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Abstract
Functional outcomes in long-term survivors of acute liver failure (ALF) are not well-
characterized. The aim of this prospective study was to determine health related quality of life
(HRQOL) in long-term adult ALF survivors. ALFSG registry participants completed the CDC
HRQOL-14 and SF-36 questionnaires at a 1 and/or 2 year follow-up study visit. Responses were
compared among ALF subgroups and to available U.S. general population controls. Among the
282 adult ALF patients, 125 had undergone liver transplantation (LT) while 157 were spontaneous
survivors (SS), including 95 acetaminophen overdose (APAP) patients and 62 non-APAP SS.
Acetaminophen SS patients reported significantly lower general health scores and more days of
impaired mental and physical health, activity limitations due to poor health, pain, depression, and
anxiety compared to the other groups (p < 0.001). There were no significant differences in coma
grade, use of mechanical ventilation or ICP monitoring among the patient groups during their ALF
hospitalization but the APAP SS had a significantly higher rate of psychiatric disease and
substance abuse (p< 0.001). Compared to the U.S. general population, a greater proportion of the
combined SS patients reported fair/poor health and >14 days of impaired physical/mental health
and activity limitations due to poor health. In addition, a greater proportion of LT recipents
reported >14 days of impaired physical/mental health. Similar results were observed using the
SF-36 across the three ALF subgroups and compared to population controls. In conclusion, long-
term adult ALF survivors report significantly lower quality of life scores compared to U.S.
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population controls. Furthermore, APAP SS patients report the lowest quality of life scores,
possibly due to a higher rate of pre-morbid psychiatric and substance abuse disorders.
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Acute liver failure (ALF) is defined as the development of severe liver dysfunction with
associated coagulopathy and encephalopathy in patients without known underlying liver
disease. Although only 2000 to 3000 patients develop ALF in the U.S. each year, these
patients are critically ill and require significant supportive care measures such as mechanical
ventilation, vasopressors, and renal replacement therapy to achieve short-term survival.1

Despite the high initial mortality rate among patients with ALF, nearly 67% will ultimately
survive, with 29% of these patients undergoing emergency liver transplantation.2 The
pathogenesis of cerebral edema in ALF patients remains unclear but can lead to severe
global impairment, seizures and even uncal herniation and death in some patients.3–5 Pilot
studies have suggested that ALF patients with cerebral edema may have impaired cognition
and survival during short-term follow-up.3–5 Whether ALF patients develop any long-term
sequelae after such a catastrophic illness has not been well studied. In addition, there have
been no large multicenter studies evaluating the long-term health-related quality of life
(HRQOL) and functional outcomes in adult ALF survivors.

The Acute Liver Failure Study Group (ALFSG) is a consortium of 13 academic medical
centers that has been prospectively studying the causes and outcomes of adult ALF patients
in the U.S. since 1998. Much of the initial data from the ALFSG has focused on short-term
(i.e. 3 weeks) outcomes such as survival and need for liver transplantation. However, a large
proportion of these patients have now been followed up to 2 years from illness onset to
determine their long-term clinical and functional outcomes. The aim of this study was to
determine differences in HRQOL during long-term follow-up among spontaneous survivors
(SS) and liver transplant (LT) recipients. In addition, we set out to determine if the severity
of illness at ALF presentation was associated with long-term HRQOL outcomes. A
secondary aim was to compare HRQOL outcomes in long-term survivors of ALF to age and
gender matched US population controls.

Methods
US Acute Liver Failure Study Group

The ALFSG is a consortium of 13 U.S. academic referral centers funded by the National
Institute of Diabetes and Digestive and Kidney Diseases to conduct an ongoing prospective
observational study of the etiology, clinical features, and outcomes of adult patients with
ALF. Enrollment criteria include the presence of coagulopathy defined as an international
normalized ratio (INR) > 1.5 and any level of hepatic encephalopathy within 26 weeks of
illness onset in a patient with no known underlying liver disease. The current study
population consisted of consecutive adult ALF patients enrolled between January 1, 1998,
and July 1, 2010 that completed a long-term follow-up visit.

Data collection
Local institutional review board approval was obtained at all participating sites and written
informed consent was obtained from the patient’s durable power of attorney or next of kin at
the time of enrollment. Detailed patient demographics, medical history, clinical features and
laboratory values were collected at study enrollment. Serial laboratory and clinical

Rangnekar et al. Page 2

Liver Transpl. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



parameters were prospectively recorded for up to 3 weeks after enrollment. At the end of
three weeks, short-term outcomes were classified as spontaneous survival (SS), liver
transplantation (LT), or death. Spontaneous survivors and LT recipients were to be followed
at 12 and 24 months by the site investigator. At the long-term follow-up study visits subjects
were queried regarding their current medication use, medical diagnoses, and interval health
history since their ALF admission. In particular, subjects were queried regarding active
substance abuse involving alcohol, prescription drugs, and illicit drugs. In addition,
information regarding patients with active mood disorders or other psychiatric illnesses that
required treatment, intervention, or monitoring were also recorded. Prior to Feb 2010, data
forms were sent to the Data Coordinating Center (DCC) for review and entry into a central
database. From Feb 2010 forward, data was entered into a web-based study database by the
study sites. Periodic site visits were conducted by the ALFSG leadership to verify source
documents. A Certificate of Confidentiality was obtained from the National Institutes of
Mental Health for the entire study.

SF-36 questionnaire
The SF-36 (version 1.0) is a widely utilized quality of life instrument. The questionnaire is
comprised of 8 scales: physical functioning, social functioning, role limitations due to
physical health, role limitations due to emotional problems, mental health, vitality, bodily
pain, and general health perceptions. Responses to questions in each scale are combined to
create a score ranging between 0 (low) to 100 (high). In addition, these individual scale
scores can be combined to create separate physical and mental health summary scores. The
SF-36 questionnaire was to be completed at 12 and 24 months after ALF onset. Population
norms were obtained from the SF-36 scoring manual which consists of 2,474 individuals
with 47% between the ages of 18–44 and 57% female. Population norms were obtained only
for the physical and health composite scores.

CDC HRQOL-14
The Center for Disease Control and Prevention (CDC) HRQOL-4 is a 4-item Healthy Days
Core Module designed to assess the overall health of the U.S. general population. Since
1993, the CDC HRQOL-4 has been integrated into the state-based Behavioral Risk Factor
Surveillance System (BRFSS). The CDC HRQOL-14 is a 14-item questionnaire that
includes questions from the Health Days Core Module as well as the Activity Limitations
Module and the Healthy Days Symptoms Module.6, 7 Each 1-day change in any of the
Healthy Days Measures is considered clinically meaningful. As such, this instrument allows
for direct comparisons of mean healthy days among differing patient groups, and the results
can be compared to the general US population. The CDC HRQOL-14 questionnaire was
completed by patients at the same study follow-up visit as the SF-36. Population norms were
obtained from the BRFSS website data collected between 2006–2010.8 The normalized
population consists of 1,934,859 individuals, with 28% between the ages of 18–44 years and
62% female. Population norms were aggregated over the years 2006–2010 by gender or age
group (18–24,25–34,…,55–64,65–74,75+).

Statistical Analysis
SAS software version 9.2 (SAS Institute Inc., Cary, NC, U.S.A.) was utilized to perform
statistical analysis. Baseline variables were described using counts and percentages for
categorical data, or means and standard deviations (medians and interquartile ranges) for
continuous normal (skewed) data. For variables identified as clinically relevant, statistical
tests were performed using chi-square, ANOVA, or Kruskal-Wallis tests. Survey items are
reported as counts for the CDC-QOL and standardized means and standard deviations for
the SF-36 questionnaire. Comparison of measures between groups used a global ANOVA
test or chi-square test followed by all Tukey multiple-comparison adjusted pairwise
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comparisons when significant. For comparisons against population norms, student’s t test or
Wald test of proportions was used for pairwise comparisons.

Results
Demographic characteristics and clinical parameters

From 1/1/98 to 7/1/10, there were 1,850 adult ALF patients enrolled in the ALFSG. Among
the 1,138 survivors at 3 weeks after enrollment, 773 patients had at least one long-term
follow-up study visit completed via clinic visit, telephone interview, or chart review or had
died beyond 21 days (Figure 1). There were 282 patients that completed at least one quality
of life survey at months 12 or 24. Of these, 277 completed the CDC-14 (76 completed at
both visits) and 281 completed the SF-36 (79 completed at both visits). The baseline
characteristics of the 284 study patients were generally similar to the 405 excluded patients
including the need for life support and initial illness severity. However, the included patients
were significantly older, more likely to have undergone LT, have a higher BMI, and be non-
Hispanic compared to the excluded patients (See Supplementary Table 1).

Among the study population, 125 had undergone LT, while 157 were SS, including 95 due
to acetaminophen overdose (APAP) and 62 due to non-acetaminophen etiologies (non-
APAP). The APAP SS group included 58 subjects with non-intentional APAP overdose, 28
subjects with intentional APAP overdose, and 9 subjects with unknown intent. Two SS
patients were missing etiology and were excluded from stratified analyses. The most
common underlying etiologies for ALF in the LT recipients included drug-induced liver
injury (DILI) (25%), indeterminate etiology (21%), and autoimmune hepatitis (18%); in the
non-APAP spontaneous survivors, the most common etiologies of ALF included DILI
(26%), hepatic ischemia (13%), and hepatitis A (13%). Thirteen (10.7%) of the LT
recipients had developed ALF due to APAP overdose. No significant differences were noted
in patient demographics including age, gender, race/ethnicity, employment status, years of
education, and marital status (Table 1). The APAP SS demonstrated significantly higher
rates of substance abuse and underlying psychiatric disease compared to the LT recipients
and non-APAP SS (Table 1). However, the 58 non-intentional APAP SS were significantly
less likely to have a psychiatric co-morbidity (48% vs 82%, p=0.003) compared to the
intentional APAP patients but the proportion with a history of substance abuse was similar
(47% vs 43%, p=0.75).

The LT recipients had significantly higher baseline serum total bilirubin and INR levels as
compared to spontaneous survivors. APAP spontaneous survivors exhibited significantly
higher aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels
compared to the LT and non-APAP SS groups. However, there were no significant
differences in baseline serum creatinine levels between the patient groups nor in rates of
mechanical ventilation, use of renal replacement therapy, or intracranial pressure (ICP)
monitoring during their ALF admission. The percentage of patients with stage 3 or 4 coma
grade was also similar among LT recipients and the SS groups.

CDC HRQOL-14 results
ALFSG Adult Cohort—The CDC HRQOL-14 form was completed by 278 ALF patients
at a median of 708 days after enrollment (range: 127 –3645 days). Within the Healthy Days
Core Module, APAP spontaneous survivors were more likely to report fair or poor general
health (Supplemental Table 2: 34% vs. 30% vs. 14%, p=0.001) compared to non-APAP
spontaneous survivors and LT recipients. These patients also reported more days of impaired
physical health (9.5 vs. 5.6 vs. 6.2, p=0.012), mental health (11.2 vs. 5.7 vs. 6.7, p=0.001),
and activities limitations due to poor physical or mental health (9.1 vs. 4.9 vs. 4.5, p<0.001).
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Within the Healthy Days Symptoms Module, APAP spontaneous survivors reported more
days of pain (10.8 vs. 4.8 vs. 4.9, p<0.001), depression (11.2 vs. 5.3 vs. 5.7, p<0.001), and
anxiety (12.7 vs. 4.8 vs. 6.7, p<0.001). No significant differences were noted between
groups in regards to days of inadequate sleep or days of poor energy. Additionally, patients
in these groups had no signficant differences in responses to questions within the Activity
Limitations Module. Amongst the 73 ALF patients completing surveys at both months 12
and 24, there were no significant changes in the number of unhealthy days in the 39 SS
patients during follow-up nor in the 34 LT recipients during follow-up (Data not shown).

ALFSG vs Population Controls—As compared to the U.S. general population, a higher
proportion of spontaneous survivors (APAP and non-APAP combined) reported fair or poor
general health (32% vs. 16%, p<0.001) (Figures 2 and 3, Supplemental Table 4). This
finding was confined primarily to women and patients age 25 to 54. Transplant recipients
reported similar general health status as compared to the U.S. general population. A higher
percentage of both SS and LT recipients reported >14 days per month of poor physical
health as compared to the U.S. general population (28% vs. 11%, p<0.001; 20% vs. 11%,
p<0.001), with significant differences noted in patients of both genders for SS and females
for LT, and in SS patients under age 55 and LT patients between the ages of 18–44. A
greater proportion of both SS and LT recipients reported >14 days per month of poor mental
health as compared to the U.S. general population (31% vs. 10%, p<0.001; 20% vs. 10%,
p<0.001). Among spontaneous survivors, this finding was observed in both men and women
between ages 25 to 54, but was limited to women and patients between ages 18 to 24 among
transplant recipients. Both spontaneous survivors and transplant recipients were more likely
to report >14 days per month of activities limitations due to poor physical or mental health
(28% vs. 7%, p<0.001; 12% vs. 7%, p=0.02). Among spontaneous survivors, this finding
was confined to patients between ages 25 to 64; there were no differences in the LT
population.

SF-36 results
ALFSG Adult Cohort—The SF-36 questionnaire was completed by 281 ALF patients at a
median of 706 days after enrollment (Interquartile range 448, 859 days) which included 95
APAP SS, 62 non-APAP SS, and 124 LT recipients. Demographic data was similar to the
patient population who completed the CDC HRQOL-14 questionnaire, with no significant
difference between the 3 subgroups. As compared to non-APAP spontaneous survivors and
LT recipients, APAP SS reported lower scale scores for pain (56 vs. 70 vs. 71, p<0.001),
general health perceptions (53 vs. 59 vs. 63, p=0.024), energy/fatigue (43 vs. 53 vs. 55,
p=0.003), social functioning (61 vs. 75 vs. 76, p<0.001), emotional health problems (57 vs.
78 vs. 70, p=0.006), and emotional well-being (62 vs. 75 vs. 74, p<0.001) (Figure 4A,
Supplemental Table 3). There were no significant differences in scores between the 3 groups
for the physical functioning, physical health problems, or physical health summary scales.
However, the mental health summary scores were significantly lower in the APAP SS group
compared to the other patient groups (Figure 4B). There were no significant differences in
the mental or physical health summary scores over time in the 37 Spontaneous survivors nor
in the 32 LT recipients with paired data (Data not shown).

ALFSG vs Population Controls—Gender adjusted physical and mental health summary
scale scores were significantly lower in the APAP SS and some of the other subgroups
compared to US population norms (Figure 4B).
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Discussion
This is the first large, prospective multicenter study to assess QOL outcomes in long-term
adult survivors of ALF. The results of this study demonstrate that ALF spontaneous
survivors report significantly more days of poor physical and mental health during long-term
follow-up as compared to the general U.S. population. Among the ALF patient subgroups,
the APAP SS were significantly more likely to report impairment as compared to non-APAP
spontaneous survivors and LT recipients. Similar findings were noted using both the CDC
HRQOL-14 and SF-36 questionnaires (Figures 2 to 4).

Prior retrospective studies of HRQOL in ALF patients have focused primarily on patients
who have undergone liver transplantation. During follow-up, ALF LT recipients report
similar QOL scores as patients with cirrhosis undergoing LT.9 In addition, no significant
differences in QOL have been noted between APAP and non-APAP ALF transplant
recipients.10 However, ALF patients experience higher rates of depression, anxiety, and
post-traumatic stress disorder after liver transplant compared to cirrhotic LT recipients, a
finding that correlates with the higher rate of poor mental health among LT recipients
observed in our study.11 This observation may be due to the fact that ALF patients are
previously healthy, generally young individuals who suffered a sudden life-threatening
illness whereas most cirrhotic LT recipients have been ill for several years and may have
developed better coping skills. Furthermore, prior studies have shown that ALF LT
recipients are less likely to resume employment compared to cirrhotic LT recipients, despite
their younger age.9

The SF-36 questionnaire has been used to assess HRQOL and functional outcomes in
patients with other chronic diseases, as well as in subjects who experience severe acute
illness. In particular, the SF-36 has been administered to patients with various liver diseases
including chronic hepatitis C and primary biliary cirrhosis.12–14 The SF-36 has also
specifically been evaluated in LT recipients and individual domain scores from the current
study are similar to prior data reported at 24 months after LT in cirrhotic patients.15 While
cirrhotic LT recipients often report significantly improved QOL in the early post-transplant
period compared to their pre-transplant status, post-transplant QOL usually remains lower
than age matched population controls.16, 17 The durability of improved QOL after LT is also
uncertain with several studies suggesting that patients’ psychological well-being may begin
to erode as early as 1 year after LT.18, 19 In addition, episodes of rejection , osteoporosis,
and recurrent disease are associated with further declines in QOL scores during long-term
follow-up in cirrhotic LT recipients. 20–22 However, the QOL scores of LT recipients remain
better than those reported in congestive heart failure patients.23 While the underlying
etiology of cirrhosis affects HRQOL in the pre-transplant period, no significant differences
in QOL based on etiology of cirrhosis have been noted 6 months after LT but more recent
studies suggest that chronic HCV patients may have poorer HRQOL during long term
follow-up.22, 24

Impaired QOL during long-term follow-up, as measured by the SF-36, has also been seen in
previously healthy patients that have suffered from a severe acute illness such as acute renal
failure, necrotizing pancreatitis, subarachnoid hemorrhage, and acute respiratory distress
syndrome. 25–28 A stay in the intensive care unit with associated vital organ dysfunction
may be associated with a reduced QOL, although this finding could also be attributable to
pre-existing disease. 29 Of note, we did not find a significant relationship between markers
of disease severity such as need for intubation, dialysis, or encephalopathy grade and SF-36
nor CDC-14 scores during long-term follow-up.
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The CDC HRQOL-14 is a more recently developed instrument which was designed to assess
the HRQOL of the general U.S. population. The 4-item Healthy Days Core Module has been
utilized to assess long-term QOL in patients with several chronic diseases including
osteoarthritis, rheumatoid arthitis, coronary artery disease, and diabetes mellitus.30–32

Studies using the CDC HRQOL-4 have shown that survivors of severe, life-threatening
diseases, such as cerebrovascular accidents and breast cancer, report more unhealthy days
per month when compared to the general U.S. population. In addition, one study of older
adults indicated that patients with lower CDC-HRQOL-4 scores had a higher rate of
hospitalization and death during follow-up.33 A key advantage of the CDC HRQOL-14 is
the ability to quantify QOL impairment in terms of unhealthy days, and further make direct
comparisons to the general population. In our study, APAP spontaneous survivors reported
nearly twice as many days per month of impaired physical and mental health, activity
limitation, pain, depression, and anxiety compared to the other groups (Figure 2) indicating
that they have the poorest functional status during follow-up.

Our findings of increased days of pain, depression, and anxiety in APAP spontaneous
survivors is consistent with prior data regarding the increased incidence of chronic pain and
underlying psychiatric disease in this patient population. 34 As such, it is difficult to
determine to what extent the long-term QOL impairment observed in this study is
attributable to the ALF episode itself versus pre-existing medical or psychiatric factors since
baseline QOL scores were not available in these patients. Our findings also demonstrate that
non-APAP SS patients may experience substantial physical and mental health impairment
during follow-up despite normalization of hepatic laboratory abnormalities. Among ALF
liver transplant recipients, impaired mental and physical QOL domains are reported
primarily in women and younger patients. As such, a significant subset of ALF survivors
may benefit from targeted interventions including counseling, psychiatric care, and physical
therapy.

Due to the low incidence of ALF and the limited study population size, we were unable to
identify presenting laboratory or clinical parameters that correlated with long-term QOL
scores. However, there were no significant differences in baseline coma grade or need for
ICP monitoring among APAP spontaneous survivors, non-APAP spontaneous survivors, and
LT recipients. Although prior studies have suggested that adherence to follow-up and
immunosuppression compliance may be lower in LT recipients with APAP overdose, we
were not able to compare QOL outcomes in APAP vs. non-APAP LT recipients due to the
small number of patients.35

There were 405 ALFSG patients who did not complete the HRQOL forms and were
therefore excluded from this analysis (Suppl Table 1). Overall, the included patients were
older, more likely to be non- Hispanic and have undergone LT, and less likely to have had
APAP overdose. Therefore, the QOL scores of the included ALFSG patients may
intrinsically be better than those who did not complete the surveys since LT recipients had
better QOL scores. The higher proportion of LT recipients captured in the current study
group likely relates to the fact that LT recipients return more frequently for concurrent care
than those who have recovered. In light of these limitations, confirmation of our findings in
other large independent cohorts of ALF patients is needed. Nonetheless, the current study
represents the largest study of QOL outcomes in ALF patients completed to date. In
addition, the prospective enrollment of patients from multiple sites and administration of
widely used and validated QOL instruments at predetermined study visits help improve the
generalizability and importance of our findings.

In conclusion, our study demonstrates that long-term adult survivors of ALF exhibit
diminished QOL as compared to age and gender matched population controls. Furthermore,
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the APAP SS report decreased QOL across several domains when compared to non-APAP
spontaneous survivors and LT recipients. These results were somewhat surprising since LT
recipients are known to have more frequent and severe cerebral edema and require long-term
use of potentially neurotoxic immunosuppressive agents.36, 37 We speculate that the
observed differences in long-term HRQOL outcomes in the ALF patient groups may be the
result of other pre-existing medical and psychiatric co-morbidities rather than the patients
initial ALF illness and hospital course. Ongoing studies of neuropsychological function by
our group and others will help better define the type and severity of potential cognitive
impairment that many long-term ALF survivors report to their physicians.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Figure 2.
CDC HRQOL Healthy Days Core Module questions in 156 spontaneous survivors (SS) and
123 liver transplant (LT) recipients stratified by gender. Overall, female SS had significantly
poorer HRQOL indices compared to the general population while the scores in male SS
were only significantly different in Days of activity limitations. The male and female LT
recipient scores were similar to the general US population. (SS; N=41 males and N=115
females) (LT; N=43 males and N=80 females). * p ≤0.001 when compared to the U.S.
general population.
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Figure 3.
CDC HRQOL Healthy Days Core Module questions in 156 spontaneous survivors (SS) and
123 liver transplant (LT) recipients stratified by age. The HRQOL scores were significantly
lower in the SS patients in most age groupings while the LT recipients were generally
similar to age matched population controls. (SS; Age 18–24 N=29, 25–34 N=37, 35–44
N=36, 45–54 N=27, 55–64 N=19) (LT; Age 18–24 N=14, 25–34 N=26, 35–44 N=31, 45–54
N=30, 55–64 N=18) * p ≤0.001 when compared to the U.S. general population.
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Figure 4.
a. SF-36 scores in 95 APAP SS, 62 non-APAP SS, and 124 liver transplant recipients. SF-36
Domains: (PF) Physical functioning scale, (RP) Physical health problems scale, (BP) SF-36
Pain Scale, (GH) SF-36 General Health Perceptions Scale, (VT) Energy/fatigue scale, (SF)
Social functioning scale, (RE) Emotional Health problems scale, (MH) Emotional well-
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being scale; ¶ represents overall statistical significance at alpha ≤0.001 comparing SS Non-
APAP, SS APAP, LT.
b. SF-36 Component Scores: (PCS) Physical, (MCS) Mental; * represents statistical
significance at alpha ≤0.001 when compared to the U.S. general population, ¶ represents
overall statistical significance at alpha ≤0.001 comparing SS Non-APAP, SS APAP, LT.
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