
Predicting Early Post-Transplant Mortality: The Role of ICU 
Stay in Liver Transplant Recipients with HBV-Related Cirrhosis

Objectives: Liver transplantation is the only treatment option for patients with end-stage liver disease. Hemodynamic, respiratory, 
and metabolic monitoring in the intensive care unit (ICU) is a vital step after the transplant procedure. While most recipients are 
discharged from the hospital within postoperative two weeks, some patients stay longer, which increases both morbidity and the 
costs of liver transplantation. We aimed to explore the implications of ICU stay for post-transplant early mortality.
Methods: This is a retrospective analysis of the liver transplant recipients with Hepatitis B virus (HBV)-related cirrhosis between 
January 2017 and June 2022. Patients ≥18 years with HBV-related cirrhosis were included in the study. The patients were analyzed 
in two groups: patients who survived (n=167) and patients with early mortality (n=11) defined as mortality within postoperative 
90 days. Various operative and clinical data were compared among the groups.
Results: Post-transplant ICU stay was significantly longer in patients with mortality (11 (7-21) versus 5 (4-7), p<0.001). Although 
it was not statistically significant, the MELD score (20 (17-25) versus 17 (14-22), p=0.051) and postoperative severe complication 
rate (63.6% to 34.1%, p=0.058) tended to be higher in the mortality group. We performed a ROC curve analysis and showed that 
cut-off value for the length of ICU stay was 10.5 days in terms of 90-day mortality. The sensitivity was 64% and the specificity was 
94% (the area under the curve = 0.820, 95% CI = 0.651- 0.990, p<0.001). In univariate analyses, duration of operation (HR = 1.005, 
95% CI = 1.002-1.009, p=0.002) and ICU stay ≥10.5 days (HR = 19.855, 95% CI = 5.796-68.011, p<0.001) were found as significant 
variables, but in multivariate analyses, only the ICU stay ≥10.5 days (HR = 17.204, 95% CI = 3.881-76.265, p<0.001) was found as an 
independent predictor of early post-transplant mortality.
Conclusion: The prolonged ICU stay is an independent predictor of postoperative 90-day mortality in living donor liver transplan-
tation for HBV-related cirrhosis. By using length of ICU stay, high risk patients can be determined and closely monitored for early 
detection and management of serious complications that may lead to early post-transplant mortality.
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Liver transplantation is the only viable treatment op-
tion for patients with end-stage liver disease.[1] It is the 

only mode of therapy that provides acceptable survival 
and improved patient life quality.[2] Liver transplantation 
is a demanding major abdominal surgery but, establish-
ment of hemodynamic stability, and metabolic monitor-
ing in the intensive care unit (ICU) after the transplant 
procedure are equally important for a positive outcome 
of the patients.[3] ICU care of the patients has important 
implications in terms of the outcome of the liver trans-
plant recipients.[4] 

Most recipients are discharged from the hospital within 
two weeks following the operation. However, some pa-
tients stay longer, which increases both morbidity and the 
cost of liver transplantation.[5] The model for end-stage liver 
disease-sodium (MELD-Na) is a scoring system that charac-
terizes the severity of the liver disease and enables physi-
cians to prioritize critically ill patients for liver transplanta-
tion.[6] It has been shown that patients with higher MELD 
scores have longer ICU stays.[7] In addition, it was found that 
prolonged hospital stay is due to complications such as 
biliary strictures or leaks, early postoperative renal failure,  
sepsis, and multiorgan dysfunction.[8]

Our aim in the present study is to evaluate the effect of ICU 
stay on early post-transplant mortality after living donor 
liver transplantation (LDLT).

Methods

Patient Selection
This study was approved by the institutional review board 
(Approval number: 2023/4087). Between January 2017 and 
June 2022, a total of 178 adult patients received LDLT to 
treat Hepatitis B virus (HBV)-induced cirrhosis, a condition 
prevalent in Turkey that accounts for the majority of such 
liver complications. This selection criteria ensured a ho-
mogenous study group, focusing exclusively on individu-
als who received their first liver transplant (primary LDLT) 
due to chronic liver disease caused by HBV-related cirrho-
sis. We divided participants into two categories based on 
their postoperative outcomes: those who survived beyond 
the 90-day postoperative period (167 patients) and those 
who experienced mortality within this timeframe (11 pa-
tients). All patients gave written informed consent before 
the transplant procedure. 

Study Parameters
Complications observed during the early postoperative 
period, which encompasses the first 90 days following 
surgery, were assessed and instances of death within this 
timeframe were categorized as early postoperative mortal-

ity. The complications were classified according to the Cla-
vien-Dindo classification.[9] Clavien-Dindo grade 3 or higher 
complications were considered as severe complications. 
Demographic characteristics including age, and gender; 
clinical characteristics such as American Society of Anes-
thesiologists risk classification (ASA), MELD-Na; preopera-
tive laboratory values including alanine aminotransferase 
(ALT), alanine aminotransferase (ALT), graft-to-recipient 
weight ratio (GRWR), type of liver graft, warm ischemia 
time (WIT), cold ischemia time (CIT), duration of ICU stay, 
operative time, intraoperative blood loss, length of hospi-
talization were all recorded for each patient.

Statistical Analysis
The Statistical Package for Social Sciences version 25.0 
(SPSS v25.0) (IBM Corp., Armonk, N.Y., USA) was used for all 
statistical analyses. Kolmogorov-Smirnov test was used as 
the normality tests for the continuous variables. The con-
tinuous variables that distributed normally were given as 
mean±standard deviation (SD). The variables that did not 
distribute normally were expressed as median (interquar-
tile range). Categoric variables were expressed as number 
of affected individuals and percentage (%) of the study 
population. Student t-test and Mann-Whitney U test were 
used for the comparison of the continuous variables be-
tween the study groups. Chi-square and Fisher’s exact tests 
were used for the comparison of the categoric variables. 
Receiver operating characteristics (ROC) curve analysis was 
performed for the calculation of the cut-off value for the 
length of ICU stay. Univariate Cox regression analyses were 
performed for all variables. Multivariate Cox regression 
analyses were performed, using all variables with a p≤0.10 
in the univariate analyses, for the determination of inde-
pendent risk factors for early mortality. The Kaplan-Meier 
analysis was performed for survival analysis among the 
groups. Any p-value less than 0.05 was considered statisti-
cally significant. 

Results
Table 1 summarizes the demographic, clinical, and preop-
erative laboratory data of the patients in the study groups. 
Only the duration of ICU stay was significantly higher in the 
patients with mortality [11 (7-21) versus (4-7), p<0.001]. 
The MELD-Na score among the patients who survived and 
patients with early mortality was 17 (14-22) and 20 (17-25); 
respectively (p=0.051). The incidence of severe compli-
cations in patients who survived and patients with early 
mortality was 34.1% and 63.6%; respectively (p=0.058). Al-
though, patients with early mortality tended to have high-
er MELD-Na scores and higher serious complication rates, 
this did not reach statistical significance. 
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We performed ROC curve analyses on the length of ICU stay 
in association with the occurrence of early mortality in the 
patients and the cut-off value was determined as 10.5 days. 
The sensitivity and specificity of the cut-off value were 64% 
and 94%; respectively. The area under the curve (AUC) was 
0.820 (95% CI = 0.651- 0.990, p<0.001) (Fig. 1).

The univariate and multivariate Cox regression analy-
ses for the predictors of early mortality are summarized 
in Table 2. Operative time (HR = 1.005, 95% CI = 1.002-
1.009, p=0.002), length of ICU stay ≥ 10.5 days (HR = 
19.855, 95% CI = 5.796-68.011, p<0.001) were significant 
risk factors of early mortality in univariate analyses. In 
the multivariate analyses only length of ICU stay≥ 10.5 
days (HR = 17.204, 95% CI = 3.881-76.265, p<0.001) was 
the independent predictor of early mortality. The results 
of the Kaplan-Meier analyses are summarized in Table 3 
and Figure 2. The early mortality rate of the patients with 
a length of ICU stay <10.5 days versus ≥10.5 days was 
2.5% versus 41.2%, respectively (Log-rank Chi-Square = 
45.111, p<0.001).

The causes of early mortality were peritonitis due to bile 
leakage in 3 (27%) patients, sepsis due to an intra-abdomi-
nal infected hematoma in 2 (18% )patients, prerenal acute 
renal failure in 1 patient (9% ), SARS-CoV-2 infection in 1 
patient (9% ), acute cellular rejection and sepsis in 1 patient 

(9% ), portal vein (PV) thrombosis and multiorgan dysfunc-
tion in 1 patient (9%), hepatic artery thrombosis (HAT) and 
intestinal ischemia in 1 patient (9%), and cardiac event in 1 
patient (9%).

Figure 1. The receiver operating characteristics (ROC) curve for the 
cut-off value of the length of intensive care unit (ICU) stay in predict-
ing 90-day mortality after living donor liver transplantation (LDLT) for 
Hepatitis B virus (HBV)-related liver cirrhosis.

Table 1. Demographics and perioperative characteristics of the patientsx

  Study group (n=178) Survival group (n=167) Mortality group (n=11) P

Age, years 52 (44-59) 52 (45-59) 52 (39-58) 0.541
Gender, male 135 (75.8) 127 (76) 8 (72.7) 0.728
BMI (kg/m2) 26.34±4.1 26.42±4.05 24.97±4.74 0.257
ASA score
 <3 22 (12.4) 22 (13.2) - 0.364
 ≥3 156 (87.6) 145 (86.8) 11 (100)
MELD-Na score 17 (15-22) 17 (14-22) 20 (17-25) 0.051
Preoperative ALT (U/L) 43.5 (27-71) 44 (28-71) 37 (18-76) 0.338
Preoperative AST (U/L) 63.5 (42-98) 64 (42-98) 56 (43-68) 0.422
Liver graft
 Right 171 (96.1) 160 (95.8) 11 (100) 1
 Left 7 (3.9) 7 (4.2) -
GRWR (%) 1.02 (0.9-1.17) 1.02 (0.9-1.17) 0.97 (0.91-1.08) 0.781
WIT (minutes) 54 (42-63) 53 (42-63) 56 (45-64) 0.504
CIT (minutes) 80 (57-106.5) 80 (56.76-107) 84 (68-94) 0.931
Operation time (minutes) 504 (480-570) 502 (480-570) 540 (485-690) 0.155
Intraoperative blood loss (ml) 500 (400-700) 500 (350-700) 500 (500-800) 0.241
ICU stay, days 5 (4-7) 5 (4-7) 11 (7-21) <0.001
Hospital stay, days 31 (25-41.26) 31 (25-41) 29 (15-51) 0.387

xResults are expressed as: mean±standard deviation, median (interquartile range), or frequency (%); Significant P values are in bold; BMI: Body mass index; 
ASA: American Society of Anesthesiologists; MELD: Model for End-Stage Liver Disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
GRWR: Graft-to-recipient weight ratio; WIT: Warm ischemia time; CIT: Cold ischemia time; ICU: Intensive care unit.
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Discussion

We have evaluated the duration of ICU stay and its impli-
cations in the post-transplant 90-day mortality in patients 
who received LDLT for HBV related cirrhosis. The study is 
unique in terms of the results for we have found that pa-
tients with an ICU stay longer than 10.5 days had higher 
early mortality in LDLT recipients. 

Factors such as undiagnosed heart diseases prior to liver 
transplantation, high MELD score, Hepatitis C virus as the 

cause of end-stage liver disease, post-transplant infections, 
gastrointestinal bleeding, rejection, and renal failure cause 
prolonged hospitalization durations, and an increased risk 
of mortality.[8] Stratigopoulou et al.[4] showed that an ICU 
stay longer than 3 days affects the length of hospitaliza-
tion, early mortality rates, and post-transplant survival. It 
is known that a high preoperative MELD score is a predic-
tive factor that affects graft and recipient survival.[10] Fur-
thermore, a high MELD score prolongs the duration of ICU 
care in the post-transplant period.[7] Bayrak et al.[1] stated 
that a MELD score of 19 can predict 30-day mortality of 
the recipients following the liver transplant. Niewińsk et 
al.[3] analyzed the results of 150 patients and reported that 
MELD scores greater than 16 were closely correlated with 
the length of postoperative ICU stay.

Transplant recipients are susceptible to infection and have 
a high risk of severe sepsis and infections that reduce graft 
and patient survival.[11, 12] The liver prevents sepsis induced  
tissues and organs damage.[13] It regulates the levels of the 
proinflammatory cytokines and chemokines in the circula-
tion. Kupffer cells are the first line of defense against enteric 
bacteria, and microbial and environmental toxins originat-
ing from the intestinal tract.[14] 

Pereira et al.[15] reported that there was a correlation be-
tween the 28-day mortality and the number of organ sys-
tems that failed during the ICU stay, the arterial lactate 

Table 2. Cox regression analysis evaluating the predictors of 90-day mortality after LDLT for HBV related-cirrhosis.

Variable  Univariate analysis   Multivariate analysis

  Hazard ratio 95% CI p Hazard ratio 95% CI p
   Lower-Upper    Lower-Upper

Age, years 0.977 0.924-1.033 0.405 - - -
Gender, male 0.862 0.229-3.251 0.827 - - -
BMI (kg/m2) 0.916 0.787-1.065 0.254 - - -
ASA score ≥3 24.741 0.011-57122.628 0.417 - - -
MELD score 1.089 0.992-1.194 0.072 1.049 0.951-1.157 0.340
Preoperative ALT (U/L) 0.996 0.984-1.007 0.466 - - -
Preoperative AST (U/L) 0.997 0.988-1.005 0.473 - - -
Graft type, right 0.047 0-28793.250 0.653 - - -
GRWR (%) 0.551 0.032-9.379 0.680 - - -
WIT (minutes) 1.004 0.975-1.034 0.786 - - -
CIT (minutes) 0.999 0.982-1.016 0.882 - - -
Operation time (minutes) 1.005 1.002-1.009 0.002 1.002 0.998-1.007 0.328
Intraoperative blood loss (ml) 1.001 1-1.001 0.081 1 0.999-1.001 0.753
ICU stay ≥10.5 days 19.855 5.796-68.011 <0.001 17.204 3.881-76.265 <0.001
Hospital stay, days 0.989 0.953-1.027 0.573 - - -

LDLT: Living donor liver transplantation; HBV: Hepatitis-B virus; CI: Confidence interval; BMI: Body mass index; ASA: American Society of Anesthesiologists; 
MELD: Model for End-Stage Liver Disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GRWR: Graft-to-recipient weight ratio; WIT: Warm 
ischemia time; CIT: Cold ischemia time; ICU: Intensive care unit.

Figure 2. Kaplan–Meier 90-day survival graph of patients with living 
donor liver transplantation (LDLT) for Hepatitis B virus (HBV)-related 
liver cirrhosis according to the length of intensive care unit (ICU) stay 
with a cut-off value of 10.5 days.
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level on the postoperative third day in the ICU, and the 
INR. In LDLT, the duration of ICU stay in after the transplant 
procedure has high sensitivity and specificity in predicting 
the incidence of acute renal injury.[5] Postoperative renal 
dysfunction may occur due to the presence of hepatorenal 
syndrome before transplantation or post-transplant graft 
dysfunction, prolonged use of sympathomimetic agents, 
and the drugs that are used during the ICU stay that may 
cause acute tubular injury.[16]

The liver possess blood supply from the portal vein, hepatic 
artery, and inferior vena cava due to hepatic outflow. More 
than one vascular anastomoses are required in liver trans-
plantation and complications can emerge at any anasto-
motic site.[2] Arterial complications are more common than 
venous complications.[2] HAT affects approximately 2-12% 
of patients with liver transplantation and can lead to graft 
loss and patient mortality.[2] This risk increases 5.76 times 
if hepatic artery anastomosis is performed to the suprace-
liac aorta via an interposition graft.[17] The mortality after 
re-transplantation for HAT was reported to be 40%.[18] In 
one of our patients, the reason for mortality was HAT. The 
hepatic artery anastomosis in this patient was performed 
using a graft extending from the supraceliac aorta. Portal 
vein complications have devastating results in LDLT and it 
is less frequently encountered.[2] The bile duct epithelium is 
supplied by the hepatic artery. For this reason, arterial com-
plications may cause biliary ischemia that results in biliary 
strictures, bile leakage, and biloma.[19] Bile leakage consti-
tutes 5-10% of early complications of transplantation.[2] 
Acute cellular rejection, another postoperative complica-
tion typically occurs within the first 90 days after transplan-
tation,[2] and it causes high morbidity and mortality rates.[4] 
Three patients died due to peritonitis due to bile leakage, 
and 1 patient died due to acute cellular rejection in our se-
ries. In our clinic, the rate of bile leakage is 1.7% and the 
rate of bile complications is well below the rates stated in 
the literature.

The retrospective single-center design of our study and 
the low volume of the patients were the main limitations 
of our study. Although the MELD-Na score was close to sig-
nificant in predicting 90-day mortality, it was not statisti-
cally significant. It may be meaningful in a larger case series 
study. Furthermore, we analyzed the effect of the duration 

of ICU stay on the early postoperative outcome of the re-
cipients and we did not include the long-term outcome of 
the patients. It is important that we see long-term results to 
evaluate whether the transplanted liver is affected by the 
length of stay in intensive care.

Conclusion
In conclusion, our study indicated that the prolonged ICU 
stay was predictive for the determination of 90-day mortal-
ity risk following LDLT for HBV-related cirrhosis. The high-
risk patients with an ICU stay longer than 10.5 days can be 
closely monitored for any complications and treated in the 
early period.
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