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Abstract

Background—Acute liver failure (ALF) is a rare syndrome of severe, rapid-onset hepatic
dysfunction without prior advanced liver disease that is associated with high morbidity and
mortality. Intensive care and liver transplantation provide support and rescue, respectively.

Administrative, technical, or logistic support: A.M. Larson, A.H. Sherker, P. Robuck, W.M. Lee.

Collection and assembly of data: A. Reuben, H. Tillman, R.J. Fontana, T. Davern, B. McGuire, R.T. Stravitz, A.M. Larson, O. Fix, M.
Schilsky, T. McCashland, O.S. Shaikh, A. Zaman, S.B. Han, R. Brown, J. Crippin, M.E. Harrison, S. Munoz, K.R. Reddy, L. Rossaro,
R. Satyanarayana, J. Olson, R. Subramanian, W.M. Lee.
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Objective—To determine whether changes in causes, disease severity, treatment, or 21-day
outcomes have occurred in recent years among adult patients with ALF referred to U.S. tertiary
care centers.

Design—~Prospective observational cohort study. (ClinicalTrials.gov: NCT00518440)
Setting—31 liver disease and transplant centers in the United States.

Patients—Consecutively enrolled patients—without prior advanced liver disease-with ALF (n=
2070).

Measurements—cClinical features, treatment, and 21-day outcomes were compared over time
annually for trends and were also stratified into two 8-year periods (1998 to 2005 and 2006 to
2013).

Results—Overall clinical characteristics, disease severity, and distribution of causes remained
similar throughout the study period. The 21-day survival rates increased between the two 8-year
periods (overall, 67.1% vs. 75.3%; transplant-free survival [TFS], 45.1% vs. 56.2%;
posttransplantation survival, 88.3% vs. 96.3% [P < 0.010 for each]). Reductions in red blood cell
infusions (44.3% vs. 27.6%), plasma infusions (65.2% vs. 47.1%), mechanical ventilation (65.7%
vs. 56.1%), and vasopressors (34.9% vs. 27.8%) were observed, as well as increased use of A\-
acetylcysteine (48.9% vs. 69.3% overall; 15.8% vs. 49.4% [P < 0.001] in patients with ALF not
due to acetaminophen toxicity). When examined longitudinally, overall survival and TFS increased
throughout the 16-year period.

Limitations—The duration of enrollment, the number of patients enrolled, and possibly the
approaches to care varied among participating sites. The results may not be generalizable beyond
such specialized centers.

Conclusion—Although characteristics and severity of ALF changed little over 16 years, overall
survival and TFS improved significantly. The effects of specific changes in intensive care practice
on survival warrant further study.

Primary Funding Source—National Institutes of Health.

Acute liver failure (ALF) is defined as severe liver injury with rapid onset that results in
hepatic encephalopathy (HE) and coagulopathy in persons without preexisting liver disease.
The principal causes of ALF include acetaminophen (n-Acetyl-p-Aminophenol [APAP])
overdose, ischemic and pregnhancy-associated liver injury, acute infection with hepatitis A or
B virus, drug-induced liver injury, autoimmune hepatitis, Budd—Chiari syndrome, and
Wilson disease (1, 2). For some causes, such as APAP toxicity, outcomes are favorable and
transplant-free survival (TFS) approaches 70%, whereas other causes have unfavorable
outcomes, including a much lower likelihood (<30%) of recovery without liver
transplantation (2). One-year survival after emergency liver transplantation in patients with
ALF in the United States and Europe is reportedly good but is lower than among patients
with cirrhosis who receive a transplant (3).

Patients with ALF often deteriorate rapidly and therefore receive the most urgent ranking
(status 1) in the United Network for Organ Sharing transplantation system. Treatment of
ALF in the intensive care unit is largely supportive and includes ventilator and vasopressor
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support for respiratory and/or circulatory failure, renal replacement therapy, plasma and
blood transfusions, antibiotics, and measures to decrease intracranial pressure (4-6). N-
acetylcysteine is used to treat APAP overdose and has shown efficacy in patients with ALF
not due to APAP toxicity, particularly those referred early and having only mild HE (7).
However, few disease-specific or general treatments are available that yield improved
outcomes.

In this study, our aim was to update the U.S. experience with ALF at specialized liver
disease and transplant centers since the last published overview by the Acute Liver Failure
Study Group (ALFSG) in 2002 (2). This group initiated its registry in January 1998 to better
characterize the causes, clinical features, and outcomes of this “super-orphan” condition and
aimed to enroll cases prospectively from participating liver transplant centers across North
America. Accordingly, we analyzed data on all patients with ALF enrolled between 1998
and 2013, focusing on whether clinical features or outcomes of the ALF syndrome have
changed over time. In addition, we sought to determine the relationship between ALF causes
and rates of TFS and whether utilization of liver transplantation changed in the 16-year
observation period.

Study Population

From 1 January 1998 through 31 December 2013, adult patients were consecutively enrolled
in the ALFSG registry (2) from 31 U.S. academic liver centers (of which only 5 “legacy”
sites participated continuously throughout the 16-year period). All enrolled patients had both
coagulopathy (international normalized ratio [INR] =21.5) and any grade of HE (as clinically
defined by the classic West Haven criteria [8]) within 26 weeks of the first symptoms and
had no evidence of significant chronic liver disease, especially cirrhosis. Patients for whom
prior liver transplantation failed (due to primary graft nonfunction or other causes) were
excluded. During the 16-year period, the number of sites participating, their geographic
locations, and the number of cases contributed per site varied depending on each site’s
ability to continually identify and enroll patients over time (Appendix Figure 1, available at
www.annals.org).

Patients were usually admitted to intensive care units; 82.4% were hospitalized before
transfer to the referral tertiary care study site, and the remainder were admitted directly to
the study site. All were screened for inclusion according to the ALF criteria defined earlier.
Written informed consent was obtained from the legal next of kin. A log of “screen failures”
and consent refusal was maintained. All centers complied with local institutional review
board requirements.

Data Management and Integrity

At enrollment into the study, we prospectively collected patient demographic characteristics
(age, sex, race, and ethnicity); a complete medical history, including the timing of the first
symptom of ill health, onset of jaundice and HE, and the number of days between the first
symptom, hospital admission, transfer to the study site (where relevant), and enrollment in
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the study; and clinical features, including blood pressure and need for vasopressor support,
mechanical ventilation, and renal replacement therapy, which allowed calculation of the
systemic inflammatory response syndrome (SIRS) score (9). We also collected standard liver
and metabolic test results and clinical data daily for up to 7 days, as well as serologic and
other tests to determine the cause.

All data were managed and housed on a central server at the Medical University of South
Carolina. A data query system and periodic monitoring are in place to manage data integrity.
In addition, ALFSG leadership conducted annual visits to clinical sites to verify data and
ensure compliance with study procedures.

Statistical Analysis

Statistical analyses were performed using SAS, version 9.4 (SAS Institute). Missing values
were not replaced or estimated. Patients with missing data were excluded from the respective
analyses for those variables, and patients who were lost to follow-up before 21 days were
excluded from the study. Descriptive statistics were used to characterize the demographic
and other clinical variables. Categorical variables were compared using the chi-square test or
the Fisher exact test (the latter when expected cell counts were <5). Medians were reported
with interquartile ranges (IQRs) and were compared with the Wilcoxon rank-sum test.
Survival and transplant outcomes at 21 days after study enroliment were classified as TFS
(survival without liver transplantation), liver transplantation, or death (2). Outcomes were
also determined at 1 and 2 years after study enrollment, but these data were less complete
than the 21-day outcome data. Survival rates over time were assessed descriptively at the
individual-site level to verify that changes in TFS were not affected by varying accrual of
patients from different sites. Treatment utilization and survival and transplant outcomes were
analyzed over time annually for trends and were also stratified into two 8-year periods: early
(1998 to 2005) and later (2006 to 2013). Trends over time were analyzed using the Cochran-
Armitage test. A significance level of less than 0.05 was used for all comparisons.

Role of the Funding Source

Results

This study was funded by the National Institutes of Health. The funding source had no direct
role in the design, conduct, or reporting of the study.

Demographic Characteristics and Comorbidities

During the 16-year study, 2070 patients (median age, 39.0 years [IQR, 29.0 to 52.0 years])
were enrolled in the ALFSG registry. Over the same interval, there were 660 confirmed ALF
screen failures (286 due to failure to meet inclusion criteria, 212 for whom consent could not
be obtained, and 162 for other reasons). Among enrolled patients, 69.3% were women and
76.4% were white (Table 1). Patients did not differ in sex, race, or ethnicity between the two
8-year periods but were significantly older and heavier in the later period. Prevalence of
hypertension, heart disease, diabetes, psychiatric illness, and substance dependency all
increased significantly between the early and later periods, whereas prevalence of renal
disease did not.

Ann Intern Med. Author manuscript; available in PMC 2017 July 25.
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Causes and Clinical Severity of ALF

The percentage of enrollment as a reflection of the most common causes of ALF did not
change during the two 8-year periods. Hepatotoxicity due to APAP accounted for almost
half the cases of ALF for the entire 16-year period (Table 1), with the highest annual
prevalence (53.0%) occurring in 2013. Unintentional APAP overdoses (those in which
patients took excessive medication over several days for such ailments as pain, malaise, or
fever [10, 11]) were more common than intentional (suicidal) overdoses. Hepatitis A virus
infection was significantly less evident during the later period (9 cases [0.8%]) than the early
period (28 cases [2.8%]) (P < 0.001). Hepatic ischemia and autoimmune hepatitis increased
modestly, whereas hepatitis B virus infection, drug-induced liver injury, Wilson disease, and
Budd-Chiari syndrome were less frequently noted.

Patients entered either the primary or the referral (study) site more rapidly after initial
symptom onset in the later period (2.0 days [IQR, 0.0 to 8.0 days]) than the early period (3.0
days [IQR, 1.0 to 14.0 days]) (P < 0.001) (Table 1). However, the corresponding interval
between symptom onset and HE onset was 4.0 days in both the early (IQR, 1.0 to 15.0 days)
and later (IQR, 1.0 to 12.0 days) periods, and time from onset of jaundice to enroliment also
was unchanged (3.0 days in each period [IQRs, 1.0 to 12.0 and 1.0 to 10.0 days,
respectively]). Most patients with ALF were severely ill at study enrollment, with nearly
50% having grade 3 or 4 (that is, deep) HE throughout. Biochemical liver test results varied
widely but indicated severe illness in most patients (Appendix Table 1, available at
www.annals.org).

Laboratory Tests for ALF

Between the early and later periods, median bilirubin and creatinine levels at enroliment
decreased slightly, whereas median INR was unchanged, resulting in a small but clinically
insignificant reduction in the median Model for End-Stage Liver Disease (MELD) score.
Nearly two thirds of patients met criteria for SIRS at study enrollment in both periods (P=
0.37). Based on clinical features and laboratory results, the severity of the ALF syndrome
seemed similar over time.

Clinical Interventions and Complications

Certain therapeutic interventions were used more frequently during the later period than the
early period, whereas others were used less often. Although the overall median blood
pressure at admission was 124/68 mm Hg (Table 1), 14.9% of patients had median mean
arterial pressures less than 70 mm Hg at admission, with no difference observed between the
early and later periods. At study enrollment, vasopressors were used in 18.3% of patients,
renal replacement therapy was used in 20.3%, and 47.3% had undergone intubation and
mechanical ventilation, with no differences between the periods.

As shown in Table 2, however, vital function support increased during the 7 days after
enrollment, to cumulative overall rates of 60.7% for assisted ventilation, 31.2% for
vasopressors, and 32.2% for renal replacement therapy. Between the early and later periods,
assisted ventilation and vasopressor use within 7 days after enroliment decreased
significantly. Red blood cell and plasma infusions were also used less frequently (although
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the volumes transfused were not recorded) in the later period; 44.3% and 65.2% of patients,
respectively, received red blood cells and plasma in the early period, compared with only
27.6% and 47.1%, respectively, in the later period (P < 0.001 for each). Intracranial pressure
was monitored less often during the later period (11.4%) than the early period (18.7%) (P <
0.001). Use of renal replacement therapy was consistent across both periods.

Over the entire 16-year period, use of ventilator support, plasma and red blood cell
transfusions, and vasopressors decreased (P < 0.001 for all) (Figure 1). Only use of renal
replacement therapy (at any time) was unchanged. Approximately 90% of patients with
APAP overdose were consistently treated with intravenous or oral A-acetylcysteine overall
(Table 2), and N-acetylcysteine use in patients without APAP toxicity showed a significant
3-fold increase between the early and later periods, due largely to a linear increase in
administration from 18.2% in 2006 to 65.1% in 2010 that plateaued thereafter (Table 2 and
Figure 2). Regardless of whether antibiotics were used during the initial 7 inpatient days
after enrollment was recorded, information on the drug type and its duration of use as not
collected. Antibiotics were given as specific therapy in 31.6% of patients during the 16-year
period, whereas prophylactic use increased significantly between periods from 37.4% to
46.7% (P< 0.001).

Overall, 192 (9.3%) patients in the cohort had gastrointestinal bleeding as a complication
during the initial 7-day period. Gastrointestinal bleeding occurred in 110 (11.1%) patients in
the early period and 82 (7.6%) in the later period (= 0.006).

Advanced life- and liver-support systems (such as extracorporeal membrane oxygenation,
molecular adsorbent recycling, and extracorporeal liver-assist devices) were not used during
the study.

ALF Outcomes: Overall Survival, TFS, and Liver Transplantation Status

Overall, 22.3% of patients received a transplant; 21-day postoperative survival was 92.0%
(Table 2). However, between the early and later periods, there was a reduction in liver
transplantation listing from 43.5% to 32.2% (P < 0.001), accompanied by a slight but
significant improvement in posttransplantation survival. Thus, the corresponding combined
survival rate (TFS plus posttransplantation survival) increased, resulting in an overall
survival for the 16-year period of 71.4% (50.9% for TFS and 20.5% for posttransplantation
survival). Between the early and later periods, TFS increased significantly among patients
who were listed for but did not receive a transplant, and outcomes also improved among
those who were not listed (Figure 3 and Table 2).

Transplant-free survival increased across the 2 periods for patients with APAP toxicity and
those without, as shown in Appendix Tables 2 to 4 (available at www.annals.org). For
patients without APAP toxicity who had mild HE on admission (grade 1 or 2), TFS
increased from 34.5% to 43.7% (P = 0.019) (Appendix Table 3), whereas there was no
significant change in TFS in patients without APAP toxicity who had deep HE (grade 3 or
4).
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Longitudinal Analysis for Trends

Overall survival and TFS rates improved progressively over the 16-year study period (Figure
3). Overall survival increased significantly from 58.8% in 1998 to 75.0% in 2013 (P<
0.001), and TFS increased from 32.9% in 1998 to 61.0% in 2013 (£ < 0.001). Both the
number of patients listed and the number who received a transplant decreased significantly
(Appendix Figure 2, available at www.annals.org). Transplant-free survival among patients
listed for transplantation improved from 19.2% in 1998 to 35.7% in 2013 (< 0.001).
Longitudinal TFS rates were assessed descriptively for differences by site, and none were
found (data not shown). Annual TFS rates at legacy sites (those that participated throughout
the entire study period), which contributed 825 of 2070 (39.9%) patients, were
indistinguishable from those observed at the remaining sites (Figure 3). Timelines for patient
enrollment are shown for all sites over the 16-year study period in Appendix Figure 1.

Outcomes Related to ALF Causes and Other Risk Factors

Improvement in overall outcomes was apparent across most causes (Appendix Table 2).
Rates of TFS increased and liver transplantation listing decreased for most of the causes;
however, these were statistically significant only for TFS in patients with APAP
hepatotoxicity or drug-induced liver injury (2 of the 3 most prevalent causes). Transplant-
free survival among the combined non-APAP causes also improved.

Causes of Death

Causes of death from ALF (as assigned by the site principal investigator) were as follows:
multiorgan failure (20.6%), neurologic cause (13.9%), multifactorial cause (11.2%),
unspecified “liver-related” cause (10.8%), sepsis or infection (7.9%), and cardiac cause
(5.3%). In 25% of cases, the cause of death was unknown or unspecified. The only
noticeable change was a decrease in neurologic deaths, from 19.0% to 7.6%.

Discussion

Outcomes of ALF in specialized centers in the United States, as exemplified by these data
(Figure 3), have improved steadily in recent years, both without and with liver
transplantation, whereas clinical features of the syndrome have mostly remained unchanged.
The short-term liver transplantation survival rate of 96.3% in the later period compares
favorably with survival rates reported in the same period by the United Network for Organ
Sharing, representing all 132 liver transplant centers in the United States (12). With few
exceptions, demographic features of patients with ALF varied little during the 16-year study.
Patients were generally young, female, and white. Changes in comorbidities observed during
the study likely reflect changes in prevalence in the general population (13). Overdose of
APAP remained the most frequently identified cause of ALF; the proportion of such patients
who enrolled in our registry increased from 31.8% in 1998 to 53.0% in 2013. These data
contrast sharply with those from the United Kingdom, where APAP-induced severe liver
injury has decreased by approximately 40.0% since 1998 (4). Acute viral hepatitis, the most
common cause of ALF worldwide (14), accounts for only a small number of U.S. cases; the
overall proportion of enrolled patients with hepatitis B virus infection was 7.2% and
remained steady during the 16-year study period, whereas the proportion with hepatitis A
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virus infection decreased significantly from 2.8% to 0.8% during the later period. Changes
in the proportions of other causes, such as drug-induced liver injury (10.8%), autoimmune
hepatitis (7.0%), and ischemic liver disease (5.7%), were minimal.

Clinically severe ALF was common throughout the 16-year study period. Most patients were
referred to tertiary care centers with advanced-grade HE, elevated serum creatinine levels
(=50% of patients), and SIRS features (64.3% of patients). The slight but statistically
significant reduction in median MELD scores between the early and later periods is unlikely
to be biologically important. Patients in the later period were just as ill (according to most
criteria) as earlier enrollees. There were no changes in the distribution of specific causes or
the speed of ALF evolution, as judged by the interval between the onset of symptoms and
the appearance of HE (Table 1).

The frequency of intensive care unit interventions reflects severity of illness as well as
temporal changes in practice patterns during the study. Although intervention frequencies
were notably high, mechanical ventilation and vasopressor use decreased significantly
between the early and later periods, with no change in use of renal replacement therapy
(Table 2 and Figure 1). Blood products were given less frequently over time, possibly as the
deleterious effects of unnecessary blood transfusion in intensive care (15) and the futility of
routine use and overuse of plasma administration in ALF (16) became better appreciated.
Although the prevalence of patients with advanced encephalopathy remained unchanged, we
observed less reliance on intracranial pressure monitoring during the later period, which may
reflect concern over its limited clinical utility and associated risks (17, 18). The increased
prophylactic use of antibiotics seen in the later period preceded the recognition (19) that this
therapy does not seem to reduce bloodstream infections in ALF. This practice may be
modified in the future.

Use of A-acetylcysteine for APAP toxicity, which is considered a standard treatment, was
almost universal. In contrast, although N-acetylcysteine was used infrequently for patients
without APAP toxicity in the early period, its use increased markedly after completion of a
trial of its use in such patients in 2006 (7). The results of that trial suggested a benefit for A-
acetylcysteine administration only in patients with mild (grade 1 or 2) HE, who were
enrolled twice as often as those with deeper HE. The frequent administration of A-
acetylcysteine to patients without APAP toxicity with all grades of HE in our current study
may have been due to the providers’ assessment that benefit was possible and harm was
unlikely. Transplant-free survival increased between the 8-year periods for patients with
mild or deep HE regardless of APAP toxicity; on the basis of the outcomes with A-
acetylcysteine use (Appendix Tables 3 and 4), we postulate that increased use of this
medication as well as other factors, such as improved care in the intensive care unit,
contributed to the overall improvement in TFS for patients with ALF.

Although the extent to which the ALF syndrome described here is representative of the U.S.
experience as a whole is not clear, we believe that it is representative because the study
cohort was drawn from heterogeneous and geographically diverse sites. Given an estimate of
2000 instances of ALF in the United States annually (3), the 2070 patients enrolled represent
only about 6.5% of all potential ALF cases during this period. Therefore, the improved
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outcomes we observed are probably the best that can currently be achieved given the specific
expertise and interest of the ALFSG investigators, which may not be available elsewhere.
We could not identify any pattern of outcomes attributed to specific centers despite
variability across sites in terms of the number of cases contributed each year.

The outcomes in our study compare favorably with those observed in an earlier retrospective
study (4) from King’s College Hospital that also suggested improvement in outcomes over
35 years (1973 to 2008). Unlike that study, we showed only a minimal (if any) reduction in
ALF severity over time and a slight decrease in the time from illness onset to admission to
specialized care (6). However, our cohort did not include patients with acute liver injury
(severe liver injury without HE), which we will report separately. We speculate that better
intensive care may have been instrumental in improving TFS and possibly
posttransplantation survival. Improved survival may have been the result of other factors.
However, because the severity of ALF remained constant throughout the study period and
comorbidities increased, there is no a priori reason to suspect that decreased interventions
were the product of the improvement in outcomes; rather, they may have contributed to this
improvement by averting iatrogenic misadventure.

In conclusion, ALF, which affects only 2000 patients annually in the United States, seemed
stable with respect to causes, demographic characteristics, and severity over 16 years of
study by the U.S. ALFSG. Nevertheless, ALF outcomes improved considerably over time, in
association with slightly improved survival after liver transplantation and especially with
improved survival without transplantation, which we speculate relates mainly to more
effective intensive care unit management. The potentially beneficial role of A-acetylcysteine
and more judicious use of ventilator support, vasopressors, and blood products should be
further evaluated in future studies.
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Site (Total Patients Enrolled)

University of Texas Southwestern Medical Center (n = 98) 1 - -
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Study Group. Outcomes and complications of intracranial pressure monitoring in acute liver
failure: a retrospective cohort study. Crit Care Med. 2014; 42:1157-67. [PubMed: 24351370]

19. Karvellas CJ, Cavazos J, Battenhouse H, Durkalski V, Balko J, Sanders C, et al. US Acute Liver
Failure Study Group. Effects of antimicrobial prophylaxis and blood stream infections in patients
with acute liver failure: a retrospective cohort study. Clin Gastroenterol Hepatol. 2014; 12:1942-9.

[PubMed: 24674942]

University of Kansas Medical Center (n = 4)
Emory (n = 2)+

Obhio State University (n = 1) q

California Pacific Medical Center (n = 81)

University of California, San Diego (n = 9) 4 —

Mayo Clinic, Jacksonville (n = 26) -

University of California, Davis (n = 60) -

Virginia Commonwealth University (n = 171)

University of Pennsylvania (n = 54) 4
Albert Einstein Medical Center (n = 47) 4

Medical University of South Carolina (n = 81) 4
Mayo Clinic, Scottsdale (n = 11) 1 ——————

Columbia-Presbyterian (n = 38) 4

Massachusetts General Hospital (n = 48) -

University of Alabama, Birmingham (n = 98) 4
Yale University (n = 31) 4

University of Michigan (n = 233)
University of Miami (n = 11) 4

——
—
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Oregon Health Sciences Center (n = 41) -
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Baylor University Medical Center (n = 51)
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University of Nebraska (n = 61)

-
=1
-
—
Duke University (n = 4) 4 EEE—T—
— I
——

Mount Sinai (n =57) 1=

University of California, San Francisco (n = 290)
Washington University (n = 21)
University of Washington (n = 131)
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Appendix Figure 1.
Site enrollment over time.
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Enrollment Year

—— Listed for transplantation (P < 0.001)

Appendix Figure 2.

1 1 1 T T 1 T T 1 T
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Received transplant (P = 0.001)

Listing for transplantation and receipt of transplant over time.
Pvalues represent trends over time and were calculated using the Cochran—-Armitage test.

Appendix Table 1

Laboratory Values at Study Enrollment

1duosnuepy Joyiny
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Variable Overall (1998-2013) Early (1998-2005) Later (2006-2013) P Value™
(n = 2070) (n =989) (n =1081)
Patients, = Median Value (IQR)  Patients,  Median Value (IQR)  Patients,  Median Value (IQR)
n n n
Bilirubin level (mg/dL) 2042 7.1(3.7-19.7) 985 7.7 (4.0-21.0) 1057 6.6 (3.4-17.8) <0.001
Aspartate aminotransferase 2043  1552.0 (451.0-5123.0) 983 1516.0 (483.0-5165.0) 1060  1584.0 (414.5-4974.0) 0.43
level (1U/L)
Alanine aminotransferase 2037 1949 (632.0-4417.0) 980 2003.0 (632.0-4801.5) 1057  1913.0 (632.0-4174.0) 0.48
level (1U/L)
Alkaline phosphatase level 1998 136.0 (99.0-189.0) 954 143.5 (103.0-198.0) 1044 129.5 (97.0-182.0) <0.001
(/L)
Total protein level (g/dL) 1516 5.3 (4.8-6.0) 698 5.5 (4.9-6.1) 818 5.2 (4.7-5.8) <0.001
INR 2025 2.7(2.0-4.1) 969 2.7(2.0-4.3) 1056 2.7 (2.0-3.9) 0.33
Creatinine level (mg/dL) 2058 1.6 (1.0-3.1) 988 1.7 (1.0-3.1) 1070 1.5 (1.0-3.0) 0.053
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Variable Overall (1998-2013) Early (1998-2005) Later (2006-2013) P Value™
(n = 2070) (n =989) (n =1081)
Patients,  Median Value (IQR)  Patients,  Median Value (IQR)  Patients,  Median Value (IQR)
n n n
MELD score 2003 32.0 (26.0-38.5) 964 32.8 (26.6-39.9) 1039 31.1(25.3-37.2) <0.001
Hemoglobin level (g/dL) 2049 11.1(9.5-12.7) 983 11.3 (9.7-13.0) 1066 10.8 (9.4-12.4) <0.001
Leukocyte count (x 2051 10.3 (6.9-15.0) 985 10.8 (7.3-15.9) 1066 9.6 (6.6-14.1) <0.001
1000/mm3)
Plauselet count (x 1000/ 2044 129.0 (84.0-190.0) 983 133.0 (87.0-197.0) 1061 126.0 (82.0-187.0) 0.020
mm?©)
Glucose level (mg/dL) 1828 117.0 (91.5-149.0) 783 115.0 (89.0-149.0) 1045 119.0 (93.0-149.0) 0.126
Amylase level (1U/L) 890 96.0 (54.0-185.0) 522 97.0 (54.0-189.0) 368 92.0 (55.0-183.0) 0.54
Bicarbonate level (mmol/L) 1725 22.0 (19.0-25.0) 855 22.0 (18.0-25.0) 870 22.0 (19.0-25.0) 0.92
pH 1558 7.4 (7.4-15) 802 7.4 (7.4-1.5) 756 7.4 (7.4-1.5) <0.001
Arterial ammonia level 441 95.0 (58.0-162.0) 285 97.0 (61.0-164.0) 156 93.5 (54.0-161.5) 0.50
(umol/L)
Venous ammonia level 690 92.0 (60.0-139.0) 198 106.5 (68.0-159.0) 492 88.5 (58.0-129.5) <0.001
(umol/L)
Lactate level (mmol/L) 1070 4.3(2.5-8.8) 485 5.2 (2.9-10.4) 585 3.7 (2.1-6.9) <0.001
Phosphate level (mg/dL) 1787 3.0(2.1-4.4) 842 3.0 (1.9-4.6) 945 3.1(2.2-4.3) 0.185

INR = international normalized ratio; IQR = interquartile range; MELD = Model for End-Stage Liver Disease.

*
For comparison of early and later periods. Boldface values are statistically significant.

Appendix Table 2

Transplantation Listing Status and TFS, by Predominant Cause of ALF

Variable Overall (1998-2013) Early (1998-2005) Later (2006-2013) P Value™
(n =2070) (n =989) (n =1081)
Total Patients, Total Patients, Total Patients,
Patients, n n (%) Patients, n n (%) Patients, n n (%)
APAP toxicity
Listed for transplantation 955 228 (23.9) 450 126 (28.0) 505 102 (20.2) 0.005
TFS 955 668 (70.0) 450 286 (63.6) 505 382(75.6) <0.001
Non-APAP cause
Listed for transplantation 1106 547 (49.5) 539 304 (56.4) 567 243(42.9) <0.001
TFS 1106 381 (34.5) 539 160 (29.7) 567 221 (39.0) 0.001
Pregnancy
Listed for transplantation 19 6 (31.6) 7 2(28.6) 12 4 (33.3) -
TFS 19  14(73.7) 7 4 (57.1) 12 10(83.3) -
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Variable Overall (1998-2013) Early (1998-2005) Later (2006-2013) P Value®
(n = 2070) (n = 989) (n =1081)
Total Patients, Total Patients, Total Patients,
Patients, n n (%) Patients, n n (%) Patients, n n (%)
Ischemia
Listed for transplantation 117 7(6.0) 36 6 (16.7) 81 1(1.2) 0.003
TFS 117 84 (71.8) 36 24 (66.7) 81  60(74.1) 0.41

Hepatitis A virus
infection

Listed for transplantation 37 21 (56.8) 28 14 (50.0) 9 7(77.8) 0.25

TFS 37 20(54.1) 28 15 (53.6) 9 5(556) 1.0

Drug-induced liver injury

Listed for transplantation 222 121 (54.5) 123 73 (59.4) 99 48 (48.5) 0.106
TFS 222 74(33.3) 123 33(26.8) 99  41(41.4) 0.022
Hepatitis B virus
infection
Listed for transplantation 148 84 (56.8) 76 51 (67.1) 72 33 (45.8) 0.009
TFS 148 41 (27.7) 76 22(29.0) 72 19 (26.4) 0.73

Indeterminate cause

Listed for transplantation 251 143 (57.0) 138 79 (57.3) 113 64 (56.6) 0.92

TFS 251 69 (27.5) 138 32(23.2) 113 37(32.7) 0.092

Autoimmune hepatitis

Listed for transplantation 145 96 (66.2) 54  39(72.2) 91  57(62.6) 0.24

TFS 145 35(24.1) 54 12(22.2) 91 23(253)  0.68

ALF = acute liver failure; APAP = n-Acetyl-p-Aminophenol; TFS = transplant-free survival.
For comparison of early and later periods. Boldface values are statistically significant.

Appendix Table 3
TFS and N-acetylcysteine Use Over Time, by Cause and HE Severity at Admission

Variable Early (1998-2005) Later (2006-2013) P Value™
Total Patients, Total Patients,
Patients, n n (%) Patients, n n (%)
TFS
APAP toxicity
Mild HE 219 179 (81.7) 221 188 (85.1) 0.35
Deep HE 231 107 (46.3) 262 176 (67.2) <0.001

Non-APAP cause
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Variable Early (1998-2005) Later (2006-2013) P Value™
Total Patients, Total Patients,
Patients, n n (%) Patients, n n (%)
Mild HE 296 102 (34.5) 325 142 (43.7) 0.019
Deep HE 243 58(23.9) 214 66 (30.8) 0.094
N-acetylcysteine use
APAP toxicity
Mild HE 219 194 (88.6) 221 204 (92.3) 0.184
Deep HE 231 205 (88.7) 262 243 (92.8) 0.124

Non-APAP cause

Mild HE 296 36(12.2) 325 161 (49.5)  <0.001

Deep HE 243 49 (20.2) 214 102 (47.7)  <0.001

APAP = n-Acetyl-p-Aminophenol; HE = hepatic encephalopathy; TFS = transplant-free survival.

*
Boldface values are statistically significant.

Appendix Table 4
TFS, by Cause, HE Severity at Admission, and A-acetylcysteine Use

Variable N-acetylcysteine Use No N-acetylcysteine Use P Value

Patients,n TFS,n (%) Patients,n TFS, n (%)

APAP toxicity

Mild HE 398 332 (83.4) 42 35(833) 0.99

Deep HE 448 258 (57.6) 45 25(55.6) 0.79
Non-APAP cause

Mild HE 197 87 (44.2) 424 157(37.0) 0.090

Deep HE 151 49 (32.5) 306  75(24.5) 0073

APAP = n-Acetyl-p-Aminophenol; HE = hepatic encephalopathy; TFS = transplant-free survival.
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EDITORS’ NOTES
Context

Whether changes have occurred in the causes of acute liver failure (ALF), its
management, or the survival of patients with the condition (with or without liver
transplantation) is not known.

Contribution

This large cohort study found that despite similar causes and severity of ALF among
patients referred to specialty centers from 1998 to 2013, the proportion of patients listed
for liver transplantation decreased and survival improved among those who did not
receive a transplant as well as those who did.

Implication

More study is warranted to better understand the specific changes in care that may have
led to improved survival of patients with ALF.
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1004

95-
90
85-
80
75+
70-
65+
60-
55+
50+
45-
404
354
30-
25+
20+
15
10
5-
04, : i : : : : i i : : : i . : :
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Enrollment Year

— Ventilator (P < 0.001) -—-- Vasopressor (P < 0.001) ---- Red blood cell transfusion
------- Plasma transfusion (P < 0.001) = = = ICP monitor (P < 0.001) (P <0.001)
Figure 1.

Treatment utilization over time.
Pvalues represent trends over time and were calculated using the Cochran—-Armitage test.
ICP = intracranial pressure.
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1 1
1998 1999

1 T 1 | 1 1 1 1 1 1 1 | 1 ]
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Enroliment Year

Overall (P < 0.001) —— APAP toxicity (P = 0.044) -——- Non-APAP cause (P < 0.001)

Figure 2.
N-acetylcysteine use over time.

Pvalues represent trends over time and were calculated using the Cochran—-Armitage test.
APAP = n-Acetyl-p-Aminophenol.
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1 1 1 1 1 1 T T T I I 1 1 1 1 1
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Enrollment Year

— Overall (P < 0.001) -——- TFS (P < 0.001)
------- TFS (legacy sites*) (P = 0.014) -—-- TFS (nonlegacy sites) (P < 0.001)
= = = TFS (listed) (P = 0.020)

Figure 3.
Overall survival and TFS over time.

Pvalues represent trends over time and were calculated using the Cochran—-Armitage test.
TFS = transplant-free survival.

* Legacy sites (Northwestern University; University of California, San Francisco; University
of Michigan; University of Washington; and University of Texas Southwestern Medical
Center) enrolled =1 patient in each of the 16 y of the registry.
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