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BACKGROUND & AIMS: Patients with cirrhosis hospital-
ized for an acute decompensation (AD) and organ failure are at
risk for imminent death and considered to have acute-on-
chronic liver failure (ACLF). However, there are no established
diagnostic criteria for ACLF, so little is known about its devel-
opment and progression. We aimed to identify diagnostic cri-
teria of ACLF and describe the development of this syndrome
in European patients with AD. METHODS: We collected data
from 1343 hospitalized patients with cirrhosis and AD from
February to September 2011 at 29 liver units in 8 European
countries. We used the organ failure and mortality data to
define ACLF grades, assess mortality, and identify differences
between ACLF and AD. We established diagnostic criteria for
ACLF based on analyses of patients with organ failure (defined
by the chronic liver failure–sequential organ failure assessment
[CLIF-SOFA] score) and high 28-day mortality rate (!15%).
RESULTS: Of the patients assessed, 303 had ACLF when the
study began, 112 developed ACLF, and 928 did not have ACLF.
The 28-day mortality rate among patients who had ACLF when
the study began was 33.9%, among those who developed ACLF
was 29.7%, and among those who did not have ACLF was 1.9%.
Patients with ACLF were younger and more frequently alco-
holic, had more associated bacterial infections, and had higher
numbers of leukocytes and higher plasma levels of C-reactive
protein than patients without ACLF (P " .001). Higher CLIF-
SOFA scores and leukocyte counts were independent predictors
of mortality in patients with ACLF. In patients without a prior
history of AD, ACLF was unexpectedly characterized by higher
numbers of organ failures, leukocyte count, and mortality com-
pared with ACLF in patients with a prior history of AD. CON-
CLUSIONS: We analyzed data from patients with cirrhosis
and AD to establish diagnostic criteria for ACLF and
showed that it is distinct from AD, based not only on the

presence of organ failure(s) and high mortality rate but
also on age, precipitating events, and systemic inflamma-
tion. ACLF mortality is associated with loss of organ func-
tion and high leukocyte counts. ACLF is especially severe in
patients with no prior history of AD.

Keywords: Prospective Cohort; Chronic Liver Disease;
Organ Failures; Prognosis.
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Acute decompensation (AD), defined by the acute de-
velopment of one or more major complications of

liver disease (ie, ascites, encephalopathy, gastrointestinal
hemorrhage, bacterial infection),1–5 is the main cause of
hospitalization in patients with cirrhosis. AD develops in
many cirrhotic patients in the absence of any other sig-
nificant feature, while in others it is associated with organ
failure(s) (ie, worsening of liver function and/or kidney
failure and/or failure of other organs).6 – 8 Patients with
AD and organ failure(s) are at high risk for short-term
death.6 – 8 It has become customary to refer to these pa-
tients as patients with acute-on-chronic liver failure

Abbreviations used in this paper: ACLF, acute-on-chronic liver failure;
AD, acute decompensation; CANONIC, chronic liver failure (CLIF) Acute-
on-Chronic Liver Failure in Cirrhosis; EASL-CLIF, European Association
for the Study of the Liver-chronic liver failure; SOFA, sequential organ
failure assessment.
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(ACLF).6 –10 However, the current definitions of ACLF dif-
fer greatly from each other and have been developed on a
theoretical rather than experimental basis.10 –19 A univer-
sally accepted and used definition of ACLF is still lack-
ing.10 Because of the lack of a definition, other important
features of this syndrome remain unknown, including
prevalence, frequency of precipitating factors, natural his-
tory, and pathogenic mechanism(s). Defining ACLF is not
only a matter of nosology, but also is of great importance
because it would allow early identification of patients at
high risk for end-organ failure–related death, requiring
specific treatments and/or intensive management. This
large, prospective, observational study, performed within
the context of the European Association for the Study of
the Liver-chronic liver failure (EASL-CLIF) Consortium
and called the EASL-CLIF Acute-on-Chronic Liver Failure
in Cirrhosis (CANONIC) study, was designed to develop a
definition of ACLF able to identify cirrhotic patients with
a high risk of short-term mortality. Other unknown fea-
tures of ACLF were also investigated, including preva-
lence, precipitating factors, and main pathogenic mecha-
nisms.

Patients and Methods
Study Design
Patients were screened and enrolled from February to

September 2011 in 12 European countries after the appropriate

approvals were obtained. Patients were screened at liver units in
29 university hospitals; each liver unit had a regular ward,
intensive care facilities, and a liver transplantation program. The
policy of allocation of liver transplants was similar among study
centers. The diagnosis of cirrhosis was based on previous liver
biopsy findings or a composite of clinical signs and findings
provided by laboratory test results, endoscopy, and radiologic
imaging. Written informed consent was obtained from patients
or their legal surrogates before enrollment. The members of the
writing committee assume responsibility for the accuracy and
completeness of the data and for the fidelity of the study to the
protocol. All authors had access to the study data and reviewed
and approved the final manuscript. Grifols or Gambro did not
play a role in the study design as well as analyses of the data.

Patients
We screened patients hospitalized for at least 1 day who

had an AD of cirrhosis as defined by the acute development of
large ascites, hepatic encephalopathy, gastrointestinal hemor-
rhage, bacterial infection, or any combination of these.1–5 More
details on the definition of AD are available in Supplementary
Materials and Methods.

We enrolled patients who developed AD for the first time as
well as those with a prior history of AD (one or more episodes)
who recovered after specific treatment. Causes of exclusion are
summarized in Figure 1.

Data Collection
We collected data from all enrolled patients on history

(including previous episodes of AD), physical examination, lab-

Figure 1. Screening, enrollment, and flow of patients according to the presence or absence of ACLF.
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oratory measurements, and events that may be potential precip-
itating factors of both AD and ACLF: active alcoholism (more
than 14 drinks per week in women and more than 21 drinks per
week in men20 within the previous 3 months), bacterial infec-
tion, gastrointestinal hemorrhage, therapeutic paracentesis
without use of intravenous albumin, transjugular intrahe-
patic portosystemic shunting, major surgery, hepatitis, and
alcoholic hepatitis (liver biopsy required).

As prespecified in the study protocol, enrolled patients at each
study site were divided into 3 groups: patients with organ failure
(group I), patients without organ failure who were chronologi-
cally enrolled after each patient with organ failure (group II),
and other enrolled patients without organ failure (group III).
For logistical reasons, patients in groups I and II but not those
in group III were subjected to an “intensive surveillance,” which
consisted of collection of an extensive set of data at days 2, 7, 14,
21, and 28 after enrollment that was similar to the data obtained
at enrollment. Patients in group III had regular follow-up to
allow detection of organ failure. When patients in group III
developed organ failure, the intensive surveillance program was
applied during the 28 days after detection of organ failure.
Blood, serum, plasma, and urine samples were obtained from all
patients at enrollment. Samples were also obtained during the
28-day follow-up from patients in groups I and II and from
those in group III who developed organ failure. Finally, as
prespecified in the study protocol, information on liver trans-
plantation and mortality at 28 and 90 days following enrollment
and causes of death were recorded for all enrolled patients.

Procedures
Diagnostic criteria for organ failure were defined before

the start of the study. The sequential organ failure assessment
(SOFA) score, which is widely used to diagnose organ failure in
general intensive care units,21 has also been used for this pur-
pose in patients with cirrhosis.22–24 However, some components
of this score do not take into account specific features of cir-
rhosis.8 Thus, for the diagnosis of organ failure, our study
protocol prespecified use of a modified SOFA score, called the
CLIF-SOFA score (Table 1), which had been specifically devel-
oped for the present study and based on several referenc-
es2,12,22,25–28 and the clinical experience of the authors. The

definition of each type of organ failure is provided in Supple-
mentary Materials and Methods. In our cohort of patients, the
CLIF-SOFA score was as accurate as the Model of End-Stage
Liver Disease27 score and more accurate than the Child–Pugh
score29 in predicting 28-day mortality (data not shown). In addi-
tion, the CLIF-SOFA score was internally validated by means of a
bootstrap re-estimation of the corresponding coefficient in a logis-
tic regression model for 28-day transplant-free mortality fitted on
1000 samples obtained with replacement from the study popula-
tion. Bootstrap estimates of the odds ratio for a 1-point increase in
CLIF-SOFA score (odds ratio, 1.557; 95% confidence interval,
1.459–1.672) and for the corresponding area under the receiver
operating characteristic curve (0.831) were very similar to those
obtained from the original model (odds ratio, 1.552; area under the
concentration-time curve receiver operating characteristic, 0.831).

Once data were collected, we followed a general strategy that was
prespecified in the protocol. First, we defined ACLF and ACLF
grades by investigating the association of organ failure(s) at enroll-
ment with short-term mortality. Then, we assessed the prevalence
and mortality associated with ACLF and ACLF grades at enroll-
ment, for postenrollment ACLF (that occurring within the next
28-day follow-up period), and for the overall group of patients with
ACLF. Finally, we searched for additional differences between ACLF
and “mere” AD. This was performed by comparing clinical and
laboratory characteristics of patients with and without ACLF.

Statistical Analyses
Data were collected using an electronic case report form.

Estimation of study size was based on the assumption of a 9% to
10% 28-day mortality rate after enrollment in patients without
organ failure and 18% for patients with one organ failure or
more.22,23 According to these estimations, a 15% mortality rate at
28 days after enrollment was the threshold selected for identifying
subgroups of patients with high mortality in the process of defini-
tion of ACLF. Assuming that approximately one-third of patients
would have ACLF at enrollment, a total study population of more
than 1300 patients would allow an 80% power to detect a mini-
mum relative risk of 1.5 (corresponding to a 28-day mortality rate
of 15%) for patients with ACLF at enrollment. Twenty-eight–day
and 90-day mortality rates were estimated as transplant-free mor-
tality (patients who received a liver transplant were considered lost

Table 1. CLIF-SOFA Score

Organ/system 0 1 2 3 4

Liver (bilirubin, mg/dL) "1.2 !1.2 to "2.0 !2.0 to "6.0 !6.0 to "12.0 >12.0
Kidney (creatinine, mg/dL) "1.2 !1.2 to "2.0 >2.0 to <3.5 >3.5 to <5.0 >5.0

or use of renal replacement therapy
Cerebral (HE grade) No HE I II III IV
Coagulation (international

normalized ratio)
"1.1 !1.1 to "1.25 !1.25 to "1.5 !1.5 to "2.5 >2.5 or platelet count

<20!109/L
Circulation (mean arterial

pressure, mm Hg)
!70 "70 Dopamine <5 or

dobutamine or
terlipressin

Dopamine >5 or
E <0.1 or
NE <0.1

Dopamine >15 or
E >0.1 or
NE >0.1

Lungs
PaO/FiO2 or !400 !300 to "400 !200 to "300 >100 to <200 <100
SpO2/FiO2 !512 !357 to "512 !214 to "357 >89 to <214 <89

NOTE. The original SOFA score is described by Vincent et al.21 Like the SOFA score, the CLIF-SOFA score includes subscores ranging from 0 to
4 for each of 6 components (liver, kidneys, brain, coagulation, circulation, and lungs), with higher scores indicating more severe organ
impairment. Aggregated scores range from 0 to 24 and provide information on overall severity. The text in bold indicates the diagnostic criteria
for organ failures (see also Supplementary Materials and Methods).
HE, hepatic encephalopathy; E, epinephrine; NE, norepinephrine; PaO2, partial pressure of arterial oxygen; FiO2, fraction of inspired oxygen; SpO2,
pulse oximetric saturation.
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to follow-up). Univariate analyses using #2 or Student t test and
one-way analysis of variance were performed to assess the associa-
tion between all potential factors and mortality or development of
ACLF. Two logistic regression models were fitted to select the best
subset of predictors for 28-day mortality and for development of
ACLF after enrollment. Those factors showing a clinically and
statistically significant association to the outcome in univariate
analyses were selected for the initial models. The final models were
fitted using a stepwise forward method based on model likelihood
ratios with the same significance level (P " .05) for entering or
dropping variables. Results are presented as frequencies and per-
centages or means and SDs. In all analyses, the significance level
was set at P " .05.

Results
Patients
A total of 2149 consecutive patients were screened,

of whom 1343 were enrolled. A majority of patients were
enrolled during the first 4 days after hospital admission
(Supplementary Figure 1). In total, 817 (60.8%), 1004
(74.8%), and 1185 (88.2%) patients were enrolled 1, 2, and
4 days after hospital admission, respectively. In 158 pa-
tients (11.7%), the elapsed time between hospital admis-
sion and enrollment was more than 4 days. Reasons for
the delay between hospital admission and study enroll-
ment are provided in Supplementary Results.

Supplementary Table 1 shows the characteristics at
enrollment of the whole group; of note, 815 patients
(60.7%) had at least a previous episode of ascites and 406
(32.7%) had a previous episode of hepatic encephalopathy.
At enrollment, there were 330 patients (24.6%) in group I,
307 patients (22.8%) in group II, and 706 patients (52.6%)
in group III. In group I, the most frequent organ failures (as
defined by CLIF-SOFA score) were liver and kidney failures
followed by coagulation and cerebral failures. Among pa-
tients with organ failure, a majority (64.9%) had a single
organ failure, 24.4% had 2 organ failures, and 10.6% had 3
organ failures or more (Supplementary Table 2).

Diagnostic Criteria of ACLF and Prevalence
of and Mortality Associated With ACLF at
Enrollment
Definition of the diagnostic criteria of ACLF was ob-

tained after analysis of the whole population of patients at
enrollment. It was based on the presence of the 3 major char-
acteristics of the syndrome: AD (inclusion criterion, present in
all patients), organ failure (predefined by the SOFA-CLIF score),
and high 28-day mortality rate (predefined threshold of 15%).
The mortality rate within 28 days after enrollment was 32.0% in
patients with 2 organ failures and 78.6% in those with 3 organ
failures or more; it was only 14.6% in patients with one organ
failure (Table 2, first column). To refine the prognostic assess-
ment in patients with single organ failure, we looked for addi-
tional risk factors in these patients. The type of organ failure
was clearly a risk factor of mortality. It was greater than 15% in
the subgroup of patients with kidney failure; in contrast, it was
less than 15% for single “non-kidney” organ failures (Table 2,
first column). We further compared factors included in the SO-
FA-CLIF score between patients with single organ failure who
did and did not die within 28 days after enrollment. Significant
differences were found in serum creatinine level and in the
prevalence of mild to moderate hepatic encephalopathy (grade
I or II according to the West Haven classification) but not in
serum bilirubin level, international normalized ratio, arterial
pressure, and the ratio of pulse oximetric saturation to the
fraction of inspired oxygen (Supplementary Table 3). In sum-
mary, 3 types of risk factors obtained from the CLIF-SOFA
score at enrollment were found to be related to high 28-day
mortality rate (Table 2): (1) the presence of 2 organ failures or
more, (2) the presence of one organ failure when the organ that
failed was the kidney, and (3) the coexistence of a single “non-
kidney” organ failure with kidney dysfunction (ie, serum creat-
inine level ranging from 1.5 to 1.9 mg/dL) and/or mild to
moderate hepatic encephalopathy. Based on these findings at
enrollment, we defined 4 groups of patients.

1. No ACLF. This group comprises 3 subgroups: (1)
patients with no organ failure, (2) patients with a
single “non-kidney” organ failure (ie, single failure of

Table 2. Twenty-Eight–Day Mortality According to the Number and Types of Organ Failures and the Presence of Kidney
Dysfunction or Mild to Moderate Hepatic Encephalopathy at Enrollment

No. and types of organ failures All patients
No kidney dysfunction or mild to moderate

hepatic encephalopathy
Kidney dysfunction and/or mild to
moderate hepatic encephalopathy

No organ failure 39/874 (4.5) 20/562 (3.6) 19/312 (6.2)
One organ failure 39/267 (14.6) 17/184 (9.2) 22/83 (26.5)

Single liver failure 14/101 (13.9) 4/68 (5.9) 10/33 (30.3)
Single cerebral failure 3/30 (10.0) 2/25 (8.0) 1/5 (20.0)
Single coagulation failure 3/28 (10.7) 1/19 (5.3) 2/9 (22.2)
Single circulation or lung failure 3/22 (13.6) 1/15 (6.7) 2/7 (28.6)
Single kidney failure 16/86 (18.6) 9/57 (15.8) 7/29 (24.1)

Two organ failures 31/97 (32.0) 19/66 (28.8) 12/31 (38.7)
Three organ failures or more 33/42 (78.6) 25/29 (86.2) 8/13 (61.5)

NOTE. Data are expressed as number of deaths/total number of patients (%). Among the 1343 enrolled patients, 1287 (95.8%) did not receive
a liver transplant within 28 days of follow-up. Kidney dysfunction was defined by serum creatinine levels ranging from 1.5 to 1.9 mg/dL. Mild to
moderate hepatic encephalopathy was grade I or II hepatic encephalopathy (CLIF-SOFA cerebral score of 1 or 2). The text in bold indicates the
subgroups of patients defined as having ACLF.
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the liver, coagulation, circulation, or respiration) who
had a serum creatinine level "1.5 mg/dL and no he-
patic encephalopathy, and (3) patients with single ce-
rebral failure who had a serum creatinine level "1.5
mg/dL. In total, 1040 of the 1343 enrolled patients
(77.4%) had no ACLF at enrollment. The 28-day and
90-day mortality rates were 4.7% and 14%, respectively.

2. ACLF grade 1. This group includes 3 subgroups: (1)
patients with single kidney failure, (2) patients with single
failure of the liver, coagulation, circulation, or respiration
who had a serum creatinine level ranging from 1.5 to 1.9
mg/dL and/or mild to moderate hepatic encephalopathy,
and (3) patients with single cerebral failure who had a
serum creatinine level ranging from 1.5 and 1.9 mg/dL. In
total, 148 patients (11.0%) had ACLF grade 1 at enroll-
ment. The 28-day and 90-day mortality rates were 22.1%
and 40.7%, respectively.

3. ACLF grade 2. This group includes patients with 2
organ failures; 108 patients (8.0%) had ACLF grade 2 at
enrollment. The 28-day and 90-day mortality rates
were 32.0% and 52.3%, respectively.

4. ACLF grade 3. This group includes patients with 3
organ failures or more; 47 patients (3.5%) had ACLF
grade 3 at enrollment. The 28-day and 90-day mortal-
ity rates were 76.7% and 79.1%, respectively.

Overall, 303 patients (22.6%) had ACLF at enrollment;
their 28-day and 90-day mortality rates were 33.9% and
51.2%, respectively.

Clinical Characteristics of ACLF at
Enrollment
Patients with ACLF were younger and more fre-

quently alcoholic (Table 3). Bacterial infection, active alco-
holism, and a composite of other precipitating events (in-
cluding therapeutic paracentesis without use of intravenous
albumin, transjugular intrahepatic portosystemic shunting,
major surgery, and hepatitis) were more frequent in patients
with ACLF than in those without. Supplementary Table 4
shows that the higher prevalence of bacterial infection in the
ACLF group was related to spontaneous bacterial peritonitis
and pneumonia; it also shows that sepsis and septic shock
were more frequent in patients with ACLF than in those
without. Gastrointestinal hemorrhage was not more fre-
quent in the ACLF group. Reactivation of the hepatitis B
virus, which is a common cause of ACLF in other conti-
nents,16–18 was extremely infrequent in our European co-
hort. No precipitating event was identifiable in 43.6% of
patients with ACLF (Table 3). Among patients with ACLF,
the presence or the type of precipitating events was not
related to mortality (Supplementary Table 5). Kidney failure
was the most prevalent organ failure for ACLF grade 1. For
ACLF grade 2, liver failure was the most prevalent organ
failure, followed by kidney, cerebral, and coagulation fail-
ures. For ACLF grade 3, the prevalence of all organ failures
was high or moderately high (respiratory failure). Previous
episodes of AD were absent in 23.2% of patients with ACLF

at enrollment, indicating a relatively frequent development
of AD of cirrhosis in the form of ACLF (Table 3).

Postenrollment ACLF
Among the 1040 patients without ACLF at enroll-

ment, 112 (10.8%) developed ACLF within 28 days (median,
5 days) after enrollment (postenrollment ACLF) (Figure 1).
In 110 patients, ACLF developed at the same hospitalization
of study enrollment. The remaining 928 patients (89.2%) did
not develop postenrollment ACLF (Figure 1). Mortality rates
at 28 and 90 days after enrollment in patients with and
without postenrollment ACLF were 29.6% versus 1.9% (P "
.001) and 51.1% versus 9.7% (P " .001), respectively (Figure
1). The prevalence of postenrollment ACLF grades 1, 2, and
3 was 6.7%, 3.9%, and 0.9% and the 28-day and 90-day
mortality rates were 25.8%, 28.6%, and 62.6% and 41.1%,
65.4%, and 75.0%, respectively. Bacterial infections (before
diagnosis of ACLF) were more frequent in patients with
postenrollment ACLF (57% vs 41% in patients who remained
free of ACLF; P " .01). Among patients with postenrollment
ACLF, 21.5% did not have any identifiable precipitating fac-
tor and 31.3% had no previous episode of AD. Factors that
were independently and significantly associated with the
development of postenrollment ACLF included higher CLIF-
SOFA score, increased leukocyte count, and the presence of
ascites, all 3 at enrollment (Supplementary Table 6).

Analysis of the Whole Group of Patients
With ACLF
A total of 415 patients (30.9%) had ACLF either at

enrollment or during the 28-day follow-up period (Figure
1); 213 (15.8%) were defined as having ACLF grade 1, 146
(10.9%) as grade 2, and 56 (4.4%) as grade 3. Supplemen-
tary Figure 2 shows that 28-day and 90-day mortality rates
in patients with ACLF were 32.8% (23.3% for grade 1,
31.3% for grade 2, and 74.5% for grade 3) and 51.2%
(40.8% for grade 1, 55.2% for grade 2, 78.4% for grade 3),
respectively. The 28-day and 90-day mortality rates in
patients without ACLF at enrollment or within 28 days
after enrollment were 1.9% and 9.8%, respectively. Multi-
ple organ failure without septic or hypovolemic shock was
the main cause of death in the whole group of patients
(37% at 90 days), followed by septic shock (23.4%) and
hypovolemic shock (7.2%) (Supplementary Table 7).

Patients with ACLF had a significantly higher white cell
count (9.7 # 6.1 $ 109 vs 6.6 # 4.0 $ 109/L; P " .001) and
plasma C-reactive protein level (40.3 # 41.1 vs 24.9 # 32.7
mg/L; P " .001) than the group without ACLF. Signifi-
cant differences in leukocyte count and C-reactive pro-
tein level were also observed between these groups when
analyses were restricted to noninfected patients only.
There was a clear trend for an increase in leukocyte
count and plasma C-reactive protein level in parallel to
the increase in ACLF grade (Supplementary Table 8).
Higher CLIF-SOFA score and increased leukocyte
count, both obtained at diagnosis of ACLF (ie, at en-
rollment or during the 28-day follow-up period), were
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independently and significantly associated with mortal-
ity (Supplementary Table 6).

Patients with ACLF without previous AD were younger,
were more frequently active alcohol drinkers, had a more
severe grade of ACLF, and had a higher prevalence of liver,
cerebral, coagulation, and respiratory failure; higher leuko-
cyte count; and higher serum levels of C-reactive protein and
mortality at 28 days (42.2% vs 29.6%; P % .03) than patients
with ACLF and prior AD (Table 4). The probability of death
in patients with ACLF increased with the rise in the leuko-
cyte count (Figure 2). However, for any given value of leuko-
cyte count, the probability of death was significantly higher in
patients without prior AD than in those with prior AD.

Comparison of Patients With Alcoholic Versus
Nonalcoholic Cirrhosis

Patients who did not receive a liver transplant
during the first 28 days after enrollment were divided into
3 groups: nonalcoholic cirrhosis, alcoholic cirrhosis with-
out active alcoholism, and alcoholic cirrhosis associated
with active alcoholism during the past 3 months (Table
5). There were no major differences between patients with
nonalcoholic cirrhosis and those with alcoholic cirrhosis
and no active alcoholism. In contrast, patients with alco-
holic cirrhosis and active alcoholism significantly differed
from those of the other 2 groups in that they were

Table 3. Patient Characteristics at Enrollment

Characteristic
No ACLF

(n % 1040)
ACLF all grades

(n % 303)
P

valuea
ACLF grade 1

(n % 148)
ACLF grade 2

(n % 108)
ACLF grade 3

(n % 47)
P

valueb

Age (y) 58 # 12 56 # 11 .02 58 # 12 54 # 11 52 # 12 ".01
Male sex 655 (63.0) 195 (64.4) .66 104 (70.3) 66 (61.1) 25 (53.2) .14
Ascites 656 (63.4) 236 (78.7) ".001 112 (76.2) 87 (82.1) 37 (78.7) .08
Mean arterial pressure (mm Hg) 85 # 12 79 # 13 ".001 81 # 13 79 # 13 72 # 10 ".001
Cause of cirrhosis

Alcohol 483 (49.2) 170 (60.3) ".01 86 (61.9) 64(59.8) 26 (56.5) ".01
Hepatitis C virus 210 (21.4) 38 (13.0) ".01 15 (10.8) 17 (15.9) 6 (13.0) .01
Alcohol plus hepatitis C virus 95 (9.7) 27 (9.3) .83 14 (10.1) 9 (8.5) 4 (8.7) .97

Potential precipitating events of ACLF
Bacterial infection 226 (21.8) 98 (32.6) ".001 44 (29.9) 33 (30.8) 21 (44.7) ".001
Gastrointestinal hemorrhage 180 (17.3) 40 (13.2) .09 15 (10.1) 14 (13.0) 11 (23.4) .06
Active alcoholism within the past 3

months
147 (14.9) 69 (24.5) ".001 22 (16.1) 28 (28.6) 19 (40.4) ".001

Other precipitating eventc 34 (3.5) 25 (8.6) ".001 12 (8.5) 10 (9.6) 3 (6.7) ".01
No precipitating eventd 584 (58.9) 126 (43.6) ".001 73 (51.4) 40 (40.0) 13 (27.3) ".001
More than one precipitating evente 56 (5.7) 39 (13.5) ".001 17 (12.0) 14 (14.0) 8 (17.0) ".001

Organ failures
Liver 75 (7.2) 132 (43.6) ".001 37 (25.2) 65 (60.2) 30 (63.8) ".001
Kidney 0 (0) 169 (55.8) ".001 87 (58.8) 49 (45.4) 33 (70.2) ".001
Cerebral 26 (2.5) 73 (24.1) ".001 5 (3.4) 35 (32.4) 33 (70.2) ".001
Coagulation 21 (2.0) 84 (27.7) ".001 11 (7.4) 42 (38.9) 31 (66.0) ".001
Circulation 13 (1.3) 51 (16.8) ".001 3 (2.0) 18 (16.7) 30 (63.8) ".001
Lungs 4 (0.4) 28 (9.2) ".001 5 (3.4) 7 (6.5) 16 (34.0) ".001

Kidney dysfunction 96 (9.2) 40 (13.2) .04 26 (17.6) 8 (7.4) 6 (12.8) .01
Mild to moderate hepatic encephalopathy 254 (24.6) 108 (35.9) ".001 74 (50.3) 25 (23.1) 9 (19.6) ".001
Laboratory data

Hematocrit (%) 31 # 6 29 # 6 ".001 29 # 6 29 # 5 27 # 7 ".001
Platelet count ($109/L) 110 # 76 100 # 69 .02 107 # 73 98 # 67 77 # 56 .01
Serum bilirubin (mg/dL) 4.8 # 6.8 12.8 # 17.7 ".001 7.7 # 9.2 15.2 # 11.1 23.2 # 35.9 ".001
International normalized ratio 1.5 # 0.4 2.1 # 0.9 ".001 1.7 # 0.6 2.3 # 0.9 2.8 # 1.0 ".001
Alanine aminotransferase (U/L) 55 # 123 67 # 118 .14 44 # 53 65 # 121 169 # 217 ".001
Aspartate aminotransferase (U/L) 93 # 148 143 # 268 ".01 80 # 70 132 # 174 377 # 580 ".001
$-Glutamyltransferase (U/L) 177 # 296 141 # 160 .01 154 # 176 120 # 124 145 # 178 .22
Serum creatinine (mg/dL) 1.0 # 0.4 2.3 # 1.6 ".001 2.4 # 1.4 2.1 # 1.8 2.6 # 1.7 ".001
Serum sodium (mmol/L) 135 # 6 133 # 6 ".001 133 # 7 133 # 6 134 # 7 ".001

Time from first previous decompensation
No previous decompensation 279 (27.8) 66 (23.2) .12 21 (16.5) 27 (27.6) 18 (42.9) ".01
Less than 3 mo 102 (10.8) 47 (17.6) .02 23 (18.1) 14 (14.3) 10 (23.8) ".01
From 3 to 12 mo 165 (17.4) 43 (17.1) 21 (16.5) 19 (19.4) 3 (7.1)
More than 12 mo 402 (42.8) 111 (41.6) 62 (48.8) 38 (38.8) 11 (26.2)

NOTE. Data are expressed as means # SD or number of patients (%).
aP value of comparisons between patients with and without ACLF.
bP value of comparisons across ACLF grades (no ACLF, ACLF grade 1, ACLF grade 2, and ACLF grade 3).
cOther precipitating event was defined by the presence of one of the following: transjugular intrahepatic portosystemic shunting, major surgery,
therapeutic paracentesis without use of intravenous albumin, hepatitis, or alcoholic hepatitis (liver biopsy required for diagnosis).
dNo precipitating event denotes the absence of bacterial infection, active alcoholism, or other precipitating event.
eMore than one precipitating event denotes the presence of at least 2 of the following: bacterial infection, active alcoholism, or other precipitating event.
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younger and had more marked laboratory alterations (Ta-
ble 5). They also had a higher prevalence of corticosteroid
therapy. Although the prevalence and severity of ACLF were
higher in patients with alcoholic cirrhosis and active alco-
holism than in the rest of the patients, there were not
significant differences in mortality between groups (Table 5).

Supplementary Results provides information on the
site of hospitalization (Supplementary Table 9), therapies
used for kidney failure and ascites, and relationships of
regional variation in prevalence of ACLF with outcomes
(Supplementary Table 10 and Supplementary Figure 3).

Discussion
The aim of the current study was to establish the

diagnostic criteria of ACLF and subsequently to assess the
natural history of this syndrome. There was no “evidence-
based” definition of ACLF at the time of this study, so we

had to assume several important issues. First, the study
was performed in patients with AD because this is an
essential component of the syndrome. Here, we assumed
that organ failure detected at study enrollment developed
simultaneously with AD and not before. This assumption
was probably correct because the thresholds used for the
diagnosis of organ failure were very restrictive, and hence
organ failures were unlikely to be present in patients with
compensated or moderately decompensated cirrhosis. The
second component of ACLF was the presence of organ fail-
ure. We decided to include organ failure considered in the
SOFA score because it has already been used in cirrhosis,22–24

but we modified definitions of SOFA subscores according to
the authors’ experience. Finally, the third component of the
syndrome was high short-term mortality. We predefined a
28-day mortality rate greater than 15% as a threshold. This
assumption was confirmed with the results shown in pa-
tients with single organ failure (Table 2).

Using easily available parameters included in the CLIF-
SOFA score, we were able to differentiate patients with
ACLF from those without ACLF (ie, with “mere” AD)
(Figure 1). Interestingly, we found that cirrhotic patients
with AD and single liver failure (or any other single “non-
kidney” organ failure) had a low risk of death unless they
also had kidney dysfunction and/or mild to moderate he-
patic encephalopathy (Table 2). These findings indicate that,
when isolated, liver failure (as defined by the CLIF-SOFA
score) is dispensable for the diagnosis of ACLF.

In addition to the presence of organ failure and very
high risk of short-term mortality, patients with ACLF
exhibited other differential characteristics from patients
without ACLF. They were younger, more frequently had
alcoholic cirrhosis, and less frequently had hepatitis C virus–
related cirrhosis and exhibited a higher prevalence of asso-
ciated potential precipitating events, particularly active alco-
holism and severe bacterial infections, and data consistent
with an intense systemic inflammatory response (ie, high
leukocyte count and plasma C-reactive protein concentra-
tion). The intensity of this inflammatory response paralleled
the severity of ACLF. Our data do not confirm the generally
accepted paradigm that organ failure in cirrhosis is a termi-
nal event that develops at the latest phases in the clinical
course of the disease. In half of our patients with ACLF, this
syndrome developed in the absence of a prior history of AD
or a few weeks (less than 3 months) after the first AD.

Our study indicates that ACLF is an extremely relevant
syndrome. First, it is very frequent. The overall prevalence
in our patients was 30.9%. Second, it is associated with a
very high mortality rate in comparison with that in patients
without ACLF; the 28-day mortality rate was 15 times higher
in patients with ACLF. Finally, it is an important cause of
death in patients with cirrhosis. In fact, the most frequent
cause of death in our patients was multiple organ failure
without septic or hypovolemic shock.

An outstanding observation was that 43% of patients
with ACLF at enrollment did not have any identifiable
potential precipitating event of the syndrome and that the
presence or absence or the type of precipitating event was

Table 4. Characteristics of Patients at the Onset of ACLF
According to Prior History of AD

Characteristic
Any prior AD
(n % 294)

No prior AD
(n % 98) P value

Age (y) 56.2 # 11.6 54.6 # 11.8 .28
Male sex 190 (64.6) 60 (61.2) .54
Cause of cirrhosis

Alcohol 161 (56.9) 59 (62.8) .32
Hepatitis C virus 45 (15.9) 11 (11.7) .32
Alcohol plus hepatitis C virus 25 (8.9) 9 (9.6) .84

Potential precipitating events
of ACLF

Bacterial infection 110 (38.1) 44 (45.8) .18
Active alcoholism within the

past 3 mo
47 (17.1) 36 (37.5) ".0001

Other precipitating event 31 (11.0) 7 (7.4) .31
Any precipitating event 168 (59.8) 69 (71.9) .03
More than one precipitating

event
18 (31.6) 6 (23.1) .42

Organ failures
Liver 99 (35.7) 45 (47.9) .04
Kidney 141 (50.9) 43 (45.7) .39
Cerebral 55 (19.9) 27 (28.7) .07
Coagulation 80 (28.9) 37 (39.4) .06
Circulation 65 (23.5) 22 (23.4) .99
Lungs 26 (9.4) 22 (23.4) ".001

ACLF grade
Grade 1 161 (54.8) 40 (40.8) .02
Grade 2 100 (34.0) 38 (38.8)
Grade 3 33 (11.2) 20 (20.4)

Laboratory data
Leukocyte count ($109/L) 8.9 # 5.8 11.9 # 6.1 ".001
Platelet count ($109/L) 89 # 66 113 # 83 .02
Serum bilirubin (%mol/L) 10.9 # 11.1 14.0 # 12.1 .03
International normalized ratio 2.1 # 1.0 2.2 # 1.0 .25
Alanine aminotransferase (U/L) 66 # 127 79 # 117 .43
Aspartate aminotransferase

(U/L)
145 # 386 233 # 468 .13

$-Glutamyltransferase (U/L) 112 # 154 180 # 166 ".01
Serum creatinine (%mol/L) 2.0 # 1.2 1.9 # 1.4 .38
C-reactive protein (mg/L)a 38 # 40 51 # 44 .03

NOTE. Data about previous AD were missing in 23 patients. Data are
presented as means # SD or number of patients (%).
aThe upper limit of normal values for C-reactive protein was 5 mg/L.
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unrelated to the severity of ACLF and 28-day mortality rate.
Together these results indicate that there is no clear expla-
nation of ACLF development in a significant number of
patients and that although precipitating events are triggers
for ACLF in a proportion of patients, they are not major
determinants of the number of failing organs and short-
term mortality. In our study, the diagnosis of bacterial in-
fection was based on standard routine procedures (see study
protocol). It cannot be excluded that the prevalence of bac-
terial infections would have been higher if more sensitive
diagnostic techniques had been used. Alternatively, the re-
lease of pathogen-associated molecular patterns (resulting
from “aseptic” intestinal bacterial translocation) or that of
danger-associated molecular patterns (resulting from tissue
injury) might be unrecognized “precipitating events.”5 In
addition, it is possible that some precipitating events were
not diagnosed because of their nature (eg, drug-induced liver
injury) or due to the large study scale.

As expected, the CLIF-SOFA scores measured at enroll-
ment and at diagnosis of ACLF were independent risk fac-
tors of postenrollment development of ACLF and ACLF-
associated mortality, respectively. It was also not surprising
that ascites at enrollment was a risk factor of postenrollment
development of ACLF because it is an independent predic-
tive factor of kidney failure following bacterial infection.25,26

However, in our study, 2 other unexpected predictors of
development of ACLF and associated mortality were iden-
tified. The first was the degree of inflammatory reaction as
estimated by the leukocyte count, which was an indepen-
dent predictor of postenrollment development of ACLF
and ACLF-associated mortality. The second was the prior
history of AD. Contrary to what could be expected, pa-
tients without previous AD developed a more severe form
of ACLF, higher levels of inflammatory mediators, and
higher rates of mortality than patients with previous AD.

An excessive inflammatory response, as observed in pa-
tients with ACLF, may induce tissue damage (a process

called immunopathology) and organ failure.30 On the
other hand, it has been suggested that inflammation-
induced tissue damage depends not only on the intensity
of the inflammatory response per se but also on the
intrinsic capacity of host organs to tolerate (ie, endure)
the effects of the inflammatory response.30 A decrease in
the capacity of tolerance of vital organs can sensitize these
organs to tissue damage caused by moderate increases in
the inflammatory response.30 Here, we found that for any
given value of white blood cell count (and presumably
inflammation), the probability of mortality was high in
patients with ACLF and no previous AD, intermediate
with ACLF and no previous AD, intermediate
in patients with ACLF and previous AD, and very low in
patients without ACLF irrespective of the past history of
AD. Thus, patients with ACLF may be characterized by a
decrease in the capacity of tolerance of different end-
organs to the inflammatory response of the host; this
decrease appeared to be more marked in patients without
previous AD than in those with previous AD.

In this study, liver biopsy was performed in very few
patients with AD. Therefore, it is not possible to know the
exact frequency of alcoholic hepatitis. Nevertheless, we
found features consistent with the potential diagnosis of
alcoholic hepatitis in the subset of patients with active
alcoholism during the past 3 months (which represented
only 30% of patients with alcoholic cirrhosis). Interest-
ingly, there were no major differences between the group
of patients with alcoholic cirrhosis and no active alcohol-
ism and those with nonalcoholic cirrhosis (which were
considered as “negative controls”). Together these find-
ings suggest that there was no overrepresentation of al-
coholic hepatitis in our study.

Whether patients with ACLF should be admitted or not
to the intensive care unit is controversial.23 Our study was
not designed to address this question. Nevertheless, our
results can serve as a resource for designing studies aimed

Figure 2. Relationship be-
tween the estimated probability
of death at 28 days and leuko-
cyte count according to the
presence of ACLF and prior his-
tory of AD.

CL
IN

IC
A

L
LI

V
ER

June 2013 ORGAN FAILURE AND RISK OF DEATH IN CIRRHOSIS 1433



to investigate the appropriate site of hospitalization for
patients with ACLF.

In this study, enrolled patients from Belgium, France,
and the United Kingdom had more severe cases than
those from Italy, Spain, or Germany. The reasons for these
differences are unclear. However, we found a close corre-
lation between the prevalence of ACLF in each country on
one hand and short-term mortality and the prevalence of
liver transplantation on the other, suggesting homoge-
neous management of ACLF across the European coun-
tries involved in the study.

In conclusion, our study provides robust diagnostic
criteria for ACLF. Using these diagnostic criteria allowed
us to provide evidence that ACLF is distinct from “mere”
AD. The prevalence of ACLF in patients with AD is 30%;
it is associated with a short-term mortality rate 15 times
higher than that in patients with AD alone. Patients with
ACLF may or may not have a prior history of AD. Besides
the alteration of end-organ functions, mortality associ-

ated with ACLF is related to high leukocyte count but not
to causes of inflammation. ACLF is especially severe in
patients without a prior history of AD.

Supplementary Material
Note: To access the supplementary material ac-

companying this article, visit the online version of
GASTROENTEROLOGY at www.gastrojournal.org, and at
http://dx.doi.org/10.1053/j.gastro.2013.02.042.
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Supplementary Materials and Methods

Definitions of AD
Acute development of large ascites was defined by

the development of grade 2 to 3 ascites, according to the
International Ascites Club Classification,1 within less
than 2 weeks; it could be a first episode of ascites or a new
episode. Patients with chronic refractory ascites who were
admitted to the hospital frequently for therapeutic para-
centesis due to rapid reaccumulation of large ascites were
not included in this definition.

Acute hepatic encephalopathy was defined by the acute
development of a change in mental status in a patient
with previous normal consciousness and no evidence of
an acute neurologic disease.2 It could be the first episode
of hepatic encephalopathy or a new episode. Patients
with chronic hepatic encephalopathy were not included
in this definition.

Acute gastrointestinal hemorrhage was defined by the
development of an upper and/or lower gastrointestinal
bleeding of any etiology.3

Although bacterial infections are not specific compli-
cations of cirrhosis, they were considered as such because
of their high prevalence and association to abnormalities
related to cirrhosis, including bacterial translocation and
impaired leukocyte functions.4,5 Spontaneous bacterial
peritonitis, spontaneous bacteremia, urinary tract infec-
tion, pneumonia, and cellulitis, the most frequent infec-
tions in cirrhosis,5 as well as any other type of acute
bacterial infection were included in this definition.

Definitions of Organ Failures
Liver failure was defined by a serum bilirubin level

of !12.0 mg/dL.6
Kidney failure was defined by a serum creatinine level

of !2.0 mg/dL or the use of renal replacement therapy.
The reason for using this serum creatinine threshold is
that relatively low increases of serum creatinine levels in
cirrhosis indicate marked reductions in glomerular filtra-
tion rate, and there is a large body of evidence indicating
that serum creatinine levels !2 mg/dL are associated
with poor prognosis.7,8

Cerebral failure was defined by grade III or IV hepatic
encephalopathy, according to the West Haven classifica-
tion.2

Coagulation failure was defined by an international
normalized ratio!2.5 and/or a platelet count of "20 $
109/L. International normalized ratio was included be-
cause it is commonly used in cirrhosis and has been
validated as a prognostic factor.9

Circulatory failure was defined by the use of dopamine,
dobutamine, or terlipressin. The use of terlipressin was
included in the assessment because it is frequently used
as a vasoconstrictor in cirrhosis.7,8 Any dose of dobut-
amine or terlipressin was taken into account; doses for

dopamine, E and NE vasoconstrictors were in micro-
grams per kilogram per minute.

Respiratory failure was defined by a ratio of partial
pressure of arterial oxygen to FiO2 of "200 (by analogy
with the SOFA score)10 or an SpO2 to FiO2 ratio of
"200.11 The possibility of using the SpO2 to FiO2 ratio
was offered because arterial catheterization is not a stan-
dard procedure in patients with cirrhosis admitted to
regular wards.

Supplementary Results
Study enrollment did not coincide with hospital

admission because (1) the study protocol prespecified
that patients should be hospitalized for at least 1 day
before enrollment, (2) admission occurred during the
weekend, (3) patient’s transfer to the liver unit was from
another ward of the same hospital, (4) patient’s transfer
was from another hospital (this was the case for 308
patients [22.9%]), or (5) AD that led to enrollment oc-
curred late during the hospital stay in patients admitted to
the hospital for a scheduled procedure (eg, band ligation,
radiofrequency, transjugular intrahepatic portosystemic
shunting) or reasons unrelated to cirrhosis (eg, surgery,
trauma, symptomatic renal stones). Clinical and laboratory
data were obtained at enrollment in all patients (data were
used to define organ failure at enrollment) and at the time
of diagnosis of organ failure in those without organ failure
at enrollment but developing organ failure during the 28
day follow-up (data were used to define postenrollment
organ failure). Potential precipitating events (other than
active alcoholism) of organ failure at enrollment were those
present at admission or developing between admission and
enrollment. In patients without organ failure at enrollment
but developing organ failure during follow-up, potential
precipitating events were those present at admission or
developing between admission and diagnosis of postenroll-
ment organ failure.

Site of Hospitalization
Supplementary Table 9 shows that 23.9% of patients

were admitted to the intensive care unit at enrollment or
during hospitalization. Patients who were admitted to the
intensive care unit had more severe conditions than those
not admitted in terms of CLIF-SOFA and Model of End-
Stage Liver Disease (MELD) scores, presence of ACLF, grade
of ACLF, and 28-day mortality rate.

Therapies Used for Kidney Failure and Ascites
in the 699 Patients With 28-Day Follow-up
Among the 425 patients with kidney failure, 136

(31.8%) were treated with vasoconstrictors (91 [21.4%]
with terlipressin, 17 [4.0%] with noradrenaline, and 28
[6.7%] with other drugs [including midodrine]). A total of
101 patients (23.8%) received renal replacement therapy.

Among the 291 patients treated with paracentesis, 225
(77.3%) received intravenous albumin. This solution was
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given in 67.7% of the 158 patients with a volume of
removed ascitic fluid of "5 L and 90% of the 192 patients
with a volume of ascitic fluid of !5 L (there were 59
patients receiving more than one paracentesis treatment).

Regional Variation in Prevalence of ACLF
and Outcomes
We analyzed these features in the 6 countries that

enrolled 90 patients or more (ie, Germany, Italy, Spain,
Belgium, France, and the United Kingdom) (Supplemen-
tary Table 10). Patients were more severely ill in Belgium,
France, and the United Kingdom than in the other 3
countries, for example, in terms of MELD and CLIF-
SOFA sores measured at enrollment, prevalence and se-
verity of ACLF, 28-day mortality rate, and liver transplan-
tation within the first 28 days after enrollment.
Nevertheless, there was a significant direct correlation
between the prevalence of ACLF in each country and
corresponding 28-day transplant-free mortality (Supple-
mentary Figure 3A) or the prevalence of liver transplan-
tation within the first 28 days after enrollment (Supple-
mentary Figure 3B).
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Supplementary Figure 1. Elapsed time between hospital admission and enrollment in the study.
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Supplementary Table 1. Characteristics of Patients at
Enrollment

Characteristics

Age (y) 57.2 # 12.2
Male sex 850 (63.3)
Patients on waiting list for liver transplantation 181 (13.5)
Etiology of cirrhosis

Alcohol 659 (51.9)
Hepatitis C virus 248 (19.5)
Alcohol & hepatitis C virus 122 (9.6)
Other 240 (18.9)

No previous decompensation 345 (26.8)
Any previous decompensation 942 (73.2)
Type of previous decompensation

Ascites 815 (60.7)
Hepatic encephalopathy 406 (32.7)
Gastrointestinal hemorrhage 326 (35.5)
Bacterial infections 128 (11.4)

No previous hospitalizationa 700 (53.5)
Any previous hospitalizationa 608 (46.5)
Cause of previous hospitalizationa

Ascites 332 (25.7)
Hepatic encephalopathy 189 (14.6)
Bacterial infections 133 (10.3)
Gastrointestinal hemorrhage 106 (8.2)
Hepatorenal syndrome 51 (3.9)
Surgery 52 (4.0)
Other 188 (14.5)

Previous admission to intensive care unita 88 (6.8)
Site of hospitalization at enrollment

Intensive care unit 196 (14.6)
Ward 1139 (84.8)

Cause of hospitalization at enrollment
Ascites 892 (66.8)
Hepatic encephalopathy 459 (34.3)
Gastrointestinal hemorrhage 220 (16.4)
Bacterial infection 324 (24.2)

Laboratory data at enrollment
Hematocrit (%) 31 # 6
Platelet count ($109/L) 108 # 75
Serum bilirubin (mg/dL) 6.6 # 10.8
International normalized ratio 1.7 # 0.6
Aspartate aminotransferase (U/L) 104 # 182
Alanine aminotransferase (U/L) 57 # 122
$-Glutamyltranspeptidase (U/L) 169 # 272
Serum creatinine (mg/dL) 1.3 # 1.0
Serum sodium (mmol/L) 135 # 6
Leukocyte count ($109/L) 7.5 # 4.9
C-reactive protein (mg/L) 28.9 # 35.4

MELD score at enrollment 18.8 # 7.5
Child–Pugh score at enrollment 9.7 # 2.1

NOTE. Data are expressed as means # SD or number of patients (%).
aWithin the prior 3 months before the hospital admission related to
study enrollment.

Supplementary Table 2. Prevalence and Number of Organ
Failures at Study Enrollment of the
1343 Patients

No. of patients Prevalence

No. of organ failures
No organ failure 901 67.1%
One organ failure 287 21.4%
2 organ failures 108 8.0%
3 to 6 organ failures 47 3.5%

Type of organ failure
Liver failure 207 15.4%
Kidney failure 169 12.6%
Coagulation failure 105 7.8%
Cerebral failure 99 7.4%
Circulatory failure 64 4.8%
Respiratory failure 32 2.4%

NOTE. Organ failures were identified according to the CLIF-SOFA scale
(see Table 1). In these patients, at enrollment, the Child–Pugh score
was 9.7 # 2.1 (mean # SD) and the MELD score was 18.8 # 7.5.
The Child–Pugh score can range from 5 to 15, with higher scores
indicating more severe liver disease.13 The MELD score ranges from
6 to 40, with higher scores indicating more severe disease.10

Supplementary Table 3. Association Between 28-Day
Outcome After Enrollment in
Patients With One Organ Failure
and Measurements Included in the
CLIF-SOFA Score

Measurements
Survivors
(n % 229)

Deaths
(n % 39) P value

Hepatic encephalopathy
grade I–II in patients
without cerebral
failure (%)

26.2 45.7 .0192

Serum creatinine in
patients
without renal failure
(mg/dL)

0.9 # 0.45 1.3 # 0.48 ".0001

International normalized
ratio in patients
without coagulation
failure

1.6 # 0.45 1.7 # 0.36 NS

Mean bilirubin in
patients without liver
failure (mg/dL)

3.5 # 3.0 3.5 # 3.0 NS

Mean arterial pressure
in patients without
circulatory failure
(mm Hg)

82.2 # 12.0 84.7 # 12.0 NS

SpO2 to FiO2 ratio in
patients without
respiratory failure

442.5 # 57 411.8 # 89 NS

NOTE. Values are expressed as means # SD.
NS, not significant; SpO2, pulse oximetric saturation; FiO2, fraction of
inspired oxygen.
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Supplementary Table 4. Severity and Site of Bacterial
Infections in Patients Without or
With ACLF at Study Enrollment

No ACLF
(n % 1040)

ACLF
(n % 303)

P
value

Bacterial infections 226 (21.8) 98 (32.6) ".01
Severity

Sepsis 36 (3.5) 35 (11.9) ".01
Septic shock 1 (0.1) 10 (3.4) ".01

Site
Spontaneous bacterial

peritonitis
57 (5.6) 31 (10.6) ".01

Pneumonia 23 (2.2) 18 (6.1) ".01
Urinary tract infection 46 (4.5) 18 (6.1) .28
Skin infection 23 (2.3) 7 (2.4) .92
Unproved 57 (5.5) 18 (6.1) .76
Other 25 (2.4) 15 (5.2) .02

NOTE. Data are expressed as number of patients (%).

Supplementary Table 5. Twenty-Eight–Day Mortality Rate in Patients With ACLF According to the Presence or Absence of
Precipitating Events at Enrollment

Characteristics
Patients with the

characteristic
Patients without the

characteristic P value

One or more precipitating eventsa 52/153 (34.0) 39/114 (34.2) .97
More than one precipitating eventa 14/38 (36.8) 77/229 (33.6) .70
Active alcoholism within the 3 months before

hospital admissionb
21/67 (31.3) 67/193 (34.7) .62

Bacterial infection at enrollment 33/90 (36.7) 62/188 (33.0) .54
Other precipitating events at enrollmentc 10/25 (40.0) 82/244 (33.6) .52

NOTE. Data are expressed as number of deaths/total number of patients (%).
aExcluding gastrointestinal hemorrhage.
bActive alcoholism was defined as more than 14 drinks per week in women and more than 21 drinks per week in men.
cOther precipitating events included therapeutic paracentesis without use of intravenous albumin, transjugular intrahepatic portosystemic
shunting, major surgery, acute hepatitis, and alcoholic hepatitis.

Supplementary Table 6. Predictors of Development of
Postenrollment ACLF in Patients
Without ACLF at Enrollment and of
28-Day Transplant-Free Mortality
for the Whole Group of Patients
With ACLFa

Odds
ratio

estimate

95% Confidence
interval for the

odds ratio
P

value

Predictive model for the development of postenrollment ACLFb

CLIF-SOFA score (per
increase of 1 point)

1.39 1.24–1.57 ".001

Leukocyte count (per
increase of 1 $109/L)

1.06 1.01–1.11 .01

Ascites at admission (yes vs no) 1.67 1.04–2.68 .03

Predictive model for 28-day transplant-free mortality in patients who
had ACLF at enrollment or developed ACLF after enrollmentc

CLIF-SOFA score (per
increase of 1 point)

1.34 1.21–1.49 ".001

Leukocyte count (per
increase of 1 $109/L)

1.08 1.03–1.13 ".01

aThe whole group of 415 patients with ACLF includes 303 patients
with ACLF at enrollment and 112 patients who developed postenroll-
ment ACLF. A stepwise forward selection method based on log-likeli-
hood ratio was applied in both logistic regression models (P value
in % P value out of less than .05).
bMeasurements used to assess risk factors of ACLF development
were those obtained at enrollment in patients without ACLF. Other
potential predictors included in the initial model were any precipitating
event, bacterial infection, excessive alcohol consumption, mean ar-
terial pressure, aspartate aminotransferase level, serum sodium
level, and prior episodes of decompensated cirrhosis.
cMeasurements used to assess risk factors of mortality associated
with ACLF were those obtained at diagnosis of ACLF (at enrollment or
after enrollment in patients with postenrollment ACLF). Other poten-
tial predictors included in the initial model were the MELD score,
alanine aminotransferase level, aspartate aminotransferase level,
hepatic encephalopathy, ascites, serum sodium level, prior episode
of decompensated cirrhosis, and mean arterial pressure.
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Supplementary Figure 2. Mortality rate at 28 days and 90 days
according to the grade of ACLF.

Supplementary Table 7. Main Causes of Death at 28 and
90 Days After Study Enrollment

Causes of death

Deaths at
28 days

(n % 144)

Deaths at
90 days

(n % 265)

Multiple organ failure without septic
or hypovolemic shock

63 (43.8) 99 (37.4)

Septic shock 40 (27.8) 62 (23.4)
Hypovolemic shock 12 (8.3) 19 (7.2)
Cirrhosisa 0 7 (2.6)
Cerebral hemorrhage 2 (1.4) 4 (1.5)
Myocardial infarction 1 (0.7) 4 (1.5)
Hepatocellular carcinoma 1 (0.7) 4 (1.5)
Non-liver cancer 2 (1.4) 2 (0.8)
Massive pulmonary inhalation 1 (0.7) 2 (0.8)
Epileptic status 1 (0.7) 2 (0.8)
Pulmonary embolism 0 2 (0.8)
Other causesb 7 (4.9) 11 (4.2)
Cause unknown 11 (7.6) 42 (15.8)

NOTE. All values are expressed as n (%).
aPatients died of cirrhosis, but no specific cause was indicated.
bOne patient each had pneumonia, cardiomyopathy, cerebral throm-
bosis, pericarditis, cholangiocarcinoma, postoperative complication,
respiratory failure (unknown etiology), acute neurologic disease (un-
known etiology), and acute liver failure.
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Supplementary Table 8. Leukocyte Count and Plasma C-Reactive Protein Level at Enrollment and After Enrollment in All
Patients and in the Specific Group of Patients Without Bacterial Infectiona

No ACLF ACLF (all grades) ACLF grade 1 ACLF grade 2 ACLF grade 3

At enrollment (all patients)b

Leukocyte count ($109/L) 6.8 # 4.1 10.1 # 0.4c 8.5 # 4.7c 10.9 # 6.4c 13.0 # 9.4c

C-reactive protein (mg/L) 25.4 # 31.9 39.4 # 42.7c 33.1 # 40.0d 38.6 # 32.5c 60.6 # 62.0c

At enrollment (patients without bacterial infection)e

Leukocyte count ($109/L) 6.6 # 3.8 9.4 # 5.3c 8.2 # 4.3c 10.2 # 6.0c 11.7 # 5.6c

C-reactive protein (mg/L) 20.9 # 24.5 33.4 # 38.5c 24.6 # 23.3 38.0 # 33.5d 54.8 # 75.2d

After enrollment (all patients)f

Leukocyte count ($109/L) 5.9 # 4.0 9.3 # 5.7c 8.3 # 5.6d 11.1 # 6.0d 9.3 # 3.3d

C-reactive protein (mg/L) 18.1 # 17.7 36.2 # 35.9c 39.9 # 41.8d 33.1 # 28.7d 26.5 # 20.0
After enrollment (patients without bacterial infection)g

Leukocyte count ($109/L) 6.0 # 3.9 9.0 # 5.4c 7.8 # 4.6d 10.8 # 6.6d 9.2 # 3.2
C-reactive protein (mg/L) 16.2 # 14.6 34.4 # 37.7c 36.1 # 44.6d 33.7 # 31.1d 27.3 # 21.4

NOTE. Data are expressed as means # SD.
aAccording to the protocol, sequential laboratory measurements after enrollment were performed in all patients with organ failure at enrollment
or developing organ failure within 28 days after enrollment and in 262 patients without organ failure.
bLeukocyte count and plasma C-reactive protein levels were measured in 1037 and 762 patients without ACLF and in 302 and 249 patients with
ACLF, respectively.
cP " .001 vs no ACLF.
dP " .05 vs no ACLF.
eLeukocyte count and plasma C-reactive protein level were measured in 759 and 550 patients without ACLF and in 176 and 142 patients with
ACLF, respectively.
fLeukocyte count and plasma C-reactive protein level were measured in 216 and 183 patients without ACLF and in 112 and 85 patients with
ACLF, respectively.
gLeukocyte count and plasma C-reactive protein level were measured in 158 and 130 patients without ACLF and in 82 and 64 patients with ACLF,
respectively.

Supplementary Table 9. Characteristics of Patients Admitted to the Ward or the Intensive Care Unit

Outcomes
Patients hospitalized
in the ward (n % 967)

Patients admitted to the intensive care
unit either at enrollment or during

hospitalization (n % 303)
All patients
(n % 1270)

CLIF-SOFA score 6.1 # 2.5 9.0 # 3.8 6.9 # 3.2
MELD score 17.3 # 6.4 23.8 # 8.7 18.9 # 7.6
No ACLF 759 (78.5) 99 (32.7) 858 (67.6)
All ACLFa 208 (21.5) 204 (67.3) 412 (32.4)
ACLF grade I 144 (14.9) 69 (22.8) 213 (16.8)
ACLF grade II 56 (5.8) 87 (28.7) 143 (11.3)
ACLF grade III 8 (0.8) 48 (15.8) 56 (4.4)
28-day mortality 44 (4.6) 98 (32.3) 142 (11.2)
28-day liver transplantation 28 (2.9) 24 (7.9) 52 (4.1)

NOTE. Data are expressed as means # SD or number of patients (%).
aEither at enrollment or during the 28-day follow-up.
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Supplementary Table 10. Characteristics of Patients in Countries That Enrolled 90 Patients or More

Outcomes
Germany
(n % 219)

Italy
(n % 335)

Spain
(n % 279)

Belgium
(n % 108)

France
(n % 94)

United
Kingdom

(n % 113)
All

(n % 1270)

Etiology of cirrhosis
Alcohol 123 (60.0) 99 (31.7) 138 (53.5) 70 (65.4) 68 (72.3) 44 (38.9) 620 (51.5)
Hepatitis C virus 21 (10.2) 107 (34.3) 71 (27.5) 10 (9.4) 14 (14.9) 11 (9.7) 241 (20.0)
Alcohol & hepatitis C virus 11 (5.4) 43 (13.8) 19 (7.4) 5 (4.7) 5 (5.3) 14 (12.4) 110 (9.1)
Other 50 (24.4) 63 (20.2) 30 (11.6) 22 (20.6) 7 (7.5) 44 (38.9) 232 (19.3)

Precipitating events at study
enrollment

Any precipitating event 110 (53.4) 103 (33.1) 175 (63.9) 68 (63.0) 54 (61.4) 72 (64.3) 658 (54.1)
Active alcoholisma 36 (18.0) 14 (4.6) 35 (12.9) 41 (38.0) 21 (24.4) 31 (28.2) 201 (16.8)
Bacterial infection 48 (22.0) 58 (17.3) 97 (34.8) 31 (28.7) 25 (26.6) 24 (21.2) 308 (24.3)
Gastrointestinal bleeding 25 (11.4) 28 (8.4) 61 (21.9) 13 (12.0) 9 (9.6) 31 (27.4) 206 (16.2)
Other precipitating events 15 (7.3) 5 (1.6) 7 (2.6) 12 (11.2) 7 (7.8) 6 (5.5) 58 (4.8)
CLIF-SOFA score 7.0 # 3.5 6.2 # 2.8 6.5 # 2.8 7.7 # 3.6 8.3 # 3.2 7.8 # 3.4 6.9 # 3.2
MELD score 18.8 # 7.5 17.4 # 7.4 17.7 # 6.5 18.9 # 7.9 24.1 # 7.7 21.9 # 8.3 18.9 # 7.6

Prevalence of ACLF either at
enrollment or during the
28-day follow-up period

No ACLF 144 (63.8) 261 (77.9) 209 (74.9) 64 (59.3) 47 (50.0) 65 (57.5) 858 (67.6)
All ACLF 75 (34.2) 74 (22.1) 70 (25.1) 44 (40.7) 47 (50.0) 48 (42.5) 412 (32.4)
ACLF grade I 48 (21.9) 40 (11.9) 46 (16.5) 19 (17.6) 14 (14.9) 17 (15.0) 213 (16.8)
ACLF grade II 16 (7.3) 28 (8.4) 19 (6.8) 15 (13.9) 26 (27.7) 18 (15.9) 143 (11.3)
ACLF grade III 11 (5.0) 6 (1.8) 5 (1.8) 10 (9.3) 7 (7.5) 13 (11.5) 56 (4.4)
28-day liver transplantation 7 (3.2) 10 (3.0) 8 (2.9) 6 (5.6) 12 (12.8) 7 (6.2) 52 (4.1)
Overall 28-day mortalityb 22 (10.0) 25 (7.5) 32 (11.5) 16 (14.8) 12 (12.8) 20 (17.7) 142 (11.2)
28-day mortality by ACLF

No ACLF 3 (2.1) 7 (2.7) 5 (2.4) 1 (1.6) 0 1 (1.5) 17 (2.0)
All ACLF 19 (25.3) 19 (25.7) 27 (38.6) 15 (34.1) 12 (25.5) 19 (39.6) 125 (30.3)
90-day liver

transplantation
15 (7.1) 27 (8.5) 18 (6.6) 10 (9.4) 16 (18.4) 11 (9.8) 107 (8.7)

Overall 90-day mortalityb 45 (21.2) 63 (19.8) 54 (19.8) 29 (27.1) 24 (27.6) 23 (20.5) 257 (20.9)
90-day mortality by ACLF

No ACLF 18 (12.9) 28 (11.4) 21 (10.3) 6 (9.4) 2 (4.8) 3 (4.7) 78 (9.4)
All ACLF 27 (37.5) 35 (48.6) 33 (47.8) 23 (53.5) 22 (48.9) 20 (41.7) 179 (44.4)
Leukocyte count ($109/L) 8.0 # 5.7 6.4 # 4.1 7.0 # 4.3 8.2 # 5.6 9.3 # 6.1 8.1 # 4.1 7.6 # 4.9
C-reactive protein (mg/L) 26.5 # 35.3 23.7 # 31.9 20.8 # 28.0 30.4 # 39.2 36.6 # 32.0 50.3 # 49.1 29.0 # 35.8

Data are expressed as means # SD or number of patients (%).
aWithin the last 3 months before the hospitalization related to study enrollment.
bTransplant-free mortality.
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Supplementary Figure 3. Relationships between the prevalence of ACLF and prevalence of liver transplantation (A: Spearman’s r % 0.94; P %
.005) or short-term mortality (B: Spearman’s r % 0.77; P % .07).
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Defining Acute-on-Chronic Liver Failure: Will East and West Ever Meet?

See “Acute-on-chronic liver failure is a distinct
syndrome that develops in patients with acute
decompensation of cirrhosis,” by Moreau R,
Jalan R, Gines P, et al, on page 1426.

The increasing burden of cirrhosis and chronic liver
disease worldwide should raise concerns regarding

the prevention of morbidity and mortality in these pa-
tients.1,2 There is ample evidence that, when patients with
cirrhosis develop infections or organ failure, their prog-
nosis is significantly worse than comparable patients
without cirrhosis.3 However, research into acute-on-
chronic liver failure (ACLF) has been hampered by single-
center studies and incongruent definitions. This confu-
sion has led many physicians to believe that ACLF is
similar to acute decompensation of cirrhosis. The study
by Moreau et al4 published in this issue of GASTROENTEROLOGY

provided convincing evidence that ACLF is a clinical en-
tity distinct from acute decompensation of cirrhosis. This
study also demonstrated the value of investing in setting
up clinical consortia to study complicated diseases or
controversial topics that would help to generate results
that can be generalized across centers and allow consen-
sus regarding diagnosis or treatment to be built.

As in many other aspects of life and medicine, there is
a sharp East–West divide with respect to the definition of
ACLF (Table 1). The definition of ACLF by the Asia-Pacific
Association for the Study of Liver (APASL) is: “Acute
hepatic insult manifesting as jaundice and coagulopathy,
complicated within 4 weeks by ascites and/or encephalop-
athy in a patient with previously diagnosed or undiag-
nosed chronic liver disease.”5 The American Association
for the Study of Liver Disease/European Association for
the Study of the Liver (EASL) consensus defines it as:
“Acute deterioration of pre-existing, chronic liver disease,
usually related to a precipitating event and associated
with increased mortality at 3 months due to multi-system
organ failure.”6,7 The latter definition was then refined by

the same authors to: “A syndrome that defines a subgroup
of cirrhotic patients who develop organ failure following
hospital admission with or without an identifiable precip-
itating event and have increased mortality rates.”7 Pon-
dering these definitions is not just a matter of semantics
because they determine the incidence and outcomes of
ACLF, as well as how data are interpreted to formulate
policies and foster future research in this growing field.
The differences in definition largely reflect the differences
in underlying etiologies of acute deterioration of liver
disease between the East and the West. In the Asia-Pacific
region, the majority of ACLF is precipitated by hepatitis B
flares and acute hepatitis A or E, superimposed on chronic
liver disease, which is not necessarily cirrhosis.8 –10 In
sharp contrast, in Western societies, these viral etiologies
are largely supplanted by nonviral insults, especially bac-
terial infections, in patients who are either known or are
discovered to have cirrhosis upon admission.6,11 Given
global human proclivities, alcohol-related ACLF is equally
represented worldwide.

There is an urgent need to join forces to first define
ACLF within a region and then hopefully, expand the
definitions worldwide. The EASL Chronic Liver Failure
(EASL-CLIF) consortium is a laudable effort of 81 inves-
tigators.4 These investigators enrolled 1343 patients with
cirrhosis hospitalized for an acute decompensation in 29
liver centers in 8 countries in a prospective, observational
study. Standardized definition of clinical events and man-
agement of cirrhosis complications were followed. Diag-
nostic criteria of ACLF were obtained after identifying
subgroups of patients with organ failure and high 28-day
mortality (!15%). The authors adapted the existing Se-
quential Organ Failure Assessment (SOFA) to liver disease
by creating the CLIF-SOFA score that a priori defined
ACLF in their expert opinion.12 They found that 28-day
mortality in the patients with ACLF at enrollment, ACLF
after enrollment, and no ACLF were 34%, 30%, and 2%,
respectively. Although there was considerable regional
variation in outcomes, the results showed it is indeed

Table 1. Differences in Current Definitions of ACLF

APASL Definition AASLD/EASL Consensus

Duration between insult and ACLF Four weeks Not defined
Duration in which there is higher mortality Not defined 3 months
What qualifies as “chronic liver disease” Chronic liver disease with/without only compensated

cirrhosis
Only cirrhosis, including those with prior

decompensation
What qualifies as precipitants?

Alcohol, drugs, hepatotropic viruses,
surgery, trauma

Yes Yes

Sepsis No Yes
Variceal bleeding No consensus Yes

APASL, Asia-Pacific Association for the Study of Liver; EASL, European Association for the Study of the Liver.
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“organ failure,” especially kidney failure, which accounted
for the high mortality and differentiated acute decompen-
sation from ACLF. Patients with ACLF had higher leuko-
cyte counts and plasma C-reactive protein levels, and were
more likely to be actively drinking, and higher CLIF-SOFA
score and leukocyte counts were independent predictors
of mortality in patients with ACLF.

As with most landmark studies, the results of this study
raise several interesting questions. First, the precise con-
tribution of alcohol and alcoholic hepatitis to ACLF needs
to be studied further. Alcoholic liver disease, especially
alcoholic hepatitis, is associated with immune dysfunc-
tion predisposing to a higher prevalence of sepsis, which
was among the most common precipitants of ACLF in
this study.13,14 High leukocyte count is a common feature
of alcoholic hepatitis and infection. In this study, alcohol
was the cause of cirrhosis in 51% of patients, of whom 29%
had active alcoholism within 3 months of admission. The
authors attempted to address this issue by comparing the
incidence and predictors of ACLF between the patients
with alcoholic versus nonalcoholic cirrhosis, but given the
large proportion of patients with alcoholic cirrhosis and
presumed alcoholic hepatitis, further studies are needed
to validate the role of leukocyte count and C-reactive
protein in predicting mortality in patients with ACLF.
Second, the finding that patients without prior acute
decompensation were at greater risk for ACLF develop-
ment, possibly owing to a lack of tolerance is novel and
should spur further research into the balance between the
systemic inflammatory response syndrome and compen-
satory anti-inflammatory response syndrome in this pop-
ulation.15,16 Third, the lack of a specific precipitating
factor in 43% of patients with ACLF is intriguing; the
depth of investigation into precipitating factors deter-
mines the yield and it may be possible that variations in
the intensity of the search for precipitating factors existed
within this large consortium. This finding places an im-
petus into the discovery of novel biomarkers that could
predict ACLF development that occurs without “classic”
precipitating factors.” Finally, the CLIF-SOFA score was
created based on expert opinion of European hepatolo-
gists. The accuracy of CLIF-SOFA score in predicting
mortality in other patient populations with ALF need to
be validated. Furthermore, although the SOFA and CLIF-
SOFA scores are important for patients managed in in-
tensive care units, their practical application could be
difficult in the hands of internists, gastroenterologists, or
hepatologists who will be managing many of these pa-
tients. This study found similar survival prediction with
the Model for End-Stage Liver Disease score, which hepa-
tologists are more familiar with.17 Simpler methods of
defining organ failures may therefore be needed to trans-
late these concepts of organ failure in ACLF into daily
practice. It may follow that scores like CLIF-SOFA would

be used to define organ failures in trials while Model for
End-Stage Liver Disease or simpler definitions of organ
failure would be used in clinical practice.18 It may also be
helpful to keep in mind the “PIRO” (predisposition, injury/
insult, response and outcome) concept developed from sep-
sis, while understanding organ failures associated with
ACLF.19

The results of this large multinational effort clearly
demonstrate that ACLF is a separate entity from acute
decompensation in patients with cirrhosis. As expected
from a study in the West, the precipitants of ACLF were
mostly bacterial infections and alcohol, and all patients
had cirrhosis. Similar results relating organ failures
with survival were found in the infected cirrhotic pa-
tients in another Western consortium, the North Amer-
ican Consortium for the Study of End-Stage Liver Dis-
ease (NACSELD), in which !2 extrahepatic organ
failures were associated with a significant increase in
mortality compared with patients with 1 or 0 organ
failures.20 However, the results from either of these
studies are not directly applicable in the Asia-Pacific
region, where the majority of the world resides.

Therefore, although this study by the EASL-CLIF con-
sortium is a major step forward in defining ACLF, it also
underscores the need to form consortia across geograph-
ical regions and ultimately worldwide. A multiregion ef-
fort by the World Gastroenterology Organization has
been initiated to encompass patients with disparate etiol-
ogies, precipitants and definitions and to develop a uni-
fying definition of ACLF that would encourage therapeu-
tic trials leading to improved outcomes. Until then we
may have to live with Rudyard Kipling’s assessment that
“East is East and West is West and never the twain shall
meet.”

JASMOHAN S. BAJAJ
Division of Gastroenterology, Hepatology and Nutrition
Virginia Commonwealth University and
McGuire VA Medical Center
Richmond, Virginia

References
1. Kim WR, Brown RS, Jr., Terrault NA, et al. Burden of liver disease

in the United States: summary of a workshop. Hepatology 2002;
36:227–242.

2. World Health Organization. Projections of mortality and burden of
disease in 2030. Geneva: World Health Organization Press; 2004.

3. Arabi YM, Dara SI, Memish Z, et al. Antimicrobial therapeutic
determinants of outcomes from septic shock among patients with
cirrhosis. Hepatology 2012;56:2305–2315.

4. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure is
a distinct syndrome that develops in patients with acute decom-
pensation of cirrhosis. Gastroenterology 2013;144:1426–1437.

5. Sarin SK, Kumar A, Almeida JA, et al. Acute-on-chronic liver failure:
consensus recommendations of the Asian Pacific Association for
the study of the liver (APASL). Hepatol Int 2009;3:269–282.

Editorials, continued

1338



6. Olson JC, Wendon JA, Kramer DJ, et al. Intensive care of the
patient with cirrhosis. Hepatology 2011;54:1864–1872.

7. Jalan R, Gines P, Olson JC, et al. Acute-on chronic liver failure.
J Hepatol 2012;57:1336–1348.

8. Hamid SS, Atiq M, Shehzad F, et al. Hepatitis E virus superinfection in
patients with chronic liver disease. Hepatology 2002;36:474–478.

9. Keeffe EB. Is hepatitis A more severe in patients with chronic
hepatitis B and other chronic liver diseases? Am J Gastroenterol
1995;90:201–205.

10. Garg V, Garg H, Khan A, et al. Granulocyte colony-stimulating
factor mobilizes CD34(!) cells and improves survival of patients
with acute-on-chronic liver failure. Gastroenterology 2012;142:
505–512 e1.

11. Bajaj JS, O’Leary JG, Reddy KR, et al. Second infections indepen-
dently increase mortality in hospitalized patients with cirrhosis: the
North American consortium for the study of end-stage liver disease
(NACSELD) experience. Hepatology 2012;56:2328–2335.

12. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related
Organ Failure Assessment) score to describe organ dysfunction/
failure. On behalf of the Working Group on Sepsis-Related Prob-
lems of the European Society of Intensive Care Medicine. Inten-
sive Care Med 1996;22:707–710.

13. Rosa H, Silverio AO, Perini RF, et al. Bacterial infection in cirrhotic
patients and its relationship with alcohol. Am J Gastroenterol
2000;95:1290–1293.

14. Mookerjee RP, Stadlbauer V, Lidder S, et al. Neutrophil dysfunc-
tion in alcoholic hepatitis superimposed on cirrhosis is reversible
and predicts the outcome. Hepatology 2007;46:831–840.

15. Wasmuth HE, Kunz D, Yagmur E, et al. Patients with acute on
chronic liver failure display “sepsis-like” immune paralysis.
J Hepatol 2005;42:195–201.

16. Cazzaniga M, Dionigi E, Gobbo G, et al. The systemic inflammatory
response syndrome in cirrhotic patients: relationship with their
in-hospital outcome. J Hepatol 2009;51:475–482.

17. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to predict
survival in patients with end-stage liver disease. Hepatology
2001;33:464–470.

18. Bahirwani R, Shaked O, Bewtra M, et al. Acute-on-chronic liver
failure before liver transplantation: impact on posttransplant out-
comes. Transplantation 2011;92:952–957.

19. Moreno RP, Metnitz B, Adler L, et al. Sepsis mortality prediction
based on predisposition, infection and response. Intensive Care
Med 2008;34:496–504.

20. Bajaj JS, Kamath PS, O’Leary JG, et al. Multiple organ dysfunction
defines acute-on-chronic liver failure (ACLF): the NACSELD study.
Hepatology 2012;56

Reprint requests
Address requests for reprints to: Jasmohan S Bajaj, MD, MS,

Division of Gastroenterology, Hepatology and Nutrition, Virginia
Commonwealth University and McGuire VA Medical Center, 1201
Broad Rock Boulevard, Richmond, Virginia 23249. e-mail:
jsbajaj@vcu.edu; fax: (804) 675-5816.

Conflicts of interest
The author discloses no conflicts.

© 2013 by the AGA Institute
0016-5085/$36.00

http://dx.doi.org/10.1053/j.gastro.2013.04.024

Linking Genetic Variation to Phenotype: eQTL Analysis of Normal
Human Ileum

See “Expression quantitative trait loci analysis
identifies associations between genotype and
gene expression in human intestine,” by
Kabakchiev B and Silverberg MS, on page
1488.

Gene expression, and thereby the phenotype of the
organism, is regulated in a tissue and cell-type spe-

cific manner by genetic, epigenetic, and environmental
factors.1 Studies over the past decade have begun to define
mechanisms by which human gene expression is regulated
in a heritable manner, via genetic polymorphisms (SNP),
which function as expression quantitative trait loci (eQTL).
In fact, the majority of common risk variants for complex
diseases identified by genome-wide association studies
(GWAS) to date have not been in protein-coding regions,
and so may affect risk via regulation of gene expression.2

These may be defined as cis-eQTL, in which the SNP is on
the same chromosome, usually within 200 kb up- or
downstream from the regulated gene, and trans-eQTL, in
which the SNP controls more distant gene expression,
typically on a different chromosome (Figure 1).3 Differ-

ential gene expression then serves as the casual link be-
tween an eQTL genetic variant and the phenotype asso-
ciated with that variant. However, 2 other relationships
could result in the observed correlation, including a reac-
tive relationship between the clinical phenotype and gene
expression, or an independent relationship between the
genetic variant and the phenotype and gene expression
(Figure 1). A major goal of current bioinformatics re-
search is to develop a robust framework for testing for
such causality.4 In the current study, Kabakchiev et al5

have made an important contribution in this area, by
testing for novel eQTL, and for eQTL within the current
inflammatory bowel disease (IBD) risk loci, which regulate
human ileal gene expression.

The authors utilized a well-characterized cohort of 173
ulcerative colitis (UC) and familial adenomatous polypo-
sis (FAP) patients who had undergone ileal pouch–anal
anastomosis to obtain endoscopically and histologically
normal prepouch ileal samples for expression analysis
using Affymetrix Human Gene 1.0 ST microarrays. Geno-
typing was performed using Illumina HumanOmniEx-
press or HumanOmni2.5 BeadChips, and a custom eQTL
analysis package was developed to identify genetic vari-
ants which are associated with ileal gene expression. This
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