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Abstract
AIM: To assess the impact of model for end-stage liver 
disease (MELD) score on patient survival and morbidity 
post living donor liver transplantation (LDLT). 

METHODS: A retrospective study was performed on 
80 adult patients who had LDLT from 2011-2013. Nine 
patients were excluded and 71 patients were divided 
into two groups; Group 1 included 38 patients with a 
MELD score < 20, and Group 2 included 33 patients 
with a MELD score > 20. Comparison between both 
groups was done regarding operative time, intra-opera
tive blood requirement, intensive care unit (ICU) and 
hospital stay, infection, and patient survival.

RESULTS: Eleven patients died (15.5%); 3/38 (7.9%) 

Retrospective Study
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patients in Group 1 and 8/33 (24.2%) in Group 2 with 
significant difference (P  = 0.02). Mean operative time, 
duration of hospital stay, and ICU stay were similar in 
both groups. Mean volume of blood transfusion and 
cell saver re-transfusion were 8 ± 4 units and 1668 ± 
202 mL, respectively, in Group 1 in comparison to 10 
± 6 units and 1910 ± 679 mL, respectively, in Group 
2 with no significant difference (P  = 0.09 and 0.167, 
respectively). The rates of infection and systemic 
complications (renal, respiratory, cardiovascular and 
neurological complications) were similar in both groups. 

CONCLUSION: A MELD score > 20 may predict mor
tality after LDLT. 

Key words: Living donor liver transplantation; Model 
for end-stage liver disease score; Morbidity; Mortality; 
Infection

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We assessed the impact of model for end-
stage liver disease (MELD) score on patient survival and 
morbidity after living donor liver transplantation (LDLT). 
A total of 71 patients were included and divided into 
two groups: Group 1 had 38 patients with a MELD score 
< 20 and Group 2 had 33 patients with a MELD score 
> 20. We compared between both groups regarding 
operative time, intra-operative blood requirement, 
duration of intensive care unit and hospital stay, in
fection, and patient survival. We found that a MELD 
score > 20 could predict mortality after LDLT.
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INTRODUCTION
Orthotopic liver transplantation (OLT) is now considered 
an established treatment option for patients with end-
stage liver diseases (ESLD). However, the increasing 
scarcity of grafts in comparison to the number of wait
ing patients, as well as the high procedure cost, lead to 
difficult decisions about how to distribute such scarce 
organs[1,2]. This highlights the need to identify patients 
who are likely to have good outcome following liver 
transplantation[3,4]. The Child-Turcotte-Pugh (CTP) score 
was originally developed for assessing the outcome 
of patients with liver cirrhosis and portal hypertension 
and was extended to stratify patients on the waiting 
list for liver transplantation[5]. The use of CTP in prio
ritizing potential liver transplant recipients is limited by 
several factors. Ascites and hepatic encephalopathy 

are subjective variables and are affected by medical 
treatment; also CTP score lacks renal function assessment 
which strongly affects prognosis in cirrhotic patients[6]. 
The model for end-stage liver disease (MELD) was 
first described by Malinchoc et al[7] as a mathematical 
model for predicting postoperative three-month survival 
for patients who underwent transjugular intrahepatic 
porto-systemic shunt. The MELD score was then vali
dated as a predictor of mortality for a wide variety of 
liver diseases[8], including cirrhotic patients awaiting 
liver transplantation[9]. Afterwards, MELD score was 
incorporated as a clear and objective system based on 
easily measurable laboratory parameters to reduce mo
rtality among patients on the waiting list[10,11]. The ideal 
allocation system should allocate livers to candidates 
who are most likely to die without transplantation, and 
also to those who have a high probability of survival after 
OLT[12]. In February 2002, the United Network for Organ 
Sharing introduced a new allocation policy for cadaveric 
liver transplants based on the MELD score[13]. This new 
policy stratified patients according to the risk of death 
while they are on the waiting list[14]. The impact of the 
MELD score on postoperative mortality is still elusive. 

The aim of this retrospective study was to assess 
the impact of the MELD score on patient survival and 
morbidity post living donor liver transplantation (LDLT).

MATERIALS AND METHODS
Between January 2011 and January 2013, 80 adult 
patients with ESLD had received LDLT at the Ain Shams 
Center for Organ Transplant, Cairo, Egypt. Nine patients 
were excluded: Three had small-for-size grafts; one 
recipient had a combined organ (liver and kidney) trans
plant and 5 recipients had incomplete follow-up records. 
The remaining 71 transplants were included in this 
retrospective study. Seventy patients had LDLT with a 
right liver graft, and one patient had a left liver graft. 
The graft recipient weight ratio was between 0.8 and 1.7. 
The immunosuppressive regimen included cyclosporine 
or tacrolimus, mycophenolate mofetil (MMF), and corti
costeroids in all patients except those transplanted 
for hepatocellular carcinoma (HCC). In patients trans
planted for HCC, the regimen included calcineurin 
inhibitor and steroids only. Trough levels of cyclosporine 
were maintained between 200 and 300 ng/mL. Trough 
levels of tacrolimus were maintained between 8 and 
12 ng/mL. Rapid withdrawal of corticosteroids within 
three months was routine in all patients (all transplanted 
for hepatitis C virus). In cases of acute rejection, the 
first-line therapy consisted of optimization of the main
tenance level of immunosuppression. If there was no 
response, then MMF or rapamycin were added to the 
patient’s regimen, if not already being taken. In some 
cases, a shift from cyclosporine to tacrolimus was 
beneficial. A small dose of steroids was used if all other 
measures failed. 

The seventy one patients included in this study were 
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divided into two groups. Group 1 included 38 patients 
with a MELD score less than 20, and Group 2 included 
33 patients with a MELD score more than 20. 

The MELD score was calculated using laboratory 
results collected immediately before liver transplanta
tion with no adjustments for malignancy. We calculated 
the MELD score using the following formula: MELD = 
[0.957 × ln (creatinine mg/dL) + 0.378 × ln (bilirubin 
mg/dL) + 1.12 × ln (INR) + 0.643 × 108]. We reported 
the age, sex of the recipient, diagnosis, indication for 
liver transplantation, modified CTP score as well as 
cold and warm ischemia time. The diagnosis of chronic 
liver disease was confirmed by histopathology of the 
explanted liver. The modified CTP score was calculated 
and each patient was categorized as A, B, or C. Operative 
data (including operative time and intra-operative blood 
transfusion) and early post-operative outcomes [including 
intensive care unit (ICU) stay, hospital stay, incidence 
of infection and other morbidities including renal im
pairment, cardiovascular, respiratory and neurological 
complications] were compared between the two groups. 
Overall patient survival was also compared between the 
two groups. Survival was calculated using the date of 
transplant to either 5 years post-transplant or to the end-
point of this study in January 2016.

Statistical analysis 
Categorical data were presented as numbers and percen
tages. Quantitative data were presented as the mean, 
standard deviations, ranges, median and interquartile 
ranges. For qualitative data, the comparison between 
the two groups was performed by using the χ2 test and 
Fisher exact test. For quantitative data, the comparison 
between the two groups was performed using an 
independent t-test for parametric data and a Mann-
Whitney test for non-parametric data. The Kaplan-Meier 
survival analysis was used to assess the overall survival 
of both groups. The confidence interval was set to 95%, 

and the margin of error that was accepted was set to 
5%. All data were analyzed using SPSS version 17. A 
P-value more than 0.05 was considered to indicate a 
non-significant (NS) difference between the two groups; 
a P-value less than 0.05 was considered to be statistically 
significant (S).

The statistical methods of this study were review
ed by Ahmed Mukhtar, Department of Anesthesia and 
Critical Care, Diploma of Medical Biostatistics, Faculty of 
Medicine, Cairo University, Cairo, Egypt.

RESULTS
This retrospective study included 71 patients classified 
into two groups according to their preoperative MELD 
score. Demographic data, Child classification, and cold 
and warm ischemia time were comparable between both 
groups (Table 1). 

MELD score and survival
Overall patient survival was compared between both 
groups from the date of transplant to 5 years post-trans
plant or to the end-point of this study in January 2016. 
Eleven patients (15.5%) died during this study: Three 
patients out of 38 (7.9%) in Group 1 with a MELD less 
than 20 and 8 patients out of 33 (24.2%) in Group 2 
with a MELD more than 20. 

The 1, 3 and 5-year survival rates in Group 1 were 
94.7%, 94.7% and 92.1% respectively, in comparison 
to 81.8%, 81.8% and 75.8% respectively in Group 2 
with statistically significant difference between both 
groups (P = 0.02). Mortality occurred mainly in the early 
postoperative period in ICU because of respiratory failure 
due to weak respiratory muscles with poor weaning 
capability from mechanical ventilation (two patients in 
Group 1 and six patients in Group 2).

Figure 1 shows the Kaplan-Meier curve for overall 
survival of both groups, where Group 1 patients had 
a statistically significant higher overall survival rate 
compared to Group 2 patients. 

MELD score and hospital stay
In this study, there was no statistically significant dif
ference observed among the two groups with regard 
to mean hospital and ICU stay. In Group 1, the mean 
hospital stay was 30 ± 14 d in comparison to 29 ± 18 d 
in Group 2 (P = 0.937). The mean ICU stay in Group 1 
was 7 ± 3 d, while in Group 2, it was 9 ± 4 d (P = 0.315). 

MELD score and operative data
There was no statistically significant difference between 
the groups with respect to operative time, blood loss, 
and intra-operative blood transfusion (cell saver, blood 
product). The mean operative time in Group 1 was 11.1 
± 2 h (with a range of 7-15 h), and in Group 2, it was 
10.6 ± 1.4 h (with a range of 9-14 h), (P = 0.292). The 
mean volume of blood transfusion and cell saver re-
transfusion were 8 ± 4 units and 1668 ± 202 mL, re
spectively, in Group 1 in comparison to 10 ± 6 units and 

Variable MELD < 20 
(n  = 38)

MELD > 20
(n  = 33)

Age (yr) (mean ± SD) 47.8 ± 7.8 46.2 ± 7.9
Sex 
   Male  34 (89.5 32 (97)
   Female    4 (10.5) 1 (3)
Diagnosis
   ESLD  27 (71.1)    26 (78.8)
   HCC  3 (7.9) 0
   ESLD + HCC 8 (21)     7 (21.2)
Child-Turcotte-Pugh 
   A 0 0
   B  3 (7.9) 0
   C  35 (92.1)  33 (100)
Cold ischemia time (min)   47 ± 23   42 ± 30
Warm ischemia time (min)   54.4 ± 20.2   53.7 ± 16.9

Table 1  Demographic data, Child classification, and cold and 
warm ischemia time among the studied groups  n  (%)

ESLD: End-stage liver disease; HCC: Hepatocellular carcinoma; MELD: 
Model for end-stage liver disease.
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1910 ± 679 mL, respectively, in Group 2 (P = 0.09 and 
0.167). 

MELD score and postoperative complications
Infection: The overall incidence of infection in this study 
was 42.3% (30 out of 71 patients). In Group 1, the 
incidence of infection was 39.5% (15/38 patients). Bacterial 
infection was the most common representing 23.6% of the 
patients, while viral infection [cytomegalovirus (CMV)] 
was detected in 2.6%, fungal in 2.6% and combined 
infection in 10.5%. In Group 2, the incidence of infection 
was 45.5% (15/33 patients). Bacterial infection was the 
most common type of infection, representing 30.3%, 
while viral infection (CMV) was detected in 6%, fungal 
in 0% and combined infection in 9.1%. No statistically 
significant difference was detected between the groups 
regarding infection rates (P = 0.79) (Figure 2).

Systemic complications: There were no significant 
differences observed between groups with regard to 
the incidence of systemic complications including renal, 

respiratory, cardiovascular, and neurological complications 
(34.2% and 45.5% in Groups 1 and 2, respectively, P = 
0.869). 

Renal impairment was the most common complica
tion in both group (10.5% in Group 1 and 15.2% in 
Group 2), followed by cardiovascular complications 
(13.2% in Group 1 and 12.1% in Group 2) consisting 
of mainly hypertension in most patients and arrhythmia 
in 2 patients. Neurological complications occurred in 2.6% 
and in 3% of the patients in Groups 1 and 2, respectively. 
Respiratory complications (basal atelectasis, pleural 
effusion, adult respiratory distress syndrome and respira
tory infection) occurred in 7.9% of the patients in Group 1 
compared to 15.2% in Group 2. Two patients in Group 1 
(5.3%) and 2 patients in Group 2 (6.1%) had a combined 
respiratory and other system complications (Figure 3). 

DISCUSSION
The large imbalance between patient demand and 
donated organs is a pressing problem in LDLT. The best 
solution to this problem is still a matter of debate. Unfor
tunately, prioritizing extremely sick patients makes it 
likely that patients who are not as sick will be forced to 
wait until getting worse and their chances for success 
become also diminished[15]. Patients who are very sick 
may have worse post-transplant outcomes than healthier 
patients[16]. Thus, the optimal system would offer grafts 
to those who are sufficiently sick to justify the trans
plantation but not too sick to benefit from it[17]. The 
urgency of need should be optimized with the likelihood 
of satisfactory postoperative outcomes so as to avoid 
‘‘ineffective transplantation’’[18].

An accurate prognostic model could also help potential 
transplant recipients and their families make decisions by 
providing them with information on the patient’s survival 
probability post-transplantation[19,20]. The MELD score 
was achieved to help prioritizing prospective liver allograft 
recipients. Its accuracy to predict short-term mortality 
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Figure 1  Kaplan-Meier curve for overall survival of both groups. The Group 1 patients that had a MELD score < 20 had higher overall survival rates than the 
Group 2 patients that had a MELD score > 20. MELD: Model for end-stage liver disease; Cum survival: Cumulative survival.
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among patients with end-stage liver disease has been 
largely established[21]. However, an ideal selection system 
should incorporate predictions for survival while the 
patient is on the waiting list as well as following trans
plantation. The development of a model that may predict 
post-transplant outcomes based on pre-transplant vari
ables is difficult because of variation in surgical skills and 
chance events that occur in the perioperative period. In 
addition to other factors such as graft rejection, biliary 
and vascular complications which are independent of 
pre-transplant events. Although it seems reasonable that 
pre-transplant variables which constitute the MELD score 
may influence the immediate post-transplant phase, their 
ability to predict long term outcome appears less likely. 
Recently, several investigators examined the predictive 
value of MELD for post-transplantation outcome, but with 
conflicting results and limited follow-up period; thus, a 
clear consensus has not emerged yet[22,23].

In a systematic review about the performance of MELD 
score in the setting of liver transplantation, Cholongitas 
et al[9] concluded that the MELD is not a good predictor 
for short-term mortality following liver transplantation, 
and further studies were needed to assess its long term 
performance. Additionally, Batista et al[24] demonstrated 
that the preoperative MELD score showed low overall 
accuracy for predicting survival after liver transplantation; 
similar to what was described in other Brazilian studies. 
On the other hand, worse survival rates in recipients 
with higher MELD scores has been reported by some 
authors[25-27]. The current study confirms the relation be
tween MELD score and post liver transplantation survival. 
The incidence of mortality was 7.9% in patients with a 
MELD score less than 20 compared to 24.2% in patients 
with a MELD greater than 20, with significant difference 

between both groups (P = 0.02). 
Our study shows no significant impact of MELD 

score on the duration of hospital and ICU stay; these 
findings are comparable with those of Poon et al[28], while 
many studies such as Foxton et al[29], demonstrated 
that liver transplantation of patients with higher MELD 
scores resulted in an increased ICU and hospital stay as 
well as increased need for renal replacement therapy. 

Additionally, Buchanan et al[30] showed that patients in the 
highest MELD group had a longer ICU stay than those 
in the lower MELD group (P = 0.008). Lee et al[31] and 
Massicotte et al[32] concluded that the MELD score did not 
predict blood loss or blood product requirements during 
liver transplantation, while others such as Feng et al[33] 
demonstrated that massive blood transfusion during liver 
transplantation can be predicted by preoperative MELD 
score. In our study, no definite relation was detected 
between MELD score and intra-operative blood loss or 
requirements of blood transfusion. 

In the current study, the incidence of infection was 
comparable between both groups with no significant 
difference between a MELD score that was less or more 
than 20. This conclusion is the same finding of Li et al[34] 
in which a univariate analysis of risk factors for post
operative bacterial and fungal infections showed no 
statistically significant difference in regards to the MELD 
score. However, in the study of Selzner et al[35], high 
MELD score recipients had more frequent postoperative 
pneumonia in comparison to those with low MELD (P = 
0.003), while no differences were observed in rates of 
biliary complications or overall infections.

In conclusion, a MELD score more than 20 can predict 
poor overall survival post LDLT. No significant relation was 
found between MELD score and intra-operative blood 
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Figure 3  Incidence of systemic complications in both groups. MELD: Model for end-stage liver disease.
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loss or blood requirement, hospital and ICU stay, or post 
LDLT morbidity.

COMMENTS
Background
Orthotopic liver transplantation has become an established treatment approach 
for patients with end-stage liver disease, but the growing scarcity of grafts 
compared to numbers of waiting patients, and the high cost of this procedure, 
make it difficult to make decisions about how to distribute such scarce 
organs. The impact of the model for end-stage liver disease (MELD) score on 
postoperative mortality and morbidity following liver transplantation is not well-
established yet. 

Research frontiers
The authors assessed the impact of MELD score on patient survival and morbidity 
post living donor liver transplantation (LDLT) in the current retrospective study that 
was performed on 71 adult patients who had LDLT from 2011-2013. They were 
divided into two groups: Group 1 included 38 patients with a MELD score < 20, 
and Group 2 included 33 patients with a MELD score > 20. They found that MELD 
score > 20 can predict poor overall survival post LDLT. No significant relation was 
found between MELD score and intra-operative blood loss or blood requirement, 
hospital and intensive care unit stay, or post LDLT morbidity.

Innovations and breakthroughs
This is the first Egyptian study that addresses the impact of MELD score on 
patient survival and morbidity post living donor liver transplantation. 

Applications
The findings of this study may represent a future strategy that may help 
prioritize prospective liver allograft recipients and predict post-transplantation 
outcome.

Terminology
The MELD score is a mathematical model based on easily measurable laboratory 
tests. It is calculated immediately prior to liver transplantation through the 
following formula: MELD = [0.957 × ln (creatinine mg/dL) + 0.378 × ln (bilirubin 
mg/dL) + 1.12 × ln (INR) + 0.643 × 108].

Peer-review
The authors have done a retrospective study on impact of MELD score on 
patient survival and morbidity after living donor liver transplantation. The data 
may be useful for liver transplantation.
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