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Performance of Disease-Specific 
Scoring Models in Intensive Care 
Patients with Severe Liver Diseases

IntrOductIOn
Egypt has the highest prevalence of HCV in the world (14.7%) 
[1]. Complicated liver cirrhosis frequently requires ICU admission. 
Outcomes of cirrhotic patients admitted to the ICU may, in fact, 
largely depend on differences in the state of the disease, criteria 
and indications for admission, resource utilization, new therapeutic 
modalities and intensity of treatment. The ICU mortality rates of 
cirrhotic patients admitted to the ICU range from 34% to 86% [2].

Specific prognostic models are desirable not only to recognize the 
patients most suitable for aggressive treatment, but also to justify 
the large ICU resource utilization for these patients [3]. The severity 
of cirrhosis is commonly classified with the CTP score developed 
in 1973 [4,5], which is more subjective as it includes two subjective 
variables namely ascites and encephalopathy. A second limiting 
factor for CTP is that renal function which is a variable prognostic 
marker in cirrhosis is not taken into account [6]. More modern 
scores, used in the allocation of liver transplants but also in other 
contexts, are the Model for End Stage Liver Disease (MELD) scoring 
system that has many advantages including objectivity, simplicity, 
ease of use, sensitivity to the dynamic changes of liver cirrhosis 
and reproducibility [7]. However, MELD has some limitations such 
as variability in the score because of the different laboratories and 
conditions, and without hemodynamic index [8,9].

Recently, studies have shown that the MELD score’s prognostic 
accuracy may be improved by adding variables such as serum 
sodium and/or albumin leading to more mathematical scores 
such as MELD to sodium (MESO) index [10]. The MELD with the 
incorporation of serum sodium (MELD-Na) [11] and the integrated 
MELD (iMELD) score [12].

Our aim was to evaluate the efficacy of the new liver specific scoring 
system in predicting the outcome of critically ill cirrhotic patients 
admitted to the ICU for prioritization of high risk patients and 
preservation of ICU resources.

MAtErIALS And MEtHOdS
This was a retrospective non-randomized human study based 
on the analysis of 777 consecutive patients admitted to the ICU 
in the hepato-gastroenterology department at Theodor Bilharz 
Research Institute (TBRI), Giza, Egypt. All were cirrhotic patients 
with either HE and/or GI bleeding admitted during the one year 
period i.e., from January 1st to December 30th, 2015. These are 
the two types of patients, we used to admit to our hepatic ICU. 
All patients were anti HCV-antibody positive with liver cirrhosis and 
portal hypertension as evidenced by clinical examination, laboratory, 
ultrasonographic and endoscopic features. None of them received 
recent oral antiviral treatment. All patients with upper GI bleeding 
were exposed to upper gastrointestinal endoscopy after they have 
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ABStrAct
Introduction: Egypt has the highest prevalence of Hepatitis C 
Virus (HCV) in the world, estimated nationally at 14.7%. HCV 
treatment consumes 20% ($80 million) of Egypt’s annual health 
budget. Outcomes of cirrhotic patients admitted to the ICU may, 
in fact, largely depend on differences in the state of the disease, 
criteria and indications for admission, resource utilization, and 
intensity of treatment.

Aim: The aim of the present study was to evaluate the efficacy 
of liver specific scoring models in predicting the outcome 
of critically ill cirrhotic patients in the ICU as it may help in 
prioritization of high risk patients and preservation of ICU 
resources. 

Materials and Methods: Over one year, a total of 777 patients 
with End Stage Liver Disease (ESLD) due to HCV infection were 
included in this retrospective non-randomized human study. All 
statistical analyses were performed by the statistical software 
SPSS version 22.0 (SPSS, Chicago, IL, USA). Child Turcotte 
Pugh (CTP) score, MELD score, MELD-Na, MESO, iMELD, Refit 
MELD and Refit MELD-Na were calculated on ICU admission. 

results: ICU admission was mainly due to Gastrointestinal (GI) 
bleeding and Hepatic Encephalopathy (HE). Overall mortality 

was 27%. Age and sex showed no statistical difference between 
survivors and non survivors. Significantly higher mean values were 
observed for all models among individuals who died compared 
to survivors. MELD-Na was the most specific compared to 
the other scores. MELD-Na was highly predictive of mortality 
at an optimized cut-off value of 20.4 (AURC=0.789±0.03-CI 
95%=0.711-0.865) while original MELD was highly predictive of 
mortality at an optimized cut-off value of 17.4 (AURC=0.678±0.01-
CI 95%=0.613-0.682) denoting the importance of adding serum 
sodium to the original MELD. INR, serum creatinine, bilirubin, 
white blood cells count and hyponatremia were significantly higher 
in non survivors compared to survivors, while hypoalbuminemia 
showed no statistical difference. The advent of Hepatorenal 
Syndrome (HRS) and Spontaneous Bacterial Peritonitis (SBP) 
carried worse prognosis. Hyponatremia and number of transfused 
blood bags were additional independent predictors of mortality. 

conclusion: In cirrhosis of liver, due to HCV infection, patients 
who died during their ICU stay displayed significantly higher 
values on all prognostic scores at admission. The addition of 
sodium to MELD score greatly improves the predictive accuracy 
of mortality. MELD-Na showed the highest predictive value of 
all scores.
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Characteristics
all patients

n =777
Survivors

n=566
non- Survivors

n = 211

Age (years) 57.00±0.44 57.16±0.49 56.66±0.96

Male/Female  516/261 371/195 145/66

Male 516 (66.4%) 371 (65.5%) 145 (68.7%)

Female 261 (33.6%) 195 (34.5%) 66 (31.3%)

Child Score 9.44±0.09 9.23±1.05 9.97±0.15**

-A 79 (10.2%) 71 (12.5) 8 (3.8)

-B 319 (41.1%) 250 (44.2%) 69 (32.7%)

-C 379 (48.8%) 245 (43.3%) 134 (63.5%) **

Hematemesis 340 (43.8) 287 (50.7) 53 (25.1)

Melena 85 (10.9) 67 (11.8) 18 (8.5)

Hematemesis + melena 62 (8.0) 59 (10.4) 3 (1.4)

Encephalopathy 290 (37.3) 153 (27.0) 137 (64.9)**

1st attack of hematemesis 103 (13.3) 65 (11.5) 38 (18.0)*

Recurrent attacks of 
hematemesis

384 (49.4) 238 (42.0) 146 (69.2)**

Splenomegaly 255 (32.8) 78 (13.8) 177 (83.9)

Ascites 573 (73.7) 362 (63.9) 211 (100.0)**

Albumin (g/dL) 2.59±0.04 2.64±0.06 2.48±0.04

Creatinine (mg/dL) 1.57±0.05 1.48±0.06 1.80±0.09**

Bilirubin (mg/dL)  3.94±0.16 3.93±0.17 3.96±0.38**

SGPT (IU/dL) 66.90±5.23 65.57±5.17 70.45±13.37

SGOT (IU/dL) 63.32±3.44 63.43±3.96 63.02±6.9

PT (seconds above control) 13.83±0.82 12.67±0.73 16.93±2.3**

INR 1.82±0.04 1.74±0.03 2.04±0.09**

WBC 10.19±0.31 9.94±0.33 10.86±0.71

HB (g/dL) 10.06±1.10 9.03±0.25 9.60±0.49

Natremia<126 meq/l 126.16±1.23 133.30±1.58 124.24±1.44**

Natremia>126 meq/l 133.58±0.53 134.47±0.65 131.32±0.84

Units of RBC  (bags) 2.52±0.09 2.00±0.09 3.76±0.27**

ICU Admission  Days 2.55±0.04 2.34±0.09 2.80±0.17**

[table/Fig-1]: Demographic, clinical characteristics and laboratory results in the 
study groups.
SGOT: serum glutamic oxaloacetic transaminase, SGPT: serum glutamic pyruvic transaminase, 
PT: Prothrombin time, INR: international normalized ratio, WBC: white blood cells, RBC: Red blood 
cells, HB: Hemoglobin
*p<0.05, **p<0.01 significant increase than survivors. Fisher’s Exact test.

regression was performed to identify risk factors for mortality 
(dependent variables) by backward stepwise regression. Kaplan-
Meier curves were plotted to display the impact on survival. All 
statistical analyses were performed by the statistical software SPSS 
version 22.0 (SPSS, Chicago, IL, USA).  A p-value of less than 0.05 
was considered statistically significant.

rESuLtS
A total of 777 patients, admitted to the ICU  either due to hepatic 
encephalopathy and /or GI bleeding were included in our study; 
72.8% survived and 27.2% died. Mean age was 57 years (range 
23-80 years) and 66.4% were males. The demographic, clinical 
characteristics and laboratory results of the study groups are 
shown in [Table/Fig-1]. Both age and sex did not show any 

been resuscitated and stabilized by administration of intravenous 
fluids, packed red blood cells, octreotide and antibiotics. Most of 
them underwent upper GI endoscopy within 24 hours of admission. 
The Oesophageal Varices (OV) were banded, fundal varices were 
injected with histoacryl and bleeding peptic ulcers were treated 
with two methods, mostly diluted adrenaline injection and argon 
plasma coagulation when detected. If bleeding was observed in the 
ulcer base, it was treated by clips. No liver biopsy was done for any 
patient because of prolonged prothrombin time and/or presence 
of ascites. The laboratory data were determined within two hours 
of admission to ICU and the most recent findings were considered 
when patients were readmitted.

Exclusion criteria include:
*Age <18 years.

*Patients with primary (HCC or cholangiocarcinoma) or metastatic 
malignancies.

*Patients with any chronic liver disease other than HCV.

*Cirrhotic patients admitted to ICU following any type of surgery.

*Patients received liver transplantation before.

The study had been approved by the ethical committee of TBRI and 
follows the Helsinki rules.

calculations of the Scores
1. Child Turcotte Pugh score: It took into account five factors 

including, ascites, enceph-alopathy, serum bilirubin, serum 
albumin and prothrombin time. It assigned a score ranging 
from 1 to 3 for each variable. Score up to 6 denotes Child 
A, score from 7 to 9 denotes Child B and score more than 9 
denotes Child C which is the worst [5].

2. Model for end Stage Liver disease (MeLd) score: 
MELD=9.57 x loge serum creatinine (mg/dl) + 3.78 loge serum 
bilirubin (mg/dl) + 11.2 x loge INR + 6.43. With a lower limit 
of one for all three variables and upper limit of four for serum 
creatinine. Patients receiving renal replacement therapy were 
automatically assigned the upper bound for creatinine. The 
MELD score ranges from 6 to 40 with higher values indicating 
more severe disease [13].

3. MeLd - with the incorporation of serum sodium (MeLd-
na) score: MELD-Na=MELD + 1.59 x (135-Na [mmol/l]). Na 
range 120 and 135 [mmol/l]. It is rounded to the nearest integer 
[14].

4. Model for end Stage Liver disease to sodium index (MeSo) 
score: MESO=(MELD/Na [mmol/l]) x100 [10].

5. Integrated MeLd (iMeLd) score: iMELD=MELD + (age 
[years] x 0.3) – (0.7 x Na [mmol/l]) +100 [12].

6. Refit MELD=4.082 x loge (Bilirubinc) + 8.485 x loge (creatininec)  
+ 10.671 x loge (INRc) + 7.432 [15,16].

7. Refit MELD-Na = 4.258 x loge (Bilirubin) + 6.792 x loge 

(Creatininec) + 8.290 x loge (INRc) + 0.652 x (140-Nac) - 0.194 x 
(140-Nac) x Bilirubincc+ 6.32 [15,16].

Where the modified terms bilirubinC = bilirubin bounded below by 1 
mg/dl, creatinineC =  creatinine capped by 0.8 mg/dl below and 3 
mg/dl above, INRC = INR bounded by 1 below and 3 above and Nac 
= serum sodium bounded by 125 below and 140 above.

StAtIStIcAL AnALYSIS
Kolmogorov-Simirnov testing was performed to evaluate the 
normality of the distribution of each variable. Continuous variables 
were compared by Mann-Whitney test. Categorical variables 
were evaluated using a Chi-square test or Fisher’s Exact test as 
needed. The accuracy of prognostic models was analyzed by 
Receiver Operating Characteristics (ROC) curves and by calculating 
the sensitivity, specificity and 95% CI for chosen cut offs. Logistic 
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statistical difference between survivors and non survivors. Serum 
bilirubin, creatinine, INR and hyponatremia were significantly 
higher in non survivors compared to the survivors. Non survivors 
showed significantly higher proportions of ascites (p<0.01), hepatic 
encephalopathy (p<0.01), Child C (p<0.01), Spontaneous Bacterial 
Peritonitis (SBP) (p<0.01) and hepatorenal syndrome (HRS) (p<0.01) 
compared to the survivors [Table/Fig-2].  Associated co-morbidities 
did not show statistically significant difference between the two 
groups [Table/Fig-3]. Mean values of the MELD, MELD-Na, MESO, 
iMELD, Refit MELD and Refit MELD-Na models are shown in [Table/
Fig-4]. Significantly higher means values (p<0.01) were observed 
for all models among individuals who died compared to survivors. 
No significant differences were observed when model equations 
compared with each other (p>0.05). ROC curves of all studied models 
at admission was plotted to evaluate their performance in predicting 
ICU mortality [Table/Fig-5,6]. MELD-Na had the highest area under 
curve and was highly predictive of mortality at an optimized cut-off 
value of 20.4. Logistic regression analysis showed the number of 
transfused blood units and hyponatremia as additional independent 
prognostic factors that predict mortality [Table/Fig-7].

dIScuSSIOn
Many prognostic models and scores have been proposed in the 
last two decades to predict prognosis in patients with ESLD and 
to determine the most appropriate therapeutic option [17]. The ICU 
mortality rate of cirrhotic patients ranged from 34% to 68% [2]. 
Overall mortality in our patients was 27.2%. This is contrary to other 
reported mortality 47% [18], >55% [19] and 57.5% [20] in cirrhotic 
patients admitted to ICUs. The explanation can be attributed to 
variability within the stages of the disease, associated complications 
and number and type of non-functioning organs among different 
studies. Also, most (nearly 63%) of our patients were admitted to 
the ICU because of GI bleeding for whom emergency therapeutic 
intervention is available with estimated mortality of 15.19%. This 
is in concordance with Carbonell N et al., who reported improved 
survival after variceal bleeding in patients with cirrhosis over the 
past two decades from 42.6% to 14.5% [21]. In our series, 37% of 
our patients admitted to the ICU because of HE, of whom 47.4% 
died. This is in concordance with other studies where HE comprised 
the single most common presentation of liver disease in 47% of 
patients, of whom 50% died in hospital [18] and was the most 
common complication of cirrhosis requiring admission to the ICU 
(33%) where it was also was the most common cause of death 
(50%) [20].

Both age and gender did not predict outcome in our study. Mean age 
was 57 years; 66.4% of whom were males. This is in concordance 
with other studies. Gunnarsdottir SA et al., [22] reported mean age 
around 60 years; whereas O’Brien AJ et al., [19] reported the mean 
age was 52.5 years with male preponderance (60%). Parkash O et 
al., reported more men with liver disease (60%) were admitted to 
the ICU compared with women (40%) [18]. Similarly, Nafeh H et al., 
in 2014 [20] reported mean age of 56 and the majority were men 
(85%).

In our study, INR, serum creatinine, bilirubin (MELD components), 
white blood cells count and hyponatremia (<126 meq/l) were 
significantly higher in ESLD patients who died in the ICU. This 
is similar to other report [23]. Bilirubin was a good parameter to 
predict patients’ survival although various limitations should be kept 

[table/Fig-3]: Associated major co-morbidity and risk of mortality.
CRF: chronic renal failure, HTN: hypertension, DM: diabetes Mellitus, NSAID: non steroidal anti-
inflammatory drugs

[table/Fig-4]: Scoring models and risk of mortality.
*p<0.05, **p<0.01 significant increase than survivors. Mann-Whitney test (U-test).
MELD:Model for end-stage liver disease; MELD-Na: MELD with sodium; MESO: model for end-
stage liver disease to sodium index, iMELD:integerated MELD; Refit MELD: revised model for end-
stage liver disease; Refit MELD-Na: received model for end disease stage liver with sodium.

[table/Fig-2]: Complications of liver cirrhosis and risk of mortality.
**p<0.01 significant increase than survivor. Chi square (χ2).
HRS; hepatorenal syndrome, SBP; spontaneous bacterial peritonitis, PVT; portal vein thrombosis.   

all patients Survivors non- Survivors

SBP 48 (6.2) 14 (2.5) 34 (16.1)**

HRS 78 (10.04) 34 (6.01) 44 (20.9)**

PVT 28 (37.3) 5 (14.7) 23(56.1)

associated dis-
eases n (%)

all patients
(777)

Survivors
(566)

non-Survivors
(211)

CRF 15 (1.93) 15 (2.65) ---

HTN 160 (20.59) 110  (19.43) 50 (23.70)

DM 270 (34.75) 190 (33.56) 80 (37.90)

Neurological 47 (6.0) 43 (7.59) 4 (1.89)

Chest infection 47 (6.0) 27 (4.77) 20 (9.48)

Cardiovascular 39 (5.0) 29 (5.12) 10 (4.74)

NSAID Drugs 90 (12.0) 66 (11.66) 24 (11.37)

Parameter
aLL

n=777
Survivors

n=566
non-Survivors

n=211
p-value

MELD 17.65±0.34 16.93±0.38 19.59±0.73** <0.01

MELD-Na 21.37±0.84 19.99±0.99 25.05±1.57** <0.01

MESO 12.59±0.29 11.79±0.33 14.73±0.55** <0.01

iMELD 40.88±0.66 39.47±0.81 44.64±1.05** <0.01

Refit MELD 18.36±0.33 17.72±0.36 20.04±0.69** <0.01

Refit MELD-Na 13.33±0.65 11.92±1.64 13.64±0.66* <0.02

Model Cut off Sensitivity Specificity auroC CI 95%

MELD-Na 20.4 88.89 77.27 0.789±0.03 0.711-0.865

MELD 17.4 80.42 73.33 0.678±0.01 0.613-0.682

MESO 12.7 65.1 72.70 0.672±0.02 0.524-0.821

iMELD 39.8 63.0 70.60 0.567±0.02 0.520-0.613

Refit MELD-Na 12.1 66.1 71.20 0.673±0.02 0.527-0.819

Refit MELD 18.7 69.0 70.40 0.575±0.02 0.529-0.621

[table/Fig-5]: Predictive value of different scoring models.
AUROC: area under the curve (ROC), Meld:Model for end-stage liver disease; MELD-Na: MELD 
with sodium; MESO: model for end-stage liver disease to sodium index. iMELD:integerated 
MELD; Refit MELD: revised model for end-stage liver disease; Refit MELD-Na: received model for 
end disease stage liver with sodium.

[table/Fig-6]: ROC curves of all studied models: (a)-MELD-Na, (b) MELD, (c) 
MESO, (d) iMELD, (e) Refit MELD-Na, (f) Refit MELD.
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in mind. Even in advanced hepatic disease, bilirubin levels may be 
normal [24]. In our study, 73 (19.3%) patients under child score C 
had normal serum bilirubin level. On the other hand, elevated levels 
are often very unspecific and can point to many different diseases, 
severe or harmless [25]. Still, in patients with liver disease elevated 
levels of bilirubin point to a worse outcome [24]. Thus, bilirubin levels 
may at least provide some estimate of mortality in patients with liver 
disease admitted to an ICU.

We did not find statistically significant value for hypoalbuminemia; 
although, it was low in patients who died in ICU. Hypoalbuminemia 
has been shown to be a frequent finding in hepatic patients on 
ICU admission, because it may result from hemodilution, capillary 
leak, or a cytokine-induced decreased synthesis of albumin by liver 
rather than pre-existing liver disease alone [26]. Similarly, INR may 
increase because of hypoxic hepatitis, disseminated intravascular 
coagulation, or bleeding-induced coagulopathy. The absence of 
a prognostic impact of liver disease severity with the prognostic 
impact of high INR or low serum albumin, suggests that INR and 
serum albumin might not reflect liver disease severity in the setting 
of ICU admission [27].

Studies showed that patients with decompensated cirrhosis had a 
poor prognosis, particularly when they develop complications related 
to ESLD, such as HE, SBP, or GI bleeding with or without diminished 
renal function [28]. The latter is a well established important predictor 
of survival in those patients [29]. Pan HC et al., showed that cirrhotic 
patients with acute kidney injury admitted to ICUs show extremely 
high mortality rates [30]. This came in agreement with our study 
as 78 (10%) patients of our ESLD patients admitted to the ICU 
presented with HRS, of whom 44 (5.6%) patients died. Of note is 
that the HRS indicates a severe liver failure and has a bad prognosis 
without liver transplantation [31].

A recent meta-analysis by Arvaniti V et al., showed that the presence 
of infections in cirrhotic patients increased the mortality four-fold 
[32]. Indeed, in our cohort one of the main causes of death was 
sepsis. However, the detection of pathogens may not necessarily 
be indicative of an active infection, 34 of 48 (70.8%) patients had 
died from SBP.

We compared the efficacy of the liver specific scoring system in 
predicting the outcome of critically ill cirrhotic patients admitted 
to the ICU. In our study, patients with cirrhosis who died during 
their ICU stay displayed significantly higher values on all prognostic 
scores at admission when compared to those who survived. MELD-
Na had the highest area under curve comparing to the other scores 
denoting the importance of adding serum sodium to the original 
MELD. This is in agreement with previous report of Kim WR et al., 
[14]. They reported that 7% of waiting list deaths could be averted 
if the MELD-Na score were used for liver allocation. However, the 
effect of hyponatremia gradually diminished as the MELD score 
increased. It is known that serum sodium concentrations may 
vary depending on factors such as the volume status and use of 
diuretics [14]. However, published data indicate that hyponatremia 
in patients with cirrhosis is difficult to alter [33]. It is worth noting 
that how well the model discriminates between individuals who will 
live and those who will die is termed discrimination, and how close 
the estimated probabilities of mortality correlate with the observed 
mortality over the entire range of probabilities is termed calibration. 
It is rather impossible for any model to have perfect calibration and 
discrimination at the same time [34]. We found Refit MELD-Na 

scoring model to have a mortality predicting value which in contrary 
to Kim J et al., [15] who reported no difference between both Refit 
MELD and Refit MELD-Na in predicting mortality in patients with 
ESLD with ascites. It could be attributed to different type of patients 
included in our study.

As previously suggested by others [35] the prognosis of ICU 
admitted cirrhotic patients seems to have improved over time. The 
hypotheses that may explain this observation include significant 
advances in medical care of cirrhotic patients and/or in general 
intensive care, a more strict selection of cirrhotic patients by ward 
physicians or intensivists for ICU admission, or differences in the 
characteristics of studied populations (cirrhosis causes, reasons for 
ICU admission) [21,35].

LIMItAtIOn
Potential limitations of our study include the retrospective design, 
absence of randomization and no follow-up with single time point 
measurement of blood tests. However, this study for our knowledge 
is the first to study a homogenous group of patients with single 
disease; HCV infected patients with and without complications and 
study most of the liver specific scores. Needless to say, randomized 
controlled prospective studies with longer follow up and repetitive 
scoring calculations are needed to confirm our results.

cOncLuSIOn
Patients with liver cirrhosis due to HCV infection, who died during 
their ICU stay displayed significantly higher values on all prognostic 
scores at admission when compared to those who survived. The 
addition of sodium to MELD score greatly improves the predictive 
accuracy of non survival. MELD-Na showed the highest predictive 
value of all scores. Randomized controlled prospective studies with 
longer follow-up and repetitive scoring calculations are needed to 
validate the predictive accuracy of liver specific scoring system.
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Variable odds ratio p-value
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