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Evaluation of neutrophil/leukocyte ratio and organ failure
score as predictors of reversibility and survival following an
acute-on-chronic liver failure event

Danai Agiasotelli, Alexandra Alexopoulou, Larisa Vasilieva, Georgia Kalpakou,
Sotiria Papadaki and Spyros P Dourakis

2nd Department of Internal Medicine, Athens University Medical School, Athens, Greece

Aim: Acute-on-chronic liver failure (ACLF) is defined as an acute
deterioration of liver disease with high mortality in patients with
cirrhosis. The early mortality in ACLF is associated with organ
failure and high leukocyte count. The time needed to reverse
this condition and the factors affecting mortality after the early
30-day-period were evaluated.

Methods: One hundred and ninety-seven consecutive patients
with cirrhosis were included. Patients were prospectively
followed up for 180 days.

Results: ACLF was diagnosed in 54.8% of the patients. Infection
was themost commonprecipitating event in patientswith ACLF.
On multivariate analysis, only the neutrophil/leukocyte ratio and
Chronic Liver Failure Consortium Organ Failure (CLIF-C OF) score
were associated withmortality. Hazard ratios for mortality of pa-
tients with ACLF compared with those without at different time
end-points post-enrollment revealed that the relative risk of

death in the ACLF group was 8.54 during the first 30-day period
and declined to 1.94 during the second period of observation.
The time varying effect of neutrophil/leukocyte ratio and CLIF-C
score was negative (1% and 18% decline in the hazard ratio per
month) while that of Model for End-Stage Liver Disease (MELD)
was positive (3% increase in the hazard ratio per month).

Conclusion: The condition of ACLF was reversible in patients
who survived. During the 30–180-day period following the acute
event, the probability of death in ACLF became gradually similar
to the non-ACLF group. The impact of inflammatory response
and organ failure on survival is powerful during the first 30-day
period and weakens thereafter while that of MELD increases.

Key words: acute-on-chronic liver failure, Chronic Liver Failure
Consortium Organ Failure score, Model for End-Stage Liver
Disease score, organ failure

INTRODUCTION

ACUTE-ON-CHRONIC LIVER FAILURE (ACLF) is an
entity encompassing an acute deterioration of liver

function in patients with cirrhosis either secondary to
superimposed liver injury or due to extrahepatic precipitat-
ing factors.1 A characteristic feature of the syndrome is a
high short-term mortality due to one or more organ dys-
functions.2,3 The prognostic factors determining the out-
come of patients with compensated cirrhosis with or
without a previous episode of decompensation who de-
velop ACLF have recently been evaluated.4 It seems that
scoring systems evaluating the severity of liver disease such

as the Child–Turcotte–Pugh (CTP) and Model for
End-Stage Liver Disease (MELD),5 performed less well in
predicting short-term mortality than those addressing the
degree of inflammatory reaction and/or organ failure in
patients who developed ACLF.1,4 It has therefore been
demonstrated that leukocyte count and Sequential Organ
Failure Assessment (SOFA) or modified-SOFA scores are
the best predictors of ACLF-associated mortality.6 More
specifically, previous investigators showed that the
Chronic Liver Failure Consortium (CLIF-C) ACLF, a score
combining CLIF Organ Failure (OF), age and leukocyte
count, showed a higher predictive accuracy than MELD,
MELD-Na, and CTP, improving the prediction error rates
at all main time points after ACLF diagnosis.6 However,
the performance of factors predicting survival in short, in-
termediate and long term and the time of reversibility of
ACLF status needed further investigation.
In the current study, we investigated: (i) the effect on

early, intermediate and late mortality of an episode of
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ACLF; (ii) the performance of prognostic markers in
predicting early mortality at 30 days; and (iii) whether
these factors still predict long-term mortality (after the
30-day period).

METHODS

Study population

THIS IS A prospective study conducted in a tertiary
center from 2012 until 2014. Patients with acute

decompensation of cirrhosis according to the criteria of
the CANONIC study4 were included. Patients with hepato-
cellular carcinoma, extrahepatic cholestasis, persistent
hepatic encephalopathy and intrinsic renal disease
were excluded.

ACLF diagnosis
Acute-on-chronic liver failure grades were assessed accord-
ing to the CANONIC study recommendations.4 If a patient
without ACLF developed ACLF during index hospitaliza-
tion he/she was declassified from the group without ACLF
and reclassified as having ACLF.
All patients were hospitalized and treated with standard

of care for hepatic encephalopathy,7 hepatorenal syn-
drome,8 variceal bleeding9 and bacterial infection.8 The
characteristics and time of survival of patients with ACLF
were comparedwith those of patients with cirrhosis without
ACLF hospitalized during the same period for other reasons.

Clinical and laboratory data collection
All patients were evaluated on admission and clinical and
laboratory characteristics were recorded. They were
followed up during hospitalization and, if discharged, at
the outpatient clinic every 2 weeks for the first 2.5 months
and every 2months thereafter. All patients were intensively
screened for infection using laboratory biomarkers (white
blood cell count, neutrophil count, C-reactive protein) as
well as diagnostic paracentesis and inoculation of blood
samples and/or ascitic fluid into blood culture bottles for
aerobic and anaerobic bacteria performed at bedside. All
data required to compute CTP, MELD and CLIF-C OF
scores6 were recorded at the time of ACLF diagnosis for
ACLF patients or on admission in patients without ACLF.
Mortality at 30, 75 and 180 days post-enrollment was re-
corded. Three patients underwent liver transplantation.
The time of observation was divided in three periods: (i)
first 30 days; (ii) 31–75 days; and (iii) 76–180 days post-
enrollment. Factors associated with mortality at different
periods of observation and the time-dependent effect of
factors related to mortality in patients with ACLF were
evaluated.

Statistical analysis
Data are expressed as median (interquartile range [IQR])
for continuous and count with percentage for categorical
variables. TheMann–WhitneyU-test was used for continu-
ous variables and χ2-test for categorical variables. The
Kaplan–Meier estimator evaluated the survival rates be-
tween groups. The Cox proportional hazards model was
used to estimate the relative risk of death when comparing
groups. The Cox proportional hazards model using
time-dependent covariates was applied to assess the time-
dependent effect of the mortality hazard of the ACLF
group compared with the group without ACLF. The same
methodology was used to estimate the time-varying effect
of factors related to mortality. A two-tailed P-value of less
than 5% was considered to be statistically significant. All
statistical analyses were conducted by the Stata/SE 11.0
for Windows statistical package (StataCorp, College
Station, TX, USA).

RESULTS

Patient characteristics

IN TOTAL, 197 consecutive patients with cirrhosis were
included. Of the patients assessed, 108 (54.8%) had or

developed ACLF and 89 did not have ACLF. There were
146 (74.1%) men with a median age of 61 years (IQR,
54–70.5). In most patients (48.7%), the etiology of cirrho-
sis was alcoholic, in 31.5% it was associated with chronic
viral infection and in the remaining 19.8% cirrhosis was
due to other causes (Table 1). All patients had ascites at
enrollment and 58.2% used diuretics for the treatment of
ascites (Table 1). Seventy-six (70.4%) patients were
defined as ACLF grade 1, 28 (25.9%) as grade 2 and four
(3.7%) as grade 3. Themedian follow upwas 4.04months
(IQR, 1.5–6) for all patients, 2.1 months (IQR, 0.5–6) in
the ACLF group and 6 months (IQR, 3.6–6) in the
non-ACLF (P< 0.001).

Patients with ACLF compared with those
without
At the time of enrollment, age, sex, diuretic use, presence of
varices and/or portal gastropathy and history of variceal
bleeding did not differ significantly between patients with
and without ACLF (Table 1). Patients with ACLF had
alcoholic cirrhosis more frequently (54%) and there was
no statistically significant difference as far as etiology of
cirrhosis was concerned between the two groups studied
(P=0.051). Patients with ACLF comparedwith those with-
out had higher MELD (P< 0.001) and CTP scores
(P< 0.001). CLIF-C OF values were higher in the group
with ACLF compared with those without (P< 0.001),
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respectively (Table 1). Aspartate aminotransferase and
alanine aminotransferase values were higher and albumin
was lower in patients with ACLF (P< 0.001, P< 0.001 and
P=0.002, respectively). Inflammation markers, as demon-
strated by leukocyte, neutrophils, neutrophil/leukocyte
ratio (%) and C-reactive protein, were also higher in the
former group compared with the latter (P< 0.001 for each

of the first three parameters and P=0.002 for last one)
(Table 1).

Precipitant factors in ACLF
Bacterial infections were the most common precipitating
events in patients with ACLF, accounting for 58 (53.7%)
cases, followed by active alcohol abuse (32.4%) and active

Table 1 Characteristics and severity of liver disease of patients with and without ACLF

Main characteristics Total (n=197) With ACLF (n= 108) Without ACLF (n= 89) P

Age (years) 61 (54–70.5) 60.5 (53–70) 62 (56–72) 0.105
Sex (male %) 146 (74.1) 80 (74.1) 66 (74.2) 0.989
Etiology of liver cirrhosis

0.051

Viral (n, %) 62 (31.5) 30 (27.8) 32 (36)
HBV 31 (15.7) 15 (13.9) 16 (18.0)
HCV 26 (13.2) 13 (12) 13 (14.6)
HBV+HDV 4 (2.0) 1 (0.9) 3 (3.4)
HBV+HCV 1 (0.5) 1 (0.9) 0 (0.0)

Alcoholic (n, %) 96 (48.7) 61 (56.5) 35 (39.3)
Other (n, %) 39 (19.8) 17 (15.7) 22 (24.7)
Non-alcoholic steatohepatitis 19 (9.6) 6 (5.6) 13 (14.6)
Cryptogenic cirrhosis 8 (4.1) 3 (2.8) 5 (5.6)
Wilson’s disease 5 (2.5) 3 (2.8) 2 (2.2)
Primary biliary cirrhosis 5 (2.5) 4 (3.7) 1 (1.1)
Autoimmune hepatitis 1 (0.5) 0 (0.0) 1 (1.1)
Primary sclerosing cholangitis 1 (0.5) 1 (0.9) 0 (0.0)

Active alcohol abuse‡ 54 (27.4) 35 (32.4) 19 (21.3) 0.083
Use of diuretics (n, %) 113 (58.2) 59 (55.1) 54 (62.1) 0.330
History of variceal bleeding (n, %) 36 (18.6) 20 (18.9) 16 (18.2) 0.903
Findings on endoscopy† (n, %)
No findings 21 (13.6) 12 (15.2) 9 (12) 0.935
Varices and/or portal gastropathy 133 (86.3) 67 (84.8) 66 (88)

CTP score 11 (9–12) 11.5 (10–13) 9 (8–10) <0.001
MELD score 18 (14–24) 23 (17–28) 15 (11–18.5) <0.001
CLIF-C OF 7 (6–9) 8 (7–10) 6 (6–7) <0.001
Laboratory characteristics
Hemoglobin (g/dL) 10.3 (8.7–12.1) 10.3 (8.5–12.1) 10.4 (8.7–12.1) 0.871
Leukocyte count ×109/L 7.3 (5.2–10.15) 8.5(6–12) 5.9 (4.4–7.7) <0.001
Neutrophil count ×109/L 5.0 (3.3–7.7)- 6.3 (4.3–9.2) 3.9 (2.7–5.2) <0.001
Neutrophil/leukocyte ratio (%) 72 (64–80) 75 (65.8–82.7) 68 (60–75) <0.001
Platelet count ×109/L 116 (80–182) 110 (80–180) 118 (75–183) 0.905
C-reactive protein (mg/L) 20.7 (10–44) 26 (14–53) 16.7 (8–33) 0.002
AST (IU/L) 72 (43–124) 96 (65–160) 48 (31–77.5) <0.001
ALT (IU/L) 36 (23–61) 46.5 (31–80) 25 (18–40) <0.001
Albumin (g/dL) 2.7 (2.3–3.1) 2.5 (2.2–3) 2.8 (2.5–3.2) 0.002
Creatinine (mg/L) 1.0 (0.8–1.5) 0.95 (0.7–1.6) 1 (0.8–1.4) 0.917

Data are median (interquartile range) or numbers of patients (%).
†154 patients underwent endoscopy, 79 (51.3) of them with ACLF and 75 (48.7) without ACLF.
‡Patients who are active drinkers on admission and/or 3 months earlier and consume >30 g/day if male and >20 g/day if female.21

ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTP, Child–Turcotte–Pugh; CLIF-C OF,
Chronic Liver Failure Consortium Organ Failure; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; INR international nor-
malized ratio; MELD, Model for End-Stage Liver Disease.
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variceal bleeding (12%). Systemic inflammatory response
syndrome or sepsis10 were recorded in 17 (15.7%) patients.
Spontaneous bacterial peritonitis was themost common in-
fection (13.9%), followed by urinary tract infection (12%)
and respiratory infection (8.3%). Twenty percent of patients
hadmore than one precipitating factor. It is noteworthy that
in 25 (23.1%) patients the precipitant factor was unknown.

Mortality and factors associated with mortality
Patients with ACLF had a worse survival compared with
those without, as shown by Kaplan–Meier survival curve
(log rank, P< 0.001) (Fig. 1). It is noteworthy that survival
of patients with and without ACLF at 30, 75 and 180 days

of follow up was 64.5%, 33.3% and 25.9% for the former
and 94.4%, 65.2% and 52.8% for the latter, respectively.
Univariate Cox regression analysis showed that the vari-

ables exhibiting a significant association with mortality at
30 days in patients with ACLF were sex (P=0.012),
neutrophil/leukocyte ratio (P=0.008), MELD
(P< 0.001), CTP score (P< 0.001) and CLIF-C OF
(P< 0.001) (Table 2). However, on multivariate Cox re-
gression analysis when adjusted for potential cofounders
including age, sex, MELD, CLIF-C OF and
neutrophil/leukocyte ratio, only the neutrophil/leukocyte
ratio (P=0.017) and CLIF-COF score (P=0.010)were pre-
dictive of death at 30 days (Table 2).

Ability of CLIF-C OF to predict outcome
Figure 2 shows the predictive ability of CLIF-COF score for
the 30-day mortality in patients with ACLF. In receiver–
operator curve (ROC) analyses, CLIF-C OF score offered
the best accuracy in predicting 30-daymortality (c-statistic,
0.744). The optimal cut-off of 9 offered sensitivity of 74%,
specificity of 64% and a negative predictive value of 81%.
A CLIF-C OF value of 7 or lower had a 93% negative pre-
dictive value and 97% sensitivity, while a score of 12 or
higher showed an 86% positive predictive value and
99% specificity.
Neutrophil/leukocyte ratio (%) offered less accuracy to

predict outcome in patients with ACLF during the first
30-day period (c-statistic, 0.679). Based on the ROC, the
optimal cut-off for neutrophil/leukocyte ratio was 72.6%,

Figure 1 Comparison of survival in patients with and without
acute-on-chronic liver failure (ACLF).

Table 2 Univariate and multivariate Cox regression analysis of factors predicting mortality at 30 days in 108 patients with ACLF

Univariate analysis Multivariate analysis†

HR (95% CI) P HR (95% CI) P

Age (per 1 year) 1.01 (0.98–1.03) 0.555 1.01(0.99–1.04) 0.371
Sex (female vs male) 2.30 (1.20–4.41) 0.012 1.10 (0.51–2.38) 0.810
Leukocyte count 1.02 (0.98–1.07) 0.350
Neutrophil count 1.03 (0.98–1.08) 0.233
Neutrophil/leukocyte ratio (%) 1.04 (1.01–1.08) 0.008 1.04(1.01–1.08) 0.017
C-reactive protein 1.00 (0.99–1.01) 0.448
Child–Turcotte–Pugh score 1.51 (1.27–1.80) <0.001
Bacterial infection 0.79 (0.42–1.51) 0.489
ALT 1.00 (1.00–1.00) 0.100
MELD score 1.09 (1.05–1.13) <0.001 0.99 (0.91–1.07) 0.715
CLIF-C OF 1.49(1.26–1.75) <0.001 1.55 (1.11–2.17) 0.010
Variceal bleeding 1.25 (0.44–3.51) 0.67

†Mutually adjusted for: age, sex, neutrophil/leukocyte ratio (%), MELD score, CLIF-C OF.
ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; CI, confidence interval; CLIF-C OF, Chronic Liver Failure ConsortiumOrgan
Failure; HR, hazard ratio; MELD, Model for End-Stage Liver Disease.
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offering sensitivity of 74% and specificity of 57% for
predicting mortality.

Reversibility of risk of death during follow up in
patients with ACLF
Hazard ratios (and 95% confidence interval [CI]) for mor-
tality of patients with ACLF compared with those without
(reference group) at different time intervals following en-
rollment, using the Cox proportional hazards model,
adjusting for age, sex, neutrophil/leukocyte ratio, MELD
and CLIF-C OF, revealed that the relative risk of death in
the ACLF group was 8.54 (95% CI, 1.99–36.70;
P=0.004) at 30 days and declined to 1.94 (95% CI,
0.78–4.87; P=0.154) during the second period of observa-
tion (>30 days and ≤75 days) and to 1.26 during the third
period of observation (>75 and <180 days) (95% CI,
0.53–3.00; P=0.609).

Time-varying effect of factors CLIF-C OF,
neutrophil/leukocyte ratio and MELD on
mortality in the ACLF group
In Table 3, the interaction with time of CLIF-C OF,
neutrophil/leukocyte ratio and MELD score during the
180-day period of observation was studied. It was shown
that the interaction with time of the CLIF-C OF and
neutrophil/leukocyte ratio was negative (18% and 1% de-
cline in the hazard ratio per month of CLIF-C OF and
neutrophil/leukocyte ratio, respectively), while that of

MELD score was positive (3% increase in the hazard ratio
per month). This is an indication that, as time goes by,
CLIF-C OF and neutrophil/leukocyte ratio become weaker
risk factors for mortality, while MELD score becomes
stronger.

DISCUSSION

PATIENTS WHO DEVELOP an acute deterioration of
cirrhosis and organ dysfunction due to a precipitating

event have a worse outcome than those who do not de-
velop organ dysfunction.11 ACLF was therefore defined as
“an acute deterioration of pre-existing liver disease usually
related to a precipitating event and associated with in-
creased mortality at 3 months due to multisystem organ
failure”.12However, consequent studies have been focused
on short term mortality of 28 days because this was the
most crucial period of high mortality.4,6 MELD score has
been shown to correlate with intermediate mortality risk
at 3 months and has been used to determine priorities
for liver transplantation.13 It seemed that the conventional
scoring systems addressing the severity of liver disease such
as CTP or MELD performed less well than the scoring sys-
tems addressing organ dysfunction or severity of inflam-
mation in the setting of ACLF.14

Our study demonstrates a high 30-day-mortality, a re-
versible component (in those who survived) and the pres-
ence of an obvious precipitating event in the majority of
cases. Patients with ACLF were more frequently alcoholic,
and had higher leukocyte and neutrophil counts and

Figure 2 Accuracy of Chronic Liver Failure Consortium Organ
Failure (CLIF-COF) in patients with acute-on-chronic liver failure
(c-statistic, 0.744). The cut-off point of 9 for CLIF-COF offers sen-
sitivity of 74% and specificity of 64% in predicting 30-day
mortality.

Table 3 Multivariate Cox regression analysis† studying
interaction with time of factors predicting mortality during 180-
day observation period in patients with ACLF

HR 95% CI for HR P

Main model
Age 1.02 (1.00–1.04) 0.063
Sex 1.00 (0.53–1.89) 0.990
CLIF-C OF score 1.54 (1.08–2.22) 0.019
Neutrophil/leukocyte ratio 1.05 (1.01–1.09) 0.017
MELD score 1.00 (0.91–1.09) 0.928
Interaction with time
CLIF-C OF score† 0.82 (0.67–1.00) 0.050
Neutrophil/leukocyte ratio† 0.99 (0.97–1.01) 0.151
MELD score† 1.03 (0.98–1.07) 0.281

†Mutually adjusted for age, sex, neutrophil/leukocyte ratio (%),MELD
score and CLIF-C OF.

ACLF, acute-on-chronic liver failure; CI, confidence interval; CLIF-C
OF, Chronic Liver Failure ConsortiumOrgan Failure; HR, hazard ratio;
MELD, Model for End-Stage Liver Disease.
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C-reactive protein and aminotransferase values. It is re-
markable that despite higher MELD and CTP scores of
the ACLF compared with non-ACLF group, these param-
eters were not related to the 30-day mortality.
In the recent study by Moreau et al., patients with ACLF

were reported to have a 28-day mortality ranging 29.7–
34% as compared with only 1.9% among patients who
did not develop ACLF.4 Similarly, themortality rate during
the first month in our ACLF group was 34.5% compared
with 5.6% in the group without ACLF. However, in pa-
tients with ACLF who overcame the acute episode, the dif-
ference in survival tended to attenuate over time to the
same level as in patients without ACLF. The deviation in
mortality between the two groups weakened soon after
the first month from the acute event and the ACLF group
became similar to the group without ACLF. The survival
of the ACLF group appears to be still dismal even after
the first month but it is rather influenced by the high rate
of the first 30-day mortality. When the effect of the ACLF
group on mortality is estimated exclusively on the second
period of time (31–75 days post-enrollment), no signifi-
cant difference was apparent between the two groups.
Furthermore, our study shows that a high CLIF-C OF was

an independent predictor of 30-day mortality in the ACLF
group. However, instead of leukocyte count,
neutrophil/leukocyte ratio was found to be an independent
predictor of mortality. Excessive inflammatory reaction is
considered to be severe in patients with ACLF causing acute
systemic inflammation and oxidative stress to organs.15

Both organ failure score and neutrophil/leukocyte ratio are
influenced by the degree of systemic inflammation.
Plasma-induced neutrophil phagocytic dysfunction was
shown to be greater in patients with more severe liver
cirrhosis and was associated with increased expression of
inflammatory mediators.16 Neutrophil/leukocyte ratio
compared with leukocyte count had a higher impact as a
predictor of mortality in the present study probably due to
the degree of portal hypertension and the subsequent
pancytopenia in the population studied.17 As it was shown
previously in ACLF studies,14,18–20 infection was found to
be a major precipitating event in patients with ACLF. Many
of the patients with infection developed systemic inflamma-
tory response syndrome or sepsis. It seems, therefore, that
severity of inflammation, lack of its resolution and severity
of organ failurewere associatedwith significantly higher risk
of death.
More specifically, CLIF-C OF is a simple organ failure

score which was used to diagnose and grade organ fail-
ures and ACLF in cirrhotics.4,6 It included parameters
commonly used in clinical practice in ACLF patients.
Our data showed that CLIF-C OF could be a useful

predictor of outcome. The cut-off points of the parameter
were found to provide good prognostic information in
predicting 30-day mortality. The clinical application of
this predictor is easy and can be used in patients with
ACLF at risk, who may require intensive care and/or
evaluation for liver transplantation.
Asmentioned earlier, our results showed that in patients

who recovered from an episode of acute deterioration of
liver disease, the long-term outcome became similar to
that of patients without acute deterioration and that was
our aim; namely, to study the after “28-day mortality”
and the factors that influence it. Ourmodel of survival pro-
vided further evidence that predictors of survival change
over time. The impact of neutrophil/leukocyte ratio and
CLIF-C OF on predicting survival tended to reduce, while
that of MELD tended to grow over time. In fact, the effect
on survival of neutrophil/leukocyte ratio and CLIF-C OF
score is powerful only during the first 30 days after the ep-
isode of deterioration of liver disease. This is another indi-
cation that the outcome of patients who overcame an
acute deterioration episode, becomes similar to that of pa-
tients without acute event.
It is noteworthy that in our study, coming from a single

center in Greece, renal dysfunction/failure was less com-
mon in ACLF patients, unlike the CANONIC study. Fur-
thermore, ACLF was diagnosed in half of the patients. It
seems, therefore, that the epidemiological and clinical pat-
tern of ACLF may differ slightly among geographical areas
and even among hospitals.
The results provide evidence that, despite high early

mortality, acute deterioration in patients with liver cirrho-
sis is a potentially reversible condition and these patients
may benefit from appropriate care. This information is im-
portant in countries where liver transplants are scarce be-
cause of a limited organ supply and most of liver
transplant candidates die on the waiting list.
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