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Prescribing drugs for patients with liver disease

A. C. ANAND, Y. K. CHAWLA

ABSTRACT
Background. Adverse reactions to prescribed drugs are a

common cause of morbidity in patients receiving medical care.
Pre-existing or underlying liver dysfunction isone of the common-
est factors that enhance the risk of such adverse events in medical
practice. Most textbooks of medicine contain no guidelines on
special precautions to be taken in prescribing to a patient with pre-
existing liver disease.

Hethods. To provide a ready reckoner for modifying drug
dosage in liver diseases, a literature search was carried out. All
papers related to human studies were reviewed and relevant
material extracted for preparing the guidelines.

Results. Most adverse drug reactions in the presence of liver
disease are related to altered pharmacokinetics, pharmaco-
dynamics and susceptibility to drugs. The influence of hepatic
disease on various drugs is highly variable. However, many such
adverse events are predictable and preventable. Ideally, drug
dosage should be modified with the help of serum drug concen-
trations, which unfortunately, are not available in most Indian
hospitals. Hence, some broad guidelines are presented to assist
the treating physician to be aware of the risk of adverse drug
reactions and modify drug dosage empirically to avoid such
events.

Conclusion. The altered metabolism of pharmacological
agents in patients with liver disease may induce several undesirable
effects. A large number of adverse drug reactions can be
prevented by modifying drug prescribing habits for patients who
have pre-existing liver disease.
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INTRODUCTION
Adverse reactions to prescribed drugs are a common cause of
morbidity in patients receiving medical care. Pre-existing dis-
eases of the liver andlor kidney are amongst the commonest
factors that enhance the risk of adverse drug reactions, because
these two organs play a crucial role in drug metabolism and
elimination. Accurate and adequate guidelines are available in
textbooks regarding the precautions to be taken in prescribing for
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a patient with pre-existing kidney dysfunction. Similar guidelines
are hard to find for patients with pre-existing liver disease.

Most of the prescribed drugs are modified or metabolized in
the liver. Simple logic suggests that drugs that are dependent
primarily on the liver for their systemic clearance are likely to have
reduced elimination and subsequent accumulation, leading to
excessive plasma drug concentrations and adverse effects. 1.2 How-
ever, the effects of hepatic insufficiency on the pharmacokinetics
of drugs are not consistent or predictable.v' Furthermore, the
influence of hepatic disease on different drugs can be variable,
despite their sharing the same metabolic pathway. Problems in
forecasting drug kinetic behaviour are further enhanced by the
additional impairment of kidney function (frequently encoun-
tered in patients with advanced liver disease) and by the unpre-
dictability of the glomerular filtration rate when the creatinine
clearance method is used in patients with cirrhosis.'

PATHOPHYSIOLOGY
Liver disease can enhance the risk of adverse reactions by several
mechanisms and therefore drug prescribing should be kept to a
minimum in all patients with severe liver disease. The main
problems occur in patients with cirrhosis, especially those with
jaundice, ascites or encephalopathy. Outlined below are several
reasons why such patients are at a higher risk for developing
adverse reactions."

Alterations in pharmacokinetics
The liver is a central organ of drug metabolism, interposed bet-
ween the gut (site of drug absorption) and the target organs.
Hence, liver disease can alter the pharmacokinetic properties of a
drug. The modification in pharmacokinetics may be due to alter-
ations in haemodynamics andlor in the so-called intrinsic clear-
ance (a concept to quantify the drug transporting or metabolizing
capacity ofthe liver in the absence ofhaemodynamic influences).
The hepatic clearance (Clhcp) can be described as the product of
blood flow (Q) and extraction (E)6 as a,n equation: Clh =QxE.
Extraction is a measure of the intrinsic clearance (Cl, ")and is.0'
measured by the ratio of the maximal velocity of the process
responsible for drug removal (Vmax for metabolic processes such
as a cytochrome P450-mediated hydroxylation, demethylation,
etc.) and its affinity, the Michaelis-Menten constant (Km)' This
needs to be corrected further for the unbound fraction of the drug,
particularly if it is highly protein bound."

If the extraction approaches 1 (i.e. the intrinsic clearance is
very high), according to the equation, the hepatic clearance (Clhep)

will be equal to hepatic perfusion. This is characteristic of high
extraction compounds used in clinical medicine to measure- he-
patic perfusion (indocyanine green, low-dose galactose or sorbi-
tol). In contrast, when extraction approaches zero, i.e. the intrinsic
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clearance is very low, hepatic clearance (Clhep) becomes indepen-
dent of hepatic perfusion, while substances with intermediate
extraction will show a hyperbolic relationship between hepatic
flow and extraction.

The relationship loses its utility in chronic liver disease, since
both hepatic perfusion and intrinsic clearance can be affected to
unpredictable degrees. The situation is further complicated by
shunting of blood around and within the liver, becoming a major
determinant of drug disposition, in particular, first-pass extrac-
tion." Shunting is a major determinant of the disposition of high
extraction compounds such as bile acids, which can be used as a
measure of this parameter."

Several tests of liver function have been proposed to predict
the intrinsic clearance of drugs. However, in clinical practice,
their performance lacks accuracy, and with some exceptions, their
use to alter drug prescribing cannot be advocated. 10 The practical
points to be considered for drugs with a narrow therapeutic
window are:"!'

1. Liver tests do not predict the potential pharmacokinetic
alteration.

2. Beware of drugs with a high first-pass effect; sometimes
dramatic reductions in the usual oral dose are required.

3. For high-clearance drugs, adjust both loading and maintenance
doses.

4. For low-clearance compounds, adjust the maintenance dose.
5. Monitor effects as well as side-effects of drugs frequently;

check drug levels where possible.

Pro-drugs are being increasingly used in clinical practice. This
gives rise to another potentially important pharmacokinetic alter-
ation, namely, reduced activation and therefore reduced activity.
A decreased rate of formation of penciclovir after administration
of famciclovir has been described. 12 However, in the presence of
normal renal function, no dose adjustment is required. Similarly,
activation of ACE inhibitors can be reduced" but this is compen-
sated for by a reduced clearance of the metabolite.

Alterations in pharmacodynamics
It is important to keep in mind the pharmacodynamic alterations
in chronic liver disease in relation to certain commonly used drugs
(Table I). For example, sedative agents should be used with
caution in patients with liver disease since they can precipitate
hepatic encephalopathy. I Both pharmacokinetic and pharmaco-
dynamic alterations have been noted in patients with cirrhosis of
the liver.P:" A simple method to screen patients who are more
susceptible to benzodiazepines could be the number connection
test, since only patients with abnormal psychometric testing show
evidence of excessive sedation with diazepam."

Response to diuretics and vasoconstrictors is blunted in cirrho-
sis. For any given level of furosemide, there is a decreased rate of

TABLEI. Altered pharmacodynamics in patients with chronic liver
disease

Altered response Example

Increased susceptibility of
patients to hepatotoxic
reactions or other adverse
effects

Acetaminophen, ACE inhibitors,
aminoglycosides, ~-lactam antibiotics,
benzodiazepines and morphine,
NSAlDs, pefloxacin

Furosemide, ~-adrenergic agonists,
angiotensin II, atrial natriuretic peptide,
endothelin

Blunted response to
vasoconstrictors in portal
hypertension
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sodium secretion in patients with cirrhotic ascites, irrespective of
clinical responsiveness." Some of these disadvantages can be
circumvented by using torasemide in place of furosemide, as the
former also has altered pharmacokinetics leading to prolonged
delivery of the active drug to the distal tubules.":" On the other
hand, blunted response to vasoconstrictors may be due to a com-
bination of several factors such as upregulation of NO synthase,
alteration in ion channels of smooth muscles or alteration in
receptor density.s-"':" These responses are important to under-
stand the pathogenesis of portal hypertension but clinically one
can overcome these by simple titration of the dose of the drug to
the response.

Altered susceptibility to adverse reactions in liver disease
There are two aspects which trouble a physician's mind while
prescribing a drug to a patient with liver disease. First, there is a
higher incidence of hepatotoxicity in patients with chronic liver
disease. Combinations of anti-tuberculous drugs are probably the
best example of this. The same is also true for aminoglycosides,
NSAIDs, and B-Iactam antibiotics. 1-3.22 The second question that
prescribing physicians have to address is 'will this patient with
limited hepatic reserve survive a hepatotoxic reaction'?

A common therapeutic misadventure is the use of non-steroi-
dal anti-inflammatory drugs (NSAIDs) in patients with cirrhosis
and ascites. NSAIDs inhibit renal prostaglandin formation-the
main renal vasodilator." This may precipitate functional renal
failure in patients with or without ascites." Paracetamol as an
analgesic may be safer but may be more hepatotoxic, especially in
patients with alcoholic liver disease in whom the glutathione
stores are significantly depleted."

Alcohol also leads to induction of cytochrome P450-2EI
which produces a toxic metabolite of paracetamol." Whenever a
patient with alcoholic liver disease has very high transaminases,
paracetamol hepatotoxicity should be kept in the differential
diagnosis." If unrecognized, this condition carries a high mortal-
ity." Prolonged fasting also makes a person particularly suscep-
tible to paracetamol hepatotoxicity, especially in children. 28.29 The
fatal dose of paracetomol in patients with chronic liver disease
may be half that of patients with normal liver function. Para-
cetamol is also more hepatotoxic in rats with glucuronidation
deficiency.'? In patients with Gilbert's syndrome, which is an
otherwise benign condition, decreased paracetamol glucuronida-
tion and increased toxicity have been described." However,
clinically increased toxicity has not yet been reported.

The frequent use of alcohol (ethanol) with or without co-exis-
tent clinical chronic liver disease can also cause pharmacokinetic
interactions with significant clinical implications." Alcohol can
affect the pharmacokinetics of drugs by altering gastric emptying
or liver metabolism (by inducing cytochrome P450-2El). Phar-
macodynamic interactions between alcohol and prescription drugs
are also common, particularly the additive sedative effects with
benzodiazepines and also with some of the antihistamine drugs.
Interactions may also occur with tricyclic antidepressants. The
combination of NSAIDs and alcohol intake increases the risk of
gastrointestinal haemorrhage."

Liver disease is also a risk factor for development of aminogly-
coside-induced renal toxicity," ~-lactam-induced neutropenia,"
and pefloxacin- induced seizures. 35 Aminogl ycoside toxici ty seems
to be related to serum bilirubin levels" and, therefore, the risk may
be higher in patients with obstructive jaundice." For this reason,
drugs should only be prescribed for clear indications in chronic
liver disease and frequent monitoring of liver enzymes is recom-
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mended under these circumstances. As far as possible, amino-
glycosides should be avoided altogether. Even for other drugs,
one must have a lower threshold for stopping the drug whenever
an increase in transaminases is noted. I The following additional
points also need special consideration:

1. Hypoalbuminaemia of chronic liver disease is associated with
reduced protein-binding and enhanced toxicity of some highly
protein-bound drugs such as phenytoin and prednisolone.

2. Reduced hepatic synthesis of clotting factors makes patients
markedly susceptible to the toxic effects of oral anticoagulants
such as warfarin and phenindione.

3. Increased sensitivity to sedatives, opioid analgesics, diuretics
causing hypokalaemia and drugs causing constipation is well
known and needs no elaboration. Corticosteroids, carbenoxo-
lone and NSAIDs may exacerbate oedema and ascites of
chronic liver disease by increasing fluid retention.

Liver disease and herbal medicines
In India, there is no dearth of people recommending herbal or
ayurvedic drugs on the premise that they may have beneficial
effects and in any case, will do no harm." The latter is not sup-
ported by available literature and there are several documented
reports of severe toxic effects of herbal drugs.38-45 We recommend
that all herbal preparations be avoided, unless they have been
scientifically proven to be harmless and non-hepatotoxic.

Liver disease as an adverse drug reaction
Adverse drug reactions are a common and potentially reversible
cause of liver damage. Over 600 drugs have the potential to induce
liver disease. In most instances, the mechanisms are felt to be idio-
syncratic and/or immunologically mediated. In predictable drug-
induced liver disease, liver injury is an anticipated consequence of
the excessive administration of the drug. The severity of hepatic
damage is usually dose-related but when due to a drug metabolite
rather than the parent drug (such as paracetamol), toxicity may
relate to the rate of metabolite formation. Enzyme-inducing
agents such as alcohol or anticonvulsants may potentiate biotrans-
formation and consequent hepatotoxicity.

In idiosyncratic drug-induced liver disease, a harmful effect on
liver structure and function is seen in only a small percentage of
patients treated with the responsible agent. There is usually no
relationship between the magnitude of the dose or the duration of
therapy and the onset or severity of liver damage. Drug-induced
liver disease occurs in all races and both sexes. Age distribution
is considered to be bimodal with peaks in the twenties and sixties.
Anti-tuberculous drugs account for a number of patients with
severe drug-induced liver injury. Other important agents include
anticonvulsants, methyldopa, halothane, allopurinol, phenothiaz-
ines, certain NSAIDs, co-trimoxazole and paracetamol (follow-
ing intentional overdose).

Unfortunately, the diagnosis of drug-induced liver disease is
often missed. The combination of fever, jaundice, rash, adenopa-
thy, tender liver, eosinophilia and raised transaminases associated
with the recent introduction of a single therapeutic agent repre-
sents a caricature which is rarely seen in practice. In contrast, the
more usual clinical problem is the wasted, often alcoholic patient
with systemic disease, receiving multiple drugs including several
agents known to cause liver disease, who gradually slips into
liver failure; thus posing a major diagnostic challenge. Although
clinical and biochemical data are often unhelpful, the absence of
fever and gastrointestinal symptoms in a patient with hepatitis
should alert the clinician to the possibility that the illness may be

drug-induced. Factors strengthening the diagnosis are a satisfac-
tory response to withdrawal of the agent and negative serology for
hepatitis viruses. Re-challenge may be diagnostic but deliberate
re-exposure of a patient to a drug suspected of being hepatotoxic
is often dangerous and has resulted in death. At present, in vivo
tests such as skin sensitivity tests, and in vitro tests, including tests
of reactions mediated by IgE, IgG or IgM, or tests of cell-mediated
hypersensitivity, are unable to consistently detect important drug-
related immunological reactions, which directly correlate with
clinical manifestations and hepatotoxicity.

Prevention of drug-induced hepatitis is therefore important.
Hepatotoxic drugs should be prescribed only when specifically
indicated. They should preferably not be used in patients with
underlying liver disease. When their use is unavoidable they
should be given in reduced doses. Bad prognostic features of
established drug-induced hepatitis include progressive jaundice,
development of coagulopathy and encephalopathy. The high
mortality figures of this condition emphasize the importance of
withdrawing early any drug capable of producing liver damage
and of re-challenging only under justifiable circumstances.

PRESCRIBING DRUGS
Certain drugs should be used with caution in patients with hepatic
disease (Tables II and III).

TABLE II. Clinical situations where altered liver physiology may
affect drug handling"

Alteration of metabolic capacity
MiLd increase in metaboLic capacity

1. Hyperthyroidism, acromegaly
2. Relatively non-specific enzyme induction by high protein diet,

broiled meat, brussel sprouts, phenobarbital, phenytoin,
carbamazepine, rifampicin, chronic alcohol ingestion

3. Relatively specific enzyme induction by smoking which accelerates
for example, theophylline metabolism

Mild reduction in metaboLic capacity
I. Old age
2. Compensated cirrhosis, cholestasis (any cause), hypothyroidism
3. Relatively non-specific enzyme inhibition by compounds such as

cimetidine, disulfiram, ethanol, ketoconazole, oral contraceptives,
verapamil

4. Inhibition of specific enzymes, e.g. erythromycin and quinolone
antibiotics for theophylline metabolism

Severe reduction in metaboLic capacity
1. Fulminant hepatic failure
2. Decompensated cirrhosis of any aetiology (Pugh scoring >8 is

suggestive of reduction in liver function to <30% of normal)
3. Severe acute or chronic hepatitis of any aetiology, severe

congestive heart failure (NYHA IIIIIV)
4. Slow metabolism of sparteine, debrisoquine and related drugs,

either genetically or by inhibition after administration of quinine

Changes in liver flow
Reductions

I. Decompensated cirrhosis, congenital hepatic fibrosis, Budd-Chiari
syndrome or portal vein thrombosis

2. Congestive heart failure, treatment with B-adrenoceptor antagonists,
hypothyroidism, postoperative state

3. Firm liver (increased resistance to portal blood flow)

Increases
I. After each meal, hyperthyroidism, arterioportal fistula

Portal-systemic shunting
(increased systemic availability of drug without liver action)

I. Portal hypertension due to any cause
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Drug

TABLE III. List of various drugs which have adverse effects in patients with liver disease

Adverse effects and precautions required

Diseases of the alimentary tract and metabolism
Antacids Avoid those containing large amounts of sodium (magnesium trisilicate) and calcium compounds which cause constipation as

this may precipitate encephalopathy
Should be avoided. Its half-life and free fraction is increased with high incidence of fluid retention and hypokalaemia
Higher risk of developing confusional states. All three H2-receptor antagonists have been reported to cause cholestatic or mixed
hepatocellular injury. Incidence of liver toxicity is low, probably <0.1 % of treated patients
Interferes with absorption of fat-soluble vitamins, may aggravate malabsorption in cirrhosis, ineffective in complete biliary
obstruction

Diphenoxylate (Lomotil) Significant increase in half-life and bioavailability, may precipitate hepatic coma
Sulfasalazine Severe hepatotoxicity reported, may respond to steroids, very low risk of developing liver disease, probably <0.1 % of treated

patients
Chenodeoxycholic acid Avoid in patients with chronic liver disease
Ursodeoxycholic acid Patients with non-functioning gallbladder do not respond when it is used for dissolving gallstones

Diseases of the blood-forming organs
Warfarin Use with great care in any patient with liver disease. Start with 50% dose, monitor prothrombin time frequently
Lipid-reducing agents
Bezafibrate, clofibrate
Cholestyramine
Gemfibrozil
Simvastatin
Nicotinic acid

Carbenoxolone
Cimetidine, ranitidine,
famotidine
Cholestyramine

Avoid in cholestatic liver disorders
May aggravate malabsorption of fat-soluble vitamins and drugs
Avoid in liver disease
Avoid in cholestatic liver disorders. Can cause hepatotoxicity though incidence of liver disease is low (probably <1 %)
Sustained release preparations induce elevations of AST, may cause serious liver injury, incidence of liver disease is very low,
probably <0.1 % of treated patients

Diseases of the cardiovascular system
Amiodarone Reduce maintenance dose. Mild increases in AST observed in 15%-55%. Phospholipidosis may occur. Rarely, alcohol-like liver

disease, which can be progressive if drug is continued (low incidence, probably <1 %)
Digoxin Cholestyramine will prevent absorption. Usually safe; extra caution with associated hepatorenal syndrome
Isosorbide 5-mononitrateHalf-life increased from 4.9 to 5.4 hours
Lidocaine Reduce dose in severe liver disease
Mexiletine Avoid, metabolized in liver and has a narrow therapeutic margin
Procainamide Dose reduction important, may rarely cause hepatic granulomas, incidence of liver disease probably <0.1 % of treated patients
Quinidine Dose should be reduced, half-life increased from 6 to 9 hours, anicteric hepatitis and/or hepatic granulomas, incidence of liver

disease, probably <1 %

Captopril
Enalapril
Losartan
Beta-blockers
Labetalol, metoprolol,
oxprenolol, propranolol
Calcium antagonists
Diltiazem, nifedipine,
verapamil, amlodipine
Alfa-blockers
Alfuzosin, indoramin,
prazosin, terazosin
Diuretics
Bumetanide, chlor- Protein binding may be decreased, increased free concentrations in plasma may occur with increased risk of side-effects,
thalidone, furosemide, hypokalaemia may precipitate coma, potassium-sparing diuretics recommended, hypomagnesaemia may occur more commonly
hydrochlorothiazide in alcoholic cirrhosis, half-life of furosemide increased from 1.2 to 2.2 hours

Diseases of the genitourinary system
Nalidixic acid Mixed cholestatic hepatitis, incidence of liver disease probably <0.1 % of treated patients
Nitrofurantoin Prolonged exposure may lead to chronic hepatitis and cirrhosis, rarely cholestatic jaundice, incidence probably <0.1 %
Diseases of the endocrine system and hormonal preparations
Antidiabetic drugs
Acarbose Avoid
Biguanides (metforrnin) Avoid, increased risk of lactic acidosis, impaired ability to metabolize drug
Sulphonylureas Increased risk of hypoglycaemia, wide spectrum but low incidence (probably <0.1 %) of hepatotoxicity, mixed hepatocellular/
(chlorpropamide, gli- cholestatic injury, hepatic granulomas
benclamide, tolbutamide)

Antihypertensives
Hydralazine
Methyldopa

ACE inhibitors

Hepatocellular injury may occur, though the incidence is probably <0.1 % of treated patients
Should be avoided, AST elevation in 6%, hepatocellular necrosis may result in fulminant liver failure and death, autoantibodies
may be associated with development of autoimmune chronic hepatitis following withdrawal of drug (incidence probably <1 %)
Prodrugs such as enalapril, perindopril, ramipril require close monitoring in patients with liver dysfunction as they have to be
converted to the active ingredient in the liver
In ascites and hepatorenal syndrome, cholestatic hepatitis (incidence probably <0.1 %)
Rarely precipitates hepatorenal syndrome, may also cause mixed hepatocellular injury, incidence probably <0.1 %
Consider lower dose

Bioavailability of all agents increased, clearance reduced because of reduced first-pass effect and half-life is prolonged, water-
soluble agents (atenolol, nadolol, sotalo!) safer, half-life increased: propranolol 2.9 to 7.7 hours, metoprolol 4.2 to 7.2 hours

Dose should be reduced because bioavailability and half-life increased, may cause mixed hepatocellular injury with cholestasis
(incidence probably <0.1%), half-life of nifedipine increased from 1.9 to 7 hours, diltiazem use associated with granulomas

Reduce dose in mild-to-moderate liver disease, avoid if severe liver disease
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Adverse effects and precautions requiredDrug

Antithyroid agents
Carbimazole
Propylthiouracil

Corticosteroids
Prednisolone,
prednisone

Sex hormones
Oral contraceptives

Oestradiol
Norethisterone
Methyltestosterone
and other C-17
alkylated steroids
Anabolic steroids
Danazol, tamoxifen

Anti-infective agents
Ampicillin, amoxicillin

Cloxacillin
Ceftriaxone
Chloramphenicol

Clindamycin
Erythromycin
4-quinolones

Fusidic acid
Metronidazole
Spectinomycin
Tetracycline
Sulphonamides
Trimethoprim
Vancomycin
Anti-tuberculosis
agents
Ethionamide
Isoniazid
Pyrazinamide
Rifampicin
Antifungals
Amphotericin
Griseofulvin
Ketoconazole
Intraconazole
Antivirals
Acyclovir
Antiparasitic
Thiabendazole
Metronidazole

Cholestasis, incidence probably <0.1 %
Hypersensitivity hepatotoxicity, incidence probably <0.1 %

Prednisolone is preferable in severe liver disease since prednisone requires hepatic conversion to prednisolone for
pharmacological effect, macrovesicular steatosis

High-dose pills can alter liver function and cause cholestasis (minimized with low-dose pills), avoid if there is a history of
gestational cholestasis or pruritus, contraindicated if cholestatic liver disease
Avoid in liver disease, cholestatis, dose-related hepatotoxicity
May alter liver function and cause jaundice, dose-related hepatotoxicity
Cholestatic abnormalities common; adenomas, peliosis and hepatocelluar carcinoma linked to long-term use, dose-related
hepatotoxicity may occur

Avoid in liver disease
Intrahepatic cholestasis, incidence probably <0.1 %

Hepatotoxicity rare (probably <0.1 %), combination with clavulanic acid associated with benign reversible cholestatic
syndromes, occasionally mixed hepatocellular/cholestatic injury, men >30 years at most risk, half-life of ampicillin increased
from 1.3 to 1.9 hours
Cholestatic syndrome, incidence probably <0.1 %
Biliary sludge may develop with prolonged use, incidence probably <0.1 %
Serum half-life of unmetabolized drug is prolonged in liver disease, incidence probably <0.1 %, higher risk for bone marrow
suppression, half-life increased from 4.6 to 11 hours
Reduce dose, incidence <I %, half-life increased from 3.4 to 4.5 hours
Idiosyncratic cholestatis with estolate, incidence probably <0.1%, hepatic pseudotumours, half-life increased: 1.4 to 2.2 hours
Ciprofloxacin: hepatitis with necrosis reported, nalidixic acid partially conjugated in liver, ofloxacin: reduce dose in severe
disease
Caution, high incidence of jaundice, particularly with intravenous use, extreme caution if impaired biliary excretion predictable
Reduce dose in severe liver disease
Incidence of liver disease probably <0.1 %
Avoid, dose-related hepatic toxicity especially by intravenous route
Mixed hepatocellular/cholestatic injury, incidence probably <1 %, hepatic granulomas may form
Reduce dose, half-life prolonged in liver disease
Half-life increased from 2.6 to 3.7 hours
Combination therapy usually produces an increase in serum aminotransferases, significant liver injury with jaundice is absolute
indication to stop all potentially hepatotoxic anti-tuberculosis drugs
Idiosyncratic liver injury, incidence probably <0.1 %
Idiosyncratic liver injury, more common if pre-existing liver disease, incidence probably <0.1 %
Avoid, unacceptable risk of toxicity
Impaired elimination if jaundice present, reduce dose by half, half-life increased from 2.8 to 5.4 hours

Highly protein bound, use with caution in liver failure
Contraindicated in liver failure, dose-related hepatotoxicity
May accumulate in liver failure, avoid if possible
Induces hepatitis-like reaction, incidence probably <0.1 %

Reversible elevations in AST, incidence probably <I %

Chronic drug-induced cholestasis described, incidence probably <0.1 %
Reduce dose in severe liver disease

Antineoplastic and immunomodulating agents
Azathioprine Hepatoportal sclerosis and microvascular injury, peliosis, incidence probably <1 %, also dose-related hepatotoxicity
Cyclosporin Cholestasis, 'dose-related hepatotoxicity, half-life increased from 6.2 to 20 hours
Methotrexate May induce fibrosis and cirrhosis following long-term therapy, cumulative doses >2 g dangerous, baseline and follow up

biopsies recommended particularly in psoriasis, avoid concurrent alcohol exposure

Diseases of the musculoskeletal system
Anti-inflammatory/ All NSAIDs show increased risk of gastrointestinal bleeding and may aggravate fluid retention
antirheumatic agents
Diclofenac Mixed hepatocellular injury, incidence probably <0.1 %, AST elevations in 15%, clinically overt hepatitis rare, incidence <0.1 %
Ibuprofen, indomethacin Incidence probably <0.1 %
Phenylbutazone Incidence probably <I %
Sulindac Women appear prone to mixed hepatitis picture associated with fever, incidence probably <1 %
Gold salts Avoid in severe liver disease; fulminant hepatitis incidence probably -cl %; intrahepatic cholestasis, incidence <0.1 %
D-Penicillamine Cholestatic syndromes with hypersensitivity responses, incidence probably <0.1 %
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Drug Adverse effects and precautions

Anti-gout agents
Allopurinol Granulomatous hepatitis, more risk of hepatocellular necrosis with concurrent renal impairment, incidence probably <0.1%
Colchicine Usually safe, dose-related hepatotoxicity
Probenecid Incidence probably <0.1%, dose-related hepatotoxicity

Diseases of the central nervous system
Anaesthetics and muscle relaxants
Halothane Avoid re-exposure in patients with previous unexplained postoperative fever or jaundice (medical alert bracelet recommended

by some), detection of antibodies to halothane metabolite-related compounds diagnostic in minority of cases, incidence <0.1%
Enflurane Hepatotoxic potential controversial but very rare, probably <0.1%
Isoflurane Single case report documenting liver injury, incidence probably <0.1%
Thiopental sodium Reduce dose, half-life prolonged and clearance diminished
Dantrolene Avoid, delayed hepatitis may occur, dose-related hepatotoxicity
Suxamethonium chloride Caution, serum pseudocholinesterase may be reduced, contraindicated in severe liver disease
Opioid analgesics Avoid or reduce dose, may precipitate hepatic coma
Morphine Significant increases in half-life and bioavailability
Pethidine Half-life increased from 5.2 to 11 hours, may precipitate coma
Dextropropoxyphene Avoid or reduce dose
Non-opioid analgesics
Paracetamol

Salicy lates
Antimigraine agents
Ergotamine
Anticonvulsants
Carbamazepine
Phenytoin

Half-life increased from 2 to 3.1 hours, special caution in alcoholics due to hepatic enzyme induction, avoid large doses, dose-
related hepatotoxicity, in case of overdose specific therapy indicated
Dose-related hepatotoxicity might occur, increased risk of gastrointestinal bleeding and renal impairment

Avoid, toxicity enhanced

Phenobarbital
Valproic acid

Mixed type hepatotoxicity in first month of treatment, hepatic granulomas described, incidence probably <0.1%
Unbound fraction may increase in liver disease leading to phenytoin toxicity, blood levels required for monitoring, mono-
nucleosis-like hepatitis picture, commonly associated with elevation of GGT, steroids may mask injury, incidence probably <1%
Reduce dose, half-life increased, incidence probably <0.1%
Half-life increased from 12 to 19 hours. Silent elevation of AST in 16%-67%, microvesicular steatosis, necrosis and coma seen
predominantly in children

Benzodiazepines
Chlordiazepoxide, Half-life of chlordiazepoxide increased from 24 to 63 hours and that of diazepam from 47 to 105 hours. All benzodiazepines
diazepam, lorazepam may precipitate coma, small doses of lorazepam/oxazeparn safest, incidence probably <0.1%
Antipsychotics: Phenothiazines
Chlorpromazine Avoid, cholestasis with liver injury, incidence probably <1%
Fluphenazine, Mixed cholestatic picture probably less common, incidence probably <1%
prochlorperazine
Butyrophenones
Haloperidol Rarely cholestasis and gastrointestinal disturbances, incidence probably <0.1%
Antidepressants
Amitriptyline Sedative effect increased, chronic cholestasis syndrome, incidence probably <0.1%, half-life increased from 16 to 38 hours
Imipramine Sedative effect increased, mixed type hepatotoxicity, incidence probably <0.1%, cholestatic hepatotoxicity, incidence <0.1%
MAOIs Avoid, idiosyncratic hepatotoxicity

Diseases of the respiratory system
Aminophylline Reduce dose and monitor levels, half-life of theophylline increased from 7.7 to 65 hours
Antitussives Avoid all those containing opiates
Antihistamines Avoid, alterations in half-life and bioavailability increase the incidence of side-effects, may precipitate coma, occasional mixed

hepatotoxicity, incidence probably <0.1%, special caution for astemazole and terfenadine to be avoided; half-life of
diphenhydramine increased from 9.3 to 15 hours

Miscellaneous agents
Disulfiram
Etretinate, acitretin

Caution in liver disease, contraindicated in decompensated cirrhosis, occasional acute hepatitis, incidence probably <0.1%
Avoid, further impairment of liver function may occur, dose-related hepatotoxicity

Those interested in additional information may also look up the Oxford Textbook of Clinical Hepatology"; British National Formulary (published annually by the British Medical
Association) or internet sites such www.druginfo.org.uk, www.uct.ac.zaJdepts/mmi/jmoodie/lheahtml.htmor www .pharmweb.net/pwmirror/uk/stjames/pharmwebstjames.html

Antibiotics
Amoxicillin is a safe choice as it has a high therapeutic ratio and
no dose alteration is required when renal functions are normal. In
mild liver disease, short courses of ciprofloxacin, ofloxacin and
sulphamethoxazole-trimethoprim can also be used if the renal
functions are normal. However, in severe liver dysfunction the
drug dosage may have to be reduced. Tetracyclines should be
avoided completely due to the risk of fatty change."

Anti-depressants and neuroleptics
The half-life of these drugs is considerably prolonged. Therapy
should be started with half the normal dose and much smaller
maintenance doses are required. Nortryptiline or despramine may
be preferred." Lithium administration is not altered in liver
disease but many side-effects of lithium toxicity may be confused
with deterioration of liver function. .
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Anti-tuberculous therapy
Streptomycin and ethambutol are absolutely safe. Isoniazid is
preferably used in a lower dose range (2-3 mg/kg rather than
5 mg/kg). Rifampicin is excreted mainly in the bile and its main-
tenance dose should be reduced to 6-8 mg/kg, given bi-weekly.
Pyrazinamide should be avoided."

Hypertension
Calcium-channel antagonists have a first-pass elimination of
50%-90% and their bioavailability may be markedly increased.
Initial as well as maintenance doses should be one-fourth to half.
Enalapril is a pro-drug, which is activated in the liver. The bio-
availability of its active ingredient may be reduced. On the other
hand, hypotension may occur with captopril.

Pain
Paracetamol is safe if the dosage frequency is reduced to twice a
day and the transaminase levels are monitored. Aspirin and
NSAIDs should be avoided due to the risk of gastric haemorrhage
and renal dysfunction. For cirrhotics with migraine, the dose of
ergot preparations should be reduced to one-tenth as porto-
systemic shunting may increase the bioavailability by 10-20-
fold."

Oral contraceptives
These should be withheld in liver disease as most oestrogens and
progesterones are subjected to significant first-pass metabolism.
Their bioavailability is likely to be very high in liver dysfunction
and porto-systemic shunting. They also precipitate relapses in
patients with obstetric cholestasis, Rotor and Dubin-Johnson
syndromes.

Sedation
Lorazepam ana oxazepam can be used, as their metabolism is not
significantly affected by liver disease. Flumazenil should be kept
ready if oversedation becomes a problem.

CONCLUSION
Liver disease encompasses a range of pathophysiological changes
that may alter drug disposition. Drugs that are dependent prima-
rily on the liver for their systemic clearance are more likely to be
subject to reduced elimination resulting in excessive plasma drug
concentrations and adverse effects, particularly if the adverse
effects of the drug are concentration-dependent. The effects of
hepatic insufficiency on the pharmacokinetics of drugs are not
consistent or predictable. Problems in forecasting drug kinetic
behaviour are further enhanced by the additional impairment
of kidney function (frequently encountered in patients with
advanced liver disease) and by the unpredictability of the glom-
erular filtration rate using customary methods in patients with
cirrhosis. Accordingly, doses are generally adapted empirically,
with the help of serum drug concentrations, when applicable.
Tissue responsiveness to the pharmacological action of some
drugs may be modified, as evidenced by the increased susceptibil-
ity of the brain in patients with cirrhosis to the action of many
psychoactive agents. Another example is the greater susceptibil-
ity of such patients to the nephrotoxic potential of aminoglycosides,
which should not be used. Drugs may also interfere with adaptive
physiological processes induced by liver disease. ACE inhibitors
and NSAIDs counteract the enhanced activity ofthe renin-angio-
tensin system in advanced liver disease, thereby generating a high

risk of excessive hypotension or acute renal failure, respectively.
These drugs are best avoided in patients with cirrhosis.

Finally, there may be pharmacological effects that overlap
with some pathophysiological modifications related to the pro-
cess of liver disease, such as increased portal pressure produced
by some calcium antagonists, or hypoprothrombinaemia related
to the inhibition of synthesis of vitamin K-dependent clotting
factors by some ~-lactam antibacterials (especially moxalactam
and cefamandole). Accordingly, the use of these drugs should be
avoided. Reduced drug metabolism in patients with liver disease
does not seem to have a significant impact on the frequency of
hepatotoxicity. However, special caution should be exercised in
patients with alcoholic liver disease because excessive alcohol
intake may potentiate the hepatotoxic effect of paracetamol (ac-
etaminophen).
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


