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Description. Drug induced acute liver failure is defined by the appearance of signs or symptoms of hepatic
failure and encephalopathy during the course of acute drug induced liver injury in a patient without previous or
underlying chronic liver disease.

Latency to Onset. The time to onset of acute liver failure after starting a medication ranges from a few days to
many months, but it is rarely greater than 6 months.

Symptoms. Symptoms are those of severe acute liver injury, usually with a prodromal period of fatigue, nausea,
poor appetite and right upper quadrant discomfort followed by dark urine and jaundice followed by signs or
symptoms of hepatic failure. The diagnosis of acute liver failure is actually based upon the appearance of clinical
symptoms of hepatic encephalopathy, such as mental clouding, confusion, asterixis, somnolence, stupor and
coma. Other features of liver failure include abdominal swelling due to ascites, peripheral edema and
coagulopathy. The rapidity of onset of the symptoms of hepatic encephalopathy varies greatly. Cases in which
symptoms of encephalopathy arise within days of onset of hepatitis are usually referred to as "hyperacute”,
within 5 days to 8 weeks of onset as "acute”, and after 8 weeks of onset as "subacute”. Initial symptoms of hepatic
encephalopathy may be subtle and include a change in personality, forgetfulness, reversal of day-night pattern of
wakefulness, and irrational or violent behavior.

Serum Enzyme Elevations. At the time of onset, serum enzymes are usually markedly elevated with serum
alanine and aspirate aminotransferase levels 10 to 100 times the upper limit of the normal range, accompanied
by mild or at most moderate elevations in alkaline phosphatase levels. As the hepatic failure progresses,
hepatocellular pattern may become mixed or actually cholestatic as the aminotransferase levels typically fall,
even as laboratory evidence of hepatic failure worsens (progressive rise in serum bilirubin, fall in albumin and
rise in prothrombin time or INR). At this same time, alkaline phosphatase levels may rise yielding a more
cholestatic pattern.

Drugs. Acetaminophen overdose (either intentional or unintentional) is the most common cause of acute liver
failure in the United States and much of the developed world. Other agents that have been implicated in causing
acute liver failure include isoniazid, pyrazinamide, nitrofurantoin, phenytoin, carbamazepine, valproate,
disulfiram, propylthiouracil, diclofenac, terbinafine, ketoconazole, flutamide, the sulfonamides, fluoroquinolone
antibiotics, macrolide antibiotics, and miscellaneous herbal agents. Acute liver failure is a frequent reason for
withdrawal or restriction of availability of a medication (troglitazone, bromfenac, nefazodone, halothane,
telithromycin).

Differential Diagnosis. Acute liver failure is a distinctive syndrome that is not confused with other conditions.
The major differential diagnosis is in the cause of the acute liver failure, whether viral (hepatitis A, B, C, D or E),
autoimmune, metabolic (Wilson disease), drug induced or idiopathic.
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Definition. The diagnosis of acute liver failure requires the finding of liver test abnormalities indicative of acute
liver injury, accompanied by signs or symptoms of hepatic encephalopathy in a patient with no known previous
liver injury. Similar acute liver injury accompanied by signs of hepatic failure in a patient with previous,
underlying liver disease is more properly called "acute-on-chronic" liver failure. Typical features of acute liver
failure include:

1. Acute elevations in serum enzyme elevations with serum aminotransferase levels greater than 10 times
the upper limit of the normal range, early in the course of illness

Mild to moderate elevations in serum alkaline phosphatase levels (early in the injury)

Latency of a few days to 6 months after starting the medication

Increased prothrombin time (>3 seconds prolonged) or international normalized ratio (INR >1.5)
Symptoms or signs of hepatic encephalopathy.

DA

Other causes of acute liver failure that need to be excluded include acute hepatitis A, B, C, D and E, reactivation
of hepatitis B, Wilson's disease, ischemic hepatitis and tumor replacement of the liver. Importantly, a proportion
of cases of acute liver failure are "indeterminate” and the etiology is unclear despite careful medical history and
extensive laboratory testing and imaging of the liver. Indeterminate acute liver failure accounts for up almost half
of cases of acute liver failure in children and approximately 15% in adults. Some of these cases may be due to
autoimmune hepatitis. Others are probably due to unacknowledged use of acetaminophen and a medication that
was not remembered or was concealed. However, because drug induced liver injury is largely a diagnosis of
exclusion and because idiopathic acute liver failure can never be completely excluded, the attribution of acute
liver failure to a medication should be done cautiously. The most convincing evidence in favor of a medication is
the time of onset of injury (if within 5 to 90 days of starting the medication) and whether the medication has
been previously linked to cases of acute liver failure.

Acute liver failure arises typically in patients with acute hepatocellular injury with an acute viral hepatitis like
phenotype. Acute hepatic necrosis can also lead to acute liver failure, generally with a hyperacute presentation.
Finally, sinusoidal obstruction syndrome and acute fatty liver with lactic acidosis may cause acute liver failure,
but clinical features are usually quite different and different medications are typically implicated.

Management and Outcome. Management of acute liver failure due to a medication requires careful attention to
all details of medical management and is best done at a medical center at which liver transplantation is available.
The first priority is to stop the implicated medication, but also to minimize any further liver damage. For this
reason, it is often best to stop all medications and herbals, except those that are life sustaining. There are no
specific antidotes for most causes of acute liver failure except of N-acetylcysteine (NAC), which has been shown
to decrease hepatic injury due to acetaminophen overdose. Furthermore, a multicenter controlled trial of NAC
in patients with acute liver failure not due to acetaminophen indicated that a 3 day course of intravenous NAC
was associated with an improvement in spontaneous (transplant-free) survival in patients with drug induced
liver injury. Thus, it is reasonable to administer NAC to all patients with severe drug induced acute liver injury
suggestive of hepatic failure. Details on the management of acute liver failure with regular updates (position
paper and management guidelines) are available at the website of the American Association for the Study of
Liver Diseases: https://www.aasld.org/practice-guidelines/management-acute-liver-failure

CASE REPORTS

Case 1. Acute liver failure due to combination antituberculosis therapy.(1)

A 60 year old woman with pulmonary tuberculosis was treated with isoniazid (300 mg daily), rifampin (600 mg
daily) and pyrazinamide (1.5 grams daily) and improved rapidly but was found to have jaundice with bilirubin
3.5 mg/dL, AST 538 U/L and alkaline phosphatase of 148 U/L six weeks after starting therapy (Table). Her liver
tests were reported to be normal before treatment. She had no history of liver disease, alcohol abuse, or risk


https://www.aasld.org/practice-guidelines/management-acute-liver-failure

Acute Liver Failure 3

factors for viral hepatitis. Isoniazid and rifampin were stopped but pyrazinamide continued. One week later she
was admitted to a local hospital for worsening hepatic function. She was mildly encephalopathic and the
prothrombin time was prolonged. She was transferred to a liver transplant center. She was in stage 3 hepatic
coma and required artificial ventilation. Pyrazinamide was stopped and ofloxacin, ethambutol and streptomycin
started. Blood tests for hepatitis A, B and C were negative. She underwent successful liver transplantation 5 days
after transfer and 3 weeks after onset of symptoms. She recovered uneventfully and was discharged 16 days after
transplant on cyclosporine and prednisone. She was maintained on ethambutol, streptomycin and ofloxacin for
tuberculosis, and sputum cultures remained negative.

Key Points

Medication: Isoniazid, rifampin, pyrazinamide

Pattern: Hepatocellular (R=10.1)

Severity: 5+ (acute liver failure requiring liver transplantation)
Latency: 6 weeks

Recovery: No

Other medications: None mentioned

Laboratory Values

Time After Time After AST  Protime Bilirubin  Other
Starting ~ Stopping  (U/L) (seconds) (mg/dL)

Pre Normal Normal Normal

Isoniazid, rifampin and pyrazinamide started for active tuberculosis

6 weeks 0 548 3.5

7 weeks 7 days 1640 224 224  Admission
20 days 1100* 34% 32.0% Transfer

8 weeks 2 weeks 350% 41% 21.0*

Liver transplantation
3 months 5 weeks 30* 11 5.0*  Discharge
Normal Values <40 <14 <1.2

* Estimated from Figure 2.

Comment

This patient developed symptoms of hepatic encephalopathy a week after clinical presentation with an acute
hepatitis like syndrome. Antituberculosis medications are perhaps the most common cause of idiosyncratic drug
induced acute liver failure, both in the developed and the developing world. This case demonstrates that it is
often unclear which of the antituberculosis medications is responsible, and whether the combination of agents is
more likely to lead to severe liver injury than the individual agents alone. In this situation, it is best to stop all
agents as all three, but particularly isoniazid and pyrazinamide, have been reported to cause acute liver failure.
Despite stopping isoniazid therapy promptly, this patient progressed to hepatic failure and required liver
transplantation within 3 weeks of initial presentation. Risk factors for isoniazid hepatitis included age and
combination therapy. Risk factors for severe outcome were age and sex. After transplantation, the patient
tolerated therapy with second-line antituberculosis medications: ethambutol, streptomycin, and ofloxacin.
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Case 2. Acute liver failure due to propylthiouracil.(2)

A 14 year old girl with Graves disease, exophthalmos and goiter was treated with methimazole with gradual
improvement but relapsed when it was stopped after 3 months. One week after switching to propylthiouracil
(450 mg daily), she developed fatigue, vomiting and diarrhea followed by dark urine and jaundice. She remained
symptomatic of her thyroid disease with tachycardia and tremor. On examination, she was jaundiced, but did
not have fever, rash or signs of chronic liver disease. Laboratory tests showed bilirubin of 13.2 mg/dL and
marked elevations of serum ALT (1501 U/L) and AST (2800 U/L), with minimal increase in alkaline
phosphatase (287 U/L). Propylthiouracil was stopped and she was maintained on propranolol. Because of
worsening liver failure she was transferred to a tertiary medical center. Tests for hepatitis A, B and C were
negative as were antinuclear and smooth muscle antibodies. Thyroid studies showed a normal total and free
thyroxine level. An open liver biopsy showed massive necrosis, and she underwent successful liver
transplantation 10 days after onset of liver injury and 19 days after starting propylthiouracil.

Key Points

Medication: Propylthiouracil (450 mg daily)
Pattern: Hepatocellular (R=56)
Severity: 5+ (emergency liver transplant)
Latency: 1 week

Recovery: None

Other medications: Propranolol

Laboratory Values

Time After Time After ALT AlkP Bilirubin Other
Starting  Stopping (U/L) (U/L) (mg/dL)

Pre (-60) 68 256 0.5 Thyrotoxicosis

0 Propylthiouracil (450 mg daily) started

8 days 0 2501 132 Drugs stopped
17 days 9 days 16.2
18 days 10 days 770 287 22.0

19 days 11 days Emergency liver transplantation
Normal Values <45 <140 <1.2
Comment

Many cases of acute liver failure attributable to propylthiouracil therapy have been reported in the literature,
with several cases occurring in children or adolescents. This severe outcome has led to the recommendation that
propylthiouracil not be used in children and not be considered as a first line of therapy for Graves disease in
adults. The injury is typically hepatocellular and associated with rapid development of acute liver failure and
death. The latency to onset can be short as in this instance (one week) or prolonged to as long as a year. This
patient recovered after liver transplantation and was later treated successfully with subtotal thyroidectomy.
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Case 3. Severe acetaminophen hepatotoxicity after unintentional
overdose.(3)

A 69 year old woman with chronic headaches taking high doses of acetaminophen and other analgesics and
over-the-counter products developed drowsiness, poor appetite, nausea, vomiting and mild diarrhea. She was
brought to the emergency room by her daughter who found her mother to be confused and not her usual highly
functioning self. She had a history of mitral regurgitation and was taking warfarin chronically. She had no
history of liver disease, alcohol use or risk factors for viral hepatitis. Medications being taken included Tylenol,
Tylenol Sinus, Vicodin and tramadol, but the amounts being taken were not clear. The patient and her daughter
denied that she was suicidal. On admission, serum acetaminophen levels were 133 mcg/dL. On examination, she
was confused and had asterixis. Vital signs included pulse of 136/min, respirations 18/min, BP 127/64 and
temperature 36.5 °C. She had no signs of chronic liver disease. Serum bilirubin was 4.8 mg/dL, ALT 5,945 U/L,
AST 12,476 U/L, and alkaline phosphatase was normal (Table). Tests for hepatitis A and B were negative as were
autoantibodies. She had antibody to hepatitis C; HCV RNA testing was not performed. Abdominal ultrasound
showed no evidence of biliary obstruction. She was given intravenous N-acetylcysteine and vitamin K. Within 2

days she began to improve clinically, and she was discharged after 7 days. In follow up 2 weeks later, all liver tests
were normal and warfarin was restarted.

Key Points

Medication: Acetaminophen (uncertain doses)

Pattern: Hepatocellular (R>100) [alkaline phosphatase levels normal]
Severity: Severe (jaundice, hospitalization and signs of hepatic failure)
Latency: 5-7 days

Recovery: ~2 weeks

Other medications: Warfarin, tramadol, and oxycodone

Laboratory Values

Time After ~ ALT Bilirubin INR Other
Stopping (U/L) (mg/dL)
0 5945 4.8 3.7 Asterixis

1 day 4675 7.0 47

2 days 3744 8.4 3.7

3 days 1688  10.1 3.1 Improved mentation
4 days 1365 11.1 2.9

5 days 855 12.1 2.6
6 days 630 122 20 Discharged

Normal Values <42 <130 <1.2

Comment

This case is an example of unintentional or accidental acetaminophen overdose or "therapeutic misadventure” in
an elderly lady who was taking several forms of acetaminophen over several days. Contributing factors may have
been chronic hepatitis C, but the pattern of serum enzyme elevations and clinical course were typical of
acetaminophen overdose and not likely to be due to acute viral hepatitis. The onset was "hyperacute" and typical
of acute hepatic necrosis, with immediate appearance of hepatic failure and liver injury arising within days of
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starting the high doses of the medication. While intentional overdoses are associated with ingestion of at least 10
grams of acetaminophen at one time, unintentional overdoses are usually found with ingestion of somewhat
lower amounts over a 3 to 5 day period, particularly in patients with malnutrition, alcoholism, chronic liver
disease or an accompanying medical illness. Cases are frequently associated with use of narcotic combinations
(such as hydrocodone with acetaminophen) with abuse of the narcotic leading to increasing acetaminophen
exposure.

Case 4. Acute liver failure and death due to diclofenac.(4)

A 65 year old woman with osteoarthritis developed the sudden onset of nausea, vomiting and fatigue six weeks
after starting diclofenac 75 mg by mouth twice daily (having replaced ibuprofen therapy). Serum
aminotransferase levels were minimally elevated (ALT 53 U/L, AST 40 U/L) having been normal 3 weeks earlier.
Diclofenac was stopped and she was monitored. Five days later she was noted to be jaundiced and serum
aminotransferase levels had risen precipitously (Table). She was treated with prednisone, but continued to
worsen and was admitted for evaluation. Her other medications included furosemide (20 mg daily), famotidine
(40 mg daily) and prednisone (30 mg daily). She did not use alcohol and had no history of liver disease or risk
factors for viral hepatitis. On examination, she was jaundiced and lethargic. There was bilateral pitting edema,
ascites and marked asterixis. Laboratory tests showed a total serum bilirubin of 36 mg/dL, ALT 140 U/L, AST
177 U/L and prothrombin time 15.8 seconds. Abdominal ultrasound showed a small liver with patent hepatic
veins and no evidence of biliary obstruction. Tests for hepatitis A and B were negative as were autoantibodies.
She subsequently had progressive hepatic failure and died 2 weeks after admission. Autopsy showed a shrunken
liver with massive necrosis and severe cholestasis.

Key Points

Medication: Diclofenac 75 mg twice daily

Pattern: Hepatocellular (R=unable to calculate)
Severity: 5+ (acute liver failure and death)
Latency: 6 weeks

Recovery: None

Other medications: Furosemide, famotidine, prednisone

Laboratory Values

Time After Time After ALT AST  Bilirubin Other
Starting ~ Stopping (U/L) (U/L) (mg/dL)
3 weeks Normal Normal Normal Diclofenac started
6 weeks 0 53 40 Nausea and fatigue; diclofenac stopped
7 weeks 5 days 3750 17.0 Prednisone started
8 weeks 2 weeks 140 177 36.0 Ascites and asterixis
10 weeks 4 weeks Died of liver failure
Normal Values <45 <45 <1.2
Comment

This case is a dramatic example of precipitous drug induced acute liver failure. Diclofenac was discontinued
promptly upon the development of symptoms of fatigue and nausea, at which time serum aminotransferase
levels were only mildly elevated. Despite this, the patient developed jaundice and marked aminotransferase
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elevations a few days later, and subsequently showed signs of acute liver failure and died 3 weeks after onset of
jaundice and 4 weeks after stopping diclofenac. The nonsteroidal antiinflammatory agents (NASIDs) are rare but
well documented causes of acute liver failure. Diclofenac and sulindac have most frequently been associated with
this severe form of idiosyncratic liver injury. The lack of cross reactivity to hepatic injury among different classes
of NSAIDs is suggested by the history of tolerance of ibuprofen (a propionic acid NSAID in contrast to
diclofenac, which belongs to the anthranilic acid class of NSAIDs).
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