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Toxic and Drug-Induced Hepatitis

ACETAMINOPHEN HEPATOTOXICITY (DIRECT TOXIN)
Acetaminophen represents the most prevalent cause of acute liver failure in the Western world; up to 72% of patients with acetaminophen
hepatotoxicity in Scandinavia—somewhat lower frequencies in the
United Kingdom and the United States—progress to encephalopathy
and coagulopathy. Acetaminophen causes dose-related centrilobular
hepatic necrosis after single-time-point ingestions, as intentional selfharm, or over extended periods, as unintentional overdoses, when
multiple drug preparations or inappropriate drug amounts are used
daily for several days, e.g., for relief of pain or fever. In these instances,
8 g/d, twice the daily recommended maximum dose, over several days
can readily lead to liver failure. Use of opioid-acetaminophen combinations appears to be particularly harmful, because habituation to the
opioid may occur with a gradual increase in opioid-acetaminophen
combination dosing over days or weeks. A single dose of 10–15 g,
occasionally less, may produce clinical evidence of liver injury. Fatal
fulminant disease is usually (although not invariably) associated with
ingestion of ≥25 g. Blood levels of acetaminophen correlate with severity of hepatic injury (levels >300 μg/mL 4 h after ingestion are predictive of the development of severe damage; levels <150 μg/mL suggest
that hepatic injury is highly unlikely). Nausea, vomiting, diarrhea,
abdominal pain, and shock are early manifestations occurring 4–12 h
after ingestion. Then 24–48 h later, when these features are abating,
hepatic injury becomes apparent. Maximal abnormalities and hepatic
failure are evident 3–5 days after ingestion, and aminotransferase levels exceeding 10,000 IU/L are not uncommon (i.e., levels far exceeding
those in patients with viral hepatitis). Renal failure and myocardial
injury may be present. Whether or not a clear history of overdose can
be elicited, clinical suspicion of acetaminophen hepatotoxicity should
be raised by the presence of the extremely high aminotransferase levels
in association with low bilirubin levels that are characteristic of this
hyperacute injury. This biochemical signature should trigger further
questioning of the subject if possible; however, denial or altered mentation may confound diagnostic efforts. In this setting, a presumptive
diagnosis is reasonable, and the proven antidote, N-acetylcysteine—
both safe and presumed to be effective even when injury has already
begun to evolve—should be instituted.
Acetaminophen is metabolized predominantly by a phase II reaction to innocuous sulfate and glucuronide metabolites; however, a
small proportion of acetaminophen is metabolized by a phase I reaction to a hepatotoxic metabolite formed from the parent compound by
the cytochrome P450 CYP2E1. This metabolite, N-acetyl-p-benzoquinoneimine (NAPQI), is detoxified by binding to “hepatoprotective” glutathione to become harmless, water-soluble mercapturic acid, which
undergoes renal excretion. When excessive amounts of NAPQI are
formed, or when glutathione levels are low, glutathione levels are
depleted and overwhelmed, permitting covalent binding to nucleophilic hepatocyte macromolecules forming acetaminophen-protein
“adducts.” These adducts, which can be measured in serum by highperformance liquid chromatography, hold promise as diagnostic
markers of acetaminophen hepatotoxicity, and a point-of-care assay
for acetaminophen-Cys adducts is under development. The binding of acetaminophen to hepatocyte macromolecules is believed to

lead to hepatocyte necrosis; the precise sequence and mechanism are 2027
unknown. Hepatic injury may be potentiated by prior administration
of alcohol, phenobarbital, isoniazid, or other drugs; by conditions
that stimulate the mixed-function oxidase system; or by conditions
such as starvation (including inability to maintain oral intake during
severe febrile illnesses) that reduce hepatic glutathione levels. Alcohol
induces cytochrome P450 CYP2E1; consequently, increased levels of
the toxic metabolite NAPQI may be produced in chronic alcoholics
after acetaminophen ingestion, but the role of alcohol in potentiating
acute acetaminophen injury is still debated. Alcohol also suppresses
hepatic glutathione production. Therefore, in chronic alcoholics,
the toxic dose of acetaminophen may be as low as 2 g, and alcoholic
patients should be warned specifically about the dangers of even standard doses of this commonly used drug. In a 2006 study, aminotransferase elevations were identified in 31–44% of normal subjects treated
for 14 days with the maximal recommended dose of acetaminophen,
4 g daily (administered alone or as part of an acetaminophen-opioid
combination); because these changes were transient and never associated with bilirubin elevation, the clinical relevance of these findings
remains to be determined. Although underlying hepatitis C virus
(HCV) infection was found to be associated with an increased risk of
acute liver injury in patients hospitalized for acetaminophen overdose,
generally, in patients with nonalcoholic liver disease, acetaminophen
taken in recommended doses is well tolerated. Acetaminophen use in
cirrhotic patients has not been associated with hepatic decompensation. On the other hand, because of the link between acetaminophen
use and liver injury, and because of the limited safety margin between
safe and toxic doses, the FDA has recommended that the daily dose of
acetaminophen be reduced from 4 g to 3 g (even lower for persons with
chronic alcohol use), that all acetaminophen-containing products be
labeled prominently as containing acetaminophen, and that the potential for liver injury be prominent in the packaging of acetaminophen
and acetaminophen-containing products. Within opioid combination
products, the limit for the acetaminophen component has been lowered to 325 mg per tablet.
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administration of thorium dioxide. The latter three agents have also
been associated with angiosarcoma of the liver. Oral contraceptives
have been implicated in the development of hepatic adenoma and,
rarely, hepatocellular carcinoma and hepatic vein occlusion (BuddChiari syndrome). Another unusual lesion, peliosis hepatis (blood
cysts of the liver), has been observed in some patients treated with anabolic or contraceptive steroids. The existence of these hepatic disorders
expands the spectrum of liver injury induced by chemical agents and
emphasizes the need for a thorough drug history in all patients with
liver dysfunction. A helpful LiverTox website that contains up-to-date
information on drug-induced liver injury is available through the
National Institute of Diabetes and Digestive and Kidney Diseases and
the National Library of Medicine (www.livertox.nih.gov).
The following are patterns of adverse hepatic reactions for some
prototypic agents.

TREATMENT

Acetaminophen Overdosage

Treatment includes gastric lavage, supportive measures, and oral
administration of activated charcoal or cholestyramine to prevent
absorption of residual drug. Neither charcoal nor cholestyramine
appears to be effective if given >30 min after acetaminophen ingestion; if they are used, the stomach lavage should be done before
other agents are administered orally. The chances of possible, probable, and high-risk hepatotoxicity can be derived from a nomogram
plot (Fig. 361-2), readily available in emergency departments, as a
function of measuring acetaminophen plasma levels 8 h after ingestion. In patients with high acetaminophen blood levels (>200 μg/mL
measured at 4 h or >100 μg/mL at 8 h after ingestion), the administration of N-acetylcysteine reduces the severity of hepatic necrosis.
This agent provides sulfhydryl donor groups to replete glutathione,
which is required to render harmless toxic metabolites that would
otherwise bind covalently via sulfhydryl linkages to cell proteins,
resulting in the formation of drug metabolite-protein adducts.
Therapy should be begun within 8 h of ingestion but may be at
least partially effective when given as late as 24–36 h after overdose.
Later administration of sulfhydryl compounds is of uncertain value.
Routine use of N-acetylcysteine has substantially reduced the occurrence of fatal acetaminophen hepatotoxicity. N-acetylcysteine may
be given orally but is more commonly used as an IV solution, with a
loading dose of 140 mg/kg over 1 h, followed by 70 mg/kg every 4 h
for 15–20 doses. Whenever a patient with potential acetaminophen
hepatotoxicity is encountered, a local poison control center should
be contacted. Treatment can be stopped when plasma acetaminophen levels indicate that the risk of liver damage is low. If signs of
hepatic failure (e.g., progressive jaundice, coagulopathy, confusion)
occur despite N-acetylcysteine therapy for acetaminophen hepatotoxicity, liver transplantation may be the only option. Early arterial
blood lactate levels among such patients with acute liver failure
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