; ULVWF, ultra-high VWF; VWF, von Willebrand factor.
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neurological dysfunction at presentation or during follow-up
and renal dysfunction with increased serum creatinin and
microhematuria with proteinuria. Other symptoms reflected
the organ in which microvascular thrombosis is involved.
Although neurological disorder at presentation is substan-
tially more common in TTP and renal failure in HUS, these
differences are not sufficient to distinguish between them. In
typical HUS, the prodromic manifestation is diarrhea fol-
lowed by severe renal failure. In this circumstance, a search
for infection producing Shiga toxin or other infection is man-
datory. The diagnosis of secondary TMA is based on the
existence of underlying condition such as lupus anticoagulant
in catastrophic antiphospholipid syndrome.

The role of ADAMTS13 in the pathogenesis of TTP
triggered development of different assays for determination
of ADAMTS13 level and activity and the presence of the
ADAMTS13 inhibitor (Table 101.2). Based on the observa-
tions that shear stress accelerates and enhances proteolysis
of ULVWF multimers by ADAMTS13, Dong et al. pro-
posed a physiological method for measuring ADAMTS13
activity under shear condition (10). In this method, the
ability of plasma to detach platelets to ULVWF strings on
endothelial cell cultures is assayed using a plate perfusion
system. However, this assay is very complex and therefore
could not be used as a routine test. A simple and specific
screening test for acute TTP was proposed by Shenkman et
al. based on the ability of TTP plasma to increase normal
whole blood platelet deposition under shear stress (11).
Furthermore, addition to this mixture of BaCl2 initiating
ADAMTS13 activity in citrated blood allowed discrimina-
tion of TTP with the presence or absence of ADAMTS13
inhibitor in the patient plasma (12). This method uses the
Impact-R device [Cone and plate(let) analyzer] intended to
assess platelet function in different diseases under shear
condition and to monitor anti-platelet therapy (13).

Prognosis

Acute TTP was mostly fatal until introduction of plasma
therapy in the 1970s. Recent studies have shown that TTP
with severe ADAMTS13 deficiency (<5%) has a good
response to plasma exchange with relatively low mortality

rate (8–19%). TMA patients with mild ADAMTS13 defi-
ciency have a higher mortality rate (18–56%) due to other
underlying conditions (14).

Therapy

The standard therapy of idiopathic TTP is based on
removing autoantibodies against ADAMTS13 by plasma
exchange. Daily plasma exchange with replacement of 1 to
1.5 times the predicted plasma volume should be continued
according to the British guidelines for aminimum of 2 days
after platelet count reaches 150,000 and above. Cryo-
supernatant lacking the larger VWF multimers has been
used as replacement fluid instead of plasma. However,
cryo-supernatant has not been shown to be mandatory in
subsequent randomized studies. Plasma infusion is suita-
ble in patients with congenital TTP. Other modalities of
treatment are based on depleting B lymphocytes producing
the autoantibodies against ADAMTS13, like rituximab
that has been used in treatment of lymphoma. Splenect-
omy is performed in patients who are refractory to con-
ventional treatment or having multiple relapses.
Following cloning of ADAMTS13, recombinant active

form of the protease was produced. The recombinant pro-
tease has been found to correct the defective degradation
of VWF multimers in vitro, but more studies are required
in order to analyze its efficacy in patients with TTP espe-
cially in those with hereditary TTP.
Protein A immunoabsorption can remove IgG against

ADAMTS13.
Aspirin and other antiaggregants are not useful because

platelet aggregation induced by ULVWF is not inhibited
by them. Moreover, there is concern about the risk of
increasing bleeding because of severe thrombocytopenia
and tendency to bleed in TTP patients.
Plasma therapy is not helpful in E. coli-associated HUS.

Supportive therapy including renal dialysis is required. For
patients with drug-induced TTP, removal of the offending
drug is the first step to apply. In patients who develop
TMA following transplant, the decision as to stop or
decrease the dose of immunosuppressive drug like cyclos-
porine can be difficult. Ticlopidine or clopidogrel is differ-
ent from other offending drugs because in the serum of
those patients, no activity of ADAMTS13 was detected
and inhibitors were present. Plasmapheresis is not helpful
in TTP developed after bone marrow transplantation or in
cancer patients because ADAMTS13 activity is normal or
moderately decreased.
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TABLE 101.2. ADAMTS13-related parameters in thrombotic
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Congenital

TTP

Acquired

TTP Other TMA

Antigen Very low or

absent

Low or

variable

Normal or moderately

decreased

Activity �5% �5% or

variable

30–100%

Inhibitor No Mostly yes No
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102
Heparin-Induced Thrombocytopenia

Gowthami M. Arepally and Douglas B. Cines

Abstract Heparin-induced thrombocytopenia (HIT) is an acquired hypercoagulable disorder caused by drug-dependent
antibodies that recognize complexes of platelet factor 4 (PF4) and heparin. The clinical syndrome manifests as thrombo-
cytopenia and/or thrombosis in temporal association with heparin therapy. Owing to the frequent occurrence of asympto-
matic PF4/heparin antibodies in patients receiving heparin, current approaches to the diagnosis of HIT rely on clinical
criteria with additional support provided by laboratory testing for heparin-dependent antibodies. This chapter will address
the clinical and laboratory diagnostic features of HIT.

Keywords Heparin � platelet factor 4 (pf4) � heparin-induced thrombocytopenia � hit � thrombocytopenia �
thrombosis

Introduction

Heparin-Induced Thrombocytopenia (HIT) is a prothrom-

botic autoimmune disorder typically triggered by exposure

to unfractionated heparin (UFH) or low-molecular weight

heparin (LMWH). HIT develops in defined temporal

association with heparin therapy and manifests either as an

unexplained thrombocytopenia (isolated HIT) or throm-

bocytopenia complicated by thrombosis (HITT). In a small

subset of patients, the clinical syndrome develops days to

weeks after drug exposure has ceased, which is referred to as

‘‘delayed HIT’’. The propensity for recurrent thrombosis

distinguishes HIT from other common drug-induced

thrombocytopenias.
The autoantibodies inHIT recognize a complex composed

of twonormal constituents, PlateletFactor 4 (PF4), a cationic

platelet protein released from platelet alpha-granules upon

activation, and negatively charged glycosaminoglycans

(GAGs, such as heparin and heparin-like molecules), that

line the vascular endothelium and hematopoietic cells. The

inciting events leading to PF4/heparin autoantibody forma-

tion are not well understood. However, it is well established

that in approximately 1–3% of patients exposed to drug,

pathogenic autoantibodies develop and elicit disease by

activating platelets and monocytes through their Fc�
receptors and possibly by inducing endothelial cell injury.

Cellular activation culminates in a profoundhypercoagulable

state associated with platelet activation/consumption leading

to thrombocytopenia, accompanied by intense thrombin

generation promoting thrombosis. Unless specified, the
term heparin will be used in this chapter to encompass

UFH, LMWH, and other heparin-like anticoagulants,

because PF4/heparin autoantibodies triggered by all agents

appear clinically and biologically indistinguishable.
This chapter will focus on the challenges related to the

clinical recognition and laboratory diagnosis of HIT. For a

comprehensive discussion of the pathogenesis and/ormana-
gement of HIT, the reader is referred to recent reviews (1).

Incidence of HIT

HIT occurs in 0.8–3% of all patients exposed to UFH and

0.2–1% of patients exposed to LMWH (2) for a minimum

of 5 days. Certain patient populations, such as general

medical and surgical patients, appear to be more sus-

ceptible to developing clinical complications than others,
such as obstetric, pediatric, and chronic hemodialysis

patients (1). The reasons for the variable risk of disease

are not understood.
The incidence of asymptomatic seroconversion is high in

patients exposed to heparin, which frequently confounds the
laboratory diagnosis of HIT (see below). Anti-PF4/heparin

antibodies can be detected in �8–17% of general medical
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and surgical patients treated with UFH, 2–8% of those
treated with LMWH, and in 1–2% of patients treated with
fondaparinux (1). Heparin sensitization occurs in �50% of
patients undergoing cardiac surgery. The determinants that
convert antibody-positive asymptomatic individuals into
patients with thrombosis are unknown but in part may be
related to development of high titers of IgG antibodies in the
context of underlying cardiovascular disease marked by
endothelial dysfunction and platelet activation.

Clinical Features of HIT

The two cardinal clinical manifestations of HIT are a sub-
stantial fall in the platelet count and/or thrombosis occurring
in the setting of recent heparin therapy. An unexplained fall
in the platelet count (>40%) or thrombocytopenia is evident
at presentation in approximately two-thirds of patients
and becomes evident in >95% of patients with serologically
confirmed disease (3). Thrombocytopenia is defined in most
studies as either an absolute (<150,000/mL) or relative
decrease (by 30–50%) in platelets (3). The fall in platelet
count may precede, occur coincidentally, or less commonly
follow the thrombotic event. Platelet counts infrequently fall
below 10,000/mL in the absence of extensive ischemic tissue
damage or comorbidities, and hemorrhagic complications
are rare.

Thrombocytopenia serves as a surrogate marker for
increased thrombotic risk. Recent prospective and retro-
spective series suggest that �25% of patients with isolated
HIT are at risk of developing thrombotic complications
within four weeks of diagnosis (4, 5). Several studies have
shown a correlation between IgG antibody titer, severity of
thrombocytopenia, and risk of thrombosis (3).

Approximately 60% of patients with HIT present with
thrombosis (3), which affects any vascular bed including
both large vessels and the microvasculature. Venous throm-
boses are more common (2:1) in most clinical populations,
with the exception of patients undergoing cardiovascular sur-
gery, who appear to be at higher risk for peripheral arterial
occlusion (3). Sites of vascular injury caused by cannulation
are especially vulnerable to thrombosis. Thrombosis in the
absence of thrombocytopenia ismore characteristic of atypical
presentations, e.g. heparin-induced skin necrosis, venous limb
gangrene, or anaphylactic-type reactions (6). Thrombotic
complications are associated with significant morbidity and
considerable mortality (�8–20%), notwithstanding the recent
introduction of alternative forms of anticoagulation with
direct thrombin inhibitors (see below) (5).

Diagnostic Criteria: Clinical

Clinical evaluation of HIT is difficult. Many hospitalized
patients, especially in the intensive care setting, are routinely
exposed to heparin, and often develop thrombocytopenia

from other causes such as infection, medications (e.g.
GPIIb/IIIa inhibitors, antibiotics), mechanical devices
(balloon pumps), and/or end-stage multiorgan failure. The
laboratory diagnosis of HIT is also problematic, as there is no
readily available test that can be relied upon to affirm or
excludeHIT in the absence of clinical information. Therefore,
current approaches to diagnosis rely on establishing proba-
bility of disease integrating clinical criteria with laboratory
analysis of heparin-dependent antibodies for confirmation.
The clinical diagnosis of HIT is established by docu-

menting the development of thrombocytopenia and/or
thrombosis in temporal association with heparin therapy,
excluding other causes of thrombocytopenia and affirming
the diagnosis by demonstrating a recovery in platelet counts
after heparin has been discontinued (see Table 102.1).
The most reliable and available among these criteria is the
temporal relationship between thrombocytopenia and/or
thrombosis and heparin exposure. In heparin-naive indivi-
duals or in patients with remote exposure (>120days (7)),
disease manifestations typically develop 5–10days after
exposure to heparin. Thrombocytopenia and/or thrombosis
can occur more abruptly (<24hrs) in patients with recent
drug exposure (<120days) because of the presence of circu-
lating PF4/heparin antibodies (7). Rarely, patients develop
delayed HIT, with the onset of thrombocytopenia and/or
thrombosis 1–2weeks after cessation of heparin.
Diagnosing HIT in patients with cardiac bypass

surgery is especially challenging, as the prevalence of
heparin-dependent antibodies is high (�30–>50% (8, 9)),
post-surgical thrombocytopenia is common, fever and
hypotension are frequent, indwelling intravascular devices
are used commonly and patients are often exposed to other
medications that can be implicated. Most patients who
develop HIT after cardiac bypass surgery show a triphasic

TABLE 102.1. Patients presenting with thrombocytopenia in
association with heparin therapy should be carefully assessed

for the above clinical criteria (19).

Clinical Criteria for HIT

1. Temporal association of thrombocytopenia þ/– thrombosis with

recent heparin therapy

a. Classic presentation: 5–10 days in heparin naive individuals or with

remote history of heparin use (>120days)

b. Acute/rapid onset: <24 hours in patients with recent heparin

exposure (<120days)

c. Delayed HIT: >10 days after heparin exposure

2. Exclusion of other causes of thrombocytopenia

a. Drugs (glycoprotein IIb/IIIa inhibitors, vancomycin, quinine,

bactrim, prostacyclin agents)

b. Infection (bacterial/viral/fungal)

c. Mechanical devices (intra-aortic balloon pump, ventricular assist

devices)

d. Organ dysfunction (liver failure, hepato- or splenomegaly, marrow

disease)

e. Other immune thrombocytopenias (thrombotic thrombocytopenic

purpura, immune thrombocytopenia, systemic lupus erythematosus)

3. Recovery in platelet counts
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pattern of platelet counts after surgery. Platelet counts initi-
ally decline for 2–4days after surgery, rebound into the
normal range or beyond, and then fall once again ((8, 9),
Figure 102.1). In others, a failure of the platelet count to
recover by 3–5days of surgery prompts the diagnosis to be
considered. In one study, short cardiac bypass and an interval
of 5days or longer between surgery and the re-development
of thrombocytopenia were useful predictors of HIT (8).

Several algorithms have been developed to stratify
patients for risk based on clinical criteria. The most widely
studied has been Dr. Warkentin’s ‘‘4T’s’’ algorithm, which
assigns pre-test probability scores (0–2) to various criteria,
including: (a) severity of thrombocytopenia, (b) timing of
fall in platelet count, (c) presence of thrombosis, and (d)
exclusion of other causes. The clinical probability based on
cumulative scores is defined as high (6–8 points), inter-
mediate (4–5 points), or low (�3 points). In a recent pro-
spective study of 336 patients enrolled in two major
medical centers, the clinical utility of the 4T’s algorithm
was compared with results of laboratory testing as the gold
standard in patients suspected of HIT (10). An excellent
correlation was observed between low pretest probability
and negative serology, suggesting that low clinical scores
have a high negative predictive value (NPV). However, the
clinical algorithm was less useful in predicting the presence
of disease, demonstrating significant clinician-dependent
differences in assessment based on experience (10). Clinical
algorithms have also proved less useful in the post-cardiac
bypass setting where diverse addition causes of thrombo-
cytopenia and thrombosis are common.

Diagnostic Criteria: Laboratory

Although PF4/heparin antibodies are detected in almost
all patients with a clinical diagnosis of HIT, not all PF4/
heparin antibodies trigger clinically overt disease (11).

Thus, the challenge of laboratory testing lies in distinguish-

ing patients with seemingly pathogenic PF4/heparin anti-

bodies from those found in patients who are and are likely

to remain asymptomatic. Recent studies indicate that

affected patients are more likely to have high titers of
IgG antibodies that possess platelet-activating potential

(4, 11, 12). However, developing narrowly defined criteria

that can be applied prospectively to an individual patient

has not been possible, given the clinical and serological

overlap among symptomatic and asymptomatic presenta-
tions and lack of a ‘‘gold standard’’ laboratory assay for

diagnosis.
Heparin-dependent antibodies can be detected using

immunological assays that measure antibody binding to

PF4/‘‘heparin’’ or functional assays that detect heparin-

dependent platelet activation (See Table 102.2). Commer-

cial immunological assays, such as the PF4/heparin

ELISA or gel-particle immunoassays currently in use mea-
sure IgG, IgA, and IgM antibodies concurrently; assays

specific for IgG-specific antibodies have recently been

developed but there is less published experience with reli-

ance on outcome. Antigen-based assays are technically

easy to perform and are more widely available than func-

tional assays (see below). Immunoassays offer excellent

sensitivity (>98%), and therefore, carry an excellent nega-

tive predictive value for excluding the diagnosis of HIT

(11). However, the specificity of immunoassays (50–74%)

is compromised by the frequent detection of PF4/heparin

antibodies in asymptomatic individuals and those in whom

other causes of thrombocytopenia are more likely (11, 13).

The frequency of PF4/heparin antibodies, particularly

among cardiac surgery patients, considerably diminishes

the positive predictive value of immunoassays as stand-

alone tests (39–50%) in this setting where the diagnosis of

HIT is often considered (11, 14). Although the specificity

of immunoassays may be slightly improved (by >15%) by
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measuring IgG antibodies alone (11, 13), this is still often

insufficient to be relied upon clinically.
Functional assays detect heparin-dependent IgG anti-

bodies capable of activating platelets through Fc�RII

receptors, though complement-fixing lytic antibodies are

found in some occasions. The most frequently used func-

tional assays include the platelet aggregation test (PAT),

heparin-induced platelet activation assay (HIPA), flow

cytometric detection of platelet activation (P-selectin

and/or annexin V), and the 14C-serotonin release assay

(SRA). Owing to platelet donor variability and/or possibly

the influence of antibody titers (12), the sensitivity of func-

tional assays is generally lower (35–90%) than their speci-

ficity (95–100% (15)). In some reports, the sensitivities of

the functional assays have been improved to >95%
through technical refinements, including use of radioactiv-

ity, responsive donor platelets, and optimization of buffer

conditions (11, 13). PPVs of functional assays are higher

than immunoassays (89–100% (1)), but the technical

expertise required limits their availability in real-time.
Because immunoassays are more widely available than

functional assays, various approaches have been described

to improve their diagnostic utility. These approaches

include integrating the results of immunological assays

with functional assays and/or clinical algorithms (14, 16).

A recent prospective study examined the utility of ‘‘4T’s’’

clinical algorithm in conjunction with the SRA and gel-

particle immunoassays. As expected, for patients assigned
to a low-risk or high-risk clinical category, functional and

immunoassays were concordant, yielding high NPVs and

PPVs, respectively. For patients assigned to an intermedi-

ate risk category, a negative immunoassay lowered the pre-

test probability score from 11% to <0.4%, whereas a
positive immunoassay in this clinical category increased

the pre-test probability from 11% to only 45%on post-test

analysis (14).
On the basis of these observations, the following diag-

nostic approach has been proposed by some for patients

suspected of HIT in settings where functional assays are

not routinely available. For patients with a low clinical

probability of HIT, testing is not advised, as this group
of patients has an extremely low likelihood of disease
(10, 14) and a positive ELISA is not diagnostic in this

setting. Serological testing for PF4/heparin antibodies is
recommended where the clinical suspicion of HIT is inter-

mediate or high. For patients with a high pre-test prob-
ability of HIT and who have a strongly positive ELISA, no

further diagnostic evaluation is required, as the PPV of the
immunoassay in this setting is high. Patients with negative
serologies who are at high or intermediate clinical prob-

ability for disease should be evaluated for an alternative
diagnosis, as negative immunoassays are associated with a

very low likelihood of disease (14). For patients who are in
an intermediate risk category and whose ELISA is posi-

tive, functional testing is recommended because of its high
PPV in this setting (11, 14).

Therapy of HIT

If the diagnosis of HIT is suspected based on clinical

criteria, it is imperative to discontinue all exposure to
heparin and initiate alternative anticoagulant therapy
while awaiting the results of laboratory testing. In addition

to discontinuing therapeutic or prophylactic administra-
tion of heparin, patients must be evaluated for occult

exposures in the form of heparin-locks, heparin-bonded
catheters, including dialysis lines and arterial lines, as well

as cell-saver devices, and heparin-containing infusion solu-
tions, among others. The use of LMWheparin is ill advised

because of antibody cross-reactivity and warfarin is con-
traindicated in active disease, as it can exacerbate the
hypercoagulable state by lowering protein C. Screening
for occult thrombosis, e.g. Doppler studies of the legs, is
advisable in some settings.
Only two classes of anticoagulants have been shown to be

effective in the clinicalmanagement ofHIT. The heparinoids,
a family of heparin-like molecules with anti-factor Xa acti-
vity, are available in Canada, Europe, and Australia, but not
in the United States (1). Heparinoids are administered sub-
cutaneously, have long half-lives, and are monitored based

TABLE 102.2. Sensitivity and Specificity of Laboratory Tests in HITa.

Test Sensitivity Specificity PPV NPV References

A. Immunological assays:

Heparin/PF4 ELISA >95% 50–74% 39% 100% (11, 13, 14)

Gel-particle immunoassay 95% 92% 57% 99% (14).

B. Functional assays:
14C Serotonin Release Assay (SRA) 88–100% 95–100% 100% 81% (14, 18).

Platelet Aggregation Test (PAT) or Heparin-Induced Platelet

Aggregation (HIPA)

37–91% 77–100% 89% 81% (18, 19)

Functional flow cytometric assay (microparticles or platelet

activation marker)

83–95% 92–100% ND ND (20)

aAssays included only if validated by multiple laboratories/multiple investigators; tests reported only by individual laboratories, such as lumi-

aggregometry, gel-particle assay, HPLC (high-pressure liquid chromatography) not included; ND = not determined.
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on anti-factor Xa activity (1). The direct thrombin inhibitors
(‘DTIs’) inactivate thrombinwithout need for anti-thrombin.
In general, DTIs have short half-lives (<1h), are not recog-
nized by HIT antibodies, and therapy is monitored with
the aPTT (17). Three DTIs (lepirudin, argatroban and biva-
lirudin) are available in the United States and have been
approved by the Food and Drug Administration for various
indications inHIT. TheDTIs differ with respect to their half-
lives, mechanisms of clearance (renal vs. hepatic), and effect
on the prothrombin time.

The risk of thrombosis remains high for 2–4weeks in
patients with isolated HIT (5, 7). Therefore, anticoagula-
tion with warfarin is recommended for 4weeks even in the
absence of overt thrombosis. The transition to oral antic-
oagulants should be undertaken only after control of the
disease, i.e. resolution of thrombosis and platelet counts
that some recommend reach a stable plateau of >100K,
while others recommend waiting until the platelet count
has normalized. Treatment of HIT-induced thrombosis
requires more extended therapy.
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103
Autoimmune Coagulopathies

Fabio Tucci and Rolando Cimaz

Abstract Acquired inhibitors to Factor VIII (not related to treatment for hemophilia) are autoantibodies that,
although rare, may cause significant and often life-threatening hemorrhage. They occur, predominantly in older
individuals, in association with autoimmune disorders, lymphoproliferative disorders, solid tumors, medications,
and during post-partum. However, in almost half of the cases they develop spontaneously without an underlying
medical condition. Laboratory diagnosis is made by performing the aPTT clotting time in conjunction with a
mixing study, and subsequently with specific clotting assays. Treatment varies depending upon the underlying
medical condition, the titer of the inhibitor, and the clinical presentation. Acutely bleeding patients with high titers
of autoantibodies may respond well to infusions of Factor VIII concentrate. Extracorporeal plasmapheresis
with exchange will also rapidly reduce circulating antibodies and can be used in conjunction with Factor infusions
and/or intravenous immunoglobulins (IVIg). Long-term treatment for reduction of autoantibodies will include
immunosuppressants.

Acquired inhibitors to other coagulation factors, e.g. Factor IX, XI, XIII, vWF protein, and the vitamin K-dependent
proteins, can arise but are extremely rare. The principles of their therapy mirror those applied to the management of
Factor VIII autoantibodies.

Keywords Coagulopathies � autoimmune � Factor VIII � inhibitors
Coagulopathies and bleeding disorders can be secondary to

autoimmune processes; some of those (i.e. anti-phospholipid-
related and autoimmune thrombocytopenic purpura) are dealt

with elsewhere in this book, and are therefore not discussed in

this chapter. It is just worth noting that anti-phospholipid

antibodies are usually related to thrombosis, but hemorrhagic

episodes and significant coagulopathy can occur in the so-

called lupus anticoagulant-hypoprothrombinemia syndrome,

with positive lupus anticoagulant and decreased Factor II

(prothrombin) activity. This phenomenon is linked to the pre-

senceof non-neutralizing antibodies directed againstFactor II.

This is a rare clinical entity,which canoccur in associationwith

SLE, transient viral infections, drug reactions, or even in

healthy individuals.
We will briefly review the current knowledge of acquired

inhibitors of the clotting cascade.

Acquired Factor VIII Inhibitors

Hemophilia A is classically caused by a congenital deficiency
of Factor VIII, but an acquired form due to inhibitors

typically presents later in life. Patients who develop such

inhibitors may have catastrophic bleeding episodes despite

no prior history of a bleeding disorder.
In congenital hemophilia, patients treated with Factor

VIII will develop alloantibodies in 20–40% of cases. In

contrast, acquired inhibitors/autoantibodies against Factor

VIII in non-hemophiliacs occur in only about one case

per million/year (1). In acquired hemophilia, autoantibodies

are non-complement fixing, non-precipitating immuno-

globulins from the IgG family that binds FVIII in a time-

and temperature-dependent manner (2). The responsible
antibody has been identified as belonging to the IgG4

subclass, and the epitope that binds to Factor VIII has also

been identified.
Acquired hemophilia differs from congenital hemophilia

as it occurs both in men and women, and as it is more

frequent in adulthood, even if pediatric cases have been

described. The median age at presentation is during the

seventh decade of life, but a wide age range has been
reported, with a small pediatric series of six children (3, 4)

and a patient as young as 2 years of life (5).
The onset is often acute and severe: in a series of

215patients, 87% of cases needed red blood cell transfusion

From: Y. Shoenfeld et al. (eds.): Diagnostic Criteria in Autoimmune Diseases, DOI: 10.1007/978-1-60327-285-8_103,

� 2008 Humana Press, Totowa, NJ
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for post-hemorrhagic anemia (6). Mortality rates have been
described ranging from 8 to 22% of cases.

Hemarthroses are the hallmark of congenital hemophilia,

while they are rare in the acquired form, which typically

presents with purpura or soft tissue bleeding. Moreover,

severemuscle bleeding, hematuria, epistaxis, gastrointestinal

bleeding, and even intracerebral bleeds are seen more

frequently than are hemarthroses.
An association with autoimmune diseases has been

found in almost 20% of cases, mainly in systemic lupus

erythematosus, rheumatoid arthritis, diabetes, and Sjog-

ren’s syndrome. Cutaneous disorders such as pemphigus,

epidermolysis bullosa, and pustular psoriasis have also

been reported with acquired hemophilia. The interesting

association of Factor VIII inhibitors with autoimmune

lymphoproliferative syndrome (ALPS) has also been

reported (7). In a study, the frequency and specificity of

acquired coagulation inhibitors in 511 patients with

inflammatory and malignant gastrointestinal diseases

were reported (8). An increased incidence of coagulation

factor inhibitors was found in patients with gastrointes-

tinal inflammatory and malignant diseases compared with

the healthy population. In particular, 15 patients acquired
inhibitors to the following coagulation factors: factor IX

(four patients), factor X (three patients), factor XII (three

patients), factor VIII (two patients), factor XI (two

patients), and factor V (one patient). Only one patient,

with factor VIII inhibitor, presented with severe bleeding

and was treated with recombinant human activated factor

VII, while the others had no complications.
Among physiological conditions that have been asso-

ciated with acquired hemophilia, a transient post-

partum form has been described, with a favorable out-

come in the vast majority of cases. Of note, when the

inhibitor develops during pregnancy there is a risk of

transplacental passage of the antibody and of neonatal
hemorrhage (9).

The diagnosis is based on the following points:

– Isolated prolongation of aPTT, with normal PT
and normal platelet count;

– Absence of aspecific inhibitors (Lupus anticoagu-
lant, heparin);

– Lack of correction of the prolonged aPTT by the
addition of normal plasma (indicating the presence
of an inhibitor);

– When suspecting a Factor VIII inhibitor, the mix-
ing has to be incubated at 378C for 1 or 2 hours;

– The antibody has to be measured in Bethesda Units
(BU). However, results from a Bethesda assay often
require several days because samples are referred
to specialty laboratories, and ELISA systems have
been designed, with good results as a screening
system (10).

Treatment

In order to increase Factor VIII levels (milder cases),
DDAVP (vasopressin) as in von Willebrand disease can be
administered, as well as Factor VIII concentrate. To bypass
Factor VIII, in the presence of high levels of inhibitor
(>5BU), activated prothrombin complex concentrates
and recombinant Factor VII can be administered. If the
inhibitor removal is desired, this can be accomplished
with plasmapheresis or immunoadsorption (Staphylococcal
A protein). Pharmacological treatment relies on immuno-
suppression with corticosteroids (prednisone 1mg/Kg/day),
which results in improvement in 30% of cases, with or
without the addition of cytotoxics such as cyclophos-
phamide (the combined treatment leads to higher rates
of improvement).
However, the inhibitor often poses a serious problem

because any infused factor will be rapidly neutralized
and will not be available to induce hemostasis. For the
eradication of the inhibitor, rituximab (anti-CD20) has
also been suggested (3, 11, 12, 13, 14). If no benefit is
obtained, other immunosuppressants can be considered,
including mycophenolate mophetil, cyclosporine A;
azathioprine, and vincristine. 2-Chlorodeoxyadenosine, an
immunosuppressant that is thought to act through the Fas-
Fas ligand pathway with subsequent activation of cellular
apoptosis, has also been tried with satisfactory results (15).
Intravenous immunoglobulin (IVIg) therapy for acquired

coagulation inhibitors, including factor VIII inhibitor,
and for acquired von Willebrand syndrome has been con-
sidered in 44 published reports (16). Among 35patients with
factor VIII inhibitor, the efficacy of IVIg therapy alone was
about 30%, whereas the response to combination therapy
with IVIg plus immunosuppressive agents (e.g. corticos-
teroids, cyclophosphamide) seemed to be better (appro-
ximately 70%) than with IVIg alone. The response to
IVIg therapy appears to occur rapidly, and coagulation
inhibitors seem to be neutralized immediately.

Acquired Von Willebrand Syndrome

In this disorder, laboratory findings are similar to those
present in congenital vonWillebrand disease. However, no
personal or family history of bleeding is present (17). It
has been described in association with autoimmune hemo-
lytic anemia, lymphoproliferative, myeloproliferative, and
cardiovascular disorders.

Other Inhibitors

Factor V is an essential component of the prothrombinase
complex, which activates prothrombin to thrombin. Anti-
bodies against Factor V have been reported to appear after
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the administration of bovine thrombin in a surgical setting.
In fact, acquired inhibitors of coagulation factors, parti-
cularly to Factor V and thrombin, have been described
after topical bovine thrombin exposure during or after
surgery, and may result in clinically important coagulo-
pathies (18). Bovine thrombin can be antigenic by itself,
but it is also thought that impurities during its preparation
may be responsible for the adverse reactions (19). Usually,
these antibodies are IgG that bind to the C2 domain of the
Factor V light chain; however, an IgA antibody has
also been described. Hemorrhagic symptoms linked to
the presence of these inhibitors are variable: the most
frequent symptoms are represented by hematuria and
bleeding during surgical procedures (20), but in some
cases no clinical symptoms appear. In this condition
laboratory findings show abnormalities both in the PT
(prothrombin time) and in the aPTT.

This inhibitor has been described after administration of
bovine thrombin during surgical procedures, or after
human thrombin administration after endoscopy for gas-
tric ulcer (21). These inhibitors have also been found in
association with autoimmune diseases, such as in one case
of Hashimoto’s thyroiditis, primary biliary cirrhosis, and
membranous nephropathy (22).
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autoimmune rheumatic disease (SARD)

Autoimmune sensorineural hearing loss (ASNHL)

APS and, 451–452

autoimmunity aspects, 449–452

anti-phospholipid, 451–452

humoral (autoantibody) response, 450–451
t-cell mediated, 450

diagnosis criteria, 453

progressive (PSNHL), 449

sudden (SSNHL), 449

treatment, 452

Autoimmune thyroid disease (AITD)

APS-2 and, 266

APS-3 and, 266

See also Thyroiditis
Autoimmune uveitis (AU)

Behçet disease and, 463

classification, 461

clinical picture, 461–462

defined, 461

diffuse, 461

etiology, 462

inflammatory bowel diseases and, 462

intermediary, 461

juvenile idiopathic arthritis and, 462–463

Kawasaki disease (KD) and, 463

posterior, 461

sarcoidosis and, 464

seronegative spondyloarthrophaties and, 462

treatment, 464

Vogt–Koyanagi–Harada syndrome and, 463–464

Autoimmunepolyendocrine-candidiasis-ectodermal-dystrophy

(APECED), 262, 265–266

See also Autoimmune parathyroid disease

Autoimmunity

drug-induced, see Drug-induced autoimmunity

familial, 68

in ASNHL, 449–452

myelodysplastic syndromes (MDS) and, 530

Autoinflammatory fever syndromes, see Periodic fever

syndromes

Axonal neuropathy

AMAN, 427

AMSAN, 427

Azathioprine

for autoimmune hepatitis (AIH), 289–290

for IgA nephropathy (IgAN), 483

Basement membrane, 121

See also Goodpasture disease

B-Cell lymphoproliferative processes

HCV and, 304

Behçet disease (BD), 113

autoimmune uveitis (AU) and, 463

biochemical features, 114

clinical manifestations, 114

diagnostic criteria, 114–115

epidemiology, 113

history, 113

pathogenesis, 113–114

pathological features, 114

prognosis, 115

serological features, 114

symptoms and signs, 114

therapy, 115–116

vasculo-, 114

Beta blockers

for Graves disease (GD), 234

Beta-cell destruction prevention aspects, 244

See also Diabetes mellitus (DM)

Biermer anaemia, see Pernicious anemia (PA)

BILAG (British Isles Lupus Assessment Group), 7

See also Systemic lupus erythematosus (SLE)

Bilateral hilar lymphadenopathy (BHL), 189

See also Sarcoidosis
Bile

diseases, see Hepatobiliary autoimmune diseases

duct cell, 291

See also Primary biliary cirrhosis (PBC)

Biliary epithelial cells (BEC), 291

Birmingham Vasculitis Activity Score (BVAS), 105

See also Churg and Strauss syndrome (CSS)

Bleeding disorder, see Coagulopathies; Immune

thrombocytopenic purpura (ITP)

Blindness, see Autoimmune uveitis (AU)

Blistering diseases, see Pemphigus

Bohan and Peter criteria

antisynthetase syndrome and, 173

dermatomyositis (DM) and, 156

Bones

Hashimoto thyroiditis (HT) and, 218

See also Arthritis

Bovine thrombin, see Factor V inhibitors

Bowel disease, see Celiac disease (CD); Inflammatory bowel

disease (IBD)

Brain

CNS vasculitis and brain biopsy, 438

involvement in Susac syndrome, 117–118

SLE and, 5

Bronchoalveolar lavage (BAL), 390–391

See also Idiopathic interstitial pneumonias

Buerger disease

diagnostic criteria, 109–110

genetics, 109

laboratory findings, 108–109

point scoring system, 110

serological markers, 108–109
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signs and symptoms, 107–108

treatment, 110

See also Smoking

Bullous pemphigoid

clinical manifestations, 350

diagnostic criteria, 350

epidemiology, 349

immunofluorescence, 350

pathogenesis, 350

pathologic features, 350

prognosis, 350

therapy, 351

See also Pemphigus
Butterfly erythema, see Cutaneous lupus erythematosus (CLE)

Cadherins, 350

Calcium

channel blockers for PAH, 395

sensing receptor antibodies (Ca-SRAbs), 259–261

therapy for autoimmune parathyroid disease, oral, 263

See also Voltage-gated calcium channels (VGCCs)

Cancer

associated dermatomyositis (DM), 153

detected LEMS (CD-LEMS), 413–415

chemotherapy for, 415

pathogenicity, 414
prognosis, 415

radiotherapy for, 415

Cancer associated retinopathy (CAR)

clinical manifestation, 458

diagnosis, 458

differential diagnosis, 458–459

epidemiology, 457

pathologic features, 457–458

therapy, 459

See also Melanoma associated retinopathy (MAR)

Candida albicansinfection, 266

See also Autoimmune polyendocrine syndromes (APS)
Candidiasis, chronic, 265

Cardiomyopathy

dilated, 367–370

IDCM, 373–377

peripartum (PPCM), 373

Cardiovascular autoimmune diseases

atherosclerosis and, 383–386

carditis

ARF-induced, 380

RF and, 379–381

RHD and, 381
dilated cardiomyopathy (DCM), 367–370, 373–377

rheumatic fever and, 379–381

CASPAR classification criteria, 360, 362

See also Psoriatic arthritis (PsA)
Catastrophic antiphospholipid syndrome (CAPS)

classification criteria, 12

therapy, 13

See also Antiphospholipid syndrome (APS)
Catheterization

right heart, 393

See also Pulmonary arterial hypertension (PAH)
CD34 cells, 520

CD45 autoantibody, 535–537

Celiac disease (CD)

antibodies and, 337

clinical manifestations, 336

diagnostic criteria, 337

epidemiology, 335

gluten-free diet (GFD) and, 337–338

history, 335

intestinal lesion degrees

type 1 (infiltrative), 336
type 2 (infiltrative-hyperplastic), 336
type 3 (atrophy), 336–337

pathogenesis, 335–336

pathological features, 336–337

prediction, 337

serological features, 337

therapy, 337–338

Cerebellar degeneration

paraneoplastic (PCD), 425

See also Paraneoplastic neurological syndromes (PNS)
Cervical adenitis syndrome, see Periodic fever accompanied by

aphthous stomatitis, pharyngitis, and cervical adenitis
syndrome (PFAPA)

Chapel Hill Consensus (CHC) definition

polyarteritis nodosa (PAN), 89–90

Wegener granulomatosis (WG), 99

Chemotherapy

for CD-LEMS, 415

See also Cardiovascular autoimmune diseases

Chest X-ray (CXR), 190, 192–193

See also Sarcoidosis
Chilblain LE (CHLE)

clinical manifestations, 343

direct immunofluorescence (DIF), 344

prognosis, 346

Cholangiocarcinoma, 295, 297

See also Primary sclerosing cholangitis (PSC)

Cholangiography, 297–298

endoscopic retrograde (ERC), 295, 298

magnetic resonance (MRC), 298

Cholestatic liver disease

PBC, 291–293

PSC, 295–298

Chorea

epidemiology, 445

Huntington, 445

pathogenesis, 445

rheumatic, 446–447

chorea gravidarum, 447

Sydenham (SC), 446–447
Chromoendoscopy, 332

Chronic Candida infection, 266

See also Autoimmune polyendocrine syndromes (APS)

Chronic candidiasis, 265

Chronic cholestatic liver disease, see Primary biliary cirrhosis
(PBC)

Chronic CLE (CCLE), 342
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Chronic CLE (CCLE), 342 (Cont.)
chilblain LE (CHLE), 343

discoid LE (DLE), 343

LE profundus/panniculitis (LEP), 343

See also Cutaneous lupus erythematosus (CLE)
Chronic diabetes mellitus (DM), 245–246

Chronic hepatitis C virus (HCV) infection

autoantibodies associated with, 301

cryoglobulinema (CG) and, 137–138

extrahepatic manifestations in, 301–305

Chronic hypoparathyroidism (CHP), 259–263

animal models, 260

APS-1 and, 262, 265

APS-3 and, 262

APS-4 and, 262

cellular immunity aspects, 260

clinical features

Chvostek sign, 263
Trousseau sign, 263

genetics, 261–262

isolated, 263

parathyroid autoantibodies, 260–261

therapy, 263

See also Autoimmune parathyroid disease

Chronic infantile neurologic cutaneous and articular sysndrome
(CINCA), see NOMID/CINCA syndrome

Chronic inflammatory demyelinating polyneuropathy (CIDP)

AIDP and, clinical characteristics comparison, 430

clinical course, 429–430

diagnosis, 430

treatment, 430

Chronic liver disease, see Autoimmune hepatitis (AIH)

Chronic lymphocitic thyroiditis, see Hashimoto thyroiditis (HT)

Chronic myelomonocytic leukemia (CMML), 531

See also Myelodysplastic syndromes (MDS)

Chronic renal failure

IgA nephropathy (IgAN) and, 479

Churg–Strauss syndrome (CSS)

ANCA-associated, 103–105

biochemical features, 104

clinical manifestations, 103–104

CNS vasculitis (Type II) and, 436

diagnosis criteria, 104–105

epidemiology, 103

history, 103

pathogenesis, 103

pathological features, 104

prediction, 105

prognosis, 105

serological features, 104

therapy, 105–106

Chvostek sign, 263

See also Autoimmune parathyroid disease
CIAS1–related autoinflammatory syndromes (CRAS), see

Cryopyrin-associated periodic syndromes (CAPS)

CINCA syndrome, see NOMID/CINCA syndrome

Circulation, pulmonary

defined, 393

See also Pulmonary arterial hypertension (PAH)

Cirrhosis

autoimmune hepatitis (AIH) and, 287

primary biliary (PBC), see Primary biliary cirrhosis (PBC)

Classical DM (CDM), 160

adult-onset, 163

CADM, comparison with, 161

juvenile-onset, 163

Clinically amyopathic dermatomyositis (CADM)

adult-onset, 159, 163

classical DM, comparison with, 161

diagnostic criteria, 159–160

disease course, 161

juvenile onset, 159, 163

therapy and prevention, 162–163

tools for assessing cutaneous disease activity and injury, 161

CNS vasculitis

angiography, 438

brain biopsy, 438

classification

Type I (primary, isolated, granulomatous), 435–436
Type II (associated with systemic vasculitis), 436

Type III (associated with other autoimmune diseases), 436

Type IV (associated with infections), 436
Type V (associated with malignancies, drugs), 437

diagnostic caveats, 439

diagnostic criteria, 438

diagnostic procedures, 437

laboratory tests, 437–438

neuroimaging, 438

therapy, 439

See also Neurological autoimmune diseases

Coagulation factors

Factor V, 558

Factor VIII, 557–558

Factor IX-XII, 558

Factor X, 558

Coagulopathies

acquired Factor VIII inhibitors, 557–558

acquired von Willebrand syndrome and, 558

Factor V inhibitors, 558–559

Factor VIII, 557

treatment, 558

See also Hematologic autoimmune diseases

Cogan syndrome (CS)

atypical, 129

audiovestibular manifestations, 130

clinical manifestations

audiovestibular, 130

ophthalmic, 130
systemic, 130–131

DEP-1/CD148 antigen and, 129

diagnostic criteria

atypical CS-type, 132

typical CS-type, 131
differential diagnosis, 132

epidemiology, 129

hearing loss, 130

laboratory and radiological data, 131

ophthalmic manifestations, 130
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pathogenesis, 129–130

treatment, 131

typical, 129

Cognitive behavioral therapy (CBT), 213

Cold lymphocytotoxins (CLTs), 535

Cold-induced autoinflammatory syndrome (CIAS), see

Cryopyrin-associated periodic syndromes (CAPS)

Colitis, see Ulcerative colitis (UC)

Combination therapies

for autoimmune hepatitis (AIH), 289–290

for multiple sclerosis (MS), 406

for PAH, 396–397

Compound muscle action potentials (CMAPs), 414

See also Lambert-Eaton myasthenic syndrome (LEMS)
Congenital hemophilia, 557–558

Conjunctivitis, 462

Kawasaki disease (KD) and, 126

See also Autoimmune uveitis (AU)
Connective tissue diseases (CTDs)

associated dermatomyositis (DM), 153

mixed (MCTD), 43–45, 397

PAH and, 397

Contraceptives

oral (OC), 274

See also Endometriosis
Coombs test, 510–511

See also Autoimmune hemolytic anemia (AIHA)

Coronary aneurysm, 125

See also Kawasaki disease

Corticosteroids (CS) for

antisynthetase syndrome, 173

ASNHL, 452

autoimmune Addison disease (AAD), 253

Behçet disease (BD), 115, 463

bullous pemphigoid, 351

Churg and Strauss syndrome (CSS), 105

CIDP treatment, 430

coagulopathies, 558

cutaneous DM, 162

dermatomyositis (DM), 157

epilepsy, 444

GBS, 429

Goodpasture disease, 124

granulomatous myositis, 176

Henoch–Schönlein purpura (HSP), 135

idiopathic orbital myositis (IOM), 472

immune thrombocytopenic purpura (ITP), 546

membranous nephropathy (MN), 489

microscopic polyangiitis (MPA), 96

minimal change nephropathy (MCN), 494

multiple sclerosis (MS), 405

myasthenia gravis (MG), 410

ocular manifestations in

Behçet disease (BD), 463

IBD, 462

JIA, 463
spondyloarthrophaties, 462
Vogt–Koyanagi–Harada syndrome, 464

orchitis, 283

pemphigus vulgaris, 351

PNS, 423–424

polyarteritis nodosa (PAN), 91

polymyositis (PM), 151

pure red cell aplasia (PRCA), 527

sarcoidosis, 192

sIBM, 167

vitiligo, 356

VKH, 469–470

Cosmetic modalities for vitiligo, 356

Cranial arteritis, 73–74

See also Giant cell arteritis (GCA)

C-reactive protein (CRP), 331

See also Inflammatory bowel disease (IBD)

Creatine kinase (CK)

dermatomyositis (DM) and, 153, 155

Crescentic glomerulonephritis

microscopic polyangiitis (MPA), 93–95

CREST, PAH and, 397

Crohn’s disease (CD)

biochemical features, 331

clinical manifestations, 330

diagnostic criteria, 332

endoscopy, 331

pathogenesis, 330

pathological features, 331

prognosis, 333

radiological study, 332

therapy, 332–333

See also Ulcerative colitis (UC)

Cryoglobulin, 137

See also Cryoglobulinema (CG)

Cryoglobulinema (CG)

background/historical note, 137

classification

type I, 137

type II, 137–138
type III, 137–138

clinical features, 138

cryoglobulinemic vasculitis, 304

diagnostic criteria, 137–138

HBV-associated, 138

HCV-associated, 138, 301, 304

histological data, 139

laboratory data, 138–139

prognosis, 139

serologic features, 138

treatment, 139–140

Cryoglobulinemic syndrome, see Cryoglobulinemia (CG)

Cryopyrin-associated periodic syndromes (CAPS)

familial cold autoinflammatory syndrome (FCAS), 206

Muckle–Wells syndrome (MWS), 206

NOMID/CINCA syndrome, 206

See also Periodic fever syndromes

CT scan for

IBD, 332

Takayasu arteritis (TA), 83

Cush criteria, 28

See also Adult Still disease (ASD)
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Cutaneous dermatomyositis, 154, 160

hallmark cutaneous manifestations of DM, 157

therapy and prevention, 162

See also Clinically amyopathic dermatomyositis (CADM);
Dermatomyositis (DM)

Cutaneous Dermatomyositis Disease Area and Severity Index

(CDASI), 161

Cutaneous Lupus Activity and Severity Index

(CLASI), 161

Cutaneous lupus erythematosus (CLE)

ACR criteria, 343–344

biochemical features, 345

CLASI (cutaneous lupus erythematosus disease area and

severity index), 344

classification

intermittent (ICLE), 342

LE tumidus (LET), 342

LE-nonspecific, 342
LE-specific, 342

clinical manifestations

ACLE, 342–343

chilblain LE (CHLE), 343

discoid LE (DLE), 343
intermittent cutaneous LE (ICLE), 343

LE profundus/panniculitis (LEP), 343

SCLE, 342–343
TEN-like ACLE, 342

direct immunofluorescence (DIF), 344

epidemiology, 341

histology, 344

history, 341

LE-specific cutaneous lesions

acute CLE (ACLE), 342
chronic CLE (CCLE), 342

subacute CLE (SCLE), 342

pathogenesis, 341–342

phototesting, 344–345

prediction, 346

prognosis, 346

SCLE, 341–342

serological features, 345–346

skin biopsy, 344

therapy and prevention, 346–347

See also Bullous pemphigoid; Pemphigus; Psoriatic arthritis

(PsA); Vitiligo
Cyclophosphamides (CYC) for

Churg and Strauss syndrome (CSS), 105

Cogan syndrome (CS), 131

focal and segmental glomerulosclerosis (FSGS), 500

Goodpasture disease, 124

IgA nephropathy (IgAN), 483

membranous nephropathy (MN), 489

microscopic polyangiitis (MPA), 96

Wegener granulomatosis (WG), 101–102

Cyclosporines for

aplastic anemia, 521

membranous nephropathy (MN), 489

minimal change nephropathy (MCN), 494

Cytopenias, 304

Dactylitis, 359

See also Psoriatic arthritis (PsA)
Dalakas and Hohfeld criteria

See also Dermatomyositis (DM), 156

Damiani and Levine criteria, 49–50

See also Relapsing polychondritis (RP)
Danger hypothesis, 61

See also Hapten hypothesis

De Quervain thyroiditis, see Subacute thyroiditis (SAT)

Deafness, 206

See also Autoimmune sensorineural hearing loss (ASNHL);
Muckle–Wells syndrome (MWS)

Delayed HIT, 551

Demyelination

multiple sclerosis (MS) and, 401

See also Acute inflammatory demyelinating polyneuropathy

(AIDP)

DEP-1/CD148 antigen, 129

See also Cogan syndrome (CS)
Depigmentation disorder in

eye, see Vogt–Koyanagi–Harada (VKH) syndrome

skin, see Vitiligo

Dermatomyositis (DM)

antisynthetase syndrome and, 171

classical (CDM), 160–161

classification

amyopathic DM, 153
cancer-associated, 153

connective tissue diseases-associated, 153

hypomyopathic DM, 153
idiopathic DM, 153

juvenile, 153
postmyopathic, 153

clinical manifestations

cutaneous, 154, 157

muscular, 154

skin, 154
cutaneous, 154, 157, 160

diagnostic criteria, 155–157

Bohan and Peter criteria, 156
criticisms, 156

Dalakas and Hohfeld, 156
electromyography, 155

epidemiology, 153

HCV and, 302

hypomyopathic, 160

idiopathic inflammatory dermato-myopathies (IIDM), 160

idiopathic inflammatory myopathies (IIM), 160

intravenous immunoglobulin (IV Ig) for, 157

laboratory abnormalities, 155

MRI, 155

muscle biopsy, 155

muscular ultrasound, 155

myositis-associated autoantibodies (MAA) and, 155

pathogenesis, 154

pathological features, 154–155

prediction, 157

premyopathic (PRPDM), 160

prognosis, 157

570 Index



serological features, 155

siné myositis, 159–160

therapy, 157

See also Clinically amyopathic dermatomyositis (CADM);

Polymyositis (PM)
Dermopathy, Graves disease (GD) and, 233

Desmoglein, 349–350

See also Pemphigus

Desquamative interstitial pneumonia (DIP), 389

Devic syndrome, see Neuromyelitis optica (NMO)

Diabetes mellitus (DM), 241–246

acute complications, 245, 246

beta-cell destruction prevention aspects, 244

chronic complications, 245, 246

classification

type I, 242

type II, 242

clinical manifestations, 245

complications, 246–248

diagnostics criteria, 243

epidemiology, 242–243

etiopathogenesis, 241–242

history/classification, 243

insulin analogs (IA) for, 245

insulin dependent (IDDM), 243

laboratory features, 244

management, 245

self-monitoring, patients’ education, and metabolic
follow-up, 247

treatment monitoring in children and adolescents, 247–248

non-insulin-dependent (NON-IDDM), 243

plasma blood glucose and, 244

prediction (screening), 244

therapy

global immunosuppressant protocols, 248

pancreas transplantation, 248
stem cell therapy for, 248

type 1, 243, 245

type 1A, 241–245

Diffuse alveolar damage (DAD), 389

Diffuse cutaneous SSc (dcSSc), 31–32

See also Limited cutaneous SSc (lcSSc)

Diffuse uveitis, 461

Dilated cardiomyopathy (DCM)

diagnostic criteria

criticism on, 369–370

echocardiographic criteria, 368–369
epidemiology, 367

idiopathic (IDCM), 373–374

laboratory findings, 368

onset prediction, 370

pathogenesis, 367–368

pathological features, 368

prognosis, 370

serological features, 368

therapy and prevention, 370

Direct immunofluorescence (DIF)

cutaneous lupus erythematosus (CLE), 344

pemphigus vulgaris, 350

Direct thrombin inhibitors (DTIs)

for heparin-induced thrombocytopenia (HIT), 555

Discoid LE (DLE)

ACR criteria, 343

direct immunofluorescence (DIF), 344

histology, 344

prediction, 346

prognosis, 346

serological features, 345–346

Disease modifying antirheumatic drugs (DMARDs)

adult Still disease (ASD) treatment, 28

psoriatic arthritis (PsA), 361

rheumatoid arthritis (RA) and, 18

DNA

double stranded (dsDNA), 3, 6

See also Systemic lupus erythematosus (SLE)
Doppler echocardiography for PH, 394

Drug-induced autoimmunity

antigen modification

foreign, 60–61

self, 60
central tolerance breakdown aspects, 60

clinical manifestations, 61

danger hypothesis, 61

diagnostic criteria, 62

epidemiology, 59

hapten hypothesis, 60

lupus, see Drug-induced lupus (DIL)

pathogenesis, 60

prediction, 63

prognosis, 62

PTU-induced vasculitis and, 62

T cells cross-reactivity, 60

therapy, 63

Drug-induced lupus (DIL), 59–62

antinuclear autoantibodies and, 62

central tolerance breakdown aspects, 60

clinical manifestations, 61

peripheral tolerance breakdown aspects, 60

serological features, 62

Dysplasia, 529

See also Myelodysplastic syndromes (MDS)

Dystrophy, polymyositis (PM) and, 149

Easospasm, 53

See also Raynaud phenomenon (RP)
Echocardiography

dilated cardiomyopathy (DCM), 369

Kawasaki disease (KD) and, 126

RHD and, 380–381

rheumatic fever (RF) and, 379–381

Elderly-onset rheumatoid arthritis (EORA), 77–78

See also Polymyalgia rheumatica (PMR)

Electrocardiography

dilated cardiomyopathy (DCM), 368

pulmonary hypertension (PH), 394

Electromyography (EMG)

ALS, 418

dermatomyositis (DM) and, 155
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Electromyography (EMG) (Cont.)
granulomatous myositis, 176

LEMS, 414

Electronic microscopy

IgA nephropathy (IgAN) and, 480

Electrophysiology for GBS, 428

EMA autoantibodies, 337

See also Celiac disease (CD)

Encephalitis, paraneoplastic limbic (PLE), 424

Encephalomyelitis, paraneoplastic (PEM), 424

End stage renal disease (ESRD)

focal and segmental glomerulosclerosis (FSGS) progession
to, 499

See also membranoproliferative glomerulonephritis (MPGN)

Endarteritis, 107

See also Buerger disease

Endocrine autoimmune disease

atrophic thyroiditis, 221–224

autoimmmune hypophysitis (AH), 255–258

autoimmune Addison disease (AAD), 251–253

autoimmune polyendocrine syndromes (APS), 265–269

diabetes mellitus (DM), 241–248

Graves disease (GD), 231–234

Hashimoto thyroiditis, 217–220

parathyroid disease, 259–264

postpartum thyroiditis (PPT), 237–239

subacute thyroiditis (SAT), 227–229

Endometriosis

clinical manifestations, 272

diagnostic criteria, 273

epidemiology, 271

pathogenesis, 271–272

pathological features, 272

prediction, 274

prevention, 275

serological features, 272–273

therapy, 274–275

See also Reproductive autoimmune diseases

Endomicroscopy, 332

Endomyocardial biopsy (EMB), 375, 376

Endomysial antibodies, 335

See also Celiac disease (CD)
Endoscopic retrograde cholangiography (ERC), 295, 298

Endoscopy

IBD, 331–332

magnification, 332

Endothelial function, 394

Endothelin-1 (ET-1) receptor antagonists

for PAH, 396

Endothelium, 53

See also Raynaud phenomenon (RP)
Enthesopathy, 359

Eosinophilia, 183

Churg and Strauss syndrome (CSS) and, 103

Eosinophilic fasciitis (EF)

clinical manifestations, 183–184

diagnosis, 184

diagnostic criteria, 184–185

signs and symptoms, 184

systemic sclerosis (SSc) and, 183–184

therapy and prognosis, 185

Eosinophilic myositis (EM)

clinical manifestations

eosinophilic perimyositis, 180

eosinophilic polymyositis, 179
focal eosinophilic myositis, 179

diagnosis, 180–181

diagnostic criteria, 181–182

laboratory findings, 181

pathology, 182

perimyositis, 181

polymyositis, 179, 181

signs and symptoms, 181

treatment and prognosis, 182

Epilepsy

anti-ganglioside antibodies (anti-GM Abs) in, 443

anti-glutamate receptor antibodies (anti-GluR Abs) in,
443–444

antiphospholipid antibodies in, 444

autoantibodies to GAD

clinical utility, 443
defined, 443

detection, 443
autoantibodies to VGKCAbs

clinical utility, 442–443
defined, 442

detected, 442

autoantigen definition

GAD, 443

VGKCAbs, 442

autoimmunity evidence for, 441

classification, 441

treatment and prognosis, 444

Epithelitis

autoimmune, 37

See also Sjögren syndrome (SS)

Epoprostenol, 396

Erythroblasts, 525

See also Pure red cell aplasia (PRCA)
Erythrocyte sedimentation rate (ESR)

adult Still disease (ASD), 26

giant cell arteritis (GCA) and, 73

Erythropoietin (EPO)

erythropoietic stimulating agents (ESA), 532

induced PRCA, 525–526

See also Myelodysplastic syndromes (MDS)
ESSG criteria for spondyloarthropathy, 198

Evan syndrome, 6

Exanthema, 125

See also Kawasaki disease (KD)
Experimental autoimmune oophoritis (EAO), 279

See also Premature ovarian failure (POF)

Experimental autoimmune orchitis (EAO), 282–283

See also Orchitis

Experimental parathyroiditis, 259

Extracranial arteritis, 73–74

See also Giant cell arteritis (GCA)

Extrahepatic manifestations in chronic HCV infection
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B-Cell lymphoproliferative processes, 304

organ-specific autoimmune diseases

DM, 302

thyroiditis, 302

systemic autoimmune diseases (SAD)

antiphospholipid syndrome (APS), 303
cryoglobulinemic vasculitis, 304

cytopenias, 304
rheumatoid arthritis (RA), 303

sarcoidosis, 304

Sjögren syndrome (SS), 302–303
systemic lupus erythematosus (SLE), 303

See also Hepatobiliary autoimmune diseases
Extraocular manifestations, VKH, 468

Extrathoracic sarcoidosis, 193

Extrinsic factor

pernicious anemia (PA) and, 514

gastric, see Vitamin B12

Eye manifestations, see Ocular manifestations

Factor V inhibitors, 558–559

Factor VIII

acquired, 557–558

hemophilia and, 557–558

See also Coagulopathies

Familial autoimmune disease (FAID), 65, 68

See also Multiple autoimmune syndromes (MAS)

Familial autoimmunity (FA), 68

Familial cold autoinflammatory syndrome (FCAS), 206

diagnostic criteria, 206

therapy, 206

Familial Hibernian fever (FHF), see Tumor necrosis factor

receptor–associated periodic syndrome (TRAPS)

Familial mediterranean fever (FMF)

biochemical features, 202

clinical manifestations, 202

diagnostic criteria, 202–203

pathological features, 202

symptoms and signs, 202

therapy, 203

See also Periodic fever syndromes

Fas autoantibodies

in ALS and, 418–419

in ASNHL, 450

Fatigue

fibromyalgia (FM) and, 212

sleep quality and, 212

Fautrel criteria, 28

Fertilization

in vitro, 283

See also Reproductive autoimmune diseases

Fever

adult Still disease (ASD) and, 25

Kawasaki disease and, 125

periodic

CAPS, 205–206
FMF, 201–203
HIDS, 204–205

PFAPA, 203–204

TRAPS, 204
rheumatic (RF), 379–380

Fibromyalgia (FM)

classification criteria, 210

clinical characteristics, 210

diagnosis, 210

fatigue and sleep quality, 212

FM Impact Questionnaire (FIQ), 212

functional assessment, 211–212

laboratory testing, 211

pain assessment,

Brief Pain Inventory, 211

FM Intensity Score (FIS), 212
Leeds Assessment of Neuropathic Symptoms and Signs

(LANSS), 211

McGill Pain Questionnaire, 211
quality of life (QoL) assessment, 212

signs and symptoms, 209–210

tender points (TP)

arbitrary and exclusionary aspects, 212
examination, 210

FM complexity reflection aspects, 212
relationship to underlying pathology, 213

subject to bias, 212

validity critiques, 212
treatment

cognitive behavioral therapy (CBT), 213

multidisciplinary, 213
non-pharmacologic, 213
pharmacotherapy, 213

Fibrosis

idiopathic pulmonary (IPF), 389

pancreatic, 307

See also Autoimmune pancreatitis (AIP)
Fibrositis, see Fibromyalgia (FM)

Fine needle aspiration (FNAB), 219

Five Factor Score (FFS)

Churg and Strauss syndrome (CSS), 105

polyarteritis nodosa (PAN), 91

Focal and segmental glomerulosclerosis (FSGS)

clinical presentation, 498

epidemiology, 497

histological variants

cellular, 498

classic, 498
collapsing, 498

perihilar, 498

tip, 498
natural history, 499

pathogenesis, 498

progression to ESRD, 499

relapse on transplanted kidney, 499

treatment, 499, 500

Focal eosinophilic myositis, 179

diagnosis criteria, 181

See also Eosinophilic myositis (EM)
Follicle-stimulating hormone (FSH), 277

See also Premature ovarian failure (POF)

4T algorithm, 553
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See also Heparin induced thrombocytopenia (HIT)
French Vasculitis Study Group (FVSG), 91

See also Polyarteritis nodosa (PAN)

Gangliosides

autoantibodies in

ALS, 419

epilepsy, 443

Gastric biopsy, 318

Gastric H/K ATPase, 315–318

Gastric intrinsic factor, 316

Gastric parietal cell, 316–319

Gastritis, see Autoimmune gastritis

Gastroenteric tract

Hashimoto thyroiditis (HT), 218

Gastrointestinal (GI) manifestations

Henoch–Schönlein purpura (HSP), 134

Gastrointestinal autoimmune diseases, seeAutoimmune gastritis

Giant cell arteritis (GCA)

abnormalities in laboratory tests, 74

cranial arteritis, 73

diagnosis, 75

diagnosis and diagnostic criteria, 74–75

MRI, 74
ultrasonography, 74

erythrocyte sedimentation rate (ESR) and, 73

extracranial arteritis, 73

glucocorticoids for, 75

polymyalgia rheumatica (PMR) and, 73, 77–79

signs and symptoms, 74

systemic symptoms, 73

therapy and course, 75

Giant cell thyroiditis, see Subacute thyroiditis (SAT)

Gliadin antibodies, 335

See also Celiac disease (CD)

Global immunosuppressant protocols, 248

See also Diabetes mellitus (DM)
Glomerular basement membrane (GBM)

membranous nephropathy (MN) and, 488

antibodies, 121

See also Goodpasture disease
Glomerulonephritis, 121

crescentic, 93–95

membranoproliferative (MPGN), 503–506

See also Focal and segmental glomerulosclerosis (FSGS);

Microscopic polyangiitis (MPA); Nephropathy
Glomerulosclerosis, 497–500

Glucocorticoids (GCs) for

autoimmune Addison disease (AAD), 253

autoimmune hemolytic anemia (AIHA), 511

Cogan syndrome (CS), 131

GCA, 75

hypersensitivity vasculitis (HSV), 144

idiopathic interstitial pneumonias, 391

orchitis, 283

polymyalgia rheumatica (PMR), 77–79

Takayasu arteritis (TA), 85

Glutamate receptor, 443–444

Glutamic acid decarboxylase (GAD)

autoantibodies in epilepsy

clinical utility, 443
defined, 443

detection, 443

autoantigen definition, 443

Gluten-free diet (GFD), 337–338

See also Celiac disease (CD)

Glycemic control, 247

See also Diabetes mellitus (DM)

Glycolipids

autoantibodies to, 419

See also Amyotrophic lateral sclerosis (ALS)
Goblet cell autoantibodies (GABs), 323, 325

See also Ulcerative colitis (UC)

Goiter

Graves disease (GD), 233

Hashimoto thyroiditis (HT), 218

Gonad, 281

See also Orchitis

Goodpasture disease

clinical manifestations, 122

diagnostic criteria, 123

epidemiology, 121

genetic studies, 122

history, 121

pathogenesis, 121–122

pathological features, 123

prediction, 124

prognosis, 123

serological features, 123

symptoms and signs, 123

therapy, 124

Graft-versus-host disease (GVHD)

aplastic anemia and, 522

Granulocyte agglutination test (GAT), 540

Granulocyte immunofluorescence test (GIFT), 540

See also Autoimmune neutropenia (AIN)
Granulomatous disease

myositis, 175–176

multisystemic, 189

type I (primary, isolated, granulomatous) CNS vasculitis,
435–436

Wegener granulomatosis (WG), 99–102

See also Sarcoidosis

Granulomatous lesions of unknown significance (GLUS), 192

Granulomatous myositis

biochemical features, 176

clinical manifestations, 175

diagnosis, 176

epidemiology, 175

etiology, 175

muscle biopsy and, 175

pathological features, 176

prognosis, 176

therapy, 176

Graves disease (GD)

biochemical features, 233

clinical manifestations

dermopathy, 233
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goiter, 233
hyperthyroidism, 232

ophthalmopathy, 233

thyroid acropachy, 233
diagnostic criteria, 233–234

epidemiology, 231

history, 231

pathogenesis, 232

pathological features, 233

prediction, 234

serological features, 233

symptoms and signs, 232–233

therapy, 234

See also Thyroiditis
Guillain-Barré syndrome (GBS)

AIDP, 427

AMAN, 427

AMSAN, 427

clinical course, 428

clinical criteria, 429

diagnosis, 428–429

epidemiology, 427

MFS, 427

pathogenesis, 427–428

serological features, 428

treatment, 429

H/K-ATPase, see gastric H/K-ATPase

Haematuria

asymptomatic, 478

macroscopic, 478

See also Immunoglobulin A nephropathy (IgAN)

Hallmark cutaneous manifestations, 157

See also Dermatomyositis (DM)
Hapten hypothesis, 60

See also Danger hypothesis

Hashimoto thyroiditis (HT)

clinical manifestations

cardiovascular system, 218

endocrine system, 218
gastroenteric tract, 218

hemopoietic system, 218

hyperthyroidism, 218–219
hypothyroidism, 218–219
neuropsychiatric system, 218

skeletal muscles and bones, 218

skin alterations, 218
urogenital system, 218

epidemiology, 217

goitrous form, 217–218

history, 217

laboratory findings, 219

L-T4 replacement therapy, 219–220

pathological features, 217–218

symptoms and signs, 218

therapy, 219–220

Headache, 73

See also Giant cell arteritis (GCA)

Hearing loss

Cogan syndrome (CS) and, 129–130

progressive, 129

See also Autoimmune sensorineural hearing loss (ASNHL);

Muckle–Wells syndrome (MWS)
Heart

involvement in sarcoidosis, 191

transplantation for IDCM, 377

See also Cardiovascular autoimmune diseases

Heliobacter pylori infection, 316–317

See also Autoimmune gastritis
Hematologic autoimmune diseases

aplastic anemia, 519–522

autoimmune hemolytic anemia (AIHA), 509–512

autoimmune neutropenia (AIN), 539–541

heparin-induced thrombocytopenia (HIT), 551–555

lymphopenia, 535–537

myelodysplastic syndromes (MDS), 529–533

pernicious anemia, 315–320, 513–517

pure red cell aplasia (PRCA), 525–528

thrombotic microangiopathies (TMAs), 547–549

See also Coagulopathies
Hematopoiesis, 529

See also Myelodysplastic syndromes (MDS)

Hematopoietic stem cell transplantation (HSCT)

aplastic anemia and, 522

myelodysplastic syndromes (MDS) and, 533

Hemolytic anemia, see Autoimmune hemolytic anemia (AIHA)

Hemolytic uremic syndrome (HUS), 547–549

clinical manifestations, 548

diagnostic criteria, 549

pathogenesis, 548

therapy, 549

See also Thrombotic thrombocytopenic purpura (TTP)

Hemophagocytic lymphohistiocytosis (HLH), 21–24

See also Macrophage activation syndrome (MAS)
Hemophilia

acquired, 557

congenital, 557–558

Hemophilia A, 557

See also Factor VIII
Hemopoietic system, Hashimoto thyroiditis (HT), 218

Henoch–Schönlein purpura (HSP)

clinical manifestations

abdominal pain, 134

arthralgias, 134

cardiac manifestations, 134
eye manifestations, 135

gastrointestinal (GI) manifestations, 134

palpable purpura, 134
renal involvement, 134

diagnostic criteria, 135

epidemiology, 133

history, 133

IgA nephropathy (IgAN), 133–135, 479, 481

pathogenesis, 133–134

prognosis, 135

serological features, 135

symptoms and signs, 134

therapy, 135
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Heparin

low-molecular weight (LMWH), 551–552

unfractionated (UHF), 551–552

Heparin induced thrombocytopenia (HIT)

autoantibodies in, 551

clinical features, 552

complicated by thrombosis (HITT), 551

delayed HIT, 551

diagnostic criteria

4T algorithm, 553
clinical, 552–553

laboratory, 553–554

incidence, 551–552

therapy, 554–555

unexplained (isolated HIT), 551

Hepatitis, see Autoimmune hepatitis (AIH)

Hepatitis B virus (HBV) infection

associated cryoglobulinema (CG), 138

polyarteritis nodosa (PAN) and, 87, 91–92

Hepatitis C virus (HCV) infection

autoantibodies associated with, 301

cryoglobulinema (CG) and, 137–138

extrahepatic manifestations in, 301–305

Hepatobiliary autoimmune diseases

extrahepatic manifestations in chronicHCV infection, 301–305

primary biliary cirrhosis (PBC), 291–293

primary sclerosing cholangitis (PSC), 295–298

See also Autoimmune hepatitis (AIH)
Hereditary IBM (hIBM), 165

See also Sporadic IBM (sIBM)
Heymann nephritis, 488

See also Membranous nephropathy (MN)
HISORt criteria, 308–310

See also Autoimmune pancreatitis (AIP)

HLA

associations with atrophic thyroiditis (AT), 222

autoimmune uveitis (AU) and, 462–463

celiac disease (CD) and, 335

class II antigens

dilated cardiomyopathy (DCM) and, 369

RF and, 379

HLA-B27 antigen, 462

HLA-B51 antigen

AU and, 463
Behçet disease (BD) and, 114

HLA-DR4 antigen, 463

IDCM and, 374, 376

MCTD and, 44

HTA

malignant, 478

See also Immunoglobulin A nephropathy (IgAN)

Human immunodeficiency virus (HIV) infections

Type IV CNS vasculitis, 436–437

Human tropomyosin isotype 5 (hTM5) antibodies, 325

Humoral autoantibody, 450–451

Huntington chorea, 445

See also Rheumatic chorea
Hyperbilirrubinemia, 288

Hypergammaglobulinemia, 288

Hypergastrinemia, 318–319

Hyperglycemia, 241

Hyper-IgD (HIDS) syndrome

biochemical features, 205

clinical manifestations, 204

diagnostic criteria, 205

pathological features, 205

therapy, 205

See also Periodic fever syndromes

Hyperparathyroidism

normocalciuric, 259

See also Autoimmune parathyroid disease;

Hypoparathyroidism
Hyperprolactinemia, 255

Hypersensitivity vasculitis (HSV)

classification, 141

clinical and laboratory features, 143

criteria, 142

diagnosis, 143

differential diagnosis, 143–144

endogenous antigens related, 141

exogenous antigens related, 141

history, 141

immunopathogenesis, 142

palpable purpura, 142

treatment, 144

Hypertension, see Pulmonary hypertension (PH)

Hyperthyroidism

apathetic, 232

Graves disease (GD), 232–234

Hashimoto thyroiditis (HT) and, 218–219

postpartum thyroiditis (PPT), 239

See also Hypoparathyroidism; Hypothyroidism

Hypomyopathic DM, 153, 160

See also Dermatomyositis (DM)

Hypoparathyroidism

chronic (CHP), 259–263

See also Hyperparathyroidism; Hyperthyroidism
Hypophysitis, see Autoimmmune hypophysitis (AH)

Hypothyroidism

Hashimoto thyroiditis (HT) and, 218

overt, 223

postpartum thyroiditis (PPT), 239

therapy, 219

See also Atrophic thyroiditis (AT); Hyperthyroidism;

Hypoparathyroidism

Idiopathic aplastic anemia, 519

Idiopathic CD4 lymphocytopenia (ICL), 535

Idiopathic DCM (IDCM)

cardiac-specific autoantibodies as predictors of, 377

clinical manifestations, 374

clinical presentation, 374

diagnostic criteria and detection techniques, 375–376

etiology, 374

HLA expression and, 374, 376

pathogenesis, 375

pathogenic mechanisms, 374

pathology, 374
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prevalence, 373

serological and cellular features, 374

treatment, 377

Idiopathic DM, 153

Idiopathic inflammatory dermato-myopathies (IIDM), 160

Idiopathic inflammatory myopathies (IIM), 160

dermatomyositis (DM), 153–157, see also under Idiopathic

DCM (IDCM)

inclusion body myositis (IBM), 165–167

polymyositis (PM), 149–151

See also Antisynthetase syndrome; Clinically amyopathic
dermatomyositis (CADM); Eosinophilic fasciitis (EF);

Eosinophilic myositis (EM); Granulomatous myositis

Idiopathic interstitial pneumonias

blood tests, 390

bronchoalveolar lavage (BAL), 390–391

classification, 389–390

clinical manifestations, 390

diagnostic approach, 390

diagnostic criteria, 391

idiopathic pulmonary fibrosis (IPF), 389

lung function testing, 390

radiology, 390

serological markers, 390

therapy, 391

Idiopathic nephrotic syndrome (INS)

minimal change nephropathy (MCN) and, 491

See also Nephropathy

Idiopathic orbital myositis (IOM)

biochemical features, 472

clinical manifestations, 471

diagnosis, 472

differential diagnosis, 472

epidemiology, 471

history, 471

pathological features, 472

therapy, 472–473

Idiopathic pulmonary arterial hypertension (IPAH)

clinical presentation, 394

prognosis, 397

Idiopathic pulmonary fibrosis, 389

blood tests, 390

bronchoalveolar lavage (BAL), 390

diagnostic criteria, 391

radiology, 390

therapy, 391

IgA nephropathy (IgAN), see Immunoglobulin A nephropathy
(IgAN)

Immune mediated neuropathies

chronic inflammatory demyelinating polyneuropathy (CIDP),
429–430

GBS, see Guillain-Barré Syndrome (GBS)

multifocal motor neuropathy (MMN), 430–431

paraneoplastic neuropathies, 431

vasculitic neuropathies, 431

See also Paraneoplastic neurological syndromes (PNS)

Immune thrombocytopenic purpura (ITP)

antiplatelet antibodies and, 543–545

clinical manifestations, 544–545

diagnostic criteria, 545

epidemiology, 543

history, 544

pathogenesis, 544

prediction, 545

therapy, 545–546

Immunofluorescence

bullous pemphigoid, 350

direct (DIF)

CLE, 344
pemphigus vulgaris, 350

IgA nephropathy (IgAN) and, 480

Immunoglobulin (Ig)

antibodies

IgG4 antibodies and autoimmune pancreatitis (AIP) and,
307–310

response in ASNHL, 450–451

intervenous (IVIG), 125, 127

autoimmune hemolytic anemia (AIHA), 512

dermatomyositis (DM), 157
epilepsy, 444

GBS, 429

IgA nephropathy (IgAN), 483–484
immune thrombocytopenic purpura (ITP), 546

Kawasaki disease (KD), 125, 127

myasthenia gravis (MG), 410
PNS, 423–424

Immunoglobulin A nephropathy (IgAN)

acute renal failure and, 478

asymptomatic haematuria and, 478

chronic renal failure and, 479

clinical features, 478

diagnosis, 482

epidemiology, 477–478

histology

clinical evolution and progression factors, 481
electronic microscopy, 480

evolution following kidney transplant, 482
immunofluorescence findings, 480

light microscopy, 480

mesangial deposits, 481
Schönlein–Henoch purpura and IgAN, histological

differences between, 481

macroscopic haematuria and, 478

malignant HTA and, 478

nephrotic syndrome and, 478

pregnancy and, 480

proteinuria and, 478

Henoch–Schönlein purpura and, 133–135, 479, 481

secondary forms of, 480

treatment

ACE inhibitor, 482–483

ARA II, 482
azathioprine, 483

cyclophosphamide, 483

immunosuppressives, 483
intravenous immunoglobulin, 483–484
mycophenolate, 483

non-immunosuppressives, 482–483
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Immunoglobulin A nephropathy (IgAN) (Cont.)
prednisone, 483

Immunomodulatory drugs (IMiDs) for

cutaneous DM, 162

myasthenia gravis (MG), 410

myelodysplastic syndromes (MDS), 532–533

Immunomosupressives for

adult Still disease (ASD) treatment, 28

antiphospholipid syndrome (APS), 13

antisynthetase syndrome, 173

aplastic anemia, 521, 522

autoimmune gastritis, 319

autoimmune hemolytic anemia (AIHA), 512

autoimmune hepatitis (AIH), 289, 290

autoimmune uveitis (AU), 464

Behçet disease (BD), 115

bullous pemphigoid, 351

CD, 333

Churg and Strauss syndrome (CSS), 103, 105

CNS vasculitis, 439

coagulopathies, 558

dermatomyositis (DM), 157

diabetes mellitus (DM), 248

epilepsy, 444

granulomatous myositis, 176

hypersensitivity vasculitis (HSV), 144

IBD, 333

IDCM, 377

idiopathic interstitial pneumonias, 391

IgA nephropathy (IgAN), 483

LEMS, 415

membranoproliferative glomerulonephritis (MPGN), 505

membranous nephropathy (MN), 489

microscopic polyangiitis (MPA), 96

minimal change nephropathy (MCN), 494

myasthenia gravis (MG), 410

myelodysplastic syndromes (MDS), 532

orchitis, 283

pemphigus vulgaris, 351

polyarteritis nodosa (PAN), 91

primary biliary cirrhosis (PBC), 293

pure red cell aplasia (PRCA), 527

relapsing polychondritis (RP), 50

ulcerative colitis (UC), 327, 333

vasculitic neuropathies, 431

VKH, 470

In vitro fertilization (IVF), 283

See also Reproductive autoimmune diseases
Inclusion body myositis (IBM)

hereditary (hIBM), 165

sporadic (sIBM)

associated immune disorders, 167

biochemical features, 166
clinical manifestations, 166

diagnostic categories, 167

diagnostic criteria, 167
differential diagnosis, 166
epidemiology, 165
history, 165

pathogenesis, 165
pathological features, 166

prognosis, 167
serological features, 166

therapy, 167
See also Polymyositis (PM)

Incomplete KD, 127

See also Kawasaki disease (KD)

Infections (Type IV CNS vasculitis associated)

human immunodeficiency virus (HIV), 436–437

varicella zoster virus (VZV), 436

Infertility

female, see Premature ovary failure (POF)

male, see Orchitis

Inflammatory bowel disease (IBD), 329–333

autoimmune uveitis (AU) and, 462

biochemical features, 331

chromoendoscopy, 332

clinical manifestations, 330

diagnostic criteria, 332

endomicroscopy, 332

endoscopy, 331–332

epidemiology, 329

pathological features, 331

pathogenesis, 330

primary sclerosing cholangitis (PSC) and, 296, 297

prognosis, 333

radiological study, 332

therapy

Crohn’s disease (CD), 332–333
ulcerative colitis (UC), 333

See also Ulcerative colitis (UC)

Inflammatory myopathies, see Idiopathic inflammatory
myopathies (IIM)

Inflammatory pseudotumour, see Idiopathic orbital myositis
(IOM)

Insulin

adverse effects, 248

analogs (IA), 245

anti-, 241

dependent DM (IDDM), 243

pharmacokinetics and bioavaibility, 247

See also Diabetes mellitus (DM)

Interface hepatitis, 287

See also Autoimmune hepatitis (AIH)

Intermediary uveitis, 461

Intermittent CLE (ICLE), 342–343

See also Cutaneous lupus erythematosus (CLE)
Interstitial keratitis (IK), 129

Interstitial lung disease (ILD), 169–173

anti-Jo-1with, 171

antisynthetase syndrome and, 171–173

therapy, 173

See also Antisynthetase syndrome

Interstitial pneumonias, see Idiopathic interstitial pneumonias

Intestinal lesion degrees, see under Celiac disease (CD)

Intracytoplasmic sperminjection (ICSI), 283

See also Orchitis

Intramuscular vitamin B12, 319–320

578 Index



Intrathoracic involvement, sarcoidosis and, 190

Intravenous immunoglobulin (IVIg), see under

Immunoglobulin (Ig)

Intrinsic factor

antibodies, 319

gastric, 316

pernicious anemia (PA) and, 513–514

Invasive treatments, PAH, 397

Islet transplant, 248

See also Diabetes mellitus (DM)
Isolated HIT, 551

Isolated PRCA, 525

Isolated premature ovarian failure (POF)

autoimmunity aspects

anti-DNA antibodies, 278

antinuclear antibodies (ANA), 278
antireceptor antibodies, 278

anti-zona pellucida antibodies, 278

autoantibodies against other endocrine systems, 278
cellular immunity alterations in, 278–279

ovarian histology in, 278

Japan Pancreas Society (JPS) criteria, 308–310

Jones criteria, 380

Juvenile DM, 153

Juvenile idiopathic arthritis (JIA)

autoimmune uveitis (AU) and, 462–463

systemic onset (soJIA), 21–24

Juvenile-onset CADM, 163

See also Adult-onset DM

Juvenile-onset spondyloarthropathy, 196

Kaleidoscope of autoimmunity, 65

Kawasaki disease (KD)

atypical/incomplete, 127

autoimmune uveitis (AU) and, 463

clinical manifestations

changes in extremities, 125

conjunctival injection, 126

exanthema, 125
fever, 125
lips and oral cavity, changes in, 126

lymphadenopathy, 126

course and phases

acute febrile phase, 126

convalescence phase, 126
subacute phase, 126

diagnostic criteria, 127

differential diagnosis, 127

echocardiography, 126

epidemiology, 125

intravenous immunoglobulin (IVIG) for, 127

laboratory findings, 126

pathogenesis, 125

treatment, 127

Keratinocytes

autocytotoxicity theory, 355

neural theory, 355

See also Vitiligo

Keratitis, see Interstitial keratitis (IK)

Kidney disorder, 133

SLE and, 4

See also Henoch–Schönlein purpura (HSP); Immunoglobulin

A nephropathy (IgAN)
Kidney transplant

focal and segmental glomerulosclerosis (FSGS) and replapse

on, 499

IgA nephropathy (IgAN) and, 482

Kim criteria, 308–310

Lambert-Eaton myasthenic syndrome (LEMS)

cancer detected (CD-LEMS), 413

clinical features, 414

detection methods, 414–415

diagnostic features, 414

electrophysiological studies, 414

epidemiology, 413

laboratory studies, 414

no cancer detected (NCD-LEMS), 414

pathogenicity, 414

prognosis, 415

SCLC associated, 413–415

serological features, 415

therapy, 415

VGCCs and, 413

LANSS Pain Scale, 211

Laparoscopy, 275

Laparotomy, 275

Large granular lymphocytes, 525

See also Pure red cell aplasia (PRCA)

Leeds Assessment of Neuropathic Symptoms and Signs

(LANSS), 211

Left ventricular end diastolic volume (LVEDV), 367

Left-side colitis, 324

Leukemia, 531

Libman-Sacks endocarditis, 5

Light microscopy, 480

Limbic encephalitis

paraneoplastic (PLE), 424

Limited cutaneous SSc (lcSSc), 31–32

See also Diffuse cutaneous SSc (dcSSc)
Lipoid nephrosis, 491

See also Minimal change nephropathy (MCN)

Liver diseases, cholestatic

PBC, 291–293

PSC, 295–298

See also Autoimmune hepatitis (AIH)
Liver involvement in sarcoidosis, 191

Liver transplantation

autoimmune hepatitis (AIH) and, 290

PBC, 293

PSC, 298

Löfgren syndrome (LS), 189

See also Sarcoidosis

Lou Gehrig disease, see Amyotrophic lateral sclerosis (ALS)

Low-molecular weight heparin (LMWH), 551–552

L-T4 replacement therapy, 219–220

See also Hashimoto thyroiditis (HT)
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Lung biopsy, 391

Lung diseases (LD)

idiopathic interstitial pneumonias, 389–391

interstitial (ILD), 169

PAH, 393–397

SLE and, 4

small cell lung carcinoma (SCLC), 413

See also Antisynthetase syndrome

Lupus

anticoagulant (LA), 9

band test (LBT)

drug-induced (DIL), 59

erythematosus (LE)

LE profundus/panniculitis (LEP), 343–344
LE tumidus (LET), 342

nephritis, 5

See also Cutaneous lupus erythematosus (CLE); Systemic

lupus erythematosus (SLE)

Luteinizing hormone (LH), 277

See also Premature ovarian failure (POF)

Lymph node syndrome

mucocutaneous, 125

See also Kawasaki disease (KD)

Lymphadenopathy

Kawasaki disease (KD) and, 126

SLE and, 6

Lymphocyte cytotoxic antibodies (LCAs), 535–537

Lymphocytes, 217–218

large granular, 525

See also Hashimoto thyroiditis (HT); Pure red cell aplasia
(PRCA)

Lymphocytic adenohypophysitis (LAH), 255–256

Lymphocytic hypophysitis (LH), see Autoimmmune
hypophysitis (AH)

Lymphocytic infundibuloneurohypophysitis (LINH), 255–256

Lymphocytic panhypophysitis (LPH), 255–256

Lymphocytopenia, idiopathic (ICL), 535

Lymphocytotoxins

cold (CLTs), 535

See also Lymphopenia

Lymphoid interstitial pneumonia (LIP), 389

Lymphoma

hepatitis C virus (HCV) and, 301

Sjögren syndrome (SS) and, 37–38

Lymphopenia

clinical presentation, 536

in rheumatoid arthritis (RA), 535–536

in SLE, 535–536

LCA effect, 535–537

pathogenesis, 535

serological concerns, 536–537

Lymphoplasmacytic sclerosing pancreatitis (LPSP), 307, 310

See also Autoimmune pancreatitis (AIP)

Lymphoproliferative processes, B-Cell

HCV and, 304

Macrophage activation syndrome (MAS)

HLH and, 21–24

soJIA and

clinical and laboratory manifestations, 22
diagnostic criteria, 22–23

diagnostic criteria, problems in current, 23

epidemiology, 21
pathogenesis, 21–22
treatment, 23–24

Macroscopic haematuria, IgA nephropathy (IgAN) and, 478

Magnetic resonance angiography (MRA), 438–439

Magnetic resonance cholangiography (MRC), 298

Magnetic resonance imaging (MRI)

CNS vasculitis, 438–439

dermatomyositis (DM), 155

GCA, 74

IBD, 332

multiple sclerosis (MS), 403–405

Takayasu arteritis (TA), 83

Magnification endoscopy, 332

See also Inflammatory bowel disease (IBD)

Major histocompatibility complex (MHC)-class I antigens, 149

Malignant HTA, 478

Mayo

model, 298

score, 293

See also Primary biliary cirrhosis (PBC)
McAdam criteria, 49

See also Relapsing polychondritis (RP)

McDonald criteria, 401, 404

See also Multiple sclerosis (MS)
McGill Pain Questionnaire (MPQ), 211

Mechanic hands, 171

See also Antisynthetase syndrome

MEFV gene, 202–203

Melanocytes, 353

autocytotoxicity theory, 355

genetic hypothesis, 355

neural theory, 355

See also Vitiligo
Melanoma associated retinopathy (MAR)

clinical manifestation, 458

diagnosis, 458

differential diagnosis, 458–459

epidemiology, 457

pathologic features, 457

therapy, 459

See also Cancer associated retinopathy (CAR)
Membranoproliferative glomerulonephritis (MPGN)

classification, 503–504

intramembranous dense deposits (type II), 503
primary, 503

secondary, 503
subendothelial (type I), 503

subendothelial and subepithelial deposits (type III), 503
clinical manifestations, 504

diagnostic criteria, 505

epidemiology, 503

pathogenesis, 503–504

pathology, 504

prognosis, 505

serological features, 505
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treatment, 505–506

type I

pathogenesis, 503

pathology, 504
serological features, 505

type II

pathogenesis, 504

pathology, 504
serological features, 505

type III

pathogenesis, 504

pathology, 504
serological features, 505

Membranous nephropathy (MN)

biochemical findings, 488

clinical manifestations, 488

diagnostic criteria, 488–489

epidemiology, 487

glomerular basement membrane (GBM) and, 488

Heymann nephritis, 488

pathogenesis, 488

pathology, 487–488

prognosis, 489

subepithelial deposits, 488

treatment, 489

urinary findings, 488

See also Proteinuria
Mesangiocapillary glomerulonephritis, see

Membranoproliferative glomerulonephritis (MPGN)

Michet criteria, 49

Microangiopathies

dermatomyositis (DM) and, 154

Susac syndrome, 117

thrombotic (TMAs), 547–549

Microscopic polyangiitis (MPA)

ANCA-associated, 93–96

clinical manifestations, 95

definition, 93

diagnostic criteria, 96

epidemiology, 93

glomerulonephritis and, 93–95

history, 93

necrotizing, 93–95

pathogenesis, 93–95

pathological features, 95

prognosis, 96

serological features, 95–96

therapy, 96

See also Arteritis

Miller Fisher syndrome (MFS), 427

clinical course, 428

serological features, 428

Minimal change nephropathy (MCN)

biochemical features, 492–493

clinical manifestations, 492

diagnostic criteria, 493

epidemiology, 491

history, 491

in adults, 492

in children, 492

INS and, 491

pathogenesis, 492

pathology, 491

prediction, 493

prognosis, 493

therapy, 493, 494

Mitochondrial antigens, 291

Mixed connective tissue diseases (MCTD)

anti-U1RNP antibodies and, 44–45

clinical manifestations, 43–44

diagnostic criteria

Alarcon-Segovia, 44–45
Kasukawa, 44–45

Sharp, 44–45

HLA type, 44

laboratory abnormalities, 44

prognosis, 44

type III CNS vasculitis, 436

Morning stiffness, 77

See also Polymyalgia rheumatica (PMR)
Motor axonal neuropathy

AMAN, 427

AMSAN, 427

Motor neurones, 417–418

See also Amyotrophic lateral sclerosis (ALS)
Movement disorder, see Chorea

Muckle–Wells syndrome (MWS), 206

Mucocutaneous lymph node syndrome, 125

See also Kawasaki disease (KD)

Multifocal motor neuropathy (MMN)

diagnosis, 431

epidemiology, 430

pathogenesis, 430–431

treatment, 431

Multiple autoimmune syndromes (MAS), 65–68

MAS-1, 66

MAS-2, 66

MAS-3, 66

prediction and prevention, 68

treatment, 68

See also Familial autoimmune disease (FA); Polyglandular
autoimmune syndrome (PAS)

Multiple sclerosis (MS)

clinical manifestations, 402–403

primary progressive (PP-MS), 402

relapsing–remitting (RR-MS), 402
secondary progressive (SP-MS), 402

diagnosis/laboratory data, 403

diagnostic criteria

McDonald criteria, 404

MRI criteria, 403–405

history, 401

imaging, 403

management

combination therapies, 406
corticosteroids, 405
disease-modifying drugs, 406

personalized medicine, 406
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Multiple sclerosis (MS) (Cont.)
symptomatic treatment, 405

MRI criteria, 403–405

pathogenesis, 402

pathological features, 402

Muscle

biopsy

dermatomyositis (DM), 155
granulomatous myositis and, 175
polymyositis (PM), 150

specific kinase (MuSK), 408–409

weakness

in granulomatous myositis, 175
skeletal, see Myasthenia gravis (MG)

Muscular rheumatism, see Fibromyalgia (FM)

Muscular ultrasound, 155

Musculoskeletal

pain, 209

system involvement in sarcoidosis, 191

Mutilans, see Arthritis mutilans

Myasthenia gravis (MG)

autoantibodies to

acetylcholine receptor (AChR), 407–409
muscle-specific kinase (MuSK), 408–409

clinical manifestations, 408

diagnostic criteria, 408–410

epidemiology, 407

history, 407

pathogenesis, 407–408

pathological features, 408

serological features, 408

therapy, 410

Mycophenolate, 483

Myelitis

defined, 434

See also Neuromyelitis optica (NMO)
Myelodysplastic syndrome (MDS)

autoimmunity aspects, 530

classification

CMML, 531

FAB, 531

RAEB, 530
RAEB-T, 531

RARS, 531
refractory anemia (RA), 530

WHO, 531
clinical manifestations, 530

epidemiology, 529

epigenetic DNA modifiers, 532

history, 529

karyotypic and molecular abnormalities, 531

pathogenesis, 529–530

prognosis, 531

pure red cell aplasia (PRCA) and, 526

treatment

anti-angiogenics, 532–533
epigenetic DNA modifiers, 532
hematopoietic stem cell transplantation (HSCT), 533

immunomodulatory drugs (IMiDs), 532–533

immunosuppressive therapy, 532
promising investigational approaches, 533

supportive care, 532

Myeloperoxidase

MPO-ANCA, 93–96, 123

See also Goodpasture disease; Microscopic polyangiitis (MPA)

Myopathies, see Idiopathic inflammatory myopathies (IIM)

Myosin heavy chain

anti-alpha, 367

See also Dilated cardiomyopathy (DCM)

Myositis

antisynthetase-associated, 169

associated autoantibodies (MAA), 155

eosinophilic, 179–182

granulomatous, 175–176

inclusion body (IBM)

hereditary (hIBM), 165

sporadic (sIBM), 165–167
orbital, 471–473

polymyositis (PM) and, 149–151

See also Antisynthetase syndrome; Eosinophilic fasciitis (EF);
Idiopathic inflammatory myopathies (IIM)

Myxedema, 223

See also Atrophic thyroiditis (AT)

Nadashkevich criteria, 33

See also Systemic sclerosis (SSc)

NALP gene, 317

Narrowband ultraviolet B (NB-UVB), 357

Necrotizing vasculitis

microscopic polyangiitis (MPA), 93–95

polyarteritis nodosa (PAN), 91

Neonatal-onset multisystem inflammatory disease,

see NOMID/CINCA syndrome

Nephritic factor, 503

See also membranoproliferative glomerulonephritis (MPGN)
Nephritis

anti-GBM, 121

Heymann, 488

See also Goodpasture disease; Membranous nephropathy

(MN)

Nephropathy

IgA (IgAN), 477–484

membranous (MN), 487–489

minimal change (MCN), 491–494

Nephrotic syndrome (NS)

idiopathic (INS), 491

IgA nephropathy (IgAN) and, 478

See also Focal and segmental glomerulosclerosis (FSGS);

Membranous nephropathy (MN)
Neural hypothesis, 354–355

See also Vitiligo

Neural theory, keratinocytes, 355

Neurodegenerative disorder, see Amyotrophic lateral sclerosis

(ALS)

Neuroimaging, CNS vasculitis, 438

Neurological autoimmune diseases

ALS, 417–419

ASNHL, 449–453
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CNS vasculitis, 435–439

chorea, 445–447

epilepsy, 441–444

immune-mediated neuropathies, 427–431

LEMS, 413–415

multiple sclerosis (MS), 401–406

myasthenia gravis (MG), 407–410

NMO, 433–434

paraneoplastic neurological syndromes (PNS), 421–426

Neurological involvement in sarcoidosis, 191

Neuromyelitis optica (NMO), 433–434

Neuronopathy

immune-mediated

CIDP, 429–430

GBS, see Guillain-Barré Syndrome (GBS)
multifocal motor neuropathy (MMN), 430–431

paraneoplastic neuropathies, 431

vasculitic neuropathies, 431
subacute sensory (SSN), 425–426

See also Paraneoplastic neurological syndromes (PNS)

Neuropsychiatric lupus (NPSLE), 5

Neuropsychiatric system, Hashimoto thyroiditis (HT), 218

Neurosarcoidosis, 191

Neurosthenia, 209

Neutropenia, see Autoimmune neutropenia (AIN)

NK cell activity, MAS and, 21–24

No cancer detected LEMS (NCD-LEMS), 414

NOMID/CINCA syndrome

biochemical features, 206

clinical manifestations, 206

diagnostic criteria, 206

therapy, 206

Non-insulin-dependent DM (NON-IDDM), 243

See also Diabetes mellitus (DM)

Non-organ-specific autoantibodies (NOSA)

chronic HCV infection associated, 301

See also Organ-specific autoimmune diseases

Nonspecific interstitial pneumonia (NSIP), 389

Normocalciuric hyperparathyroidism, 259

See also Autoimmune parathyroid disease

NSAIDs for

adult Still disease (ASD), 28

Behçet disease (BD), 115

Buerger disease, 110

endometriosis, 274

nonsteroidal, 144

relapsing polychondritis (RP), 50

sarcoidosis, 192

spondyloarthropathies (SPA), 198

subacute thyroiditis (SAT), 229

Objective ocular involvement in SS, 38–39

Objective salivary involvement in SS, 38–40

Ocular autoimmune diseases

autoimmune retinopathies (AR), 457–459

autoimmune uveitis (AU), 461–464

idiopathic orbital myositis (IOM), 471–473

Vogt–Koyanagi–Harada (VKH) syndrome, 467–470

Ocular manifestations

Behçet disease, 463

Cogan syndrome (CS), 130

Henoch–Schönlein purpura (HSP), 135

inflammatory bowel diseases, 462

juvenile idiopathic arthritis, 462–463

Kawasaki disease (KD), 463

sarcoidosis, 190, 464

Sjögren syndrome (SS) and, 38

spondyloarthrophaties, 462

Susac syndrome, 118

Vogt–Koyanagi–Harada syndrome, 463–464

Oligoarticular pattern of PsA, 359

Onconeural antibodies, 422

Oophoritis

experimental autoimmune (EAO), 279

See also Premature ovarian failure (POF)
Ophthalmopathy

Graves, 231, 233

See also Graves disease (GD); Ocular manifestations
Opsoclonus-myoclonus syndrome (OMS), 425

Optic nerve, 433

See also Neuromyelitis optica (NMO)
Oral

calcium therapy for autoimmune parathyroid disease, 263

contraceptives (OC), 274

ulcers, see Behçet disease (BD)

vitamin B12, 319–320

Orbital myositis, see Idiopathic orbital myositis (IOM)

Orchitis

ASA diagnostic tests in males, 283

clinical and serological findings, 282

clinical manifestations, 282–283

diagnostic criteria

primary, 282

secondary, 282

epidemiology, 281

experimental autoimmune (EAO), 282–283

imaging, 283

pathogenesis, 282

pathological features, 283

treatment, 283

Organizing pneumonia (OP), 389

Organ-specific autoimmune diseases

HCV and

DM, 302
thyroiditis, 302

See also Endocrine autoimmune diseases; Non-organ-specific

autoantibodies (NOSA); Reproductive autoimmune
diseases

Osteoarthritis (OA)

psoriatic arthritis (PsA) and, 360

Ovarian failure, see Premature ovarian failure (POF)

Overlap syndrome, 287

defined, 289

See also Autoimmune hepatitis (AIH)

Overt hypothyroidism, 223

See also Atrophic thyroiditis (AT)
OxLDL antibodies, 384, 386

See also Atherosclerosis
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Pain

fibromyalgia (FM), 211

musculoskeletal, 209

Palpable purpura, 134

hypersensitivity vasculitis (HSV) and, 141–142

See also Henoch–Schönlein purpura (HSP)

Pancolitis, 324

See also Ulcerative colitis (UC)
Pancreas transplant, 248

See also Diabetes mellitus (DM)

Pancreatic fibrosis, 307

Pancreatitis, see Autoimmune pancreatitis (AIP)

Pancytopenia, 519

See also Aplastic anemia

Panniculitis, 343

Panuveitis, see Diffuse uveitis

Paraneoplastic neurological syndromes (PNS)

antibody specificities to, 422

clinical manifestations, 423

diagnostic criteria, 423

epidemiology, 421

history, 421

management, 423

onconeural antibodies associated to, 422

opsoclonus-myoclonus syndrome (OMS), 425

paraneoplastic cerebellar degeneration (PCD), 425

paraneoplastic encephalomyelitis (PEM), 424

paraneoplastic limbic encephalitis (PLE), 424

pathogenesis, 421–422

prognosis, 423

serological features, 423

subacute sensory neuronopathy (SSN) and, 425–426

therapy, 423–424

Paraneoplastic neuropathies, 431

Paraneoplastic retinopathy (PR)

CAR, 457–459

clinical manifestation, 458

diagnosis, 458

differential diagnosis, 458–459

epidemiology, 457

MAR, 457–459

pathologic features, 457–458

therapy, 459

See also Autoimmune retinopathies (ARs)

Parathyroid

anatomy and physiology, 259

autoantibodies, 260–261

See also Autoimmune parathyroid disease

Parathyroid hormone (PTH), 259

Parathyroiditis, 259

Parietal cell

gastric, 315

See also Autoimmune gastritis
Parvovirus

B19 infection, 525–526

See also Pure red cell aplasia (PRCA)
Pauci-immune vasculitis, 95

See also Microscopic polyangiitis (MPA)

PEG-interferon, 140

Pemphigus, 349

antibodies, 349

epidemiology, 349

pathogenesis, 349–350

variants

paraneoplastic pemphigus, 349
pemphigus foliaceus, 349

pemphigus vulgaris, 349
See also Bullous pemphigoid

Pemphigus vulgaris

clinical manifestations, 350

diagnostic criteria, 350

direct immunofluorescence, 350

epidemiology, 349

pathologic features, 350

prognosis, 350

therapy, 351

Perimyositis

diagnosis criteria, 181

eosinophilic, 180–181

See also Eosinophilic myositis (EM)

Periodic fever accompanied by aphthous stomatitis, pharyngitis,
and cervical adenitis syndrome (PFAPA)

clinical manifestations, 203

diagnostic criteria, 203

pathological features, 203

therapy, 204

Periodic fever syndromes, 201

cryopyrin-associated periodic syndromes (CAPS), 205–206

familial mediterranean fever (FMF), 201–203

hyper-IgD (HIDS), 204–205

PFAPA, 203–204

tumor necrosis factor receptor–associated periodic syndrome

(TRAPS), 204

Peripartum cardiomyopathy (PPCM), 373

pathogenesis, 375

prevalence, 374

serological and cellular features, 374

Pernicious anemia (PA), 315–320

autoantibodies to, 516

autoimmune diseases, association with, 317

biochemistry, 318

clinical manifestations, 514–515

diagnostic criteria, 516

epidemiology, 513

gastritis (type A) and, 514–515

hematology, 318, 515

history, 513–514

pathogenesis, 514

pathological features, 318, 515

prognosis, 319, 516

serological and biochemical features,
318, 515–516

symptoms and signs, 317

therapeutic management, 319–320, 516–517

vitamin B12 deficiency, 513–517

See also Autoimmune gastritis

Personalized medicine, 406
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Pharyngitis, see Periodic fever accompanied by aphthous
stomatitis, pharyngitis, and cervical adenitis syndrome

(PFAPA)

Phosphodiesterase-5 (PDE-5) inhibitors, 396

Photosensitive CLE, 341–342

Phototesting, 344–345

DLE, 345

LET, 345

SCLE, 345

See also Cutaneous lupus erythematosus (CLE)

Pigmenting disorder, see Vitiligo

Pituitary adenoma, 257

See also Autoimmmune hypophysitis (AH)
Pituitary gland, 255

Platelet

antibodies, 543

factor 4 (PF4), 551

See also Immune thrombocytopenic purpura (ITP);
Thrombocytopenia

Pleural effusions, SLE and, 4

Pneumonias, see Idiopathic interstitial pneumonias

Polyangiitis, see Microscopic polyangiitis (MPA)

Polyarteritis nodosa (PAN)

clinical features, 88

clinical manifestations, 87–88

CNS vasculitis (Type II) and, 436

definition and classification criteria

ACR criteria, 89–90

Chapel Hill definition, 89–90
disease course and prognosis, 91

epidemiology, 87

HBV-associated, 87, 91–92

histologic diagnosis, 89

imaging findings, 89

laboratory features, 88

necrotizing, 91

pathogenesis, 87

single-organ vasculitis, 91

treatment, 91

Polyarticular pattern of psoriatic arthritis (PsA), 360

Polychondritis, see Relapsing polychondritis (RP)

Polychondropathia, 47

See also Relapsing polychondritis (RP)

Polydermatomyositis (PM/DM), 43

Polyendocrine syndromes, see Autoimmune polyendocrine

syndromes (APS)

Polyendocrinopathy

autoimmune (APS), 253

See also Autoimmune Addison disease (AAD)

Polyglandular autoimmune syndrome (PAS), 66, 259

Familial autoimmune disease (FA), 68

Type I (PASI), 68

Type II (PASII), 66, 68

Type III (PASIII), 68

Type IV (PASIV), 68

See also Autoimmune parathyroid disease; Multiple

autoimmune syndromes (MAS)
Polymorphonuclear neutrophils (PMNs), 539

See also Autoimmune neutropenia (AIN)

Polymyalgia rheumatica (PMR), 74

diagnosis, 77–78

diagnostic criteria, 77–78

GCA and, 77–79

therapy and course, 78–79

Polymyositis (PM)

anti-Jo-1 with, 169–170

antisynthetase syndrome and, 169–171

autoantibodies and, 150

clinical manifestations, 149–150

diagnosis, 150

diagnostic criteria, 151

eosinophilic, 179, 181

epidemiology, 149

features, 150

MCH class I antigen and, 149

pathogenesis, 149

pathology, 150

serological features, 150

treatment, 151

See also Dermatomyositis (DM); Eosinophilic myositis (EM);

Inclusion body myositis (IBM)

Positive predictive value (PPV)

Sjögren syndrome (SS), 40

Posterior uveitis, 461

Postmyopathic DM, 153

See also Dermatomyositis (DM)
Postpartum thyroiditis (PPT)

biochemical features, 238

clinical manifestations, 238

diagnostic criteria, 238–39

epidemiology, 237

history, 237

hyperthyroid phase, 239

hyperthyroidism, 239

hypothyroidism, 239

pathogenesis, 237

pathological features, 238

prevention, 239

prognosis, 239

serological features, 238

thyroid biopsy, 238

treatment, 239

Prednisone

for autoimmune hepatitis (AIH), 289–290

for IgA nephropathy (IgAN), 483

Pregnancy

antiphospholipid syndrome (APS) classification criteria, 12

IgA nephropathy (IgAN) and, 480

Premature ovarian failure (POF)

Addison disease associations with, 277–278

Cy-Ad antibodies, 277

experimental autoimmune oophoritis (EAO), 279

isolated

autoimmunity aspects, 278

cellular immunity alterations aspects, 278–279

ovarian histology aspects, 278
St-C antibodies, 277

subclinical ovarian failure, 279
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Premyopathic DM (PRPDM), 160

Preventive thyroid replacement therapy, 224

See also Thyroiditis

Primary autoimmune neutropenia (AIN), 539

Primary autoimmune orchitis, 282

Primary biliary cirrhosis (PBC)

biochemical features, 293

clinical manifestations, 291–292

diagnostic criteria, 293

epidemiology, 291

history, 291

pathogenesis, 291

pathological features, 292

prediction, 293

probable PBC, 293

prognosis, 293

serological features, 292–293

therapy, 293

Primary glomerulonephritis, 491

See also Minimal change nephropathy (MCN)

Primary immunodeficiency disease (PID), 509

See also Autoimmune hemolytic anemia (AIHA)

Primary PRCA, 525

Primary progressive MS (PP-MS), 402

Primary Raynaud phenomenon (PRP), 54–55

See also Secondary Raynaud phenomenon (SRP)

Primary sclerosing cholangitis (PSC)

biochemical features, 297

clinical manifestations, 297

diagnostic criteria, 297

epidemiology, 295

history, 295

IBD and, 296–297

pathogenesis, 296–297

pathological features, 297

prediction, 298

prognosis, 298

serological features, 297

symptoms and signs, 297

therapy, 298

ulcerative colitis (UC) and, 323

Proctitis, 324

See also Ulcerative colitis (UC)
Profundus (LEP), 343

Progestogens, 274

See also Endometriosis
Progressive hearing loss, 129

Progressive sensorineural hearing loss (PSNHL), 449

autoimmunity in, 449–451

anti-phospholipid, 452
humoral (autoantibody) response, 450–451

t-cell mediated, 450
defined, 449

See also Sudden sensorineural hearing loss (SSNHL)

Propylthiouracil (PTU), 61

induced vasculitis, 62

See also Drug-induced lupus (DIL)
Prostanoids, 395–396

Proteinase 3 (PR3)-associated vasculitis

Wegener granulomatosis (WG), 99–101

Proteinuria, 478

See also Membranous nephropathy (MN); Minimal change

nephropathy (MCN)
Proton pump, see gastric H/K ATPase

Pseudo-aplastic anemia, see Myelodysplastic syndromes (MDS)

Pseudogranulomatous thyroiditis, see Subacute thyroiditis

(SAT)

Pseudotumour, inflammatory, see Idiopathic orbital myositis

(IOM)

Psoralen–UVA (PUVA), 357

Psoriatic arthritis (PsA)

arthritis mutilans, 360

CASPAR study, 360

classification criteria, 360

dactylitis and, 359

enthesopathy and, 359

mechanisms, 361

oligoarticular pattern, 359

osteoarthritis (OA) and, 360

polyarticular pattern, 360

rheumatoid arthritis (RA) and, 360

skin psoriasis and, 359–360

treatment, 361–362

DMARDs for, 361

progress and problems in, 361
with skin psoriasis, 359

See also Spondyloarthropathies (SPA)

Pulmonary arterial hypertension (PAH)

clinical presentation, 394

CTD-associated

mixed CTD (MCTD), 397
SLE, 397

diagnostic evaluation, 394–395

endothelial function and, 394

idiopathic (IPAH), 394

pathogenesis, 393–394

prognosis, 397

treatment

anticoagulats, 395

atrial septostomy, 397
calcium-channel blockers, 395

combination therapy, 396–397

endothelin-1 (ET-1) receptor antagonists, 396
epoprostenol, 396
general measures, 395

iloprost, 396

invasive treatments, 397
pharmacological, 395

phosphodiesterase-5 (PDE-5) inhibitors, 396

prostanoids, 395–396
supporting treatments, 397
treprostinil, 396

Pulmonary autoimmune diseases

idiopathic interstitial pneumonias, 389–391

PAH, 393–397

sarcoidosis, 193

small cell lung carcinoma (SCLC), 413

Pulmonary circulation, 393
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Pulmonary function, SLE and, 4

Pulmonary hypertension (PH), 393

arterial, see Pulmonary arterial hypertension (PAH)

classification, 393–394

concept, 393

CTD-associated

CREST, 397
SLE, 397

diagnostic evaluation, 394–395

doppler echocardiography for, 394

electrocardiography (ECG) for, 394

Pure red cell aplasia (PRCA)

antibody-mediated, 526

classification

primary (isolated), 525

secondary, 525

clinical manifestations, 526

diagnostic criteria, 527–528

differential diagnosis, 526

epidemiology, 525

laboratory findings, 526

myelodysplastic syndrome (MDS) and, 526

parvovirus B19 infection-related, 526

pathophysiology, 526

prognosis, 528

T-cell-mediated, 526

therapy, 527

Purpura

Henoch–Schönlein purpura (HSP), 133–135, 479, 481

hypersensitivity vasculitis (HSV) and, 141

immune thrombocytopenic (ITP), 543–546

thrombotic thrombocytopenic purpura (TTP), 547–549

Radioactive iodine therapy for Graves disease (GD), 234

Radioiodine uptake (RAIU), 219

See also Hashimoto thyroiditis (HT)

Radiology, 390

Radiotherapy, 415

Raynaud phenomenon (RP)

classification

primary (PRP), 54–55

secondary (SRP), 54–55
clinical history, 55

clinical manifestations, 54–55

diagnostic criteria, 55

differential diagnosis, 56

epidemiology, 53

history, 53

laboratory and histological findings., 55

pathogenesis, 54

pathological features, 55

prognosis, 55

sympathectomy for, 56

therapeutic management, 56–57

RBC, 509–511

See also Autoimmune hemolytic anemia (AIHA); Pure red

cell aplasia (PRCA)

Reactive arthritis (ReA), 196

See also Spondyloarthropathies (SPA)

Recurrent oral ulcers, see Behçet disease (BD)

Refractory anemia (RA)

with excess of blasts (RAEB), 530

with excess of blasts in transformation (RAEB-T), 531

with ringed sideroblasts (RARS), 531

See also Myelodysplastic syndromes (MDS)
Refractory sarcoidosis, 193

Relapsing polychondritis (RP)

biochemical features, 48–49

clinical manifestations, 48

diagnostic criteria

criticism on, 49

Damiani and Levine criteria, 49–50
McAdam criteria, 49

Michet criteria, 49
epidemiology, 47

history, 47

pathogenesis, 47

pathological features, 49

prognosis, 50

therapy, 50

Relapsing–remitting MS (RR-MS), 402

Renal autoimmune diseases

FSGS, 497–500

glomerulosclerosis, 497–500

IgA nephropathy (IgAN), 477–484

membranoproliferative glomerulonephritis (MPGN), 503–506

membranous nephropathy (MN), 487–489

minimal change nephropathy (MCN), 491–494

See also Goodpasture disease

Renal failure

acute, 478

chronic, 479

Renal involvement in HSP, 134

Replacement therapy

L-T4, 219–220

preventive thyroid, 224

See also Thyroiditis
Reproductive autoimmune diseases

endometriosis, 271–275

orchitis, 281–283

premature ovarian failure (POF), 277–279

Respiratory bronchiolitis interstitial lung disease (RBILD), 389

Reticulocytopenia, 525

See also Pure red cell aplasia (PRCA)

Reticuloendothelial system, sarcoidosis and, 190

Retinopathies, see Autoimmune retinopathies (ARs)

Rheumatic chorea

chorea gravidarum, 447

Sydenham chorea (SC), 446–447

See also Huntington chorea
Rheumatic diseases, see Autoimmune rheumatic diseases

(AIRDs)

Rheumatic fever (RF)

acute, 379–380

carditis manifestation of, 379–381

echocardiography and, 379–381

HLA class II antigens and, 379

Jones criteria, 380
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Rheumatic heart disease (RHD), 379–381

carditis manifestation of, 381

echocardiography, 381

echocardiography and, 380

Rheumatism, muscular, see Fibromyalgia (FM)

Rheumatoid arthritis (RA)

accelerated atherosclerosis in, 384

autoimmune neutropenia (AIN) and, 539–540

clinical manifestations

articular, 16

extra-articular, 16–17
diagnostic criteria, 18

EORA and, 77–78

epidemiology, 15

HCV and, 303

incidence, 15–16

lymphopenia in, 535–536

pathogenesis, 16

pathological features, 16

prognosis, 18

psoriatic arthritis (PsA) and, 360

serological features, 18

therapy

disease-modifying drugs (DMARDS), 18
Window of Opportunity Concept, 18–19

type III CNS vasculitis, 436

Ribonuclear protein (RNP), 43–45

Right heart catheterization, 393

See also Pulmonary arterial hypertension (PAH)
Rituximab

for CG, 140

for Wegener granulomatosis (WG), 102

RNAs, transfer, 169

Salivary gland involvement, 37–41

See also Sjögren syndrome (SS)

Sarcoidosis

ancillary tests, 191

autoimmune uveitis (AU) and, 464

bilateral hilar lymphadenopathy (BHL) and, 189

biopsy and, 192

clinical presentation

eye, 190

heart involvement, 191
intrathoracic, 190

liver, 191
musculoskeletal system, 191

neurological, 191

parotid involvement, 191
reticuloendothelial system, 190

skin, 190
diagnostic criteria, 191–192

epidemiology, 189

etiology, 189

extrathoracic, 193

HCV and, 304

immunopathogenesis, 189–190

Löfgren syndrome and, 189

neurosarcoidosis, 191

prognosis, 192

pulmonary, 193

refractory, 193

therapy, 192–193

See also Granulomatous myositis
Schmidt syndrome, 66, 68

Addison disease and, 266

autoimmune thyroid disease, 266

diagnosis, 267

disease components, 266

immunologic abnormalities, 268

TAD and, 266

type 1 diabetes mellitus, 266

See also Polyglandular autoimmune syndrome

Schönlein–Henoch purpura, see Henoch–Schönlein purpura
(HSP)

Scintigraphy

Scleroderma, 31

like syndrome (eosinophilic fasciitis), 183

See also Systemic sclerosis (SSc)
Sclerosing cholangitis, see Primary sclerosing cholangitis (PSC)

Sclerosing pancreatitis

lymphoplasmacytic (LPSP), 307, 310

See also Autoimmune pancreatitis (AIP)
Sclerosis

multiple (MS), 401–406

systemic, 31–35

See also Amyotrophic lateral sclerosis (ALS)

Secondary autoimmune neutropenia (AIN), 539

Secondary autoimmune orchitis, 282

Secondary PRCA, 525

Secondary progressive MS (SP-MS), 402

Secondary Raynaud phenomenon (SRP), 54–55

See also Primary Raynaud phenomenon (PRP)

Sensorineural hearing loss, see Autoimmune sensorineural
hearing loss (ASNHL)

Septostomy, atrial, 397

Serosal fluids

adult Still disease (ASD), 27

Sharp criteria, 44–45

Short Form-McGill Pain Questionnaire (SF-MPQ), 211

Siné myositis, see under Dermatomyositis (DM)

Sjögren syndrome (SS)

classification criteria

criticism/discussion of, 40

objective ocular involvement, 38–39
objective salivary involvement, 38–40

ocular involvement, 38

positive histopathology, 38–40
revised international classification criteria, 40

salivary involvement, 38, 40

clinical manifestations, 39

HCV and, 302–303

laboratory findings, 39

lymphoma manifestation, 37–38

positive predictive value (PPV) and, 40

scintigraphy and, 40

therapy, 41

Skeletal muscles
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Hashimoto thyroiditis (HT), 218

Skin biopsy

adult Still disease (ASD), 27

cutaneous lupus erythematosus (CLE), 344

Skin manifestations in

cutaneous lupus erythematosus (CLE), 341–342

dermatomyositis (DM), 154

Hashimoto thyroiditis (HT), 218

sarcoidosis, 190

SLE and, 4

Skin psoriasis

psoriatic arthritis (PsA) and, 359–360

Sleep quality

fatigue and, 212

See also Fibromyalgia (FM)

Small blood vessel vasculitis, 141–142

See also Hypersensitivity vasculitis (HSV)
Small cell lung carcinoma (SCLC)

LEMS and, 413, 415

Smoking, 107, 109

See also Buerger disease
Smooth muscle antibodies (SMA), 287–288

Sperm, 281

See also Orchitis

Splenectomy, 546

Spondylitis, ankylosing, 195–196

Spondyloarthritides, see Spondyloarthropathies (SPA)

Spondyloarthropathies (SPA)

autoimmune uveitis (AU) and, 462

classification criteria

Amor criteria, 198

ESSG criteria, 198
diagnostic criteria, 197

laboratory findings, 196

prevention, 198

prognosis, 197–198

serological markers, 196

signs and symptoms

ankylosing spondylitis (AS), 195–196

IBD, 196
juvenile-onset spondyloarthropathy, 196
psoriatic arthritis (PsA), 196

reactive arthritis (ReA), 196

undifferentiated spondyloarthropathy, 196
therapy, 198–199

Sporadic IBM (sIBM), 165–167

See also Hereditary IBM (hIBM)

Stem cell

disorders, see Myelodysplastic syndromes (MDS)

therapy for diabetes mellitus (DM), 248

transplantation, 522, 533

Stenosis, 81, 83

aorta, 81

See also Takayasu arteritis (TA)
Steroids for

ASNHL, 452

autoimmune neutropenia (AIN), 541

autoimmune pancreatitis (AIP), 310

CNS vasculitis, 439

Crohn’s disease, 332

focal and segmental glomerulosclerosis (FSGS), 500

Graves disease (GD), 234

IgA nephropathy (IgAN), 483

membranous nephropathy (MN), 489

minimal change nephropathy (MCN), 494

vitiligo, 357

VKH, 469

Still disease, see Adult Still disease (ASD)

Stomatitis, aphthous, see Periodic fever accompanied by
aphthous stomatitis, pharyngitis, and cervical adenitis

syndrome (PFAPA)

Streptococcal infection

group A, 379

Sydenham chorea (SC) and, 446

Struma lymphomatosa, 221

Subacute cutaneous lupus erythematosus (SCLE), 341–346

ACR criteria, 343–344

clinical manifestations, 342–343

histology, 344

prediction, 346

serological features, 345–346

therapy and prevention, 346

See also Cutaneous lupus erythematosus (CLE)

Subacute sensory neuronopathy (SSN), 425–426

Subacute thyroiditis (SAT)

biochemical features, 228

characteristics, 228

clinical manifestations, 227–228

diagnostic criteria, 228

epidemiology, 227

history, 227

pathogenesis, 227

pathological features, 228

prediction, 228

prognosis, 228

serological features, 228

therapy, 229

Subclinical ovarian failure, 279

See also Premature ovarian failure (POF)
Subepithelial deposits, 488

See also membranous nephropathy (MN)

Sudden sensorineural hearing loss (SSNHL)

autoimmunity in, 449–452

anti-phospholipid, 452
humoral (autoantibody) response, 450

defined, 449

See also Progressive sensorineural hearing loss (PSNHL)

Superoxide dismutase gene (SOD1) gene, 417

Supporting treatments for PAH, 397

Supportive care, MDS and, 532

Susac syndrome

brain involvement, 118

clinical manifestations, 117–118

diagnosis, 119

diagnostic criteria, 119

epidemiology, 117

eye involvement in, 118

history, 117
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Susac syndrome (Cont.)
imaging findings, 118

laboratory findings, 118

microangiopathy and, 117

pathogenesis, 117

pathological features, 119

prognosis, 119

symptoms and signs, 118

treatment, 119

Sydenham chorea (SC)

cardiac involvement in, 446

clinical manifestation, 446

diagnostic criteria, 446

epidemiology, 446

pathophysiology, 446

prognosis, 447

Streptococcal infection evidence, 446

treatment, 447

See also Chorea gravidarum
Sympathectomy

for Buerger disease, 110

for Raynaud phenomenon, 56

Synovial fluids

adult Still disease (ASD) and, 27

Systemic autoimmune diseases (SAD)

classical

adult Still disease (ASD), 25–28
antiphospholipid syndrome (APS), 9–14

familial (FAID), 65, 68
macrophage activation syndrome (MAS), 21–24

MCTD, 43–45

multiple autoimmune syndromes (MAS), 65–68
polyglandular autoimmune syndrome, 66, 68

Raynaud phenomenon, 53–57

relapsing polychondritis (RP), 47–50
rheumatoid arthritis (RA), 15–19
Sjögren syndrome (SS), 37–41

SLE, 3–7

systemic sclerosis (SSc), 31–35
HCV and

antiphospholipid syndrome (APS), 303

cryoglobulinemic vasculitis, 304
cytopenias, 304
rheumatoid arthritis (RA), 303

sarcoidosis, 304

Sjögren syndrome (SS), 302–303
systemic lupus erythematosus (SLE), 303

immune-mediated

fibromyalgia (FM) syndrome, 209–213

periodic fever syndromes, 201–206
sarcoidosis, 189–193
spondyloarthropathies, 195–199

See also Systemic vasculitis

Systemic autoimmune rheumatic disease (SARD), 31, 34

See also Systemic sclerosis (SSc)
Systemic lupus erythematosus (SLE)

accelerated atherosclerosis in, 384–385

autoimmune hemolytic anemia (AIHA) and, 511

autoimmune neutropenia (AIN) and, 539–540

chorea and, 447

classification criteria, 4

clinical manifestations, 4–6

diagnosis, 7

epidemiology, 3–4

HCV and, 303

immunofluorescence patterns, 6

lupus nephritis, 5

lymphopenia in, 535–536

NPSLE, 5

PAH and, 397

serological features, 6, 7

type III CNS vasculitis, 436

See alsoAntiphospholipid syndrome (APS); Mixed connective

tissue diseases (MCTD)

Systemic onset juvenile idiopathic arthritis (soJIA), 21–24

See also Macrophage activation syndrome (MAS)

Systemic sclerosis (SSc)

accelerated atherosclerosis in, 385

classification criteria

ACR criteria, 33

Le Roy criteria, 33–34

Maricq and Valter criteria, 34
Nadashkevich criteria, 33

considerations and future directions, 34–35

diffuse cutaneous (dcSSc), 31–32

eosinophilic fasciitis (EF) and, 183–184

epidemiology, 31

genetics, 32

laboratory findings, 32

limited cutaneous (lcSSc), 31–32

serological markers, 32–33

subclassification criteria, 33–34

treatment options, 34

type III CNS vasculitis and, 436

See also Mixed connective tissue diseases (MCTD)

Systemic vasculitis

Behçet disease, 113–116

Buerger disease, 107–110

Churg and Strauss syndrome (CSS), 103–106

CNS, 435–436

Cogan syndrome, 129–132

cryoglobulinema (CG), 137–140

giant cell arteritis (GCA), 73–75

Goodpasture disease, 121–124

Henoch–Schönlein purpura (HSP), 133–135

hypersensitivity vasculitis (HSV), 141–144

Kawasaki disease, 125

Kawasaki disease (KD), 125–127

microscopic polyangiitis (MPA), 93–96

polyarteritis nodosa (PAN), 87–92

Susac syndrome, 117–119

Takayasu arteritis (TA), 81–85

Wegener granulomatosis (WG), 99–101

T cells

autoimmunity

drug-induced, 60
in ASNHL, 450
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clones (TCCs), 60

in aplastic anemia, 520–521

mediated PRCA, 526

myelodysplastic syndromes (MDS) and, 530

Takayasu arteritis (TA)

clinical features, 82–83

diagnostic criteria

ACR criteria, 83

criticism on, 85
major criteria, 84

minor criteria, 84–85
Sharma criteria, 84

glucocorticoids (GCs) for, 85

imaging findings

arteriography, 83
CT, 83
MRI, 83

laboratorial findings, 83

pathogenesis, 81–82

symtoms and signs, 82

treatment, 85

Telescoping phenomenon, 360

Tender point, see under Fibromyalgia (FM)

TEN-like ACLE, 342

See also Cutaneous lupus erythematosus (CLE)
Testicular autoimmune disease, see Orchitis

Threonyl-tRNA synthetase, 169

Thromboangiitis obliterans (TAO), see Buerger disease

Thrombocytopenia (TP)

defined, 543

complicated by thrombosis (HITT), 551

HIP, see Heparin induced thrombocytopenia (HIT)

purpura, see Immune thrombocytopenic purpura (ITP);

Thrombotic thrombocytopenic purpura (TTP)

Thrombotic microangiopathies (TMAs), 547–549

HUS, 547

TTP, 547–549

Thrombotic thrombocytopenic purpura (TTP)

ADAMTS13 gene mutation and, 547–549

clinical manifestations, 548

diagnostic criteria, 548–549

epidemiology, 547

history, 547–548

pathogenesis, 548

prognosis, 549

therapy, 549

von Willebrand factor (VWF) and, 547–549

See also Hemolytic uremic syndrome (HUS)

Thymectomy, 410

Thyrocytes, 217–218

See also Hashimoto thyroiditis (HT)

Thyroid acropachy, 233

Thyroid autoimmune disease (TAD), see Autoimmune thyroid

disease (AITD)

Thyroid disease, see Autoimmune parathyroid disease

Thyroid peroxidase antibodies, 237

Thyroidectomy

Thyroiditis

atrophic, 221–224

Hashimoto, 217–220

HCV and, 302

postpartum (PPT), 237–239

subacute (SAT), 227–229

See also Graves disease (GD)
Thyroperoxidase, 219

Thyrotoxicosis, 227, 231

See also Graves disease (GD); Subacute thyroiditis (SAT)
Thyroxine

free, 219

Graves disease (GD), 233

See also Hashimoto thyroiditis (HT)

TNF blockers, 199

Tobacco, 107–110

See also Buerger disease
Toxic epidermal necrolysis, see TEN-like ACLE

TRAb, Graves disease (GD) and, 233–234

Transfer RNAs

antisynthetase syndrome and, 169–171

threonyl-tRNA synthetase, 169

Transglutaminase antibodies, 335

Transvaginal ultrasound (TVU), 274

See also Endometriosis

Trousseau sign, 263

See also Autoimmune parathyroid disease
TSH

stimulated response, 222–223

binding inhibitory immunoglobulins (TBII), 223

TSH receptor (TSHR)-stimulating antibodies

Graves disease (GD) and, 232

TSH receptor-blocking antibody (TRBab), 222

See also Atrophic thyroiditis (AT)

Tumor necrosis factor (TNF)

beta gene, 222

See also Atrophic thyroiditis (AT)
Tumor necrosis factor receptor–associated periodic syndrome

(TRAPS), 204

biochemical features, 204

clinical manifestations, 204

therapy, 204

Typical Cogan syndrome (CS), 129

Typical CS-type criteria, 131

Ulcerative colitis (UC), 323

antibodies in

ANCAs, 323, 325
GABs, 325

hTM5, 325
biochemical features, 331

clinical features, 326

clinical manifestations, 324, 330

Crohn’s disease (CD) and, 323

diagnostic criteria, 326, 332

endoscopy, 331

epidemiology, 323

extraintestinal manifestations, 324

history, 323–324

laboratory features, 325

pathogenesis, 324, 330
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Ulcerative colitis (UC), 323 (Cont.)
pathological features, 325, 331

prediction, 326

primary sclerosing cholangitis and, 323

prognosis, 326, 333

radiological study, 332

serological features, 325

therapy, 326–327, 333

types

left-side colitis, 324

pancolitis, 324
proctitis, 324

Ulcers, see Behçet disease (BD)

Ultrasonography

giant cell arteritis (GCA), 74

idiopathic orbital myositis (IOM), 472

Ultrasound

Hashimoto thyroiditis (HT), 219

muscular, 155

transvaginal, 274

Undifferentiated spondyloarthropathy, 196

Unexplained thrombocytopenia (isolated HIT), 551

Unfractionated heparin (UFH), 551–552

See also Heparin induced thrombocytopenia (HIT)
Urogenital system, Hashimoto thyroiditis (HT), 218

Ursodeoxycholic acid (UDCA), 293

primary sclerosing cholangitis (PSC), 298

See also Primary biliary cirrhosis (PBC)

Urticaria-deafness-amyloidosis syndrome, see Muckle–Wells
syndrome (MWS)

UV irradiation

for CLE, 342–342, 346

for vitiligo, 356–357

narrowband (NB-UVB), 357

psoralen–UVA, 357

SLE and, 345

UVA, 345, 357

UVB, 345, 357

Uveitis, see Autoimmune uveitis (AU)

Uvenile classic DM, 163

Varicella zostervirus (VZV) infections, 436

Vascular thrombosis, 12

Vasculitis

cryoglobulinemic, 304

HCV and, 304

neuropathies

diagnosis, 431
treatment, 431

PTU-induced, 62

See also CNS vasculitis; Systemic vasculitis
Vitamin B12

deficiency

autoimmune gastritis and, 315–318

oral versus intramuscular, 319–320
pernicious anemia (PA) and, 513–517

replacement therapy for

autoimmune gastritis, 319–320

autoimmune parathyroid disease, 263

Vitiligo

antibodies and, 353

clinical manifestations, 355

diagnostic criteria, 356

epidemiology, 353

pathogenesis, 353–355

autocytotoxicity theory, 355

autoimmune hypothesis, 354

genetic hypothesis, 355
neural hypothesis, 354–355

pathological features, 356

prognosis, 356

therapy

cosmetic modalities, 356

psoralen–UVA, 357
steroids, 357

surgical treatment, 357
UVB, 357

Vogt–Koyanagi–Harada (VKH) syndrome, 463–464, 467

clinical manifestations

chronic/recurrent, 468
convalescent, 468

extraocular manifestations, 468
prodromal, 468

uveitic, 468

diagnostic criteria, 468–469

differential diagnosis, 469

epidemiology, 467

laboratory features, 468

pathogenesis, 467

pathological features, 468

prognosis, 469

treatment, 469–470

See also Autoimmune uveitis (AU)
Voltage-gated calcium channels (VGCCs)

autoantibodies to, 413–415

ALS, 418

LEMS, 413–415

PCD, 425
L- type, 418

N-type, 415, 418

P-/Q-type, 415, 418

Voltage-gated potassium channel (VGKCs)

autoantibodies in epilepsy

clinical utility, 442–443
defined, 442

detection, 442

autoantigen definition, 442

Von Willebrand factor (VWF), 547–549

ultra-large (ULVWF), 548–549

See also Thrombotic thrombocytopenic purpura (TTP)

Vulgaris, see Pemphigus vulgaris

Wegener granulomatosis (WG)

ANCA-associated, 99–101

classification, 99

clinical manifestations, 101

CNS vasculitis (Type II) and, 436

definition, 99
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pathogenetic mechanisms, 100
PR3–associated, 99–101

risk factors for disease and relapse, 101

serological markers, 101
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