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KEY POINTS

� Acute liver failure, the most severe form of liver injury, is comprised primarily of instances
of drug-induced liver injury (DILI).

� Although acetaminophen overdoses dominate, a significant portion of DILI is related to
prescription drugs and complementary and alternative medications.

� Acetaminophen and idiosyncratic cases differ dramatically in clinical and biochemical fea-
tures and in outcomes.

� Therapy for these conditions has been limited to date, although N-acetylcysteine may be
of benefit.

� Survival without transplantation is particularly poor for those with idiosyncratic DILI.

� Efforts to improve outcomes should focus on pathogenesis and improving hepatocyte
regeneration.
BACKGROUND

Acute liver failure (ALF), where loss of hepatocyte function occurs over days or weeks
without evidence of cirrhosis, has traditionally been defined by altered mentation
accompanied by coagulopathy (prolonged international normalized ratio [INR]). Loss
of nearly the entire hepatocyte mass is observed in this setting because of a variety
of agents including viruses, toxins, and drugs. Recovery depends on whether the
injury is ongoing or self-limited and whether or not hepatocytes are capable of regen-
erating. It is estimated that approximately 2000 people experience ALF annually in the
United States and nearly 60% of these are caused by acetaminophen or idiosyncratic
drug reactions, drug-induced liver injury (DILI) in its largest sense. Overall, acetamin-
ophen injury far exceeds idiosyncratic DILI by 4:1 among cases reaching the threshold
of ALF. Idiosyncratic reactions to prescription drugs or complementary and alternative
medications (CAMS) are referred to as DILI, whereas acetaminophen hepatotoxicity is
often referred to separately under the acronym APAP. Over the past 16 years, APAP-
related toxicity leading to ALF has comprised 46% of subjects enrolled in the Acute
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Liver Failure Study Group (ALFSG), a network that currently includes 16 transplant
centers across the United States.1 By contrast, DILI-related ALF was observed in
11% of these same subjects. Still, DILI is the largest single group after APAP (Fig. 1).
This was not the case before the 1990s when hepatitis B was more prevalent

and acetaminophen was not as widely used. Early studies did not mention
acetaminophen-related injury; nearly 50% were thought related to acute hepatitis B.
Even in the mid-1990s only 20% of cases were determined to be caused by APAP
overdoses.2

DILI caused by either idiosyncratic reactions or acetaminophen-related hepatic ne-
crosis leads to ALF on very different trajectories. A prescription drug, such as isoni-
azid, leads to a subacute pattern where injury evolves gradually over several weeks,
and encephalopathy occurs generally after a minimum of 2 to 4 weeks from onset
of illness. By contrast, acetaminophen-related injury is termed hyperacute rather
than subacute and its evolution is measured in hours, with peak injury occurring about
72 hours after a single time point ingestion of a toxic amount (Table 1). Although pa-
tients with ALF may exhibit these features, patients with APAPmore commonly exhibit
advanced degrees of hepatic coma on admission to transplant centers, sometimes
having signs of cerebral edema that results in uncal herniation and compression of
the brainstem that is nearly uniformly fatal. Fortunately, only between 10% and 20%
of all patients with ALF show evidence of cerebral edema and its incidence may be
declining.3

ACETAMINOPHEN-RELATED ALF

Acetaminophen-related ALF was traditionally recognized as caused by suicidal over-
doses, although frequent mention was made in the 1980s of therapeutic misadven-
tures or the “alcohol-Tylenol” syndrome.4,5 Thus, most cases can be divided into
intentional and unintentional cases. Intentional cases represent a single time point
ingestion for self-harm, whereas unintentional cases are defined as ingestions in
excess of package labeling instructions, occurring over several days (or weeks) with
pain (usually chronic back or pancreatic pain, but also postsurgical pain and other
Fig. 1. Cause of acute liver failure in the United States.



Table 1
Clinical features of different ALF etiology groups (N 5 2000)

APAP
(N 5 916)

Drug
(N 5 220)

Indeterminate
(N 5 245)

HepA/HepB
(N 5 36/142)

All Others
(N 5 441)

Age (median) 37 46 39 49/43 45

Gender (% female) 76 69 59 44/44 71

Jaundice (days) 1 11.5 11 4/8 7

Coma �3 (%) 53 35 48 56/52 38

Alanine
aminotransferase

3773 639.5 865 2275/1649 681

Bilirubin (median) 4.3 19.8 21.1 12.3/18.4 13.9

Tx (%) 9 40 42 33/39 32

Spontaneous
survival (%)

63 24 22 50/21 31

Overall survival (%) 70 58 60 72/55 58
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miscellaneous causes).6 The overall burden of intentional cases greatly exceeds acci-
dental ones in terms of emergency room visits where all patients once recognized
should immediately receive the antidote, N-acetylcysteine (NAC; obtained in intrave-
nous form as Acetadote). Among those reaching the threshold of ALF, there are nearly
equal numbers of intentional and unintentional cases. Because APAP-related ALF has
become commonplace, instances of APAP-related injury should be readily recog-
nized. However, many are already comatose on arrival to the tertiary care facility
and the ingestion history may be lacking. Similarly, the use of acetaminophen levels
in patients already demonstrating massive hepatocyte injury may create false impres-
sions that the cause is not acetaminophen. Thus, a high index of suspicion is needed
to recognize all cases. Recently, it has become apparent that the biochemical profile
itself can be a strong indication for acetaminophen hepatotoxicity: the finding of
remarkably high aminotransferases (>3500 IU/L) in concert with low bilirubin levels
(<5) is the nearly unique signature of APAP injury.7 Typical aminotransferase levels
exceed 10,000 IU/L. Ischemic hepatopathy and rare instances of hepatitis B or herpes
simplex hepatitis are the only alternate diagnoses that should be entertained. A point-
of-care assay to detect acetaminophen adducts, the by-product of cell injury rather
than the parent compound, currently is being developed. Acetaminophen hepatic
injury is covered in more detail elsewhere in this issue.

IDIOSYNCRATIC DRUG-RELATED LIVER INJURY

Most reactions to prescription drugs or CAMs are considered idiosyncratic; they are
unpredictable, vary greatly in severity, and occur at varying time intervals after inges-
tion (anywhere from a few days to 1 year).8 Their toxicity is usually unrelated to dose,
route, or duration of drug administration (although a review of drugs withdrawn from
the market in the United States recently found that most were prescribed at daily
doses >50 mg per day).9 Instead, the Greek root of idiosyncrasy emphasizes that it
is the unique characteristics of the individual that predispose them to develop a toxic
reaction, whereas many others can use the drug safely.10 It is assumed that the
adverse reactions to these xenobiotic compounds have a strong genetic basis.11

DILI, as a result, has become an important catalyst for pharmacogenomics research.12

Only a fraction of DILI reactions lead to ALF. Among the first 300 patients enrolled in
the National Institutes of Health–supported Drug-Induced Liver Injury Network (DILIN),
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33% were hospitalized, 15% were considered severe, and 6% died or underwent
transplantation.13 Thus, only a small fraction of the overall group experienced ALF,
although there were 9% fatalities or transplants in the subgroup where hepatocellular
injury was present. Thus, the spectrum of types and severity of liver injury caused by
DILI overall is broad and expectation for recovery from the average instance of DILI is
the rule.
The phenotype associated with ALF is characterized by hepatocellular injury that

typically evolves more slowly than acetaminophen and is remarkably rare, with
some agents in the range of 1:30,000 to 100,000 prescriptions. A wide variety of med-
ications have been implicated, although not every one can cause these severe forms
of liver damage. Antibiotics, anticonvulsants, and nonsteroidal anti-inflammatory
agents are among the most commonly implicated medications, with isoniazid
continuing its prominent place among those frequently implicated. The ALFSG review
of 133 patients enrolled in the registry with ALF determined that antimicrobials were
the most common cause for ALF accounting for 46% of cases.14 Box 1 lists a current
update of commonly seen drugs modified from Reuben and colleagues.14 Over time
the list of agents implicated evolves, because usage changes as new agents come
along. For example, phenytoin is used much less currently than it was in an earlier
era. Thus, a decline in phenytoin ALF should be seen. Telithromycin (Ketek) was a
new antibiotic that gained in popularity as a replacement for macrolide antibiotics
because its spectrum of activity included pneumococci resistant to penicillins and
even macrolides; however, the identification of several instances of ALF in the 3 years
after its approval has led to revised approval with much more limited indications and a
black box warning from the Food and Drug Administration.15,16 It is hoped that isoni-
azid will lose its primacy as the keystone agent against tuberculosis, but to date that
has not happened.
In the paper cited previously that reviewed the experience of 133 ALF DILI cases,

spontaneous recovery was limited, although the slower evolution of disease often
allowed for transplantation to take place. Transplant-free survival (TFS) was 27%,
whereas 42% received a graft, yielding an overall short-term survival of 66%. A recent
update of these figures fromALFSG for 220DILI cases indicated that TFS is evenworse,
at 23%, with 40% transplanted giving an overall survival of only 58% (William M. Lee,
MD, unpublished data, 2013). By comparison, acetaminophen short-term results for
916 individuals admitted with ALF included 63% TFS, 9% transplanted, giving a 70%
overall short-term survival. Fewer APAP cases are candidates for liver grafting because
of ongoing substance abuse or lack of insurance funding, but they less frequently seem
to require rescue. It is postulated that the self-limited duration of injury, despite its
severity, allows rapid regeneration and resolution of the hepatic damage. Pathogenesis
of the two forms of DILI (APAP and idiosyncratic DILI) remains a black box.17

Clinical recognition of DILI ALF is little different from that of APAP except for the
slower speed of disease evolution. Any patient in the emergency room showing signs
of jaundice and coagulopathy with or without alteredmentation should undergo further
screening to determine if ALF is present. All patients should receive careful question-
ing regarding recent medications, CAMs, and any use of acetaminophen-containing
compounds and an extensive serologic work-up focusing on determining the cause
of the condition. Those with subacute injury of whatever cause may not exhibit signif-
icant encephalopathy early on, but linger with modest aminotransferase elevations but
elevated INR and bilirubin levels that predict a poor outcome once they persist for
more than 10 to 14 days. These patients are more likely to develop ascites, infection,
and renal insufficiency. Cause of death in the absence of transplantation is primarily
systemic infection or cerebral edema.



Box 1

Drugs implicated in causing acute liver failure

Antimicrobials

Isoniazid, with or without rifampicin

Trimethoprim/sulfamethoxazole

Nitrofurantoin

Terbinafine

Itraconazole

Ketoconazole

Amoxicillin

Ciprofloxacin

Azithromycin

Telithromycin

Anticonvulsants

Phenytoin

Valproic acid

Carbamazepine

Complementary and alternative medications

Lipokinetix (usnic acid)

Herbalife (unspecified)

Ma-huang and other Chinese herbs

Hydroxycut (unspecified)

Others

Diclofenac

Etodolac

Disulfiram

Propylthiouracil

Methyldopa

Chemotherapeutic agents

Gemtuzumab

Adapted from Reuben A, Koch DG, Lee WM. Drug-induced acute liver failure: results of a U.S.
multicenter, prospective study. Hepatology 2010;52:2068.
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OVERALL MANAGEMENT

Intensive care management is used for virtually all patients with any degree of enceph-
alopathy and can be considered for those with profound coagulopathy where evolu-
tion to altered mentation is likely. Extensive guidelines have been established for
management, although much is based on expert opinion rather than evidence-
based medicine, because large controlled trials are seldom possible, given the orphan
status of this syndrome.18,19 In general, patients are placed with head elevated and
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receive frequent checks for neurologic function. Most are dehydrated on arrival and
require volume resuscitation. Initial serologic testing is used to exclude other causes,
even if a putative drug cause has been elicited. In a recent study from the DILIN, 9 out
of 318 cases tested for hepatitis E were recategorized as having likely hepatitis E
based on the presence of IgM anti–hepatitis E antibody, and in four patients also hep-
atitis E virus RNA.20 Only one of these cases manifested signs of ALF. Thus, casting a
wide initial testing net for causes and, in particular, repeat questioning of the patient or
their family concerning use of antibiotics even remotely or herbal or dietary supple-
ments is remarkably helpful.
There is no certain antidote for ALF at this time. Specific measures are available for

acetaminophen (NAC). Although NAC use after onset of encephalopathy theoretically
may help prevent worsening, it is being given too late to prevent the unfolding injury.
With regard to idiosyncratic DILI, many patients continue to consume the suspect
agent after onset of symptoms and this, in general, is harmful, although no study to
date has shown with certainty that early withdrawal improves outcomes. In some in-
stances, a drug taken only for 2 to 3 days may lead to a fatal outcome.

Treatment with NAC

NAC is the recognized antidote for acetaminophen poisoning and long has been
claimed to be effective in nonacetaminophen settings, without much supportive evi-
dence. NAC was subjected to a randomized placebo-controlled trial for nonacetami-
nophen ALF that included DILI as one subgroup. The trial included 173 randomized
patients, the largest ever performed in ALF. The group consisted of four causes: (1)
DILI; (2) autoimmune hepatitis; (3) hepatitis B; and (4) indeterminate, those where a
cause could not be discerned. The primary outcome (improvement in overall survival)
was not achieved but significant improvement was observed within early coma grade
patients (I to II): spontaneous survival (SS) 52% with NAC versus 30% with placebo.21

All ALF trials in the modern era are compromised by transplantation that rescues
approximately 40% of those with non-APAP ALF so that their true outcome will never
be known and overall survival is improved because of the use of liver grafting, as it
should be. Because short-term survival after transplantation is more than 90% and
mainly hinges on technical issues, such as graft quality, the impact of an intravenous
medication is unlikely to affect overall outcome particularly in those with advanced he-
patic failure, where death or transplant as outcomes occur quickly. We observed that
50% of coma III to IV patients achieved an outcome (death or transplant) by Day 4,
whereas those with lesser coma grades only reached this threshold at Day 10 after
admission to study. Thus, in retrospect, TFS is probably a better outcome measure
than overall survival. It seems unlikely that patients with advanced coma grades would
benefit so rapidly from NAC that they would not progress to an outcome as described.
There were no safety issues and, using a Cox proportional hazards model, outcomes
were better for the NAC Coma I to II group than all other categories (Fig. 2). The
percent transplanted was significantly lower in the NAC group when follow-up
extended out to 1 year. There was a trend toward shorter intensive care unit and hos-
pital stays in favor of the NAC group, but this was not significant. The greatest
improvement in TFS was seen in those treated with NAC (Table 2). For those with eti-
ology as DILI TFS was 58% for NAC versus 27% for placebo, and for hepatitis B 40%
for NAC versus 17% for placebo.
Two subsequent studies have focused on why NAC might have made a differ-

ence. Stravitz and colleagues measured levels at two time points of 10 cytokines,
using a multiplex enzyme-linked immunosorbent assay on sera from 78 patients
who participated in the NAC trial (William M. Lee, MD, unpublished data, 2013).



Fig. 2. Cox proportional hazards model by treatment and coma grade.
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Treatment with NAC and low interleukin (IL)-17 levels were associated with
improved outcomes in multivariate analysis. Among those with elevated IL-17
levels, 78% of the NAC-treated patients and 44% of the control subjects had unde-
tectable IL-17 levels on Day 3 after admission to study. Thus, NAC may act by
lowering IL-17 levels, thus averting ongoing liver damage at this crucial disease
stage. In a second study, reviewing standard biochemistries from the NAC trial,
Singh and colleagues22 showed that patients with early coma grade who were
treated with NAC showed significant improvement in bilirubin and alanine amino-
transferase levels compared with the other three groups (maximum P<.02 for
NAC 1–2 vs the three other treatments) when predicting death or transplantation.
These two studies support the use of NAC in early stage hepatic coma caused by
drug-related liver injury. To date, the Food and Drug Administration has not
approved NAC for the indication of nonacetaminophen ALF.
Table 2
NAC results by etiology

Overall Survival Transplant-Free Survival

PLB NAC PLB NAC

DILI 17/26 15/19 7/26 11/19

N 5 45 65% 79% 27% 58%

AIH 10/15 7/11 4/15 1/11

N 5 26 67% 64% 27% 9%

HBV 6/12 19/25 2/12 10/25

N 5 37 50% 76% 17% 40%

Indeterminate 18/26 9/15 6/26 6/15

N 5 41 69% 60% 23% 40%

Abbreviations: AIH, autoimmune hepatitis; HBV, hepatitis B virus; PLB, placebo.
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Corticosteroid Use

Corticosteroid therapy has been proposed as treatment of DILI in the ALF setting but
little evidence advanced to support it, and unlike alcoholic hepatitis, no controlled tri-
als have been performed.23 A recent analysis of the ALFSG database sought to pro-
vide circumstantial evidence for or against steroid use by reviewing outcomes for
those who did and did not receive corticosteroid therapy for their ALF, regardless of
cause (William M. Lee, MD, unpublished data, 2013). Of 131 patients with DILI ALF,
26 had received corticosteroids and 105 had not as shown in records examined. Sur-
vival was 50% for those receiving and 62% for those not receiving steroid therapy.
This was uncontrolled and a bias toward treatment of desperately sick individuals
may have been at play here.

Hepatic Encephalopathy

Understanding the encephalopathy that occurs in ALF has been limited by the relative
rarity of the condition. The role of ammonia as a causative agent has been debated.
High ammonia levels correlate in a general way with the degree of encephalopathy
but not that well, but do correlate more closely to the presence of cerebral edema.
Acute kidney injury occurs in 70% of patients with acetaminophen-induced hepatic
necrosis and encephalopathy. Recent data from ALFSG has established that high
ammonia levels are virtually never seen in the absence of acute kidney injury. Hyper-
acute liver injury is closely associated with cerebral edema and this has been pre-
sumed to be related to the acuity of the injury; however, the most common cause of
hyperacute ALF is acetaminophen and the presence of renal injury clearly plays a
part in causing the high ammonia levels.
Use of lactulose and antibiotics in patients with ALF has been problematic, because

colonic distention caused by lactulose is counterproductive in a surgical setting.18 No
proof of efficacy has been shown for either form of management classically used in
encephalopathy caused by cirrhosis.
ALFSG is currently testing ornithine phenylacetate as an ammonia-trapping agent in

an initial pilot study to evaluate safety and tolerability. Ammonia-lowering agents could
represent a significant improvement in encephalopathy management and would
demonstrate once and for all whether ammonia directly contributes to this
condition.24,25

TRANSPLANTATION AND PROGNOSIS

Transplantation provides a reliable rescue for patients when no signs of recovery are
forthcoming. Only a small fraction of patients receive a liver graft: 24% of all patients
with ALF, 9% of acetaminophen ALF, and 40% of patients with DILI ALF. For each pa-
tient, a careful assessment of need and appropriateness precedes listing so a prog-
nostic score has long been considered a vital but elusive goal. Even when a patient
is listed, organ availability determines ultimate outcome and patient candidacy can
change from good to poor over hours. A review of transplantation data from the United
Network for Organ Sharing registry disclosed that among patients undergoing liver
transplantation between 1990 and 2002, a total of 2291 were considered to have acute
hepatic necrosis, which is close to but may not be identical with ALF as described pre-
viously.26 Of these, 357 (15%) were thought caused by DILI but including APAP. Thus,
roughly half received a graft for APAP, the other half for idiosyncratic DILI. This sug-
gests that despite the high morbidity of DILI once the threshold of ALF is reached,
the number of patients actually undergoing transplantation for DILI remains small. It
is important to point out that the United Network for Organ Sharing database only
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registers those listed for transplantation and receiving a graft, so this is a skewed
group compared with the larger overall universe of patients with DILI that is more uni-
formly captured by ALFSG or DILIN. Once again, ALFSG only identifies those DILI
cases meeting criteria of hepatic encephalopathy and prolonged INR, only 11% of
all ALFSG enrolled patients and 9% of the all DILI patients (according to DILIN
data).13,14 Among ALFSG patients as noted, the slower evolution of disease and higher
fatality rate or failure to improve has yielded a higher percentage of transplants under-
taken in this group compared with those with acetaminophen-related hepatic failure.
The higher number of acetaminophen cases results in similar total numbers of patients
being transplanted for APAP and DILI.
When outcomes for the ALFSG group of 133 patients with DILI reviewed previously

were examined, the Model for End Stage Liver Disease (MELD) score and coma grade
on admission were the strongest predictors of liver transplantation.14 Because most of
these patients would have received a listing as Status 1, the highest priority, it is not
clear whether MELD is relevant here. To date, robust prognostic scoring systems
have not proved useful in ALF. Although Kings College Hospital (KCH) criteria have
been used by some centers, it is evident that those reaching the threshold of Kings
criteria are highly likely to require transplantation; those not reaching criteria still
have a 50% mortality, indicating the limits of such a scoring system.26,27 Other
more global scores that reflect intensive care unit survival have not proved to be of
any additional value. Cholongitas and colleagues28 studied 125 consecutive patients
with APAP, comparing Sequential Organ Failure Assessment (SOFA), MELD, Acute
Physiologic and Chronic Health Assessment II (APACHE II), and KCH. They concluded
that SOFA performed best of the four with an area under the receiver operator curve
(AUC) of 0.79, whereas the AUCs for MELD, APACHE II, and KCH were 0.58, 0.72, and
0.65, respectively. This study applied only to APAP cases, suggesting that it may be
necessary to develop a prognostic score for each ALF etiology. Taylor and col-
leagues29 have developed a prognostic score with great accuracy for hepatitis A.
More recently, an index was developed that outperformed MELD and KCH across
the spectrum of ALF conditions.30 In this system, M-30 antigen, a marker of apoptosis,
was used in concert with coma grade, INR, bilirubin, and phosphorus and gave an
AUC of 0.822 compared with MELD at 0.704 and KCH at 0.654. A direct comparison
with SOFA was not made. The limitation of this index is that it requires a special test
with limited availability to complete the index. M-30 did contribute to improving to the
final score. Similarly, a study from Germany31 substituted M-65 antigen levels for bili-
rubin in the MELD score to determine survival or need for transplantation or death in a
wide spectrum of ALF where APAP constitute 13% and DILI 18%. In this study, the
AUC for the modified MELD, referred to as M-MELD, was 0.87 on admission and bet-
ter if maximum M-65 values were used; however, as a retrospective study one only
knows what the maximum value obtained is after the study is completed. Similarly,
the real value of a prognostic score must be on admission, when the decision to list
is paramount. Outcomes later will become clarified and all prognostic scores will
tend to improve. Further studies are under way to nail down a robust score that is
applicable (or modified) for all etiologic groups and could be simplified to be devel-
oped as an “app,” rendering it more user-friendly than current scores.
GENOMICS AND THE FUTURE

Studies have tried to determine whether there is a specific host genomics signature
that identifies increased susceptibility to catastrophic liver injury, because the ALF
group of patients with DILI represents the tip of a much larger iceberg. For every
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isoniazid ALF patient, there are probably nine additional patients with alanine amino-
transferase elevations not requiring and this was the original message in Hy law.32 This
is across a variety of drug groups and types. The question becomes: What makes one
or another patient have a poor outcome with seemingly similar clinical features in other
respects? Specific HLA haplotypes have been associated with certain drugs in
genome-wide association studies.11,12 However, a recent study analyzed whether
there were keratin 8 and 18 host mutations that are considered to be cytoprotective
that would possibly be underrepresented among a cohort of 344 patients with ALF.
Indeed, keratin 8 variants in particular were overrepresented in white patients with
ALF across etiologies.33 This provides support for the concept that host increased
susceptibility underlies conversion to ALF, although it is likely that this susceptibility
is multifactorial. A further study has also suggested a specific acetaminophen UDP-
glucuronosyltransferase enzyme polymorphism can explain the variable susceptibility
of individuals to acetaminophen toxicity.34

Overall, it seems that genomic studies in the future will help identify those at greatest
risk of unfavorable outcomes. Whether these assays turn out to be specific to drugs or
are more global remains to be seen.

SUMMARY

Although ALF caused by DILI comprises a small fraction of overall DILI, these patients
require high resource use and have relatively poor outcomes. DILI caused by idiosyn-
crasy more often leads to death or transplantation than does acetaminophen ALF, but
the number of patients in each category receiving a graft is roughly the same. Efforts to
improve outcomes should focus on more effective treatments and better methods to
identify those that might experience poor outcomes.
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