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Background: Because acute liver failure is rare, related data
have been sparse. Studies have suggested that viral hepatitis is
the most common underlying cause of this condition.

Objective: To describe the clinical features, presumed causes,
and short-term outcomes of acute liver failure.

Design: Prospective cohort study.

Setting: 17 tertiary care centers participating in the U.S. Acute
Liver Failure Study Group.

Patients: 308 consecutive patients with acute liver failure, ad-
mitted over a 41-month period.

Measurements: Detailed clinical and laboratory data collected
during hospitalization, including outcome 3 weeks after study
admission.

Results: 73% of patients were women; median age was 38
years. Acetaminophen overdose was the most common apparent
cause of acute liver failure, accounting for 39% of cases. Idiosyn-
cratic drug reactions were the presumptive cause in 13% of cases,

viral hepatitis A and B combined were implicated in 12% of cases,
and 17% of cases were of indeterminate cause. Overall patient
survival at 3 weeks was 67%. Twenty-nine percent of patients
had liver transplantation, and 43% survived without transplanta-
tion. Short-term transplant-free survival varied greatly, from 68%
for patients with acetaminophen-related liver failure to 25% and
17% for those with other drug reactions and liver failure of
indeterminate cause, respectively. Coma grade at admission ap-
peared to be associated with outcome, but age and symptom
duration did not.

Conclusions: Acetaminophen overdose and idiosyncratic drug
reactions have replaced viral hepatitis as the most frequent appar-
ent causes of acute liver failure. Apparent cause and coma grade
at admission were associated with outcome. Although transplan-
tation may improve patient survival, it was unavailable or unnec-
essary for most patients.
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cute liver failure is characterized by severe and sudden

liver cell dysfunction leading to coagulopathy and he-
patic encephalopathy in previously healthy persons with no
known underlying liver disease (1). Sometimes termed fu/-
minant hepatic failure, acute liver failure is thought to affect
approximately 2000 persons per year in the United States
(2). This catastrophic illness can rapidly progress to coma
and death from cerebral edema and multiorgan dysfunc-
tion (2, 3).

Over the past 30 years, the most frequently identified
cause of acute liver failure has been viral hepatitis, espe-
cially hepatitis B but also hepatitis A and, in tropical pop-
ulations, hepatitis E (4—8). Smaller numbers of cases have
been related to drug-induced liver injury and other causes
(9). The frequency of identified causes of acute liver failure
has varied greatly worldwide. A very high prevalence of
suicidal overdoses of acetaminophen (73%) has been re-
corded in the United Kingdom (10), and no cases of acet-
aminophen-related disease have been observed in develop-
ing countries (7).

Until recently, only limited data have been available
on the cause and outcome of acute liver failure in the
United States, presumably because of the relative rarity of
the condition, referral patterns in North America, and lack
of a centralized data registry (11-14). The U.S. Acute Liver
Failure Study Group was formed in 1997 as a consortium
of liver centers interested in better defining causes and out-

comes of acute liver failure. The primary aim of the current
study was to prospectively describe, with emphasis on the
role of transplantation, the causes of acute liver failure and
short-term outcomes of patients with this condition who
presented to participating liver centers between 1998 and
2001. Our secondary aim was to compare presenting clin-
ical features and liver transplantation in patients with acute
liver failure related to acetaminophen hepatotoxicity, other
drugs, indeterminate factors, and other causes.

MEeTHODS

Between January 1998 and May 2001, a 41-month
period, 308 patients 15 years of age or older were enrolled
from 17 tertary care liver centers around the United
States, all but one of which has a liver transplantation pro-
gram. The local institutional review board of each center
approved the study. All enrolled patients met entry criteria
for acute liver failure: the presence of coagulopathy (pro-
thrombin time > 15 seconds or international normalized
ratio = 1.5) and any hepatic encephalopathy within 26
weeks of the first symptoms without previous underlying
liver disease (15). Informed consent was obtained from
patients’ next of kin before enrollment, according to the
guidelines of local institutional review boards. On the basis
of records of patients considered for enrollment but ex-
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Context

Acute liver failure is a catastrophic condition affecting
about 2000 persons in the United States each year.

Contribution

Among 308 consecutive patients with liver failure admit-
ted to 1 of 17 referral centers between 1998 and 2001,
acetaminophen overdose (39%) and idiosyncratic drug
reactions (13%) were the most common cause of disease.
Sixty-seven percent of patients were still living 3 weeks
after presentation (44% without liver transplantation and
23% after transplantation). Survival was associated with
cause of liver failure (persons with acetaminophen over-
dose fared best) and depth of coma at presentation.

Implications

Drug toxicities cause most cases of acute liver failure in
the United States. Cause and depth of coma at presenta-
tion predict patient outcomes.

—The Editors

cluded because of lack of informed consent or other rea-
sons, more than 65% of eligible patients were enrolled.

Under code to protect confidentiality, each center pro-
vided detailed demographic, clinical, laboratory, and out-
come information for all enrolled patients. Hepatic coma
was graded on a standard scale of I to IV, as described
elsewhere (1, 2). Etiologic diagnoses, which were made at
each study center, were based on accepted diagnostic crite-
ria circulated to all investigators. These criteria involved
history; laboratory values; imaging studies; and, in some
cases, histopathologic characteristics. Acute liver failure was
considered to be of indeterminate cause when extensive
clinical, radiographic, and laboratory evaluation (including
toxicology screens and serologic markers for viral hepatitis
A, B, and C and antinuclear and anti-smooth-muscle an-
tibodies) was inconclusive. Investigators tested and
searched for other viruses by using RNA methods as clin-
ically indicated, but these results were not uniformly avail-
able. Clinical guidelines for patient management, although
determined at each site, were uniform (16).

Candidacy for liver transplantation was determined at
individual centers according to the guidelines of the
United Network of Organ Sharing. Shortly after patients
were admitted to the study, an initial case report form was
completed and forwarded to the central study site (Univer-
sity of Texas Southwestern Medical Center, Dallas, Texas).
In addition, an outcome case report form detailing the
hospital course and final laboratory results not available at
admission was completed within 3 weeks of discharge,
death, or transplantation. Outcome end points, which
were determined 3 weeks after study admission, included
liver transplantation, death, and survival without trans-
plantation. Case report forms were checked for missing
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values and inconsistencies; queries were sent to the partic-
ipating centers, and corrections were made at the data co-
ordinating center. All data were then entered into an Ac-
cess database (Microsoft Corp., Redmond, Washington).
Annual site visits by researchers from the data coordinating
center confirmed the accuracy of the data.

Statistical Analysis

Results are expressed as medians and ranges. Statistical
significance was not used in the analysis because the data
were descriptive.

Role of the Funding Sources
The funding sources had no specific role in the design,
conduct, or reporting of the study.

REsuLTS
Demographic Characteristics and Clinical Data

Of the 308 patients with acute liver failure, 224 (73%)
were women. The median age of the group was 38 years
(range, 15 to 78 years); women were older than men (39
years vs. 32.5 years). Two hundred twenty-seven patients
(74%) were white, 31 (10%) were Hispanic, 29 (9%) were
African American, 10 (3%) were Asian, 5 (2%) were Na-
tive American, and 6 (2%) were of other ethnic back-
grounds. Extensive variation was seen in the median dura-
tion of symptoms (6 days [range, 0 to 74 days]) and
jaundice (2 days [range, 0 to 61 days]) before encephalop-
athy onset. Coma grade at study admission was relatively
equally distributed (Table 1). Forty percent of patients had
a serum creatinine concentration of 177 umol/L or greater
(=2.0 mg/dL), and 14% had acidosis (arterial pH <
7.30). Nearly half of patients (44%) acquired a culture-
proven infection. Most patients (260 [84%]) were referred
from other hospitals, and the remainder were admitted
directly to the tertiary care centers.

Causes of Acute Liver Failure

The Figure displays the presumed cause of acute liver
failure and the outcome data for all study patients. Acet-
aminophen overdose was the most commonly implicated
reason for acute liver failure, accounting for 120 patients
(39%). The median dosage of acetaminophen ingested was
13.2 g/d (range, 2.6 to 75 g/d), and 99 of 120 patients
(83%) had ingested more than 4 g/d (the maximum pack-
age recommendation). Among these 120 patients, 44
(37%) were considered to have ingested acetaminophen
with suicidal intent (single ingestion with suicide attempt
admitted) and 68 (57%) had accidental toxicity (many in-
gestions for pain relief without suicidal intent). In 8 pa-
tients (7%), the reason for overdose could not be deter-
mined.

Idiosyncratic drug reactions were deemed responsible
for another 40 cases of acute liver failure (13%). Hepatitis
A and B infection led to 14 cases (4%) and 22 cases (7%),
respectively. Presumptive diagnoses of ischemic hepatitis
(“shock liver”), autoimmune hepatitis, Wilson disease, and
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Table 1. Characteristics of Patients at Admission according to Presumed Cause of Acute Liver Failure*

Presumed Cause of Acute Liver Failure

Variable

Acetaminophen
Patients, n 120
Median age (range), y 36 (19-76)
Women, n (%) 95 (79)
White ethnicity, n (%) 108 (90)
Survived without transplant, n (%) 82 (68)
Survived with or without transplant, n (%) 87 (73)

Received transplant, n (%) 7 (6)
Coma grade at study admission, n

| 33

Il 27

1 35

v 25
Maximum coma grade, n

| 18

1l 35

1] 31

\Y 36
Mean symptom duration (range), d 3 (0-32)t
Mean jaundice duration (range), d+ 1(—=3to 12)
Mean value of mean arterial pressure, mm Hg 87 (41-130)

125 (16-699)
28.5 (15.0-135)
2.8 (1.5-44.4)
21 (2-35)
4310 (136-17 670)
4333 (59-28 870)

Mean platelet count (range), X 7000 cells/mm?
Mean prothrombin time (range), s

Mean INR (range)

Mean serum bicarbonate level (range), mmol/L
Mean ALT level (range), U/L

Mean AST level (range), U/L

Mean bilirubin level (range)

wmol/L 74 (5-592)

mg/dL 4.3(0.3-34.6)
Mean creatinine concentration (range)

wmol/L 168 (44-928)

mg/dL 1.9 (0.5-10.5)

Mean arterial pH 7.41 (6.94-7.65)

Other Drugs Indeterminate All Others
40 53 95
41 (20-65) 38 (15-76) 43 (15-78)
29 (72) 32 (60) 68 (72)
23 (58) 35 (66) 61 (64)
10 (25) 9(17) 31 (33)
28 (70) 34 (64) 58 (61)
21 (53) 27 (51) 34 (36)
8 14 21
5 14 29
14 15 21
3 10 24
7 14 17
10 10 24
20 14 22
3 15 32
15.5 (2-74) 23 (0-67) 10 (0-64)
12 (=1 to 59) 12 (0-61) 4 (-5t042)
92 (67-118) 84 (34-133) 88 (52-133)

154 (36-376)
22.5(15.2-86.6)
2.4 (1.5-10.9)

23 (7-37)
574 (88-5380)
636 (127-3673)

129 (14-462)
23.7 (15.1-151.4)
2.7 (1.5-24.8)

23 (9-31)
947 (32-10 660)
858 (93-14 626)

148 (28-424)
26.8 (15.0-106)
2.7 (1.5-26.1)
23 (7-36)
1060 (3-12 533)
1003 (50-21 925)

345 (127-852)
20.2 (7.4-49.8)

419 (17-742)
24.5(1.0-43.4)

215 (22-1026)
12.6 (1.3-60.0)

88 (27-460)
1.0(0.3-5.2)
7.48 (7.26-7.63)

106 (35-619)
1.2 (0.4-7.0)
7.46 (7.10-7.59)

133 (35-2210)
1.5 (0.4-25.0)
7.44 (7.12-7.81)

* ALT = alanine aminotransferase; AST = aspartate aminotransferase; INR = international normalized ratio.
T Some patients with accidental acetaminophen overdose had symptoms for a long period.

¥ Jaundice developed after onset of encephalopathy in some patients.

the Budd—Chiari syndrome accounted for 17 (6%), 13
(4%), 8 (3%), and 5 (2%) cases, respectively. Six patients
with pregnancy-associated acute liver failure were listed as
having acute fatty liver (z = 2), the HELLP (Hemolysis,
Elevated Liver enzymes, Low Platelets) syndrome (2 = 3),
or eclampsia (7 = 1). Acute liver failure was attributed to
cancer (metastatic carcinoma or lymphoma) in 4 patients
and to another cause (heat stroke, sepsis, or giant-cell hep-
atitis) in 6 patients. Fifty-three cases (17%) of indetermi-
nate cause were equally divided among the 12 centers (me-
dian cases per center, 4.5 [range, 1 to 9]).

Comparison of Clinical and Laboratory Features by
Presumed Cause

Table 1 shows between-group differences in clinical
and laboratory data at admission, based on presumed cause
of acute liver failure. All groups had a similar preponder-
ance of women. Patients with acetaminophen-related liver
failure and those with indeterminate liver failure were
younger than patients with liver failure that was drug in-
duced or related to other causes. White persons were over-
represented in the acetaminophen group compared with
the other three groups. Patients with acetaminophen-
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related disease had shorter disease duration; higher serum
alanine aminotransferase, aspartate aminotransferase, and
creatinine levels; and lower bilirubin levels and arterial pH.
The drug-induced and indeterminate groups had longer
disease duration, lower alanine aminotransferase levels, and
higher bilirubin levels. The groups did not differ signifi-
cantly in other measures of disease severity at presentation
(for example, coma grade, mean arterial pressure, pro-
thrombin time, or international normalized ratio).

Outcomes

Short-term outcomes were assessed 3 weeks after study
admission (Figure). Most patients (286 of 308 [93%]) had
a definitive outcome (death, transplantation, or hospital
discharge) at 3 weeks. Overall survival was 67% (207 of
308 patients). One hundred thirty-two patients (43%) sur-
vived without transplantation. One hundred thirty-five pa-
tients were listed for transplantation, and 89 (66% of listed
patients, 29% of the total study group) received a liver
graft. Seventy-five patients who received transplants sur-
vived for at least 3 weeks (short-term survival, 84%).
Causes of death for the 101 patients who died were cere-
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Figure. Presumed causes and outcomes in 308 patients with
acute liver failure.
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bral edema, multiorgan failure, sepsis, cardiac arrhythmia
or arrest, and respiratory failure. Thirty patients died
awaiting a graft, and 47 died but had not been listed for
transplantation. The median time from transplantation
listing to actual transplantation was 3.5 days (range, 1 to
42 days), and median time to death after admission was 5
days (range, 2 to 21 days).

Short-term outcomes varied according to the pre-
sumed cause of acute liver failure (Figure, Table 1). For
patients with acetaminophen overdose, hepatitis A virus
infection, shock liver, or pregnancy-related acute liver fail-
ure, short-term survival without transplantation was 50%
or greater. Patients whose liver disease was of indetermi-
nate cause or was presumed to be related to drugs other
than acetaminophen, hepatitis B virus infection, autoim-
mune hepatitis, Wilson disease, the Budd—Chiari syn-
drome, or cancer had lower rates of short-term transplant-
free survival (<25%) (Figure). Transplantation was per-
formed in only 6% of the acetaminophen group compared
with 53% of the drug-induced group, 51% of the indeter-
minate group, and 36% of the “other cause” group. Fifty-
six of 120 patients with acetaminophen-related liver failure
(47%) fulfilled transplantation criteria. However, only 32
(57%) were listed for transplantation; the remaining pa-
tients were excluded for psychosocial reasons (for example,
psychiatric disease or substance abuse) or because of med-
ical contraindications (for example, sepsis or cerebral ede-
ma). While short-term survival without transplantation
was lower in the drug-induced and indeterminate groups,
overall survival was similar in all groups (acetaminophen
group, 73%; drug-induced group, 70%; indeterminate
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group, 64%; “other cause” group, 61%) (Figure, Table 1).
Rates of overall survival, transplant-free survival, and trans-
plantation were independent of sex (data not shown).

Age Comparisons

Because age is thought to affect the outcome of acute
liver failure, we analyzed outcomes by decades of life. The
peak age group for patients with acute liver failure was 26
to 35 years, and the number of patients in each age group
gradually decreased with increasing age. Overall survival
remained relatively unchanged for all age groups (between
63% and 77%) except for those older than 65 years of age.
These patients had poor survival (33%), but the group was
relatively small (» = 15).

Symptom Duration

Since symptom duration has also been used to predict
outcome, we used the methods described by O’Grady and
colleagues (15) to stratify patients with non-acetamino-
phen-related liver failure. Hyperacute failure was classified
as 7 or fewer days of symptoms before onset of hepatic
encephalopathy, acute failure was classified as 8 to 28 days
of symptoms, and subacute failure was classified as more
than 28 days of symptoms. Information on symptom du-
ration was available for 178 of the 188 patients with non—
acetaminophen-related liver failure (95%). As shown in
Table 2, transplantation was used more frequently and
transplant-free short-term survival was lower in the sub-
acute group. Serum aminotransferase levels were highest
and bilirubin levels were lowest in the hyperacute group.

Role of Coma Grade at Admission

At study admission, 161 patients (52%) presented
with grade I or II hepatic coma. Among these patients, 84
(52%) survived without transplantation for 3 weeks. In
contrast, of 147 patients who presented with grade III or
IV hepatic coma, 48 (33%) survived 3 weeks without
transplantation. The transplantation rate was 29% for pa-
tients with grade I or II coma and those with grade III or
IV coma, whereas overall rates of short-term survival in
these groups were 77% and 56%, respectively. Short-term
transplant-free survival was 87%, 35%, 18%, and 38%,
respectively, for patients with presumed acetaminophen
overdose, drug reactions, liver failure of indeterminate
cause, or liver failure of other causes who presented with
grade I or II coma and was 50%, 12%, 16%, and 27%,
respectively, for patients who presented with grade IIT or
IV coma. The corresponding overall rates of short-term
survival were 88%, 70%, 79%, and 66% and 57%, 71%,
48%, and 56%.

DiscussioN

This study is one of the first to prospectively charac-
terize a large number of patients with acute liver failure
from several U.S. tertiary care centers, all but one of which
perform liver transplantation. Earlier studies have been
small, retrospective, or limited to single academic centers
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Table 2. Characteristics of Patients with Non—-Acetaminophen-Related Acute Liver Failure according to Symptom Duration before

Onset of Hepatic Encephalopathy*

Variable

Patients, n

Mean age (range), y

Women, n (%)

White ethnicity, n (%)

Cause of liver failure, n
Autoimmune disorder
Budd—Chiari syndrome
Drugs
Hepatitis A
Hepatitis B
Indeterminate
Cancer
Other
Pregnancy
Shock
Wilson disease

Survived without transplant, n (%)

Survived with or without transplant, n (%)

Received transplant, n (%)

Mean platelet count (range), X 7000 cells/mm?

Mean prothrombin time (range), s
Mean INR (range)
Mean ALT level (range), U/L
Mean AST level (range), U/L
Mean bilirubin level (range)
umol/L
mg/dL
Mean creatinine concentration (range)
umol/L
mg/dL

Hyperacute Liver Failure

53

39 (15-78)
40 (75)

33 (62)

JEEN
T R N N e AR

N

1
16 (30)
27 (51)
16 (30)
119 (14-386)
24.3 (15.3-100)
2.3 (1.5-15.5)
1753 (3-12 533)
1569 (52-20 000)

183 (17-920)
10.7 (1.0-53.8)

150 (27-557)
1.7 (0.3-6.3)

Acute Liver Failure

83

42 (15-72)
51 (61)

55 (66)

10
3
21
7
8
20

[C, I SN

5

27 (33)

57 (69)

32 (39)

155 (19-452)
26.1 (15.0-106)

2.9 (1.5-15.5)
972 (11-7603)
863 (50-21 925)

373 (31-1026)
21.8 (1.8-60.0)

106 (35-2210)
1.2 (0.4-25.0)

Subacute Liver Failure

42

41.5 (17-65)
31 (74)
28 (67)

3

2
6 (14)
27 (64)
25 (60)
132 (24-462)
23.7 (15.2-151)
2.5(1.5-15.5)
373 (26-6430)
430 (127-8850)

416 (26-992)
24.3 (1.5-58.0)

106 (44-583)
1.2 (0.5-6.6)

* Hyperacute liver failure = 07 days of symptoms before encephalopathy onset; acute liver failure = 828 days of symptoms before encephalopathy onset; subacute liver

failure = >28 days of symptoms before encephalopathy onset. Laboratory values reported are those at admission. ALT = alanine aminotransferase; AST = aspartate

aminotransferase; INR = international normalized ratio.

over many years (11-14, 17). Our previous study, which
included 295 patients who developed acute liver failure
from 1994 to 1996, was limited because it provided only
minimal retrospective information on demographic fea-
tures, presumed cause, and outcome (18). Our present
study was also limited because it provided detailed infor-
mation only from tertiary care centers. In that sense, our
data set does not represent U.S. patients overall and is
subject to biases regarding referral for transplantation. Pa-
tients who were elderly, had underlying malignant disease,
may have had milder disease, or may have had other issues
precluding transplantation were probably underrepre-
sented. Because our selection criteria were coagulopathy
and encephalopathy, only the most severely ill patients
were included. The overall outcome for the conditions
studied would have been considerably better if all hospital-
ized patients had been included.

We observed a much higher frequency of presumed
acetaminophen overdose-related hepatotoxicity (39%)
than have previous reports. We included all cases evaluated
at the tertiary care centers as long as informed consent
could be obtained. It is likely that the proportion of acet-
aminophen-related cases in our earlier retrospective study
(20%) was an underrepresentation; that study included
only data from transplantation databases, and many pa-
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tients with acetaminophen toxicity are not listed for trans-
plantation. No acute liver failure attributed to acetamino-
phen had been reported in three small U.S. series, totaling
129 cases, before the advent of transplantation in the early
1980s (11-13). In one more recent study from a single
large transplantation center in 1983 to 1995, acetamino-
phen was listed as the presumed cause of injury in 19% of
cases (14). The apparent increase in the proportion of acet-
aminophen cases in our study might be partly explained by
a decreasing incidence of other diseases, such as viral hep-
atitis. Nevertheless, our findings may represent a real in-
crease in the incidence of acetaminophen-related acute
liver failure as observed in U.S. transplantation centers.
Acetaminophen is the most widely used nonprescrip-
tion analgesic in the United States. In the Third National
Health and Nutrition Examination Survey (19), 76% of
Americans reported using a nonprescription product in the
previous month, and 36% specified acetaminophen. There
is very little evidence of liver injury when acetaminophen is
used according to package recommendations. Nevertheless,
acetaminophen is a common putative cause of severe liver
injury because of its recognized dose-related hepatotoxicity;
its easy availability; and possibly other cofactors, such as
alcohol use and starvation (20—22). Unlike in the United
Kingdom, more than half of our patients with presumed
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acetaminophen overdose were believed to have overdosed
accidentally rather than during a suicide attempt. How-
ever, most of our patients (83%) exceeded the daily maxi-
mum recommended dose, and the median dose in our
series was more than three times that value. It should be
stressed that only the most severely ill patients, those who
have usually taken the largest overdoses or who have had a
long delay before initiation of antidote treatment, develop
acetaminophen-related liver failure (23).

Our patients with acute liver failure related to acet-
aminophen were as ill as those with failure related to other
causes. However, many more patients in the former group
survived (73%), and very few received liver transplants
(6%). Patients with acetaminophen-related liver failure
have the best chance of spontaneous recovery with sup-
portive care; however, 43% in our study were not consid-
ered for transplantation because of medical contraindica-
tions and psychosocial reasons (alcohol or other substance
abuse; repeated suicide attempts; and, in two cases, lack of
funding). Despite the relatively good outcome of patients
with acetaminophen-related liver failure, 33 of our patients
with this type of disease died (28% of all patients in the
acetaminophen group and 11% of patients admitted to the
study). The even higher proportion of acetaminophen-
related cases in Europe (24-206) has led to legislation lim-
iting the quantity of acetaminophen available without a
prescription (27-29). In light of these findings, our obser-
vation of an apparent increase in prevalence of severe liver
injury due to acetaminophen overdose bears close scrutiny.

Idiosyncratic drug reactions appeared to cause 13% of
cases of acute liver failure. Two of the drugs prominently
implicated, bromfenac and troglitazone (four cases each),
have been withdrawn by the U.S. Food and Drug Admin-
istration (30, 31). Isoniazid was thought to be responsible
for five cases of acute liver failure in our study. However,
despite its toxicity, it remains first-line therapy for tuber-
culosis worldwide (7).

The importance of idiosyncratic drug reactions is re-
flected in the overall poor outcome for patients with this
type of liver failure; only 25% recover spontaneously once
hepatic encephalopathy is present. Patients with acute liver
failure of indeterminate cause made up 17% of our study
group and were equally represented across the study sites.
Whether another hepatotropic virus or unknown drug ex-
posures were present in these patients remains to be deter-
mined. No specific features suggest that these cases had a
unique cause. It is likely, however, that some patients in-
gested a toxin but had no history to suggest this and that
others contracted a virus that may have acted as the etio-
logic agent.

A striking finding in our study is that nearly three
quarters of U.S. patients with acute liver failure are
women. The proportion increased from 54% in our previ-
ous retrospective study (18) to 73% in the present study.
In earlier U.S. studies of acute liver failure, between 56%
(13) and 63% (11, 14) of cases occurred in women. The
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reasons for the preponderance of women in our series have
not been elucidated. A real increase over an interval of less
than 4 years seems unlikely. Causes of acute liver failure
that are specific to women, such as those related to preg-
nancy or breast cancer, were involved in only a small num-
ber of our cases. Female preponderance was present in all
groups in our study, so a simple increase in the total num-
ber of acetaminophen-related cases, in which women pre-
dominate, cannot account for these differences. The possi-
bility of a selection bias related to greater availability of
relatives for informed consent was not borne out by our
records of patients for whom consent could not be ob-
tained. Whether women are innately more susceptible to
acute liver failure or are taking more kinds of prescription
and nonprescription drugs and are therefore at higher risk
remains to be determined (19).

The overall short-term survival in our study (67%) is
much higher than that previously observed in the United
States. In the three small studies done in the pretransplan-
tation era, survival rates were between 3% and 18% (11—
13). Two more recent studies, our retrospective study (18)
and the large single-center study (14), yielded short-term
survival rates of 25% and 14% without transplantation
and 49% and 41% with transplantation, respectively. By
comparison, our current series yielded a short-term trans-
plant-free survival rate of 43%, and only 29% of our pa-
tients received a liver graft. These more favorable results
seem to reflect both an increase in patients with acetamin-
ophen-related disease, who are more likely to have survived
3 weeks without transplantation, and a substantial role for
liver transplants in management of acute liver failure.

The pretransplantation hospital stays of those who re-
ceived a liver graft (median, 3.5 days) and those who died
while on the waiting list (median, 5 days) were very simi-
lar, indicating the limited time span in which transplanta-
tion is possible. In all, 30 patients (10%) died awaiting a
graft despite being listed in the top recipient category
(United Network of Organ Sharing Status 1). Accurate
prognostic tests for determination of outcome are lacking.
Another 16 patients, 35% of those who were listed for but
did not receive transplants, recovered after being placed on
the transplantation list. Given the shortage of available or-
gans and the high cost of transplantation, new therapies for
acute liver failure are urgently needed.

Previous European studies have suggested that acute
liver failure is more likely to be fatal in patients older than
40 years of age and those younger than 10 years of age
(24). We confirmed that most cases of acute liver failure
were in younger patients (26 to 45 years). However, the
rate of overall survival was not worse for adult patients
through age 65 years, and only a few of our patients were
older than 65 years of age. The spontaneous survival rate
was highest for patients 26 to 35 years of age and 36 to 45
years of age; however, because these age groups also had
the highest numbers of acetaminophen-related cases, this
higher rate was not unexpected (data not shown). Our
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study does not suggest that age was an important determi-
nant of outcome. However, because of a selection bias to-
ward fitness for transplant candidacy, many older patients
are probably excluded from referral to liver transplantation
centers.

Symptom duration is considered to be a major variable
in determining the prognosis of patients with acute liver
failure (15). Paradoxically, patients with hyperacute onset
of hepatic encephalopathy (=8 days of symptoms before
coma) have been considered to have a better prognosis
than those with acute (8 to 28 days of symptoms) or sub-
acute (>28 days of symptoms) onset (15, 32). However,
when we excluded patients with acetaminophen-related
disease from the hyperacute group (Table 2), the results
did not differ from those of the acute group. The subacute
group still had the lowest likelihood of spontaneous sur-
vival. Overall survival did not differ among the groups,
possibly because the rate of transplantation was higher
(60%) in the subacute group. In addition to the predicted
poorer survival in the subacute group, which led to earlier
listing for transplantation, the slower disease evolution may
have increased the likelihood of receiving a liver graft (33).
In keeping with previous studies (24), our results suggest
that coma grade at admission may be an important deter-
minant of outcome and emphasize the importance of early
transfer to an intensive care setting. Better prognostic mod-
els are needed to more accurately predict outcome, pre-
venting transplantation in those who will survive without it
and allowing the procedure in those who otherwise have no
hope of survival.

Acute liver failure, although rare, remains a rapidly
progressive and frequently fatal condition. Estimates of
overall incidence cannot be derived from our study. Treat-
ment is generally supportive (in the absence of an antidote
such as N-acetylcysteine for acetaminophen overdose), and
infection and cerebral edema remain the leading causes of
death. In the United States, most liver injury is presumably
due to medications (acetaminophen overdose and idiosyn-
cratic drug reactions) and may therefore be preventable.
Clinicians should be aware of the rapidity with which liver
injury evolves and the possible dire consequences for pa-
tients who develop any degree of coagulopathy and en-
cephalopathy. Since outcome is unpredictable, early trans-
fer to a transplantation facility should be considered before
the onset of advanced grades of coma, after which transfer
becomes impossible. Further understanding of the patho-
physiologic characteristics of this multisystem condition
and the development of better support therapies should
improve the outcome of patients with acute liver failure.

AprPENDIX: U.S. Acute Liver FAILURE STuDY GROUP,
1998-2001

William M. Lee (Principal Investigator), George Ostapowicz,
and Frank V. Schigdt, University of Texas Southwestern Medical
Center, Dallas, Texas; Anne Larson, University of Washington,
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Atillasoy, Mt. Sinai Medical Center, New York, New York; Tim-
othy M. McCashland, University of Nebraska, Omaha, Nebras-
ka; J. Eileen Hay, Mayo Clinic, Rochester, Minnesota; Jeffrey S.
Crippin, Baylor University Medical Center, Dallas, Texas; A.
Obaid Shakil, University of Pittsburgh, Pittsburgh, Pennsylvania;
Andres T. Blei and Steven Flamm, Northwestern University,
Chicago, Illinois; Kent G. Benner and Hugo R. Rosen, Oregon
Health Sciences University, Portland, Oregon; Steven H.B. Han,
Paul Martin, and Risé Stribling, University of California, Los
Angeles, Los Angeles, California; Eugene R. Schiff and Maria B.
Torres, University of Miami, Miami, Florida; Robert J. Fontana,
University of Michigan, Ann Arbor, Michigan; Victor Navarro,
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