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may be encouraging patients to be alert for symptoms such as nausea,
fatigue, or jaundice, because most fatalities occur in the setting of continued INH use despite clinically apparent illness.
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Figure 361-2 Nomogram to define risk of acetaminophen hepatotoxicity according to initial plasma acetaminophen concentration.
(After BH Rumack, H Matthew: Pediatrics 55:871, 1975.)
may distinguish patients highly likely to require liver transplantation (lactate levels >3.5 mmol/L) from those likely to survive without
liver replacement. Acute renal injury occurs in nearly 75% of patients
with severe acetaminophen injury but is virtually always self-limited.
Survivors of acute acetaminophen overdose rarely, if ever, have
ongoing liver injury or sequelae.
ISONIAZID HEPATOTOXICITY (TOXIC AND IDIOSYNCRATIC REACTION)
Isoniazid (INH) remains central to most antituberculous prophylactic
and therapeutic regimens, despite its long-standing recognition as
a hepatotoxin. In 10% of patients treated with INH, elevated serum
aminotransferase levels develop during the first few weeks of therapy;
however, these elevations in most cases are self-limited, mild (values
for ALT <200 IU/L), and resolve despite continued drug use. This
adaptive response allows continuation of the agent if symptoms and
progressive enzyme elevations do not follow the initial elevations.
Acute hepatocellular drug-induced liver injury secondary to INH is
evident with a variable latency period up to 6 months and is more frequent in alcoholics and patients taking certain other medications, such
as barbiturates, rifampin, and pyrazinamide. If the clinical threshold
of encephalopathy is reached, severe hepatic injury is likely to be fatal
or to require liver transplantation. Liver biopsy reveals morphologic
changes similar to those of viral hepatitis or bridging hepatic necrosis.
Substantial liver injury appears to be age-related, increasing substantially after age 35; the highest frequency is in patients over age 50, and
the lowest is in patients under the age of 20. Even for patients >50 years
of age monitored carefully during therapy, hepatotoxicity occurs in
only ~2%, well below the risk estimate derived from earlier experiences.
Fever, rash, eosinophilia, and other manifestations of drug allergy are
distinctly unusual. Recently, antibodies to INH have been detected in
INH recipients, but a link to causality of liver injury remains unclear. A
clinical picture resembling chronic hepatitis has been observed in a few
patients. Many public health programs that require INH prophylaxis
for a positive tuberculin skin test or Quantiferon test include monthly
monitoring of aminotransferase levels, although this practice has been
called into question. Even more effective in limiting serious outcomes
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SODIUM VALPROATE HEPATOTOXICITY (TOXIC AND IDIOSYNCRATIC REACTION)
Sodium valproate, an anticonvulsant useful in the treatment of petit
mal and other seizure disorders, has been associated with the development of severe hepatic toxicity and, rarely, fatalities, predominantly
in children but also in adults. Among children listed as candidates
for liver transplantation, valproate is the most common antiepileptic
drug implicated. Asymptomatic elevations of serum aminotransferase
levels have been recognized in as many as 45% of treated patients.
These “adaptive” changes, however, appear to have no clinical importance, because major hepatotoxicity is not seen in the majority of
patients despite continuation of drug therapy. In the rare patients
in whom jaundice, encephalopathy, and evidence of hepatic failure
are found, examination of liver tissue reveals microvesicular fat and
bridging hepatic necrosis, predominantly in the centrilobular zone.
Bile duct injury may also be apparent. Most likely, sodium valproate
is not directly hepatotoxic, but its metabolite, 4-pentenoic acid, may
be responsible for hepatic injury. Valproate hepatotoxicity is more
common in persons with mitochondrial enzyme deficiencies and may
be ameliorated by IV administration of carnitine, which valproate
therapy can deplete. Recently, valproate toxicity has been linked to
HLA haplotypes (DR4 and B*1502) and to mutations in mitochondrial
DNA polymerase gamma 1.
NITROFURANTOIN HEPATOTOXICITY (IDIOSYNCRATIC REACTION)
This commonly used antibiotic for urinary tract infections may
cause an acute hepatitis leading to fatal outcome or, more frequently,
chronic hepatitis of varying severity but indistinguishable from
autoimmune chronic hepatitis. These two scenarios may reflect the
frequent use and reuse of the drug for treatment of recurrent cystitis in women. Although most toxic agents manifest injury within 6
months of first ingestion, nitrofurantoin may have a longer latency
period, in part perhaps because of its intermittent, recurrent use.
Autoantibodies to nuclear components, smooth muscle, and mitochondria are seen and may subside after resolution of infection; however, glucocorticoid or other immunosuppressive medication may
be necessary to resolve the autoimmune injury, and cirrhosis may be
seen in cases that are not recognized quickly. Interstitial pulmonary
fibrosis presenting as chronic cough and dyspnea may be present
and resolve slowly with medication withdrawal. Histologic findings
are identical to those of autoimmune hepatitis. A similar disease pattern can be observed with minocycline that is used repeatedly for the
treatment of acne in teenagers as well as with hydralazine and alpha
methyldopa.
AMOXICILLIN-CLAVULANATE HEPATOTOXICITY
(IDIOSYNCRATIC MIXED REACTION)
Currently, the most common agent implicated as causing druginduced liver injury in the United States and in Europe is amoxicillinclavulanate (most frequent brand name: Augmentin). This medication
causes a very specific syndrome of mixed or primarily cholestatic
injury. Because hepatotoxicity may follow amoxicillin-clavulanate
therapy after a relatively long latency period, the liver injury may begin
to manifest at the time of drug withdrawal or after the drug has been
withdrawn. The high prevalence of hepatotoxicity reflects in part the
very frequent use of this drug for respiratory tract infections, including
community-acquired pneumonia. The mechanism of hepatotoxicity
is unclear, but the liver injury is thought to be caused by amoxicillin
toxicity that is potentiated in some way by clavulanate, which itself
appears not to be toxic. Symptoms include nausea, anorexia, fatigue,
and jaundice—which may be prolonged—with pruritus. Rash is quite
uncommon. On occasion, amoxicillin-clavulanate, like other cholestatic hepatotoxic drugs, causes permanent injury to small bile ducts,
leading to the so-called “vanishing bile duct syndrome.” In vanishing bile duct syndrome, initially, liver injury is minimal except for
severe cholestasis; however, over time, histologic evidence of bile duct
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