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Abstract
Acute liver failure (ALF) due to hepatitis A virus (HAV) infection is an uncommon but potentially
lethal illness. The aim of this study was to identify readily available laboratory and clinical
features associated with a poor prognosis among ALF patients with HAV infection. The
presenting features of 29 adults with anti-HAV IgM positive ALF enrolled in the ALFSG between
1998 and 2005 were reviewed. The HAV patients listed for transplantation by UNOS were also
reviewed. Acute HAV accounted for 3.1% of patients enrolled in the ALFSG. At 3 weeks follow-
up, 16 had spontaneously recovered (55%), 9 underwent transplantation (31%), and 4 had died
(14%). A prognostic model incorporating 4 presenting features (serum ALT <2,600 IU/L,
creatinine >2.0 mg/dL, intubation, pressors) had an AUROC for transplant/death of 0.899 which
was significantly better than the King’s College criteria (0.623, P=.018) and MELD scores (0.707,
P=.0503). Between 1988 and 2005, the frequency of patients requiring liver transplantation for
HAV in the UNOS database significantly decreased from 0.7 % to 0.1% (P < .001). In addition,
the proportion of HAV cases enrolled in the ALFSG significantly decreased from 5% to 0.8% (P
= .007). In conclusion, the frequency of HAV patients enrolling in the ALFSG and being listed for
liver transplantation in the United States has declined in parallel. A prognostic index consisting of
4 clinical and laboratory features predicted the likelihood of transplant/death significantly better
than other published models suggesting that disease specific prognostic models may be of value in
non-acetaminophen ALF.

Over the past 20 years, the Centers for Disease Control and Prevention (CDC) have reported
a significant decline in the incidence of acute hepatitis A virus (HAV) infection in the
United States.1,2 However, sporadic outbreaks of HAV infection continue to be reported
largely due to enteral spread of contaminated food or direct person-to-person contact.3,4
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Although the majority of immunocompetent adults exposed to HAV experience an acute
self-limited illness, the likelihood of developing symptomatic hepatitis with jaundice
appears to be greater in adults compared to children and the rates of hospitalization and
complications appear to be highest in the elderly.5-7 Since recent studies have demonstrated
a decreasing incidence of protective immunity to HAV among adults in western countries,
the potential for severe morbidity and mortality during sporadic outbreaks is substantial.2,8

Treatment for acute HAV infection is largely supportive but as many as 50% of HAV
patients with acute liver failure (ALF) defined by the presence of coagulopathy and
encephalopathy may die or require emergency liver transplantation.9-11 Therefore, rapid
identification of HAV patients with a poor prognosis for recovery is important but has been
difficult to establish due to the low incidence of ALF in the general population.11,12

The Acute Liver Failure Study Group (ALFSG) is a multi-center consortium of 24 sites
formed in 1998 to identify and track the etiologies and outcomes of adults with ALF in the
United States.13 Over 925 adults with ALF have been enrolled into the prospective
observational study through late 2005 including 29 confirmed HAV cases. The United
Network of Organ Sharing (UNOS) prospectively collects demographic, clinical, and
diagnostic information on all patients listed for liver transplantation in the United States.
Although the majority of patients awaiting liver transplantation have cirrhosis and chronic
liver failure, ALF due to varying etiologies accounts for ~3% of annual liver transplants.14

The primary aim of the current study was to identify the presenting features associated with
a poor prognosis (i.e., need for liver transplantion, or death) in HAV patients prospectively
enrolled in the ALFSG observational study. A secondary aim was to develop an HAV
specific prognostic model from the ALFSG database and compare its performance to other
published models including the King’s College criteria and laboratory MELD scores.15,16

Finally, we compared the baseline clinical features and outcomes of HAV patients listed for
a liver transplant in the ALFSG to those reported by UNOS during the same time period to
determine if ALFSG patients are representative of the general U.S. ALF population.

Patients and Methods
Acute Liver Failure Study Group Patient Population

The ALFSG is a multi-center consortium funded by the National Institute of Diabetes and
Digestive and Kidney Diseases to determine the etiology, clinical features, and outcomes of
adult patients with ALF.13 Since its inception in 1998, 24 participating centers have enrolled
more than 925 patients into the prospective observational study. Inclusion criteria include
the presence of coagulopathy (i.e., prothrombin time >15 seconds or international
normalized ratio [INR] ≥1.5) and hepatic encephalopathy within 26 weeks of symptom onset
in the absence of pre-existing liver disease. Detailed demographic, clinical, and laboratory
data are collected at study entry. In addition, clinical complications as well as serial
laboratory and diagnostic studies are collected through 3 weeks after enrollment until final
patient disposition of liver transplantation, death, or spontaneous survival. Candidacy for
liver transplantation is determined at the individual centers according to UNOS guidelines.
A written informed consent document approved by the local Institutional Review Board was
signed by the patient’s next of kin at entry into the ALFSG observational study since the
patients by definition had an impaired mental status. All data forms are sent to the data
coordinating center at the University of Texas Southwestern Medical Center at Dallas for
review and subsequently entered into a relational database. Annual site visits were
conducted by the data coordinating center to verify source documents. A Certificate of
Confidentiality was obtained from the National Institutes of Mental Health for the entire
study.
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The final etiology of ALF was assigned by the site investigator using standard diagnostic
criteria and reviewed by the data coordinating center. Acute HAV infection was defined by
the presence of detectable anti-HAV IgM and exclusion of competing causes of ALF
including acute hepatitis B virus infection, acetaminophen overdose, ischemia, autoimmune
hepatitis, and Budd-Chiari among others.13 The eligible ALF population reviewed for this
analysis included 925 adult ALF patients enrolled between 1/1/1998 and 9/15/2005.

Prognostic Models of Survival
The 29 HAV patients included in this analysis were divided into 2 groups based on their
status at 3 weeks following enrollment: survivors with spontaneous recovery or transplant/
death who had died or undergone liver transplantation. The initial baseline and subsequent
clinical factors associated with death/transplantation on univariate analysis were combined
in a multivariate prognostic model (see Table 1). Variables selected for the ALFSG index
were chosen based upon their relationship to poor prognosis and wide-spread availability.
The performance of the ALFSG prognostic model was compared to the King’s College
criteria for non-acetaminophen related ALF at study admission of (A) prothrombin time
>100 seconds (INR >6.5) or (B) if any three of the following were present: (1) Age <10 or
>40; (2) Cause: Non-A, Non-B hepatitis/idiosyncratic drug reaction; (3) Jaundice to
encephalopathy >7 days; (4) Prothrombin time >50 seconds (INR >3.5); or (5) Serum
bilirubin >17.5 mg/dL.15 In addition, the utility of the ALFSG index was compared to the
day 1 laboratory MELD scores as recently described by Kremers et al.16

United Network of Organ Sharing Patient Population
The United Network of Organ Sharing (UNOS) prospectively collects demographic,
clinical, and laboratory data on all solid organ transplant candidates and recipients in the
United States. Deidentified UNOS data were obtained from a publicly available Organ
Procurement and Transplantation Network dataset which included 134,342 liver listing
registrations from 1/1/87 through 9/15/05. The cases of acute HAV infection coded by
UNOS as Acute Hepatic Necrosis: Type A were extracted and reviewed. Of the 79,250
subjects registered for liver transplantation between 1/1/98 and 9/15/05 (the period of our
study), 92 (0.12%) were coded as acute HAV infection. From this cohort, 20 were
subsequently excluded from this analysis due to age <15 years and 3 due to pretransplant
waiting times that exceeded 6 months and presumably reflected diagnostic coding/data entry
errors. Therefore, 69 adult subjects listed for liver transplantation within UNOS due to acute
HAV infection were included in this analysis.

Statistical Analysis
Results are expressed as percentages or mean ± standard deviation (medians with ranges)
unless otherwise stated. Univariate analysis was performed by dichotomizing continuous
variables utilizing the median, then performing log-rank testing to identify predictors of
transplant/death. Multivariate analysis was performed with forward stepwise (Wald) Cox
regression modeling. Comparison of demographics between the ALFSG and UNOS
populations was done using Student t test for continuous data and Fisher’s Exact Test for
categorical data. Receiver operating characteristic (ROC) curves were compared using the
method of Hanley et al.17 A P value less than .05 was considered significant. All statistical
analyses and graph formation was completed using SPSS Version 13.0 (SPSS Inc., Chicago,
IL). Analysis of the UNOS dataset was completed with SAS Version 9.1 (SAS Institute Inc.,
Cary, NC).
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Results
ALFSG Patients With Hepatitis A

The day 1 laboratory and clinical features of the 29 HAV patients enrolled in the ALFSG are
summarized in Table 1. There were an equal proportion of male and female patients and the
mean subject age was 48 years (range: 21 to 72). Patients had been ill for a mean of 15 days
prior to study entry but the mean duration of hospitalization prior to study enrollment was
only 3 days (range: 1 to 16). The 29 HAV patients represented 3.1% of the 925 ALF patients
enrolled in the ALFSG prospective observational study between 1/1/98 and 9/15/05. Within
3 weeks of enrollment, 3 HAV patients died, 12 spontaneously recovered and 14 were listed
for liver transplantation. Subsequently, 9 of the listed patients underwent transplantation, 1
died and the remaining 4 patients recovered and were removed from the transplant waiting
list (Fig. 1). Therefore, there were 16 HAV patients (55%) who spontaneously recovered
and 13 (45%) who either died or required emergency liver transplantation.

The 16 spontaneous survivors were not significantly younger but they were significantly
more likely to be female compared to the transplant/death group (69% vs. 23%, P = .008).
On study day 1, survivors had significantly higher serum alanine aminotransferase (ALT)
and alkaline phosphatase levels than the transplant/death group and significantly lower
serum creatinine levels (Table 1). However, initial serum bilirubin, INR, pH levels, and
MELD scores were similar in the two patient groups. Regarding clinical complications, none
of the survivors were on pressors on study day 1 compared to 46% of the transplant/death
group (P = .0004). In addition, survivors were significantly less likely to be intubated (25%
vs. 85%, P = .01). Survivors also had a lower frequency of advanced encephalopathy (grade
3-4) and need for hemodialysis on study day 1 compared to transplant/death group but
neither of these trends were statistically significant.

During their ALF hospitalization, survivors had significantly lower mean peak creatinine
levels (1.4 vs. 4.3 mg/ dL, P = .004) but the mean peak serum ALT, INR, and bilirubin
levels were not significantly different from the transplant/death group (Table 2). Survivors
were also significantly less likely to require pressors, hemodialysis, or mechanical
ventilation compared to the transplant/death group.

All of the 29 subjects were fulminant HAV infection due to the presence of detectable anti-
HAV IgM and exclusion of competing causes. One of the HAV subjects had preexisting
liver disease due to chronic HBV and HCV infection acquired via intravenous drug use. This
subject was thought to have fulminant HAV infection due to the recent exposure to a sick
contact with known HAV and detection of anti-HAV IgM. In regards to acetaminophen use,
only 4 subjects had serum acetaminophen levels above the lower limit of detection of 10 mg/
dL (range: 12 to 28 mg/dL). However, the serum bilirubin levels at presentation were >12
mg/dL in all of these subjects and prior studies have demonstrated that increased serum
bilirubin levels can lead to false positive serum acetaminophen assay results.18 In addition,
the acetaminophen dose ingested in these 4 cases was not felt to be hepatotoxic or the
primary cause of ALF by the local investigator and all of these subjects spontaneously
recovered.

Survival Models in ALFSG Patients With Hepatitis A
A day 1 serum creatinine level of > 2.0 mg/dl provided a sensitivity of 54% and specificity
of 88% for predicting non-survival (Fig. 2). Similarly, a day 1 serum ALT <2,600 IU/mL
identified the transplant/death group with a sensitivity of 77% and specificity of 75%. A
prognostic index consisting of 4 clinical variables from day 1 that were significant predictors
of transplant/death on univariate analysis was then constructed (i.e., creatinine ≥2.0 mg/dL,
ALT ≤2600 IU/mL, intubation status, and pressors). The presence of 2 or more of these
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factors provided a sensitivity of 92%, specificity of 88%, and positive predictive value of
86% in identifying transplant/death (Table 3). In comparison, use of the King’s College
Criteria to predict transplant/death on study day 1 provided a 31% sensitivity, 94%
specificity, and positive predictive value of 80% (Table 3). Similarly, a day 1 laboratory
MELD score of ≥35 provided a sensitivity of 54%, specificity 88%, and positive predictive
value of 78% for transplant/death. The c-statistic from the area under the receiver operator
curve (AUROC) for the ALFSG index was 0.899 which was significantly better than that
obtained with the King’s College criteria (0.623, P=.018) and laboratory MELD score
(0.707, P=.053).

UNOS Patients With Hepatitis A
Of the 69 adult patients listed for liver transplantation with fulminant HAV between 1/98
and 9/05, 45 (65.2%) underwent transplantation (Fig. 3). The remaining 24 (34.8%) patients
were removed from the liver transplant waiting list due to spontaneous improvement in 8,
pretransplant death/too ill for transplant in 9, and unspecified reasons in 7. Therefore, the
pretransplant mortality among the 69 UNOS HAV transplant candidates was at least 13% (9/
69) and similar to that observed in the ALFSG HAV waitlisted patients of 7% (1/14) (Table
4).

The mean age, gender, and ethnicity of the 69 UNOS HAV waitlisted patients was similar to
that of the 14 ALFSG HAV patients listed for transplant (Table 4). In addition, the mean
age, gender, and ethnicity of the 45 UNOS HAV transplant recipients was similar to that of
the 9 ALFSG transplant recipients. Although the range of waiting times from listing to
transplantation was greater in the UNOS population, the median waiting times of the
ALFSG and UNOS patients were not significantly different (P = .251) (Table 4).

Incidence of Hepatitis A Related ALF
The frequency of patients undergoing liver transplantation for fulminant HAV was
calculated in 2 year increments between 1988 and 2005 from the UNOS database. As seen
in Fig. 4, the annual percentage of liver transplants for HAV related ALF declined from
0.7% in 1988-89 to 0.3% in 1996-97 and 0.1% through 2004-05. In addition, the proportion
of liver transplants in UNOS for fulminant HAV compared to other etiologies of ALF also
showed a similar decrease from 8.1% in 1988-89 to 1.3% in 2004-05 (Graph not shown). A
parallel decline in the annual incidence of HAV patients enrolled in the ALFSG was also
noted dropping from 5% in 1998-99 to 0.8% in 2004-05.

Discussion
Acute liver failure is a rare but potentially lethal illness that can affect previously healthy
individuals of all ages. Although there are specific treatments for some etiologies of ALF
(e.g., N-acetylcysteine for acetaminophen overdose), the risk of developing life-threatening
cerebral edema or infectious complications is substantial and many patients require life-
saving emergency liver transplantation.10,13 Previous studies have attempted to identify
clinical and laboratory features at presentation in ALF patients associated with a low
likelihood of spontaneous recovery.13,15,16 However, since the prognosis for spontaneous
survival varies substantially by etiology (e.g., 0% in fulminant Wilson’s disease to 60% with
acetaminophen overdose), disease-specific prognostic models may prove more useful if
adequate numbers of patients can be studied.13,19 Since the annual incidence of ALF in the
United States is low with an estimated 2,000 to 3,000 total cases per year, tracking trends in
the outcomes from individual diseases like HAV is difficult and requires the development of
a multicenter, surveillance network.20,21
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In the current study, two large national registries, the ALFSG and UNOS databases, were
used to identify trends in the incidence of fulminant HAV in the United States as well as
predictors of poor outcomes. Overall, the proportion of ALFSG cases due to HAV was low
at 3.1% and only 0.12% of the patients listed for liver transplantation during the same time
period were for acute HAV. Interestingly, a decreasing incidence of subjects with fulminant
HAV was observed over time in both the ALFSG and UNOS populations (Fig. 4).
Epidemiologic data from the CDC support this finding with a decrease in the incidence of
acute HAV from 24,238 reported cases in 1993 to 7,653 cases in 2003, although the number
of acute HAV cases reported to the CDC is likely underreported by up to 10 fold.2 Possible
explanations for the decreasing incidence of acute and fulminant HAV in the United States
include the introduction of the hepatitis A vaccine in 1995 and successful vaccination of
high risk groups.22-24 In addition, other public health measures such as improved sanitation
and food preparation techniques as well as educational initiatives may have contributed to
the decreasing incidence.25 Nonetheless, since less than a third of the adult US population
has serological evidence of protective immunity to HAV, additional measures are needed to
avoid future cases of sporadic HAV.2,22 Along those lines, the Advisory Committee of
Immunization Practices has recently recommended that all children greater than 12 months
of age be considered for HAV vaccination.26

Prior studies have suggested that women, subjects with underlying liver disease, and older
individuals may be at increased risk of developing life-threatening ALF with acute HAV
infection but the number of patients reported has been limited.5,11,12 For example, in a
cohort of 76 subjects with acute hepatitis A, the 19 subjects with ALF were significantly
older, had higher bilirubin levels, and were more likely to be female.11 In addition, HAV
RNA was more likely to be undetectable in the fulminant patients compared to the non-ALF
patients (9/19 vs. 5/31, P < .02). This suggests that an aberrant host immune response may
be responsible for the severe liver injury encountered as has been postulated in patients with
acute HBV developing ALF.27 In the current study, there was only 1 individual with pre-
existing chronic hepatitis B and C infection who developed fulminant HAV infection but
this patient spontaneously recovered.

Our data identified higher day 1 creatinine levels and lower serum ALT and alkaline
phosphatase levels as being associated with transplant/death. The lower serum ALT values
in the transplant/death group may reflect more extensive necrosis at presentation leading to
“burnout” of the liver but it should be noted that the peak serum ALT levels were similar in
the two patient groups.28 The finding of significantly lower serum alkaline phosphatase
values among the transplant/death group is more difficult to explain but may also reflect less
vigorous liver regeneration. The absence of a significant relationship between subject age
with transplant/death may, in part, be due to selection/referral bias since the majority of
patients enrolled in the ALFSG were transferred for liver transplant evaluation and elderly
individuals may not have been referred.10 The association of the need for pressors and
intubation at presentation with transplant/death is consistent with prior studies
demonstrating that ALF patients with greater illness severity and evidence of multiorgan
failure have a lower likelihood of recovery.13,15,29 The association between higher serum
creatinine values and the need for hemodialysis with transplant/death is also consistent with
prior studies demonstrating the poor prognosis associated with renal failure in ALF
patients.30,31 Although recent studies from France have suggested that concomitant
acetaminophen use may increase the risk of fulminant HAV infection, we did not find a
significant relationship between the presence of detectable serum acetaminophen levels or a
history of acetaminophen ingestion and clinical outcomes.11 However, the prognostic
significance of serum acetaminophen-protein adducts in ALF patients with viral hepatitis is
under investigation.31
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The prognostic index we developed to predict transplant/death incorporated 4 variables that
are easy to obtain and readily available to practicing clinicians. The presence of at least 2 of
these component features predicted transplant/death significantly better than the King’s
College Criteria as well as laboratory MELD scores (Table 3). The lower sensitivity and
NPV of the King’s criteria may relate to the fact that the King’s criteria groups multiple
etiologies together under the umbrella of “non-acetaminophen” ALF. In addition, previous
studies have shown that the King’s College Criteria are less useful in predicting those who
are likely to recover compared to those who are likely to die or require transplantation and
this would further impact accuracy in a subgroup such as HAV ALF that has better overall
outcomes.32 Nonetheless, the King’s criteria remain the most widely used prognostic criteria
in ALF worldwide.15,18 The poorer performance of the laboratory MELD score is not
surprising since ALF patients with rapid onset disease such as fulminant HAV infection and
acetaminophen overdose frequently do not have high bilirubin or creatinine levels at
presentation. However, it must be emphasized that the newly identified ALFSG prognostic
index was derived using a small dataset and requires further validation in other patient
populations.

While the current study design provided a unique opportunity to investigate fulminant HAV
infection, there are several important limitations. Specifically, the total number of subjects in
both the ALFSG (29) and UNOS cohorts (69) with fulminant HAV are small. In addition,
there is potential for referral bias as all ALFSG study sites are also local liver referral
centers and all but one site offers liver transplantation. However, the clinical and
demographic features of the waitlisted and transplanted ALFSG and UNOS HAV patients
were remarkably similar (Table 4). This suggests that that the findings from the ALFSG may
be generalizable to liver transplant candidates and recipients with ALF throughout the
country. However, it is possible that patients with fulminant HAV in the community were
not referred to one of the study sites due to milder disease, advanced age, or other
contraindications to transplantation. Therefore, only a population based study would be able
to identify the prognostic features of all United States patients with fulminant HAV but such
a study will likely be difficult to conduct due to the declining incidence of acute HAV and
the low frequency of fulminant HAV.2,22

In conclusion, fulminant HAV is an uncommon disease in the United States that accounts
for a minority of patients enrolling in the ALFSG observational study and being listed for
liver transplantation. In parallel with a declining incidence of acute HAV infection in the
general population, the incidence of fulminant HAV in both the ALFSG and UNOS
databases has significantly decreased over the past 7 years. Among the ALFSG HAV
patients, 4 readily available laboratory and clinical features at presentation may help identify
patients in need of urgent liver transplantation but further validation is required. The HAV
patients enrolled in the ALFSG appear to be representative of HAV patients listed for liver
transplantation throughout the United States and provides external validity for the ALFSG.
Since severe acute HAV infection is one of the few preventable etiologies of ALF, greater
vaccination of the general population and high-risk sub-groups may lead to further
reductions in the associated morbidity and mortality.
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Fig. 1.
Outcomes of patients with hepatitis A virus enrolled in the Acute Liver Failure Study Group.
All patients were enrolled between 1/98 and 9/15/05 and followed for 3 weeks after
enrollment.

Taylor et al. Page 11

Hepatology. Author manuscript; available in PMC 2012 November 25.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig. 2.
Day 1 serum ALT and creatinine levels of patients with hepatitis A virus enrolled in the
Acute Liver Failure Study Group. The mean serum ALT levels on study day 1 of survivors
were significantly higher than the transplant/death group (3362 vs. 1675 IU/mL, P = .03)
while the mean serum creatinine levels of survivors were significantly lower than the
transplant/death group (1.2 vs. 3.1 mg/dL, P = .04). *Outliers were defined as patients with
laboratory values that exceeded 1.5 times the interquartile range.
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Fig. 3.
Outcomes of patients with hepatitis A virus listed for liver transplantation in the UNOS
database. All patients were listed between 1/98 and 9/15/05 and the diagnosis of fulminant
HAV was made at the transplant center.
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Fig. 4.
Trends in the incidence of hepatitis A virus related acute liver failure in the United States.
The incidence of patients undergoing liver transplantation for HAV related ALF in the
UNOS database significantly declined between 1988 and 2005 (P < .001). Similarly, the
frequency of HAV patients enrolled in the ALFSG significantly declined between 1998 and
2005 (P = .007).
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