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Drug metabolism in liver disease

When liver cell function is impaired because of liver disease, drug

metabolism is affected. In liver disease drug metabolism slows down and

toxic compounds and drug metabolites can accumulate within the liver.

Development of Liver ToxicitY
Hepatotoxins are capable of causing injur¡ but many hepatotoxins

only affect a small numbei of people. In these people, toxicity is caused by
, ,uråidiosyncratic or unprediciable effects. This explains whydrugs deemed

safe in clinical trials involving thousands of patients are later found to have

toxic effects after being introduced into the general population. In some

cases, hepatotoxins oniy cause injury when high doses are used' Certain

factors are known to promote the development of toxic hepatitis.

Table 11.1. Factors influencing the

development of toxic hePatitis

. Individuals with genetic alterations of metabolic cYP 450 enzymes

. Enz).rne induction by other drugs or chemicals, such as alcohol and

cigarettes

' The dose or amount of toxin ingested
. Simultaneous ingestion of other hepatotoxins or drugs that alter

drug metabolism
\/ ' General health; kidneY a o-

7Ç ire
' Glutathione dePletion b
.Age,withdrugtoxicitymorelikelytooccurinpersonsolderthan

\ i 50 vears; children ra

.lWnt@P- accidentaloverdosestt rience decreased dis
phase 2 biotransformatio
reduced liver blood flow.

Drug-Induced Hepatitis
Drug-induced hepatitis is a condition of liver inflammation and injury

caused bf many different drugs and chemical toxins' Drug-induced hepa-

titis occurs in approximately eight of every 10,000 people' Women a¡e

affected nvice 
", 

ãft.., as men, and older people are more likely to be affected

because their bodies lack the restorative properties of younger people'

AII drugs have the potential to cause toxicit¡ and nearly every drug
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manufactured has been implicated in causing hepatic toxicity. some drugs

compounds and free radicals that contrib
ins may cause liver cell damage, arrested

toms. Liver cell injury is caused by thre

fesponses: direct and indirect toxicity by intrinsic hepatotoxins; idiosyn-

cratic reactions; and by immune system effects.

Direct toxicity is considered

and chemicals. These chemicals
a predictable side effect of certain drugs

can act as intrinsic hepatotoxins after

damage, whereas today medications are the prlmary cause.

Examples of direct toxins include cleaning solvents, Am anit a mttsh-

rooms, carbon tetrachloride, the anticonwlsant acid

the cardiac drug amiodarone, the agent methotrexate, the

anesthetic agent halothane, oral contraceptives, and the analgesic acetamin-
cholestasis, cir-ophen.-Intrinsichepatgtoïi.IJscan,:ï::1î::::rHHt;

culatory problems, angiosarcoma ( tumort ot bloocl ' and tissue), and

fattv liver disease.
-<fiãr icity is caused by intrinsic hepatotoxins when they inter-

fere with specific metabolic pathways rather than directly injuring liver

cells.

IdiosYncratic reactions

otoxins can cause hepatitis, cholestasis, and gran-

,lîîiliîï;?,1îi;å:ïi:*iffiTiIå"""'J;:::

hepatotoxi ns- direct and indirect toxicitY



mazine (Thorazine), and the anti-inflammatory agent phenylbutazone.
Idiosyncratic reactions typically develop after a fixed incubation period of
1-5 weeks and they recur quickly when the offending drug is ."_ãd-irrir_
tered (challenge). Idiosyncratic reactions may be accompanied by fever,
rash, elevated counts of eosinophilic white blood cells, aìype of cell also
increased in allergic reactions.
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Imntune system efects

In some people the immune system responds to noxious substances
by launching an idiosyncratic immune response. As a result, white blood
cells produce and secrete cytotoxic chemicals that contribute to liver cell
injury and inflammation. This response is seen in less than .01 percent of
the population and IN

lvlultiple drugs taken at about the same
ing sites in the body. This causes the drug
tion to be metabolized more slowly. This pr
active drug to stay in the blood circulation longer. with multiple doses,
drug concentrations can rise to toxic levels.

Incidence of Toxic Hepatitis
Hepatotoxins can cause liver naturally

occurring liver disease, including cholesta-
sis (impaired bile flow), vascular About l0
percent of all cases of hepatitis are due to toxins, and most toxic hepatitis
today results from adverse drug reactions [71]. In persons older thìn 50

about 40 percent of all hep-
inant hepatic failure may be

Effects of Hepatotoxins
Specific hepatotoxins are associated with á specific type of liver injury.

For instance the industrial chemical carbon tetrachloride causes severe zone
ow phosphorus compounds produce
ushrooms causes a fatal hemorrhagic
pinpoint the responsible hepatotoxin
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Acute hepøtitis

Toxic hepatitis occurs in only a very small proportion of persons tak-
ing a particular drug. With the exception of overdoses, the drug reaction
in acute hepatitis is more likely to occur after multiple exposures. In acute
toxicit¡ symptoms typically occur about one week after exposure. Most
toxic hepatitis occurs as an acute inflammatory process that resolves when
the drug is withdrawn.

Acute hepatitis is usually caused by toxic metabolites that either injure
the liver or evoke a destructive immune response. An individual drug can
cause more than one type of reaction and symptoms of acute hepatitis,
cholestatic disease, and hypersensitivity reactions may overlap.

Fulnúnant hepatitis

Some cases of acute hepatitis, particularly those occurring in older
women, emerge as fulminant reactions with a high mortality rate. About a

quarter of all cases of fulminant hepatitis are caused by adverse drug reac-
tions. Patients with acute, fulminant drug-related liver failure often require
liver transplants for survival.

Liver føilure
Liver failure can occur as a result of fulminant hepatitis caused by

drugs and bacterial endotoxins. An example of a bacterial toxin is that pro-
duced by Staphylococcus aureus in cases of septic shock syndrome, which
can cause liver failure.

Chronic hepatitis

Although most drug-related hepatitis causes acute hepatitis, certain
drugs can cause a chronic form ofhepatitis even after the drug is withdrawn.
One example is chlorpromazine, a tranquilizer that rarely causes chronic
liver disease. Similar reactions have been reported with tricyclic antidepres-
sants such as amitriptyline, the antibiotic erythromycin estolate, and sev-
eral other drugs.

Isoniazid, methyldopa, clometacin, and nitrofurantoin can all cause
ongoing liver damage and chronic hepatitis. A chronic form of hepatitis with
scarring and fibrosis can also occur in patients using long-term low doses
of acetaminophen. This is more likely to occur in patients who abuse alco-
hol. The heart medication amiodarone can cause chronic hepatitis that
causes liver tissue changes similar to those seen in alcoholism, such as the
presence of Mallory bodies in biopsy specimens.
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icture in chronic disease is similar to
er, in drug induced chronic hepati_
the drug is withdrawn.

Alcohol and Acetaminophen

Alcohol and the liver

3l;.iiji:iîJ;ifiî:i
ercent of heavy drinkers

rhe sare rimits ror arcohor t"."k.ï.i::t"Í.ï::Iit'"'"Tìî.,, o"o."o
makeup, size, diet, and othei facìors.
n and 140 grams of alcohol in women

The average intake in patients

ï'r'.'r""iä:ï'äiI;lï;iäïfl ;
mayhave jaundice,ascites,,so,o.,i'"1;:T"i:];lT,:,ff 

ll jll11ìi;,iî,llLi:
phy,.and gynecomastia (enhìged b.."rir'ir, À"ì., ¿". ro increased estro_gen levels).

njures the liver in the presence of
hydrates have a protective effect on
saturated fats are absent from the

diseases related to fatty acid
increases the dietary r.qrrire_
itamins.
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Table 1t.2. Risk factors that
increase susceptibility to ALD

Female gender
Lifetime intake of alcohol
Genetic factors
Drinking without eating
Binge drinking
High concentration alcoholic drinks
Consuming multiple types of alcohol

Arconouc srEATosls

ho,i :::Ï:ff"i:i:;ífil::i::fl::;
80 grams/day. In steatosis, the liver celr cytoprasm is dispraced by triglyc-
erides. Liver function can remain normal until steatosis impairs liver ñnc-
tion. With abstinence, steatosis is reversible.

ArcoHouc HEpATrrrs

. Alcoholic hepatitis typicallyoccurs after 15-20 years ofexcessive drink-
ing although it can occur much sooner. Factors inhuencing disease devel-
opment include the quantity of alcohol consumed, the individual,s

process. Free radicals directly injure liver cells and invoke a cellular immune
response, which also contributes to liver injury.

Arcouor AND vIRÂL HEpATTTIS

Epidemiologic data show that the hepatitis B virus (HBV) and the hep_
atitis c virus (HCV) are important factors in the development of eLD. Evi-



208 Hepatitis

dencParie ,î,ÏffitJ,"îÏlå:Ï
than rinkers. Infection with
HBV accelerated liver dam_

Synergism refers to effects that are greater when two factors áre com_
bined than if the individual effects of each factor were combined. The appar-
ent s1'nergistic effects of alcohol and viral hepatitis are also demonstiãted
by the fact that infected ALD patients are more likely to develop compli-
cations of liver disease, such as hepatic encephalopathy.

Acetaminophen and the liver

analgesic, even in patients with liver disease,
mounts, typically 2 grams daily or less. Taken
eutic misadventure in which excessive doses

are used, acetaminophen is the most common drug-induced cause of liver
failure.

hen is efficien phase I
nt ofthe drug ide and
ive metabolite is con-
highly reactive known

as N-acetyl-p-benzoquinone amine (NABeI). In the phase II reaction,
NABQI is detoxiûed by glutathione substrate, converted into a nontoxic
compound (mercapturic acid) and excreted.

Acnr¡,vrn¡o psEN Toxrcrry

available glutathione and cellular necrosis is accelerated.
The reaction of toxic acetaminophen metabolites with liver proteins

causes a diftrse type of necrosis. When large amounts of acetaminophen
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are ingested, massive necrosis occurs and leads to complete liver failure.
Other effects of acetaminophen toxicity include acute tubular necrosis (kid-
ney tissue destruction), pancreatitis, and myocardial necrosis (heart mus-
cle destruction).

Studies show that at therapeutic doses as low as 150 mg dail¡ gene
changes can occur that increase susceptibility to liver injury when higher
doses or other hepatotoxins are consumed. The usual adult dose of aceta-
minophen is 1,000 mg (one gram) taken every 4 hours. Doses as high as 4
grams daily are generally considered safe although people with liver dis-
ease or who abuse alcohol are advised to limit daily use to 2 grams.

Viral hepatitis, and other drugs besides alcohol that induce cytochrome
P450 enzymes can predispose individuals to acetaminophen toxicity. These
drugs include barbiturates, phenytoin, carbamazepine, rifampin, isoniazid,
Phenobarbital and omeprazole.

SutcloRI- ovERDosE AND THERApEUTIC MISADVENTURES

In fatal intentional overdoses and accidental therapeutic misadven-
tures, the dose of acetaminophen usually ranges fiom 7 to 70 grams. The
extent of injury is usually dose-related. In some cases, biochemical changes
indicating toxicity do not occur until 24-36 hours after ingestion. Toxic-
ity usually occurs in 4 phases.

Table 11.3. Phases of acetaminophen
toxicity in overdoses

Phase l) within2-24 hours after ingestion, symptoms of nausea, vom-
iting, and loss of appetite occur; patient! with acetaminophen concentra-
tions higher than 300 mg/dl at 4 hours post ingestion, and higher than 15

mg/dl at 15 hours post ingestion, have a 90 percent risk of developing seri-
ous or fatal liver damage.

Phase 2) within 24-48 hours after ingestion, symptoms improve, but
evidence of hepatic injury develops with transaminase enzyme, bilirubin,
and prothrombin levels beginning to increase; right upper quadrant pain
and liver enlargement may occur and urine output may increase;

Phase 3) within 72-96 hours after ingestion, nauseas and vomiting
may recur or worsen and be accompanied by malaise, jaundice, and men-
tal changes, including confusion, sedation, and coma; liver function declines
and enzyme levels peak, with AST often exceeding 10,000 IUiL;

Phase 4) within 6-7 days after ingestion, resolution of hepatic dam-
age occurs, and liver function tests return to normal. About l-2 percent of
patients, especially those who do not receive treatment, fail to show signs
of recovery and usually progress to liver failure.
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Acetaminophen levels. Risk of hepatotoxicity is typically assessed in
suspected overdoses using a Rumack-Matthew nomogram that relates the
blood acetaminophen level to hours passed since ingestion. For instance,
an acetaminophen level of 150 mg/dl 2 hours after ingestion indicates tox-
icity. The nomogram is helpful for assessing toxicity, but it presumes a

know¡ time of dosage, no concomitant risk factors for liver disease, and it
assumes that only a single dose of acetaminophen and no other drugs were
ingested.

Treatment of acetamínophen toxicity. The primary treatment for
acetaminophen toxicity is N-acetylcysteine (NAC), an amino acid that
restores glutathione levels. Better results are observed the earlier that treat-
ment is started. Optimal treatment should begin within 24-30 hours after
drug ingestion, using 150 mg/kg NAC intravenously. The dose is reduced
the second day, using 100 mg/kg over 16 hours until the patient has three
consecutive normal prothrombin time levels.

Other treatments used in overdoses include charcoal lavage, which
binds and absorbs acetaminophen that is still in the stomach, ventilators
as supportive therapy, hemodialysis, plasmaphèresis to rapidly dilute and
reduce blood levels, and nutritional supplements.

Mortality in acetaminophen ovetdoses. Studies show that patients
with acetaminophen-induced liver injurywho have higher levels of the liver
protein alpha fetoprotein (AFP) are more likely to survive the injury with-
out undergoing liver transplants. AFP levels less than 3.9 ug/L 24 hours
after overdose are highly predictive of death. Prothrombin levels with an

INR ratio greater than 2.4 at 24 hours post exposure are also highly pre-
dictive of mortality.

Hepatotoxins and Types of Liver Injury
Hepatotoxins are often classified according to their status as intrinsic

or idiosyncratic toxins. However, because most toxins cause a speciûc type
of liver injur¡ some systems of classification group toxins together accord-
ing to the primary type of liver injury they induce.

Direct and idiosyncratic effects

Usually, although there are notable exceptions, intrinsic hepatotoxins
cause zonal necrosis (liver cell destruction occurring in speciûc regions of
the liver). Unlike the necrosis seen in viral hepatitis, drug-induced necro-
sis is usually accompanied by only slight inflammation.

Idiosyncratic toxins are similar to hepatitis viruses in their ability to
cause diffirse and, in severe cases, massive necrosis. In cases of massive

necrosis, the liver tissqe suffers complete diffirse cellular destruction with
complete tissue collapse.
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Steatosis

ditio ';ï::îïJ,:,
or large macrovesicular fat droplets. In some cases, abnormal accumula-
tions of ¡bospholipid fats are found in the liver, causing conditions of
phospholipidiosis.+--

Vascular liver injury
The liver's vascular system (veins, arteries, sinusoids, capillaries) may

be damaged in drug toxicity. Blood vessels may be dilated and stretched,
or occluded and blocked by scar tissue. For example, anabolic and contra-
ceptive steroids can cause focal dilation of zone I sinusoids, a condition
causing enlarged liver, abdominal pain, and liver erlzyme elevations. The
condition improves when the hormones are stopped. In contrast, azathio-
prine administered after renal transplants may result in fibrosis and cir-
rhosis l-3 years later.

P¡uosrs HEpATrrrs

Peliosis hepatitis is characterized by large blood-filled cavities that may
be lined with random distributions of sinusoidal cells. Red blood cells can
pass through these cavities and, over time, fibrosis can develop. peliosis has
been reported in patients taking oral contraceptives, androgenic and ana-
bolic steroids, and tamoxifen.

V¡No-occrusrve DrsEÀsE (VOC)

The earliest reports of VOC came from lamaica and were caused by
toxic injury to small hepatic veins by pyrrolidizine alkaloids taken as senecio
in medicinal bush teas. Later instances, some of which were related to con-
taminated wheat, have been reported in India, Israel, Egypt and Arizona.

Rhabdomyolysis

Rhabdomyolysis is a condition of muscle fiber breakdown caused by
injury from toxins, shock, and burns, and it may occur as a complication
ofhyperthermia (heat stroke). In up to 10 percent ofpatients with hyper-
thermia, Iiver damage contributes to death. Liver damage is characterized
by microvesicular fat deposits, congestion, necrosis, cholestasis, and blocked
or occluded blood vessels.

\{hrh
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Coc¡,l'r¡

,ro..oao.utn. 
toxicity is caused by production of a hepatotoxic metabolite,

Perox
Up to
domy
zones 1,2, or 3 and accumulations of microvesicular fat in zone I [56].

Grønulomas
Up to ó0 different drugs, including penicillin, ampicillin, sulfasalazine,

cotrimoxazole (Septrin), and
also cause granulomas, which
and rvhite blood cells [71]. In
chemicals that cause similar t

Table 11.4. Hepatotoxins that
cause toxic hepatitis

Acebutalol
<-Acetaminophen

Allopurinol
,i'Im ltrlptylrne
Anabolic steroids
Atenolol

{arbamazepine (Tegretol)
Chloramphenicol
Chlorpropamide
Chlorzoxazone
Cincophen
Cocaine
Colchicine
Dantrolene
Diclofenac
Ecstacy (MDMA)

-Erythromycin
Etretinate
Fenoprofen
Gold compounds
Halothane

-lbuprofen
Indomethacin
Isoniazid
Ketoconazole

Mephenytoin
Methyldopa
Metoprolol
Naproxen
Nifedipine
Oral contraceptives
Oryphenisatin laxatives
Penicillamine

.sPhenytoin (Dilantin)
Phenacemide

- Phenobarbital
Piroxicam
Pirprofen
Retinoids
Rifampin
Salicylates (aspirin)
Statins (cholesterol-lowering)
Sulfa compounds
Sulindac
Trichloroethylene (found in glue)
Urethane

-Valproic acid
Vitamin A
Zidovudine
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Table 11.5. Hepatotoxins that produce
hepatic necrosis without steatosis

Acetaminophen
Aniline dyes
Beryllium compounds
Dioxin
Ferrous sulphate (iron supplements)
Manganese compounds
Selenium
Urethane
Yellow phosphorus

Table 11.6. Hepatotoxins that produce
hepatic necrosis and steatosis

Aflatoxins
Amanita mushrooms
Carbon tetrachloride
Chlorinated diphenyls
Chloroform
DDT insecticide
Dinitrotoluene
Ethylene dichloride
Galactosamine
Halothane
Iodoform
Naphthalene
Tannic acid

Table 11.7. Hepatotoxins that cause steatosis

Alcohol
Antimony
Barium salts
Chromates
}ìydrazine
Methotrexate
Phosphorus

ldetracycline
Thallium compounds
Uranium compounds
Warfarin (coumadin)

213
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Table 11.8. Hepatotoxins that
cause microvesicular steatosis

Cocaine
Tetracycline

Table 11.9. Hepatotoxins that
cause macrovascular steatosis

Alcohol
Corticosteroids
Methotrexate

Table ll.l0. Hepatotoxirs that produce Mallory
bodies and phospholipid accumulations

Alcohol Perhexilene maleate
Amiodarone
Corticosteroids Thioridazine (Mellaril)
Nifedipine Stilboestrol

Table ll.ll. Hepatotoxins that
can cause hepatic granulomas

Allopurinol
Aspirin
Carbamazepine
Cephalexin
Chlorpromazine
Contraceptive steroids
Dapsone
Diazepam
Gold compounds
Halothane
Isoniazid
Mineral oil
Nitrofurantoin
Oxacillin

Penicllin
Phenylbutazone
Phenytoin
Procainamide

Quinidine
Quinine

Ranitidine
Sulphadiazine
Sulphamethoxazole-trimethoprim
Sulphathiazole
Tocainide
Tolbutamide

Table ll.l2. Hepatotoxins that can lead to chronic hepatitis

Acetaminophen Nitrofurantoin
Dantrolene Oryphenisatin laxatives
Diclofenac Papaverine
Isoniazid Pemoline
Methyldopa
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Clinical Trials and Drug-Induced Liver Injury
During a drug's development, before it is released to the public, man-

ufacturers conduct animal tests that assess the drug's effects on liver func-
tion. Additionally, liver function testing is conducted on humans, and in
many cases, the results keep the drug from entering the market. Liver fail-
ure, due to a new drug, is a rare event, and, unfortunatel¡ it may not show
up until after a drug has been approved.

Why do adverse drug effects occur after a drug has been approved?
Most clinical trials involve 3,000 subjects. Rare adverse drug effects includ-
ing liver failure may only show up in one per 50,000 exposures. In addi-
tion, genetic variations cause individuals to metabolize drugs differentl¡
and individuals may be taking more than one drug.

New dntg scrutiny

The FDA also monitors newly reduced drugs for adverse effects. In
March 2000, the FDA asked Parke-Davis/Warner Lambert to voluntarily
withdraw the diabetes drug Rezulin (troglitazone) because it appeared to
cause greater liver toxicity than similar drugs on the market. The FD,{ also
asked Wyeth-Ayerst Laboratories to voluntarily remove the analgesic Duract
(bromfenac) from the market after receiving reports of liver failure when
the drug was used for longer than the l0 days specified in the labeling.

Sometimes drugs that are reported to cause liver toxicity may be kept
on the market if there are no other effective drugs in their category. In this
case, changes in labeling are often recommended or their use is restricted
to hospitalized patients. a web page on drug-
induced liver toxicity

The FDA also advises consumers to requirements and
study labels for adverse effects. In addition, consumer should learn to rec-
ognize the signs of liver disease, which can include nausea, dark urine,
jaundice, and mental confusion.

Drugs with Limitations
The FDA lists the following drugs as having limitations on their use

due to potential Iiver problems (warnings, dose restrictions, monitoring):

Table ll.l3. Drugs with potential to cause liver problems

Niaspan Extended Release Tablets (niacin)
Dantrium (dantrolene)
Tylenol (acetaminophen)

/livertox.

I
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Table 11.13. (cont.)

Normodyne (labetalol)
Cylert (pemoline)
Felbtol (Felbamate)
Zylo (zileuton)
Tasmar (tolcapone)

Trovan (trovafloxacin, alatrofloxacin)
Source: U.S. Food and Drug Administration,
FDA Consumer Magazine, May-fune, 2001.

Enr¡ironmental and Plant Toxins
Numerous plants and chemicals have the potential to injure the liver

and cause acute and chronic hepatitis. Some of these toxins are described
in the following sections.

Plants and household chemicøIs

Amanita mushrooms cause hepatitis and liver injury in some parts of
the world, outside of the United States. Aflatoxin molds cause severe liver
disease and liver cancer in many undeveloped countries. In the United
States, Iiver injury is rarely linked to aflatoxin consumption although there
are reports of aflatoxin being present in contaminated peanuts and peanut
products.

Food products can contain toxic preservatives or they may be acciden-
tally contaminated with toxic chemicals. Flour contaminated with the
chemical methylene dianaline caused cholestatic jaundice and a condition
of Epping jaundice in hundreds of customers at a bakery in Epping,
England.

Insecticides often contain toxjc chemicals such as DDT that can per-
sist in the body for decades, possibly causing liver damage years later. Car-
bon tetrachloride, a chemical once widely used for dry cleaning, can cause
neurological symptoms, hepatitis, liver failure and kidney failure. phos-
phorus, once widely used in the manufacture of matches and firecrackers,
can cause fulminant hepatitis and liver disease.

Herbs

Numerous herbs can damage the liver and cause hepatitis as a result
of direct toxicity or idiosl.ncratic reactions. However, because herbal use
is not always suspected in cases of hepatitis, cases of hepatitis may go unrec-
ognized. The compounds listed in table ll.l4 have been reported to cause
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Amanìta species (Marvin G. Miller).

toxic hepatitis although in some rePorts high doses, much higher than the

recommended amounts, were used before toxicity developed, and, in some

cases, other medications and suPPlements were used simultaneously.

In addition to those listed, some herbal products, such as St. Iohn's

Wort, that are not hepatotoxins, can affect the metabolism of other drugs.

Others have been found to be contaminated with bacteria. When using

herbal medicine, it is important to buy products from reputable manufac-

turers that have labels documenting the authenticity ofthe ingredients. Side

effects and drug interactions with herbal products can be found by consult-

ing the PDR /o r Herbal Medicin¿ and Mark Blumenthal's The Complete Ger-

man Commission E Monographs listed in the resource section'

Table ll.l4 Herbs and suPPlements
reported to cause hepatitis/liver injury

A^^ÂNITA VIPOSA
lÞsrRoYrNo 

^úliÊL)

Amanita species i

Asafetida
Atractylis gummifera
Black cohosh
Buckthorn (Rhamnus cathartica)
Bush tea

Cascara sagrada

Celandine
Chaparral
Coltsfoot \
Comfrey (Symphytum)

Crotalaria
Echinacea

AMAN ÍTA PÈIALLOIDEg
(DEalt{ êAÞ)

Jin bu huan
Kalms tablets
Kava-kava (P ip er methy sti øtm)
Kombucha
Lobelia
Ma huang
Mate
Mistletoe
Nicotinic acid (niacin, Nicolar)
N oni (Mo rinda citr ifo Ii a)
Nutmeg
Pau d'arco
Pennyroyal oiI (Mentha pulegium)
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Gentian Pyrrolizidine alkaloids, especially
comfrey

Senna

Skullcap (Scutellaria gaericulata)
Valerian
Vitamin A

G ermander (Teucrium chama edrY s)

Groundsel (Senecio vulgaris)
lmp rla ( C allil ep si s I aur e o I a)
Irish tea

Iron supplements

Dietary supplements

Dietary supplements can cause hepatitis in overdoses, in idiosyncratic

reactions, and in individuals with impaired liver function. Some of the most

well known hepatotoxic supplements include vitamin A and extended-
-release formulations of niacin.

VIr,oruIn A
Excessive doses of vitamin A used for extended periods can cause

weight loss,
gns include
Liver biop-

epatitis, and

occlusive disease. Toxicity has occurred in people taking 20 times the rec-

ommended dose and in people using recommended doses daily for many

years.

Vitamin A derivatives, a class of drugs known as retinoids, may also

damage the liver. Similar to vitamin A, these compounds can cause cirrho-

sis and chronic hepatitis.

Nrecn¡
Niacin or vitamin 83 is known to lower cholesterol levels' Low

doses of niacin can cause an unpleasant flush. To reduce severe flush

in people requiring doses sufficient to lower cholesterol levels, manu-

faciurers have developed high-dose, time-release (extended release) nia-

cin preparations. Extended release preparations containing more than

500 mg of niacin are hepatotoxic and can cause both acute and chronic hep-

atitis.

Bacteriøl toxins

During bacterial infections, many bacteria release potent enterotox-

ins and endotoxins and other extracellular proteins such as urease that con-

tribute to the symptoms seen in infection. In severe infections, such as toxic

shock syndrome, which is caused by Staphylococct'ts øureus, the toxins that
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they release, exotoxin C and enterotoxin F, can contribute to hepatic fail-
ure. Another cause of toxic shock syndrome, Streptococcus pyogenes, also
produces exotoxins that can cause hepatitis.

R¡,yE's syNpnorur

Reye's syndrome, a potentially fatal condition of hepatitis and coma,
occurs in children with viral infections. A higher incidence ofReye's occurs
in children with viral infection who are treated with low doses of aspirin.
Although the link with aspirin has not been conûrmed, numerous studies
have strongly implicated aspirin as a causative agent.

Envir o nm en t aI h ep at o t o xi n s

Environmental toxins include chemicals used in the munitions indus-
try, rocket assembl¡ plastics, pharmaceutical, cosmetic and chemical indus-
tries, and agriculture. Today environmental agents rarely cause hepatitis.
However, because injury develops over a long period of time, the offend-
ing agent may not be implicated.

Ans¡Nrc

Organic arsènic compounds, such as arsenic trioxide (Fowler's solu-
tion) used for extended periods to treat psoriasis, can cause portal hyper-
tension. Acute arsenic poisoning can cause fibrosis and vascular occlusive
liver disease. In some regions arsenic is found in drinking water and in folk
remedies or locally prepared (native) drugs.

Vl¡m cutoRroe

Workers exposed to vinyl chloride for many years develop hepatotox-
icity. Early changes include sclerosis or scarring in zone l, enlarged spleen,
and portal hypertension. Later changes include peliosis hepatitis and
angiosarcoma.

Radiøtion

Radiation treatments using 35 Gy over time or 3000-6000 rads to the
upper abdomen leads to a hepatic lesion and a syndrome termed radiation
hepatitis. Symptoms, which typically develop within 2-12 weeks after
treatment, include ascites, enlarged liver, enlarged spleen, jaundice and
abdominal pain. Liver biopsy shows sinusoidal congestion, zone 3 necro-
sis and hemorrhage, and fibrotic occlusions of hepatic veins [71]. Venous
occlusion may be a transient condition or a fatal disease caused by liver
failure.
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In those who recover, maximum serum bilirubin levels are seen after
2-3 weeks. People with severe toxicity experience liver atrophy and death
fiom hepatic failure. If hepatic pre-coma or coma develops, mortality is as

high as 70 percent. Liver damage is particularly extensive in persons who
continue to use the offending drug after liver damage has started. For this
reason, all medications that a person takes should be listed and considered
suspect in persons with emerging liver disease.

Diagnosis

Liver enzyme tests and bilirubin levels are used to diagnose liver dis-
ease. Viral marker tests are used to determine if iaundice is due to viral
infection. A careful medical and drug history cun ffi,,ose liver injury
due to toxins. The International Consensus Criteria for Drug-Induced
Hepatoxicity have been developed to help determine if liver damage is drug-
induced. These criteria include:

l. Time of drug intake compared to onset of symptoms is suggestive

of drug injury if it occurs from 5-90 days and compatible with drug
injury if less than 5 days or more than 90 days from initial drug
intake.

2. Course of reaction after cessation of drug is very suggestive of drug
injury when liver enzyme levels fall by 50 percent within I days

after drug withdrawal; liver enzyrne decreases of 50 percent r,vithin
30 days in hepatocellular disease and within 180 days in cholesta-
tic illness.

3. Alternative causes of hepatitis have been excluded by other tests

including liver biopsy
4. Positive response to re-challenge, with at least a doubling of liver

enzymes, rvhen the drug is re-administered, when available.

The reaction is considered "drug related" if all of the first 3 criteria
are met, or if 2 of these criteria are met and the re-challenge test is posi-

tlve.

Liver function tests

Hepatotoxins causing necrosis cause marked elevations of transami-
nase liver enzymes that reflect the extent of liver damage. Levels are

typically higher than those seen in acute viral hepatitis. Alkaline phos-
phatase levels are slightly elevated, and bílirubin levels are moderately
elevated.

In severe necrosis, plasma coagulation factors are depressed and the
prothrombin time is elevated. In the early stages of necrosis, albumin lev-

Disease Course In Toxic Hepatitis (
Drug reactions may be immediate in acute overdoses. In reactions that

o..rÍ ou., a prolonged course of treatment, disease development may be

subtle. Some drugs, such as sulphonamides, phenytoin' and dapsone' may

also cause an idiosyncratic hypersensitivity syndrome resembling mononu-

cleosis with fever and rash.

In idiosyncratic reactions' symptoms may occur within a few weeks of
drug use. In some cases, they develop on the second course of drug treat-

*.rit 
"fter 

a period of sustained drug withdrawal. In most intrinsic and

idiosyncratic drug-induced liver injuries, symPtoms of liver toxicity

improve after the drug is withdrawn. some drugs, such as halothane, cause

a mixed intrinsic/idiosyncratic reaction.

Halotlnne lrcPatitis

with the anesrhetic halothane, liver injury typically occurs after mul-

tiple exposures although it may occur after the first exposure. obese, eld-

erìy females are at pariicular risk for halothane toxicity although children

can also be affected.
Symptoms that occur after the frrst exposure usually develop more

than 7 days (range 8-13 days) later and include fever, usually with rigors,

malaise, and upper right quadrant pain. |aundice usually develops after

10-28 days. After several exposures to halothane, the temperature rise

occurs l-il days after surgical use, and jaundice develops within 3-17 days

Is6].
Bilirubin levels are typically very high especially in fatal cases.

Transaminase levels are similar to those seen in viral hepatitis although

alkaline phosphatase levels can occasionally be markedly elevated. In

patients who develop jaundice mortality is high, especially if the prothrom-

. bin time rises markedly even when vitamin K is administered. Halothane

administration should not be repeated in patients who even show a very

mild reaction after the first drug exposure, and halothane should not be

administered within six months of a previous dose'

Phases of drug-induced liver injury

Symptomsofdrug-inducedhepatitisusuallyoccurinthreedistinct
phasei, t) an immediate, severe pre-icteric (before jaundice develops) con-

ãition .uusirrg moderate to severe neurological or gastrointestinal symp-

torns, 2) 
" 

p.rLd of i*Provement, and 3) a phase of severe liver injury with

marked jaundice, elevated liver enzyme levels' increased gamma globulin

\n. 1,. ^levels, 
and I e'
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els are normal although they fall late in the clinical course and in chronic

disease.
Blood levels of acetaminophen and alcohol are used to diagnose acet-

a

e

estlv elevated to 5-20 times

moâeratelY increased' The P

tiã"ígr"."t. levels maY occ emra'

Biopsy specimens cause xicity that

are specific for the offending further in

chapter fifteen.
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Metøbolic Cøuses of Hepøtitis

Hepatitis results from several metabolic disorders and inborn errors

of metabolism that cause minerals, fat deposits, or amino acids to accumu-

late in the liver. These accumulations can directly destroy liver cells, inter-

fere with liver function, and cause inflammation. Causes of metabolic

hepatitis include: Wilson s

deficienc¡ galactosemia, fr
fatty liver disease (NAFLD
coidosis. Fulminant hepati
metabolic causes of hepatitis and the effects on the liver caused by these

abnormalities are described in chapter twelve.

Wilson's Disease

Wilson s disease is a rare inherited disease'predominantly seen in young

people characterized by increased deposits of copper in the body's tissues'

Witi";s disease results in hepatic and neurological changes, deposits in the

cornea known as Kayser-Fleischer rings, and lesions in the kidney and other

organs. The Kayser-Fleischer ring is a greenish-brown ring near the mar-

gin of the cornea next to the sclerus (white of the eye) that rpsults from

deposits of copper.

Inheritance and Prevalence

For disease to develop, both parents must contain the autosomal reces-

sive gene on chromosome 13 responsible for Wilson's disease. The preva-

lence is about I in 30,000 and about I in 90 people are carriers [56] ofthis
gene. Wilson s disease is seen worldwide but occurs most frequently in Jews

223



children, although peak incidence occurs in people in their fifties. NAFLD

is much more likely to occur in obese people and people with diabetes'

Patients with NAFLD usually are asymPtomatic and are diagnosed

incidentally during physical exams when an enlarged, smooth, firm liver is

discovered. Liver function tests are often normal although transaminase

enzyme and alkaline phosphatase levels may be slightly elevated. Patients

with acute fatty liver are at risk of sudden death due to shock caused by

234 Hepatitis

fat clots that block blood circulation.

bolic problems. Steatosis in NAFLD is often accompanied by insulin resist-

Dts¡ese couRSE oF FATTY LIVER

Fatty liver by itself does not cause liver disease. However' it can lead

to liver cell inflammation and steatohepatitis, and it can signify other meta-

ance, liver cell inflammation,
cancer, and liver

or

lipid metabolism, such as elevated cholesterol and

conjunction with NAFLD are seen in the condition called
of patients with
the prevalence is

X.

NAFLD are reported to have

higher in patients with
Studies sbow that the fat accumulations in NAFLD are composed of

derived from diet. Exces-

as the amount of dietarY
these substances. Insulin

resistance also contributes to increased liver fat Production.
Patients with NAFLD and hepatitis C usually have a more severe dis-

ease course than patients with hepatitis C alone. For this reason patients

with hepatitis C who have fatty liver are treated with interferon even in the

absence of other s)Tnptoms.

N on- alcoholic steatohep atitis (N ASH )

Non-alcoholic steato
NAFLD in which steatosi
'cell necrosis. Insulin resi
severe and about 88 percent ofpatients are reported to have Metabolic syn-

drome.
Patients with NASH may be asymptomâtic or have mild symptoms of

fatigue, malaise and abdominal discomfort. In about 20 percent of affected

people, NASH progresses to cirrhosis' Because symPtoms in NASH a¡e

ãft.tt u"gn., liver disease may not be diagnosed until cirrhosis develops'

This accounts for the high mortality rate in NASH. Patients with NASH

also have a higher risk
patients with cirrhosis.

Miscellaneous Causes of

12. Metaholic Causes of Hepatítis

of progression to hepatocellular cancer than other

Ac
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Diagnosis

Treatment
If fatty liver is related to obesity, diabetes, or high lipid levels, treat_ment or better control of these conditions is the first step in treating fattyliver. Studies show that regular exercise and weight loss can slow diseaseprogression. In NAFLD caused by intestinal bypass surger¡ surgical rever-sal may be required.
as treatments Liver ts used asa
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-ange, are seen in massive hepatic,necrosis (for instance' acetaminophen

o""iao..tl, viral hepatitis, ,.t-... alcoholic hepatitis and severe ischemia'

Table 14.1 Enzyme reference values

Note, thêe ûre the most commaly used raages;

vøluæ may vtry ile|tnilitg on the t5tif,g f,ethod ßed'

ALI: The reference range for ALT is 2-45 IU/l
AST: The reference range for AST is 2-40 IU/l
ALP: The reference ,^,'it fo' Alkaline phosphatase is 35-130 IU/l

Gamma GT: The ..f".ã"tt range for Gamma glutamyl transferase

(GGT) is 3-60 IU/l' 
ildol"..t The reference range for aldolase is <6 U/L

Cholinesterase: The referenãe range for cholinesterase is 8-18 UU/L

Lactic dehydrogenase (LDH): The reference range for LDH is 100-190 U/L

CHorEsr¡rlc ENZYMES

Other liver enzYffie levels

Certain liver en4'me tests, such as lactic dehydrogenase (LDH)' were

orr.. *id.ly o.ea to låtp diagnose liver disease' Because these enzymes are

p.ì*".irt áf."ated in oìher ionditions, they are no longer routinely used

to diagnose hepatitis except in the case of diagnostic challenges and special

circumstances.

The cholestatic enz)¡rnes alkaline phosphatase (ALP) and gamma glu-

tamyl tansferase (GGT or Gamma GT) are increased in conditions in which

ls including bile duct defects and liver cell injuries that

release. ls ln bile whereas

is also found in aÍe placenta,

bile and kidneYs. When both GGT and ALP are increased,

the liver is Presumed to be responsible. If onlY ALP ts elevated, and the

cause is uncertain, an alkaline phosphatase fractionation test can be used

to help determine if the eleíàiion is from bone or liver.

Levels of alkaline PhosPhatase rise in cholestasis and to a lesser extent

in liver cell damage. Levels of GGT rise in cholestasis and in hepatocellu-

lar disease. Levels are also increased by certain drugs and in alcoholism'

even in the absence of liver disease, and occasionallY in metastatic liver

cancer. A high elevation of ALP in the Presence of normal or onlY mod-

estly elevated AST and ALT levels suggests disease of the bile ducts. An iso-

lated elevated GGT with no other Iiver test abnormalities does not need to

be further evaluated unless there are other risk factors and clinical signs of

liver disease.
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Atootes¡
Aldolase is an enzyme found in various tissues and muscres that facil-

itates the breakdown and conversion of energy of the sugars glucose, fiuc-
tose and galactose. Aldolase levels are increased in conditions of muscle
damage, including the rhabdomyoìysis caused by certain drugs, and in acute
hepatitis.

CHouNesteRls¡

cholinesterase is an enzl.rne produced by the liver necessary for metab-
olism of the neurotransmitter acetylcholine. Decreased levels are seen in
hepatocellular disease, especially cirrhosis, and reflect diminished synthe-
sis and malnutrition. Decreased levels of cholinesterase cause increased
susceptibility to chemicals.

Lncrrc DEHvDRocENASE (LDH)
Lactic dehydrogenase is an enzyme found in cardiac muscle and, in

lower concentrations, in the liver. Marked increases in LDH are seen in
patients with cancers that affect the liver.

Enzyme elevøtions in hepatitis

The transaminase enz)¡rnes and the alkaline phosphatase level are the
primary tests used to diagnose and monitor hepatitis. The predominant
eîzyme to rise and the pattern of enzyme elevation can help differentiate
the various types of hepatitis. The degree of enzlnne elevation and the ratio
ofALr relative to AST also vary in different types of hepatitis. Before the
discovery of hepatitis c and blood tests to idêntify HCV infection, blood
donors in the United States were tested for ALX, and donors with high lev-
els were excluded.

Acur¡ uep,q.rlrls

In the early stages of acute hepatitis AST levels are typically higher
than ALT levels. Liver cells contain one and a half to two times as - ch
AST as ALT. However, AST has a shorter half-life of lg hours (time in the
ci¡culation before breaking down) than ALT which has a half-life of 4g
hours. Therefore, after one or ically higher
than AST. Later in the disease develop, the
AST: ALT ratio can rise as live neration.

In acute hepatitis caused directly by toxins or shock, AST and ALT
levels increase rapidl¡ often to extremely high values, accompanied by a
marked increase in prothrombin time. Peak abnormalities usually occur
24-48 hours after onset of injury and then rapidly fall to normal (accord-
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may be the first change seen' Urine urobilinogen is measured as a semi-

luJntitative test witblpositive results graded from l-4' with 4 indicating

highest concentrations.

Protein levels

teins, and immuno globulins'

kidney disorders.
R.f"..rr.. range for albumin: 4'0-5'0 mgldl

disease is ParticularlY severe'

Refeånce range for prothrombin time: 9-ll seconds

Reference range for INR= 0'8-1'2

ItntN,ruNocrosurtNs

d ammonia tests
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Ammonia is a nitrogen-rich compound primarily produced in the
colon during the metabolism of protein. As it passes through the liver
ammonia is further metabolized to urea by hepatocytes. Certain factors,
such as genetic mr¡tations, can interfere with the metabolic process caus-
ing elevated blood ammonia levels (hyperammonia).

Severe or chronic liver failure, particularly in fulminant liver disease
and advanced cirrhosis, can impair normal ammonia metabolism and cause
hyperammonia. Ammonia levels are also elevated in most conditions of
hepatic encephalopathy and in Reye's syndrome which is primarily a cen-
tral nervous system disorder with only minor changes in liver function. The
fasting ammonialevel is helpful in diagnosing Reye;s syndrome and in help-
ing to determine if conditions of encephalopathy are related to liver dys-
function. The reference range for ammonia is 15-45 ug/dl or 11-32 umol/L.

Blood lipids tests

The liver plays a major role in producing, transporting, and metabo-
lizing fatty lipid substances, primarily cholesterol, phospholipids, and
triglycerides. The liver produces most of the body's cholesterol and a smaller
amount, about 15 percent of the total cholesterol stores, is derived from
diet. The liver metabolizes lipids into bile acids that are used to form cell
membranes, hormones, and lipoproteins. Impaired lipoprotein synthesis,
in turn, contributes to fatty liver.

-Abouù;EîETfttõlTfiããÇ 

acids consumed daily are processed by
the liver where they are either transformed into triglycerides or oxidized.
Oxidation usually occurs in the fasting state, and transformation into
triglycerides occurs in the non-fasting state. Excess trigþeride production
results in a condition of fatty liver. In fatty liver, triglycerides lodge into
liver cells displacing other cellular components. Triglyceride levels are usu-
ally increased in hepatitis and fattv liver disease.

Elevations of cholesterol are commonly seen in cholestatic liver dis-
ease although the reasons for this increase are uncertain. Fasting and states
of malnutrition reduce cholesterol production. Consequentl¡ in patients
with advanced cholestatic tumors cholesterol levels may be normal [56].

Hematology tests

The complete blood count (CBC) is used to evaluate the red blood cell
count, white blood cell count, platelet count, and red blood cell morphol-
ogy. If anemia is present, the red blood cell count and its protein content,
hemoglobin, are decreased. In hemochromatosis, the red blood cell count

e

{
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Renal (KidnÐ Function Tests

Y immune comPlex dePosits as.an

ion of alcoholic cirrhosis or viral

function and renal failure occur as a

Iiver disease' In end-stage liver dis-

s. Their inability to function is due

to alterations in renal blood flow c

drome. KidneYs removed from dYin

assume normal function when trans

The tests most often used to

urea nitrogen (BUN) and creatinine tests' wh

itv to clear protein. Both of these tests are elevated in kidney disease'
.'' --R.f.r.n.. 

range for BUN= 8-23 mg/dl

n.i.r"n.. ranle for creatinine = 0'1-0'6 mg/dl

Fibrosis Indexes and Tests

Several protocols for evaluating fibrosis or liver function based on lab-

uate the degree of fibrosis in patients

e liver bioPsies'

Child-Turcotte Class

A through
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index is particularly important in assessing a patient's suitability for Iiver
transplantation. The index is based on measures of albumin, bilirubin, pro-
thrombin time, and the demonstration of ascites or encephalopathy.

APRI Index

The APRI index is a calculated index derived from laboratory test
results used to assess the severity of liver damage. The calculation is based
on the laboratory's reference range for AST and the patient's AST result
and platelet count.

FibroSpect

The FibroSpect test developed by Prometheus Laboratories is used to
evaluate degrees of cirrhosis in patients with hepatitis C. Results are
reported in a range from 0-4, indicating no liver scarring to severe liver
scarring. Its use in evaluating fibrosis in other types of liver disease is under
evaluation.

FibroTest

Manufactured in France, the FibroTest is a commercial test that is also
able to determine staging in fibrosis in hepatitis C.

Other tests for fbrosis and cirrhosis

The liver biopsy remains the gold standard for detecting and evaluat-
ing fibrosis and cirrhosis. However, certain blood test abnormalities are
typically seen in cirrhosis, and these results offer insight into the progres-
sion of liver disease. Abnormalities seen in liver disease that has progressed
to fibrosis or cirrhosis include: elevated iron, ferritin, transferrin, and
alpEãÏiõfrdn, and a low platelet count.

Tests for Metabolic Disorders

Metabolic causes of hepatitis are diagnosed by using specific tests, such
as iron and transferrin levels in suspected hemochromatosis or fructose
tolerance tests for hereditary fructose intolerance. Certain genetic tests for
amino acid and other mutations can also be used. For instance, the HFE

test for the C282Y homozygote is used to diagnose hereditary
Other tests used to diagnose metabolic causes of hepa-

Hepatitis

i
I

and hemoglobin are usually increased' The Parameter most likely to be

uff..t.¿ iniepatitis, however, is the platelet count'

Pr¡r¡rrr couNTs

Platelets are small blood comPo

hepatitis, the spleen often becomes

foi the blood circulation' Conseque

a condition called thrombocytopeni

cvtopenia causes an increased bleedir

íh.ì.f.r.n.. range for platelets is

counts less than 50K/mI i" tottti¿ttt¿ at risk for abnormal bleeding'

In the Child-Turcotte
D. with Patients in class A

class, liver function is graded from

having a higher predicted survival rate. This titis are described in chapter twelve
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Tests for iron overload disorders

Although iron and ferritin levels are typically increased in hemochro-
matosis, elevations of these levels are also seen in any condition of hepa-
tocyte injury as the liver cell contents are spilled into the blood circulatiÀn.
conditions of acute inflammation occurring in other organs can also falsely
elevate these results. In patients with viral hepatitis or óther conditions of
liver cell necrosis, the results of liver functionìests may be identical to that
seen in iron overload disorders.

Also, in sudden presentations of acute iron overload, iron levels may
not show significant elevations. when diagnosis is in doubt, genetic tests,
liver biops¡ and imaging tests capable of detecting iron stores-may b" n..-
essary. There are five distinct types of hereditary hemochromatosis: Type
r,Type2A,Type 2B,, Type 3, and Type 4.

The gene mutations characteristic of hereditary hemochromatosis can
be identified with blood tests. For hereditary hemochromatosis Tyrye l, one
of two differentmutations of the HFE gene known as C2g2y and Il63D muta_
tions, are seen. Genetic mutations 

"i g.r. fHV (hemojuvelin)Ë seen in
hemochromatosis Type 24, and mutations in the transferrin receptor 2 (TFR2)
are seen in hemochromatosis type 2. A mutation of the sLC 40At gene that
regulates the protein ferroportin is seen in hemochromatosis type 4l

Biopsy has the advantage of being able to measure iron content cor_
rected for age and to predict the degree of fibrosis or cirrhosis. Bone mar-
row aspirations are not recommended as the iron content in marrow is not
adequate for a proper determination of iron stores.

Liver Autoantibody Tests

In autoimmune disease, the immune system produces antibodies that
react with the body's cells and tissue. Autoantibodies to liver cells are seen
in autoimmune liver diseases, such as autoimmune hepatitis, although occa-
sionally low titers of liver antibodies are seen in viràl hepatitis arid other
autoimmune conditions. For instance, anti-mitochondrial antibodies,
which are always seen in primary biliary cirrhosis, are sometimes seen in
low titers toimmune thyroid disorder Graves' dis_
ease. The used to diagnose autoimmune liver dis_
orders are n.

Viral Markers

Most patients with elevated transaminase enzymes, jaundice or
other signs and symptoms of liver disease will be tested ior hepátitis viruses.
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The basic
bodies, an
RNA.

screening tests for viral hr
a trr. -ã* ,i"ä:'.]iornilt::*o:1':t viral antigens and anti-rmatcry tests measure viral DNA or

Viral antigens and antibodies

H¡p¡,trtls vrR¡.L pANELs

Viral panels include several different tests tha
îïil1!.0ì* to Hav, H¡v and HDv u.in* ..,r,,j_leasure 

either anrigens
r u m i n e s c e nce or recom b.i na n, i _ Ãunäi'r o"t :ïi#: iiäTå:i:'ii ir.îî;evidence of hepatitis s infection, til fb. i.oi.,r,, D may also be per_rormed. Equivocal resutts for HAnigü;ã;ö.iå; suggesr that the parientis forming antibodies tr,ut t*.r,,il,l;î"i;ää: derection limit àr that
.ï::¿ît'Í:ïÅ'iîü':':-*^l1f h'F:;tJö;Equivocarreportsare
weeks. recommendation that the test be ..p.",..Jì" ,lï

Tests for hepatitis F. are ¡sed in patients from or who .have recentlvtraveled to endemic reeio¡5..\u6rs¡. 
"'.rJi.r"'i"r virar particres ur. ur.áto confirm infe-ion, däe.mine rh. k;;i;i;;;ious partictes, and mon_

:'"i::ïi:iï'iîî:,:îËvp. p-;i;';. 
"ì., . derermine the type

Hepatitis testine is ir

:lil;;'"örö';ä:',iåi:i:;1i',äffi ï,".:'#'r'åïil:',il"Iï:more aggressive or more difficurt .;,;;;ilír.ìtn! ,n.r"o, to see if viraltoad is failing in response t" rh.r";;;;i'"iiäTåj,"o,.tion 
of therapy todetermine if there is an end ,h.d;;;;ö;i 4) 6 monrhs after rhecomplerion of rherapy using nuclei. ".iir;i;;; if there is a sustainedresponse to therapy [I].
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