Abbasy et al. Egyptian Liver Journal (2022) 12:13 H H
https://doi.org/10.1186/543066-022-00178-z Egyptla n lee r J ourna l

jy\wwmw% o

S

4 | 4

3 Q P‘\“ { '
£ Wi

ORIGINAL RESEARCH ARTICLE Open Access

e : : ®
Predicting in-hospital mortality i

of cirrhotic patients hospitalized with hepatic
encephalopathy
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Abstract

Background: Hepatic encephalopathy (HE) is a serious condition associated with high rates of mortality. Many
scoring systems are used to predict the outcome of HE in patients admitted to the intensive care unit (ICU). The
most used scores are Child-Turcotte-Pugh (CTP), Model for End-stage Liver Disease (MELD), Chronic Liver Failure-
Sequential Organ Failure Assessment (CLIF-SOFA), and Acute Physiology and Chronic Health Evaluation Il (APACHE II).
These scores were thoroughly investigated in HE associated with acute liver failure (type A). In the present study, we
aimed to evaluate the prognostic value of these scores in patients with HE on a background of liver cirrhosis (type
Q). Two hundred cirrhotic patients hospitalized with HE were included in the study. Diagnosis and classification of
HE were based on the West Haven criteria. APACHE I, CLIF-SOFA, MELD, MELD-Na, and CTP scores were calculated
for all patients within the first 24 h after admission. According to survival outcomes, patients were categorized into
either improved or deceased. Demographic, clinical, and laboratory data as well as prognostic scores were compared
in both deceased and improved groups. The receiver operating characteristic (ROC) curve was plotted, and the area
under the ROC curve (AUROC) was calculated for each score. Backward logistic regression analysis was used to iden-
tify the predictors of mortality.

Results: 60.5% of patients were males. The mean age was 61.09 4 8.94 years. The main precipitating factors of HE
was infections predominantly spontaneous bacterial peritonitis (n = 108, 54.0%) followed by variceal bleeding (n
=39, 19.5%). All scores were significantly higher in the deceased patients. AUROC were 0.734 (C195% 0.666—0.803),
0.717 (C195% 0.647-0.787), 0.663 (C195% 0.589-0.738), 0.626 (C195% 0.549-0.704), and 0.609 (Cl95% 0.531-0.686) for
CLIF-SOFA, MELD-Na, MELD, APACHE I, and CTP scores, respectively. MELD, MELD-Na, and CLIF-SOFA scores were the
independent predictors of mortality. Among these scores, CLIF-SOFA was the strongest independent predictor of
mortality (OR = 1.142, CI95% = 0.888-1.467, p = 0.001).

Conclusions: CLIF-SOFA score was superior to other prognostic scores in predicting mortality in hospitalized patients
with HE type C.

Keywords: Hepatic encephalopathy, Mortality predictors, Liver cirrhosis, ICU, Child-Pugh, MELD, MELD-Na, CLIF-SOFA,
APACHE I

Background

Hepatic encephalopathy (HE) is a brain dysfunction

caused by impaired liver functions and/or portosystemic

shunting [1]. It is one of the most serious complications
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manifested as disorientation, confusion, inappropriate
behavior, agitation, somnolence, stupor, and/or frank
coma. A wide range of motor dysfunctions has been
described in HE, including asterixis, hypertonia, hyper-
reflexia, and/or extrapyramidal manifestations [2].

Although the clear pathogenesis of HE is not evident,
some mechanisms caused by liver insufficiency are pro-
posed. One of the suggested theories is that increased
gamma amino butyric acid in the central nervous sys-
tem leads to an increase in the neuronal inhibitory effect.
Elevated arterial blood ammonia level is also considered
an important underlying mechanism. It has been docu-
mented in about 90% of patients with HE. High arterial
ammonia leads to impairment in mitochondrial func-
tions with subsequent edema and swelling of the astro-
cytes. In addition, vasodilatation, caused principally by
nitric oxide, could play a great part in the pathogenesis
of HE as it leads to an increase in intracranial pressure,
brain edema, and deterioration in cognitive functions [3].

HE is either associated with acute liver failure (type A),
portosystemic bypass with no intrinsic hepatocellular
disease (type B) or liver cirrhosis, and portal hyperten-
sion and/or portosystemic shunts (type C) [4].

HE is associated with a poor survival outcome and a
high risk of in-hospital mortality [2]. This necessitated
the development of a number of prognostic scoring sys-
tems to estimate the clinical outcome of HE in clinical
practice. One of the most commonly used scores is the
Child-Turcotte-Pugh score (CTP), a widely used system
used to risk stratify cirrhotic patients [5]. The Acute
Physiology and Chronic Health Evaluation (APACHE)
11, a physiologically based prognostic system, is a widely
used severity of illness scale used to predict hospital
mortality in all ICU patients [5]. Sequential Organ Fail-
ure Assessment (SOFA) score has been developed and is
basically used to assess and classify the variable degrees
of organ dysfunction. It has been shown that a high SOFA
score for any given organ is associated with significantly
higher mortality [6]. The Model for End-Stage Liver Dis-
ease (MELD) is a widely used model for the risk stratifi-
cation of short-term mortality in patients with cirrhosis
[7]. These scores were thoroughly investigated in patients
with HE associated with acute liver failure (type A HE).
However, studies evaluating their prognostic yield in cir-
rhotic patients hospitalized with hepatic encephalopathy
(type C HE) are lacking. In the present study, we aimed to
evaluate the accuracy of different prognostic scoring sys-
tems in the prediction of in-hospital mortality of patients
admitted to the ICU with HE on a previous background
of liver cirrhosis.
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Methods

The current study was conducted on cirrhotic patients
consecutively admitted to the ICU with hepatic encepha-
lopathy at the National Liver Institute, Menoufia, Egypt,
in the period between July 1 and December 31, 2020,
after approval of the local ethical committee.

The diagnosis of cirrhosis was based on clinical, labora-
tory, and radiological findings. The West Haven criteria
were used for the diagnosis and classification of HE [8].
Patients with acute hepatic failure and those with previ-
ous port-systemic shunt surgery or transjugular intrahe-
patic portosystemic shunt (TIPS) were ruled out. Patients
with prior liver or other solid organ transplantation, end-
stage renal disease and hepatocellular carcinoma (HCC),
or other solid tumors were also excluded. Demographic
data, baseline laboratory parameters, and duration of
hospitalization were reported for all patients. The pre-
cipitating factors of HE were documented whenever they
were identified. Patients were prospectively followed for
in-hospital survival outcomes, whether they survived or
died. A written informed consent was obtained from the
patients’ relatives before inclusion.

Prognostic scores including CTP, MELD, MELD-
Sodium (MELD-Na), APACHE 1II, and Chronic Liver
Failure-SOFA (CLIF-SOFA) scores were calculated for all
eligible patients within the first 24 h after admission to
the ICU. Mortality was analyzed in view of each of these
scores.

Statistical methods

Statistical analyses were performed using SPSS (Inc.,
Chicago, IL, version 20). Quantitative variables were
expressed as mean and standard deviation (SD) while
qualitative variables were expressed as frequency and
percentage. The chi-square (%) test or Fisher exact test,
when appropriate, were used for the comparison of quali-
tative variables between deceased patients and survivors.
Continuous variables in both groups were compared
using the paired ¢-test. In case of a skewed distribution,
the Mann-Whitney U test was used for the comparison
of continuous variables. The receiver operating charac-
teristic (ROC) curve was plotted for each score, and the
area under the ROC curve (AUROC) was calculated.
High-risk variables that could be associated with mor-
tality underwent backward logistic regression analysis.
Variables that were statistically significant in the univari-
ate analysis have been used in the multivariate analysis to
estimate the independent predictors of mortality. Statis-
tical significance was considered when the p value was
lower than 0.05.
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Results

A total of 200 patients out of 255 fulfilled the inclu-
sion criteria and underwent the final analysis. Most of
the patients were males (n = 121, 60.5%), with a mean
age of 61.09 + 8.94 years. The etiology of chronic liver
disease was mainly hepatitis C virus (HCV) (n = 179,
89.5%). As regards the severity of liver cirrhosis, most
of the patients were Child-Pugh class C (n = 161,
80.5%) while the rest of the patients were Child-Pugh
class B (n = 39, 19.5%).

The precipitating factors of HE were infections and
predominantly spontaneous bacterial peritonitis (SBP)
(n = 108, 54.0%) followed by variceal bleeding (n = 39,
19.5%), excessive diuretics (n = 21, 10.5%), constipation
(n =18, 9.0%), and chest infection (z = 14, 7.0%).

According to the West Haven grading system, 127
patients (63.5%) were hospitalized with HE grade II and
73 patients (36.5%) with HE grade III and IV. A total of
178 patients (89%) have experienced at least one pre-
vious episode of HE (recurrent HE) while 22 patients
(11%) were admitted for the first episode of HE. The
mortality rate was 49.5% (n = 99). The mean ICU stay
was 6.53 £ 3.21 days. The basic patients’ demographic
and laboratory data are summarized in Table 1.

Significantly lower values for all investigated scores
have been demonstrated in improved patients as com-
pared with deceased patients (Table 2). In comparison

Table 1 Patients'demographic and laboratory data
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between both groups, the total ICU stay was signifi-
cantly lower in improved than in deceased patients (p
= 0.005).

After plotting the ROC curves (Fig. 1), the CLIF-SOFA
score was the most accurate score in predicting mortality
(AUROC = 0.734).

Factors associated with mortality in univariate analy-
sis were higher INR, lower serum albumin, higher serum
creatinine, lower serum sodium, longer ICU stay, higher
grades of HE (grades III and IV), recurrent episodes
of HE, and higher values of CTP, MELD, MELD-Na,
APACHE II, and CLIF-SOFA scores (Table 4).

The independent predictors of mortality as indicated
by multivariate analysis were lower serum sodium, higher
grades of HE, and higher values of MELD, MELD-Na,
and CLIF-SOFA scores. The strongest independent pre-
dictor of mortality was the CLIF-SOFA score (OR =
1.142, C195% = 0.888-1.467, p = 0.001) (Table 4).

Discussion
Hepatic encephalopathy is one of the most common
complications of cirrhosis, and it has been associated
with a significant impact on patients’ health-related
quality of life and survival, independent of the severity
of cirrhosis [9].

In the current study, our aim was to verify the best
scoring system for predicting survival outcomes in

Variables Improved (n =101) Deceased (n = 99) Test of significance p-value
Age (years) 60.22 £ 845 6197 £938 t=1.389 0.166
Sex (n (%)) 0402

Males 64 (63.4) 57 (57.6) XZ =0.701

Females 37 (36.6) 42 (42.4)
Bilirubin (mg/dl) 480+ 6.03 643 +7.33 U=44250 0.160
Albumin (g/dl) 2934+ 047 2124043 t=28.202 <0.001*
ALT (1U/) 4198 + 37.61 49.17 £42.43 U=3740.0 0.005*
AST (1U/1) 68.20 £ 56.25 94.25 £ 8241 U=37350 0.002*
ALP (1U/1) 121.03 +59.23 126.27 £ 69.83 U=43115 0.093
GGT (1U/I) 5896 £ 56.17 63.43 £ 69.92 U=4949.0 0.902
Hemoglobin (g/dl) 1021 £1.95 1012 £1.74 t=0.370 0.712
WBCs (x 103/mm?) 10.27 £ 6.51 1155+724 U=44330 0.166
Platelets (x 103/mm?3) 109.40 £ 40.13 107.73 £41.57 U =4896.0 0.801
INR 1.60 + 042 21+£048 U=129200 <0.001*
Creatinine (mg/dl) 121+£093 186 £1.02 U=38745 0.006*
Urea (mg/dl) 97.96 £ 64.36 102.38 £ 66.05 U =33863.0 0.121
Na (mEg/I) 129.554+7.18 122.75 £ 6.53 t=7012 < 0.001*
K (mg/dl) 4444088 438 £091 t=0489 0.626

Na sodium, K potassium, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT gamma glutamyl transferase, PLT platelets, INR

international normalized ratio, WBC white blood cells
*Statistically significant value



Abbasy et al. Egyptian Liver Journal (2022) 12:13 Page 4 of 7
Table 2 Comparison of prognostic scores and ICU stay in deceased and improved patients

Improved (n = 101) Deceased (n = 99) Test of significance p-value
CTP score 1061 £1.83 1347 £162 t=3513 <0.001*
MELD score 18.67 £8.25 2343 +£753 t=4.263 <0.001*
MELD-Na 2416 +£7.83 30.29 £+ 5.54 t=6405 <0.001*
APACHE Il score 2680 + 3.74 28.64 £3.95 t=3.373 0.001*
CLIF-SOFA score 9.96 + 3.26 1279 £ 281 t=6.588 <0.001*
ICU stay (days) 593+£293 7.14 +£3.38 U=3867 0.005*

CTP Child-Turcotte-Pugh, MELD Model for End-stage Liver Disease, CLIF-SOFA Chronic Liver Failure-Sequential Organ Failure Assessment, APACHE Il Acute Physiology

and Chronic Health Evaluation Il, ICU intensive care unit

*Statistically significant value
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Fig. 1 Comparison of ROC curves and AUROC values of CTP, MELD, APACHE I, and CLIF-SOFA scoring systems. ROC, receiver operating
characteristic curve; AUROC, area under the ROC curve; CLIF-C, CTP, Child-Turcotte-Pugh; MELD, Model for End-stage Liver Disease; Na, sodium,
CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Il

patients previously diagnosed with liver cirrhosis who
were admitted to the ICU with hepatic encephalopa-
thy, among various scoring systems used to evaluate the
prognosis in acute liver failure.

Our results showed clearly that the CLIF-SOFA score
is the most accurate scoring system in predicting progno-
sis, followed by MELD-Na, MELD, APACHE I, and CTP
scores (Table 3 and Fig. 1). Furthermore, it has been shown
that the CLIF-SOFA score is the strongest independent
predictor of mortality among other scores (Table 4).

In the study by Elzouki et al., HCV was the most com-
mon cause of chronic liver disease (33.9%), while Zhang

et al. found that hepatitis B virus (HBV) infection was
the most common cause of chronic liver disease (54.5%)
[10, 11]. Other authors, Moreau et al. and Dhiman et al.,
reported alcohol as the main cause of chronic liver dis-
ease (60% and 58%, respectively) [12, 13].

In the present study, the leading etiology of chronic
liver disease was HCV (89.5%). This is because Egypt has
the highest prevalence of HCV worldwide [14]. Also, the
etiology of liver cirrhosis-related hepatic encephalopathy
in these studies strongly followed the geographical prev-
alence of chronic liver disease in these countries. Alco-
holic cirrhosis is the main underlying etiology in Western
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Table 3 Agreement (sensitivity, specificity) for different prognostic scores in predicting morality

Prognostic scores AUROC p Cl95% Cutoff Sensitivity Specificity PPV NPV
CLIF-SOFA score 0.734 <0.001* 0.666-0.803 >9 88.66 45.63 60.6 81.0
MELD-Na score 0.717 <0.001* 0.647-0.787 > 2193 94.85 40.78 575 87.5
MELD score 0.663 < 0.001* 0.589-0.738 >17.83 76.29 5146 59.7 69.7
APACHE Il score 0.626 0.001* 0.549-0.704 > 26 70.10 5146 576 64.6
CTP score 0.609 <0.001* 0.531-0.686 >9 90.72 2913 54.7 76.9

CTP Child-Turcotte-Pugh, MELD Model for End-stage Liver Disease, Na sodium, CLIF-SOFA Chronic Liver Failure-Sequential Organ Failure Assessment, APACHE Il Acute
Physiology and Chronic Health Evaluation Il, AUROC area under ROC curve, Cl confidence interval, PPV positive predictive value, NPV negative predictive value

*Statistically significant value

Table 4 Univariate and multivariate regression analysis of variables associated with mortality

Variables Univariate analysis Multivariate analysis

p OR (C195%) p OR (C195%)
Bilirubin 0.137 1.033(0.990-1.079)
Albumin <0.001* 0.092 (0.042-0.202) 0.558 0.079 (0.019-0.326)
INR <0.001* 4.083 (1.953-8.536) 0.138 1.853(0.199-17.239)
AST 0.065 1.006 (1.0-1.0)
ALT 0473 1.003 (0.996-1.0)
Creatinine 0.008* 1495 (1.109-2.015) 0433 0.624 (0.192-2.030)
Na <0.001* 0.851 (0.805-0.900) 0.012* 0.799 (0.640-0.998)
K 0.927 0.986 (0.722-1.346)
Hb 0.508 0.950 (0.817-1.105)
WBC 0.221 1.026 (0.985-1.069)
PLT 0.866 0.999 (0.993-1.006)
Grade of HE (lll and IV vs. 1) <0.001* 2.942 (1.958-4.422) 0.015* 4.513(1.888-10.789)
Episode of HE (recurrent vs. first episode) 0.041* 2.789 (1.043-7.456) 0.807 0.813(0.155-4.265)
Hospital stay 0.015* 1.123(1.023-1.233) 0.637 1.038 (0.890-1.211)
CTP score <0.001* 1.295 (1.097-1.530) 0311 0.519(0.310-0.867)
MELD score <0.001* 1.077 (1.037-1.118) 0.046* 1.168 (0.846-1.614)
MELD-Na <0.001* 1.140 (1.086-1.196) 0.023* 0.850 (0.570-1.268)
APACHE Il score 0.001* 1.128 (1.046-1.216) 0.680 1.045 (0.848-1 288)
CLIF-SOFA score <0.001* 1.341 (1.205-1.493) 0.001* 1.142 (0.888-1.467)

ALT alanine aminotransferase, AST aspartate aminotransferase, PLT platelets, INR international normalized ratio, WBC white blood cells, HE hepatic encephalopathy, CTP
Child-Turcotte-Pugh, MELD Model for End-stage Liver Disease, Na sodium, K potassium, CLIF-SOFA Chronic Liver Failure-Sequential Organ Failure Assessment, APACHE

Il Acute Physiology and Chronic Health Evaluation II, OR odds ratio, C/ confidence interval

*Statistically significant value

countries (50-70% of all causes), whereas viral hepatitis
accounts for about 10-15% of all cases. In most Asian
countries, HBV represents 70% and alcohol about 15% of
all the etiologies [15-18].

All the investigated scores, including CLIF-SOFA,
MELD, APACHE II, CTP, and MELD-Na, were signifi-
cantly higher in the deceased patients as compared with
the improved ones.

Essentially, these scores are widely used to predict
prognosis in acute liver failure, and studies on their
role in predicting mortality in HE type C are extremely

limited. A recent study by Tas and colleagues includes
84 patients previously diagnosed with liver cirrhosis
who were admitted to the ICU suffering from various
grades of hepatic encephalopathy. After comparing CLIF-
SOFA, APACHE II, CTP, and MELD scores as predictors
of mortality, they found that the CLIF-SOFA score was
superior to APACHE II, CTP, and MELD scores in pre-
dicting prognosis in such patients, AUROC values were
0.986 (0.970-1.003), 0.974 (0.945-1.003), 0.955 (0.915-
0.996), and 0.880 (0.800—0.959), respectively. This is con-
sistent with our results [19].
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Elzouki et al. evaluated 109 patients diagnosed with
decompensated liver cirrhosis and admitted to the
ICU due to different etiologies; 24 patients (22%) were
admitted with HE. Twenty-seven patients (25%) died,
while 82 patients (75%) improved and were transferred
to the ward. According to their findings, the SOFA
score was the best prognostic model for predicting
mortality in all age groups. Age above 60 years (p =
0.04), APACHE-II score (p = 0.001), and MELD score
(p = 0.02) were the independent predicting factors for
overall mortality. APACHE II and MELD scores accu-
rately predicted mortality in patients over 60 years old
(p = 0.001 and p = 0.02, respectively) [10].

Hemida et al. followed 60 patients with HCV-related
liver cirrhosis who underwent non-liver surgery for
30 days after surgery. The MELD score was better than
the CTP score in predicting 30-day mortality in these
patients [20].

Dupont and colleagues studied the relationship
between SOFA, MELD, and CTP scores and mortality in
281 cirrhotic patients admitted to the ICU. The mortal-
ity rate was 25.3%. SOFA, MELD, and CTP scores were
significantly correlated with mortality. AUROC values
for SOFA, MELD, and CTP were 0.82 (0.77-0.88), 0.81
(0.76-0.87), and 0.76 (0.70-0.82), respectively. SOFA and
MELD scores were the strongest predictors of in-hospital
mortality [21].

Pan and his colleagues [22] prospectively followed 250
critically ill cirrhotic patients admitted to the ICU and
evaluated the 6-month mortality in those patients. They
found that both CLIF-SOFA and APACHE III scores
were excellent in predicting mortality in critically ill cir-
rhotic patients.

It has to be noted that CLIF-SOFA has the advantage of
considering the functions of multiple vital organs, includ-
ing liver (bilirubin and INR), brain (encephalopathy),
kidney (creatinine), cardiovascular system (mean arte-
rial blood pressure), and respiratory system (PaO,, FiO,).
On the other hand, the conventional scores (MELD and
CTP) neglect these functions that we believe are essential
to be evaluated in critically ill patients admitted to the
ICU. Our analysis confirmed this concept, where both
MELD and CLIF-SOFA scores performed well and were
independent predictors of mortality; however, CLIF-
SOFA was superior to both MELD and MELD-Na scores.
Meanwhile, the CTP score could not independently pre-
dict mortality in this context.

The main limitations of the current study were the
relatively small sample size and the lack of comparator
studies. However, the results obtained have important
implications in clinical practice.
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Conclusions

In conclusion, CLIF-SOFA has the highest performance
among the studied scores in predicting mortality in cir-
rhotic patients hospitalized with HE.
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