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Older age is considered a poor prognostic factor in acute liver failure (ALF) and may still be considered a relative
contraindication for liver transplantation for ALF. We aimed to evaluate the impact of older age, defined as age = 60 years, on
outcomes in patients with ALF. One thousand one hundred twenty-six consecutive prospective patients from the US Acute
Liver Failure Study Group registry were studied. The median age was 38 years (range, 15-81 years). One thousand sixteen
patients (90.2%) were younger than 60 years (group 1), and 499 (49.1%) of these had acetaminophen-induced ALF; this rate
of acetaminophen-induced ALF was significantly higher than that in patients = 60 years (group 2; n = 110; 23.6% with
acetaminophen-induced ALF, P < 0.001). The overall survival rate was 72.7% in group 1 and 60.0% in group 2 (not significant)
for acetaminophen patients and 67.9% in group 1 and 48.2% in group 2 for non-acetaminophen patients (P < 0.001). The
spontaneous survival rate (ie, survival without liver transplantation) was 64.9% in group 1 and 60.0% in group 2 (not significant)
for acetaminophen patients and 30.8% in group 1 and 24.7% in group 2 for non-acetaminophen patients (P = 0.27). Age was
not a significant predictor of spontaneous survival in multiple logistic regression analyses. Group 2 patients were listed for liver
transplantation significantly less than group 1 patients. Age was listed as a contraindication for transplantation in 5 patients. In
conclusion, in contrast to previous studies, we have demonstrated a relatively good spontaneous survival rate for older patients
with ALF when it is corrected for etiology. However, overall survival was better for younger non-acetaminophen patients. Fewer
older patients were listed for transplantation. Liver Transpl 15:1481-1487, 2009. o 2009 AASLD.
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Acute liver failure (ALF) is an extremely severe medical
entity characterized by coagulopathy, usually wide-
spread hepatic necrosis, hepatic encephalopathy, and
often multiorgan failure in a previously healthy individ-
ual.’® The prognosis of ALF was until recently very
dismal, with survival being the exception to the rule,
but it has improved considerably over the past few de-
cades.” Still, mortality is approximately 30% to 40%,
and another 20% to 25% need liver transplantation;
this means that only 40% to 45% of ALF patients sur-
vive spontaneously (ie, without liver transplanta-
tion).3-8-°

Older age is believed to be associated with a poor
prognosis. Indeed, age greater than 40 years is one
of the factors included in the most widely used
model for liver transplantation, the King's College
Hospital criteria.'® Studies from India have revealed
age greater than 50 years to be associated with an
increased risk of death.'!:'2 However, initial (retro-
spective) reports from our group suggested that age
does not seem to affect outcome.” With older age, a
decline in hepatic volume and hepatic blood flow oc-
curs'® ', however, it remains unclear if hepatic
function also declines.'® Fibrinogen levels and albu-
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min synthesis seem to be normal even in very old
individuals.'®

Several studies have reported age greater than 60
years as a factor for adverse outcomes of liver trans-
plantation.'”"2° In this study, we aimed to evaluate the
impact of older age, defined as age greater than or equal
to 60 years, on outcomes of ALF.

PATIENTS AND METHODS
Patients

One thousand one hundred twenty-six patients with
ALF who were enrolled prospectively by the US Acute
Liver Failure Study Group® between 1998 and 2007
were studied. The group included 774 women (68.7%).
The criteria for admission to the study were coagulopa-
thy (international normalized ratio = 1.5) and the pres-
ence of any degree of hepatic encephalopathy in the
absence of evident chronic liver disease. After informed
consent was obtained from the next of kin, detailed
prospective clinical and laboratory data were entered in
an anonymous fashion into case report forms upon
admission to the study and 3 weeks later or at the time
of death or liver transplantation. At the beginning of the
study, we established standard criteria for all etiologic
groups that were used by site investigators to determine
the diagnosis for each patient. To confirm cases of acet-
aminophen toxicity leading to ALF, investigators used a
history of ingestion of doses exceeding the package la-
beling (>4 g/24 hours) within 7 days of presentation (in
most cases, the quantities greatly exceeded this value)
combined with the detection of acetaminophen in the
plasma of a patient meeting other qualifications for ALF
and the finding of characteristic alanine aminotransfer-
ase levels = 3500 IU/L. Most patients met at least 2 of
these 3 criteria.?!

Statistics

Data are presented as medians (range). Comparisons
between groups were made with the Mann-Whitney
rank sum test. The chi-square test was used to com-
pare rates between groups, and linear regression anal-
ysis was used to evaluate trends over time. Multiple
regression analyses were performed to analyze the in-
dependent impact of age on prognosis. A Pvalue < 0.05
was considered significant.

RESULTS

Figure 1 shows the overall outcomes for all patients
included in the study. The spontaneous (ie, transplan-
tation-free) survival rate, the liver transplantation rate,
and the overall survival rate were 46.0%, 25.2%, and
68.4%, respectively.

Figure 2 shows the age distribution of the patients.
The median age was 38 years (range, 15-81 years). One
thousand sixteen patients (90.2%) were younger than
60 years and composed group 1. The 110 patients = 60
years composed group 2. Four hundred ninety-nine
patients in group 1 (49.1%) had acetaminophen-in-
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Figure 1. Overall outcome for all acute liver failure patients.
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Figure 2. Age distribution for all patients. Abbreviation:
ACM, acetaminophen.

duced ALF; this rate of acetaminophen-induced ALF
was significantly higher than that in group 2 (22.7%,
P < 0.001). Older patients had lower aminotransferases
on admission and apparently lower spontaneous sur-
vival rates in comparison with younger patients (Ta-
ble 1).

For acetaminophen patients, groups 1 and 2 are com-
pared in Table 2. There was a tendency toward higher
encephalopathy grades in group 2. Fewer patients in
group 2 were listed for transplantation. The gender dis-
tribution, symptom duration, liver transplantation
rate, biochemical markers (except aminotransferates,
and spontaneous survival rates did not differ between
the 2 age groups. Figure 3 (upper panel) further shows
the spontaneous survival rate, and Fig. 4 (upper panel)
shows the liver transplantation rate for all age groups
with an acetaminophen etiology.

Table 3 compares groups 1 and 2 for non-acetamin-
ophen patients. The non-acetaminophen group (n =
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TABLE 1. Overall Comparison of Younger and Older Patients

<60 Years (n = 1016) =60 Years (n = 110) P
Females 700 (68.9%) 74 (67.3%) NS
Acetaminophen 499 (49.1%) 25 (22.7%) <0.001
Symptom duration (days) 4 (0-186) 7 (0-90) NS
HE coma grade III/IV 648 (63.8%) 78 (70.9%) NS
INR (AU) 2.7 (1.5-44.4) 2.4 (1.5-18) NS
ALT (U/L) 2,111 (3-26,600) 1,223 (23-10,956) <0.001
Bilirubin (mg/dL) 7.3 (0.3-63.3) 10.1 (0.2-43.5) NS
Creatinine (mg/dL) 1.7 (0.1-74.8) 1.7 (0.3-10.7) NS
Liver Tx 259 (25.5%) 25 (22.7%) NS
Survival after Tx 232 (89.6%) 20 (80.0%) NS
Spontaneous survival 482 (47.4%) 36 (32.7%) 0.004
Overall survival 714 (70.3%) 56 (50.9%) <0.001

significant; Tx, transplantation.

NOTE: Biochemistry values were recorded on admission to study. Values are given as numbers (%) or medians (range).
Abbreviations: ALT, alanine aminotransferase; HE, hepatic encephalopathy; INR, international normalized ratio; NS, not

TABLE 2. Comparison of Younger and Older Patients with an Acetaminophen Etiology (n = 524)

<60 Years (n = 499) =60 Years (n = 25) P
Females 376 (75.3%) 20 (80%) NS
Symptom duration (days) 2 (0-6) 2 (0-6) NS
HE coma grade III/IV 324 (64.9%) 1 (84%) NS
INR (AU) 2.8 (1.5-44.4) 2.3 [1 5-6.7) NS
ALT (U/L) 4091 (136-26,600) 3342 (104-7861) <0.001
Bilirubin (mg/dL) 4.6 (0.3-48.2) 4.0 (0.2-21.4) NS
Creatinine (mg/dL) 2.0 (0.1-10.5) 1.4 (0.5-10.7) NS
Listed for Tx 137 (27.5%) 2 (8%) 0.04
Contraindications for Tx 147 (29.5%) 8 (32%) NS
Liver Tx 48 (9.6%) 0 (0%) NS
Survival after Tx 40 (83.3%) NA NA
Spontaneous survival 324 (64.9%) 15 (60%) NS
Overall survival 363 (72.7%) 15 (60%) NS

available; NS, not significant; Tx, transplantation.

NOTE: Biochemistry values were recorded on admission to study. Values are given as numbers (%) or medians (range).
Abbreviations: ALT, alanine aminotransferase; HE, hepatic encephalopathy; INR, international normalized ratio; NA, not

602) consisted of those with drug-induced liver injury
(n = 127; 21.1%), hepatitis B (n = 82; 13.6%), autoim-
mune hepatitis (n = 60; 10.0%), shock liver (n = 47;
7.8%), hepatitis A (n = 31; 5.1%), Wilson’s disease (n =
18; 3.0%), Budd-Chiari syndrome (n = 11; 1.8%), an
indeterminate etiology (n = 158; 26.2%), and various
other etiologies (n = 68; 11.3%). Pregnancy-related
ALF, Budd-Chiari syndrome, and Wilson’s disease were
not observed in the older age group, and autoimmune
hepatitis was less frequent in the younger age group
(8.7% versus 17.6%, respectively, P = 0.026). Fewer
patients were listed for transplantation in group 2, and
more patients had contraindications for transplanta-
tion in this group, including 5 patients for whom old age
was listed as a cause for contraindication. These 5 pa-
tients were older than 70 years of age. The gender dis-
tribution, hepatic coma grade, symptom duration, bio-
chemical markers, and spontaneous survival did not
differ between the groups, whereas there was a ten-

dency toward a lower transplantation rate in group 2.
Spontaneous survival rates did not differ for age
groups, whereas transplantation rates decreased with
older age according to linear regression analysis (Figs. 3
and 4, lower panels).

Other contraindications for liver transplantation, be-
sides age, included comorbidities, the medical condi-
tion of the patient (eg, uncontrollable infection, multi-
organ failure, or severe intracranial hypertension),
psychiatric disorders, chronic alcohol use, repeated
overdoses, and malignancy and did not differ between
acetaminophen and non-acetaminophen patients.

Survival after liver transplantation was not age-de-
pendent (Fig. 5).

Age was not a significant predictor of spontaneous
survival in multiple logistic regression analyses of out-
come for the acetaminophen and non-acetaminophen
subgroups with the following variables: age, admission
or maximum international normalized ratio, symptom
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Figure 3. Spontaneous survival rates for patients with an
ACM etiology (upper panel) or a non-ACM (lower panel) etiology
as a function of age. With linear regression analysis, no trends
were found. Abbreviation: ACM, acetaminophen.

duration, admission bilirubin, creatinine, phosphate,
magnesium, acidosis, and hepatic encephalopathy
grade (I/II versus III/IV). When transplanted patients
were excluded from the analysis, old age was an inde-
pendent risk factor for nonsurvival in the non-acet-
aminophen subgroup (P = 0.018), whereas no impact of
age was found in the acetaminophen group.

Age > 40 years is a significant risk factor for progno-
sis in the King’s College Hospital criteria'®; therefore,
we analyzed outcome with this cutoff level. There were
more acetaminophen patients in the group younger
than 40 years (n = 322; 53.4%) versus the group of
patients 40 years old or older (n = 202; 38.6%, P <
0.001). In the acetaminophen group, the spontaneous
survival rate was higher in the younger group than in
the older group (68.0% versus 58.9%, respectively, P =
0.043), whereas overall survival and transplantation
rates did not differ between the 2 groups. In the non-
acetaminophen group, the overall survival was higher
in the younger group than in the older group (70.1%
versus 60.7%, respectively, P = 0.026). Also, the trans-
plantation rate was higher in the younger group than in
the older group (44.1% versus 34.9%, respectively, P =
0.026), whereas the spontaneous survival rate did not
differ in the 2 groups.
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Figure 4. Transplantation rates for patients with an ACM
etiology (upper panel) or a non-ACM etiology as a function of
age. With linear regression analysis, a decrease in transplan-
tation was observed with increasing age. Abbreviation: ACM,
acetaminophen.

We previously reported rises in alpha-fetoprotein lev-
els as a sign of hepatic regeneration,?? and we analyzed
these data again with respect to age; among nonsurvi-
vors (or transplanted) older than 60 years, 6 of 13 (46%)
patients had rising alpha-fetoprotein levels between
hospital days 1 and 3 versus only 7 of 51 (13%) patients
younger than 60 years (P = 0.018). Among spontaneous
survivors, the proportion of patients with alpha-feto-
protein rise did not differ between older and younger
patients (57% and 73%, respectively; not significant).

DISCUSSION

The present study has focused on the impact of older
age on outcomes of ALF. Overall and spontaneous sur-
vival was greater in the younger age group (Table 1);
however, this apparently better spontaneous survival
for younger patients completely disappeared when we
analyzed patients with acetaminophen and non-acet-
aminophen etiologies separately. Acetaminophen-in-
duced ALF is known to carry a much better prognosis
than non-acetaminophen-induced ALF.”® Thus, the
younger group had more patients with a favorable eti-
ology than the older group. Multiple regression analy-
ses confirmed that age was not an independent risk
factor for spontaneous survival, in contrast to findings
of previous studies.'®'? Only when excluding trans-
planted patients did we observe age to be an indepen-
dent risk factor for non-acetaminophen patients
(among whom overall survival was better in the younger
group). However, transplanted patients accounted for

LIVER TRANSPLANTATION.DOI 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases



OUTCOME OF ACUTE LIVER FAILURE IN THE ELDERLY 1485

TABLE 3. Comparison of Younger and Older Patients with a Non-Acetaminophen Etiology (n = 602)
<60 Years (n = 517) =60 Years (n = 85) P
Females 324 (62.7%) 54 (63.5%) NS
Symptom duration (days) 12 (0-186) 13 (0-117) NS
HE coma grade III/IV 341 (66.9%) 56 (65.9%) NS
INR (AU) 2.6 (1.5-26.1) 2.5 (1.5-18) NS
ALT (U/L) 839 (3-13,100) 758 (23-10,956) NS
Bilirubin (mg/dL) 19.3 (0.7-63.3) 14.7 (0.8-43.5) NS
Creatinine (mg/dL) 1.4 (0.1-74.8) 2.0 (0.3-8.8) NS
Listed for Tx 300 (58%) 38 (44.7%) 0.03
Contraindications for Tx 95 (18.4%) 25 (29.4%) 0.03
Liver Tx 211 (40.8%) 25 (29.4%) 0.058
Survival after Tx 192 (91.0%) 20 (80.0%) NS
Spontaneous survival 159 (30.8%) 21 (24.7%) NS
Overall survival 351 (67.9%) 41 (48.2%) <0.001
NOTE: Biochemistry values were recorded on admission to study. Values are given as numbers (%) or medians (range).
Abbreviations: ALT, alanine aminotransferase; HE, hepatic encephalopathy; INR, international normalized ratio; NS, not
significant; Tx, transplantation.
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Figure 5. Survival after transplantation for 48 patients with
ACM-induced acute liver failure and for 236 patients with a
non-ACM etiology according to age. No significant differences
were found. Abbreviations: ACM, acetaminophen; NA, not
available; Tx, transplantation.

30% to 40% of non-acetaminophen patients, and to
exclude all these patients with a presumed poor prog-
nosis is not warranted. Also, it should be considered
that the relatively small number of older patients, es-
pecially in the acetaminophen group, increases the risk
of a type II error in the interpretation of the data.
Several prognostic models of outcome of ALF include
age as an important risk factor. The most widely used
prognostic model, the King’s College Hospital criteria, *°
includes age greater than 40 years (or less than 10
years) as an adverse marker of outcome for patients

with a non-acetaminophen etiology. Our study con-
firms a better overall survival for non-acetaminophen
patients younger than 40 years, whereas spontaneous
survival did not differ between patients younger or older
than 40 years. Interestingly, we observed slightly better
spontaneous survival in the acetaminophen group
among patients younger than 40 years, whereas overall
survival was not improved for the younger patient
group. Two studies from India have identified age
greater than 50 years as a poor prognostic marker.'*-!2
Also, age greater than 40 years was an independent risk
factor for the development of hepatic encephalopathy in
patients with acetaminophen overdose in a study from
Copenhagen,?® even when corrections were made for
later presentation and larger alcohol consumption in
the old age group. We cannot explain the differences
that we observed with respect to other reports as a
difference in patient selection because the aforemen-
tioned hospitals and those represented in this study are
all tertiary care centers. However, it is possible that less
frequent consideration of older individuals for grafting
in the United States might limit their initial referral for
transplantation. Limited patient referral for patients
over 60 years old could cause a selection bias that
favors unusually healthy older patients. However, we
are not aware of any such differences between the
United States and Europe in this regard. The apparent
decline in survival for acetaminophen patients over 70
years old may be a real finding or may simply reflect the
small sample size in this group (Fig. 3).

We observed that with older age, fewer patients were
listed for liver transplantation and fewer underwent
transplantation. In the acetaminophen subgroup, no
patient older than 60 years was listed, despite the same
proportion of contraindications to transplantation as
that in patients younger than 60 years. Fewer older
patients were also transplanted in the non-acetamino-
phen subgroup, but in this group, more contraindica-
tions to transplantation were met. In our study, sur-
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vival after transplantation was not lower in older
patients (Tables 2 and 3), in contrast to the study of
Barshes et al.,?>* who found that age greater than 50
years was one of the risk factors for poorer survival
following emergency transplantation in a large number
of patients registered in the United Network for Organ
Sharing database. However, these data were collected
between 1988 and 2003, and the likelihood of survival
and the overall medical treatment employed for ALF
have improved considerably since the beginning of that
period.'° A recent British single-center study describes
age greater than 45 years as a risk factor for nonsur-
vival following transplantation for the period of 1994-
20042°; however, it is worth noting that survival im-
proved considerably in the last half of the observation
period.?® The majority of patients in our study were
enrolled in the current decade, and this suggests that a
comparison with the aforementioned studies is likely to
be biased.

Over the past decade, liver transplantation for all
causes (not ALF only) for older patients appears to have
been increasing in frequency.?° Some studies have re-
ported worse outcome, including lower survival and
more frequent development of malignancies, for the el-
derly,'”'® whereas other studies have reported good
results in this age group, even for patients in their
seventies.?® A recent British study on liver transplan-
tation found that survival was not decreased for pa-
tients older than 60 years or even 65 years.?” This was
true for survival at 30 days, 1 year, and 5 years after
transplantation. We suggest that transplantation
should be considered in older patients in the absence of
other contraindications.

It is still not fully elucidated how the liver is affected
by increasing age.'®?® In fact, older donor age per se
does not appear to adversely affect recipient liver trans-
plantation outcome.?®-3° Many hepatic functions, in-
cluding protein synthesis, remain intact even at a very
old age.'® However, liver volume and hepatic blood flow
decrease,'*®! and hepatocyte regeneration following
partial hepatectomy is reduced considerably in older
mice versus younger mice.*>33 Also, the hepatic me-
tabolism of foreign compounds, as judged by the activ-
ity of the cytochrome P450 3A system,'®®* and the
galactose elimination capacity®® seem to decrease with
older age. The hepatocyte morphology changes with
older age toward more dense bodies and lipofuscin;
however, the importance of these findings remains to be
clarified.®® In all, the changes in the liver with aging are
not dramatic, and this probably explains the appar-
ently satisfactory recovery from illness that we observed
in older patients with ALF. Further support for the
hypothesis that hepatic regeneration is preserved in the
elderly was found in our data regarding alpha-fetopro-
tein. Rising alpha-fetoprotein levels were observed in
the same proportion of older and younger patients.
However, it should also be noted that the lower amino-
transferase levels in the elderly (Tables 2 and 3) may
reflect a lower hepatic volume in this group.

Despite possible biases, this study indicates that the
prognosis for spontaneous survival among older pa-

tients is not inferior to that for younger patients. We
suspect that hepatocyte regeneration remains, for the
most part, intact in older patients with ALF. Consider-
ation should be given to liver transplantation in older
patients with ALF in the absence of other contraindica-
tions.
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