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The Model for End-stage Liver Disease (MELD), a marker of chronic 
liver disease severity based on the patient’s serum bilirubin and 

creatinine levels, and international normalized ratio (1), has proven to 
be an accurate predictor of wait list for liver transplant (LT) three-
month mortality (2).

Adoption of MELD to select and prioritize patients on the wait list 
for LT has contributed to a reduction in the number of patients waiting 
for LT, shorter wait times, an increase in the number of LT procedures 
and lower mortality (3).

Despite the continuous character of MELD, transplant authorities 
have decided to restrict its score to a maximum of 40. However, recent 
data have shown that patients with a MELD score ≥40 have higher 
wait list mortality than candidates with a lower MELD score (4,5). 

While patients with end-stage liver disease and a high MELD score 
represent considerable resource expenditure for the health system, 
especially if transplanted, their outcomes have been reported to be 
acceptable (6-8).

We hypothesized that patients with a MELD score ≥40 at LT would 
consume greater health resources post-LT, but would achieve similar 
short- and long-term survival rates. Accordingly, our primary objective 
was to determine whether patients with a biochemical MELD score 
≥40 at LT would have a longer duration of first intensive care unit 
(ICU) stay after LT. Our secondary objectives were to evaluate these 
patients’ duration of first hospital stay after LT, rate of ICU readmis-
sion, re-LT rate, and one-month, three-month, one-year, three-year 
and five-year survival rates.
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BACKGROUND: Cirrhotic patients with Model for End-stage Liver 
Disease (MELD) score ≥40 have high risk for death without liver 
transplant (LT). 
OBJECTIVE: To evaluate these patients’ outcomes after LT. 
METHODS: The present study analyzed a retrospective cohort of 
519 cirrhotic adult patients who underwent LT at a single Canadian 
centre between 2002 and 2012. Primary exposure was severity of liver 
disease measured by MELD score at LT (≥40 versus <40). Primary out-
come was duration of first intensive care unit (ICU) stay after LT. 
Secondary outcomes were duration of first hospital stay after LT, rate of 
ICU readmission, re-LT and survival rates.
RESULTS: On the day of LT, 5% (28 of 519) of patients had a MELD 
score ≥40. These patients had longer first ICU stays after LT (14 versus 
two days; P<0.001). MELD score ≥40 at LT was independently associ-
ated with first ICU stay after LT ≥10 days (OR 3.21). These patients 
had longer first hospital stays after LT (45 versus 18 days; P<0.001); 
however, there was no significant difference in the rate of ICU read-
mission (18% versus 22%; P=0.58) or re-LT rate (4% versus 4%; 
P=1.00). Cumulative survival at one month, three months, one year, 
three years and five years was 98%, 96%, 90%, 79% and 72%, respec-
tively. There was no significant difference in cumulative survival 
stratified according to MELD score ≥40 versus <40 at LT (P=0.59). 
CONCLUSIONS: Cirrhotic patients with MELD score ≥40 at LT 
utilize greater postoperative health resources; however, they derive 
similar long-term survival benefit from LT.
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L’utilisation des ressources après l’opération et la 
survie des greffés du foie ayant un score MELD de 
40 ou plus : une étude rétrospective de cohorte 

HISTORIQUE : Les patients cirrhotiques ayant un score MELD (acro-
nyme anglais de modèle de maladie hépatique en phase terminale) de 
40 ou plus risquent fort de mourir sans avoir reçu de transplantation 
hépatique (TH). 
OBJECTIF : Évaluer les résultats de ces patients après une TH.
MÉTHODOLOGIE : La présente étude portait sur une cohorte de 
519 patients cirrhotiques adultes qui ont subi une TH dans un seul centre 
canadien entre 2002 et 2012. L’exposition primaire était la gravité de la 
maladie hépatique mesurée par le score MELD à la TH (40 ou plus par 
rapport à moins de 40). Le résultat primaire était la durée du premier 
séjour en soins intensifs (USI) après la TH, le taux de réadmissions à 
l’USI, une nouvelle TH et les taux de survie.
RÉSULTATS : Le jour de la TH, 5 % des patients (28 sur 519) avaient 
un score MELD de 40 ou plus. Ces patients séjournaient plus longtemps 
à l’USI après la TH (14 jours par rapport à deux; P<0,001). Leur score 
MELD de 40 ou plus à la TH s’associait de manière indépendante à un 
premier séjour à l’USI de dix jours ou plus après la TH (RC 3,21). Le pre-
mier séjour hospitalier de ces patients était plus long après la TH (45 jours 
par rapport à 18; P<0,001), mais il n’y avait pas de différence significative 
dans le taux de réadmission à l’USI (18 % par rapport à 22 %; P=0,58) ou 
de nouvelle TH (4 % par rapport à 4 %; P=1,00). La survie cumulative au 
bout d’un mois, de trois mois, d’un an, de trois ans et de cinq ans s’élevait 
à 98 %, 96 %, 90 %, 79 % et 72 %, respectivement. Il n’y avait pas de 
différence significative dans la survie cumulative stratifiée selon le score 
MELD de 40 ou plus par rapport à celui de moins de 40 à la TH (P=0,59). 
CONCLUSIONS : Les patients cirrhotiques ayant un score MELD de 
40 ou plus à la TH utilisaient plus de ressources de santé après 
l’opération, mais tiraient des bienfaits similaires de la TH à long terme 
sur le plan de la survie.
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METHODS
The present study adhered to the STROBE statement for observa-
tional studies (9). The local ethics committee approved the present 
study before commencement. The requirement for individual informed 
consent was waived.

Design, setting and participants
The present analysis was a single-centre, retrospective cohort study, 
which included all adult (≥18 years of age) cirrhotic patients who 
underwent LT at a Canadian transplant centre (University of Alberta 
Hospital [Edmonton, Alberta]) between January 1, 2002 and June 30, 
2012. Patients were excluded if: they had concomitant transplant with 
another organ (eg, liver, kidney); their primary diagnosis was acute 
liver failure; or they were lost to follow-up. 

Operational definitions
Cirrhosis was defined as bridging fibrosis on previous liver biopsy or a 
composite of clinical signs and findings provided by laboratory test 
results, endoscopy and radiological imaging (10). 

Complications of cirrhosis included infection, variceal bleeding, 
hepatic encephalopathy, hepatorenal syndrome and hepatopulmon-
ary syndrome. Although infection is not a specific complication of 
cirrhosis, it was considered as such due to its high prevalence and 
potential to alter disease course, being a common cause of acute 
decompensation and increased mortality (11). This definition 
included spontaneous bacterial peritonitis, bloodstream infection, 
urinary tract infection and pneumonia. Variceal bleeding was 
defined as any confirmed episode of acute bleeding originating from 
esophageal or gastric varices due to portal hypertension (12). 
Hepatic encephalopathy was defined as any acute confusional state 
in a patient with underlying liver disease, after excluding any poten-
tially confounding metabolic, infectious or neurological disorders 
(13). Hepatorenal syndrome was defined as acute kidney injury in a 
patient with advanced liver disease in the absence of an identifiable 
cause based on the most recent criteria of the European Association 
for the Study of the Liver (14). Hepatopulmonary syndrome was 
defined as an oxygenation defect caused by pulmonary vascular dila-
tion in the setting of portal hypertension, with the diagnosis being 
made by contrast-enhanced transthoracic echocardiography (15). 

All MELD scores were calculated according to the United Network 
for Organ Sharing recommendations (16), without adjusting for serum 
sodium level or standardized exception points (17). 

Variables
The primary exposure was the severity of end-stage liver disease meas-
ured by biochemical MELD score at LT (≥40 versus <40). The primary 
outcome was the duration of first ICU stay after LT. A prolonged first 
ICU stay following LT was defined as ≥10 days based on previous lit-
erature (8,18). The secondary outcomes were the duration of first 
hospital stay after LT, rate of ICU readmission, re-LT rate, and one-
month, three-month, one-year, three-year and five-year patient cumu-
lative survival rates. 

Data collection
The LT program at the University of Alberta Hospital started in 1989 
and, since 1995, has maintained a dedicated computerized database of 
all cases using the Organ Transplant Tracking Record (HKS Medical 
Information Systems, USA). 

Eligible patients were initially identified using the Organ 
Transplant Tracking Record. Data regarding patients’ age, sex, race, 
body mass index, etiology of liver disease and its complications, com-
orbidities, laboratory parameters, the need for pretransplant ICU 
admission, severity aggregate scores (Sequential Organ Failure 
Assessment, Child-Turcotte-Pugh and MELD), time between listing 
for and receipt of LT, Donor Risk Index parameters (19), operative 
requirements of red blood cells and platelets, and outcomes were 
extracted from that database and from patients’ medical records.

Statistical analysis
Statistical analysis was performed using SPSS version 20.0 (IBM 
Corporation, USA). Categorical variables were presented as frequen-
cies (percentages) and continuous variables as mean ± SD, if normally 
distributed, or median (interquartile range [IQR]) if non-normally 
distributed. In the event of missing values, data were not replaced 
or estimated.

Univariable analysis of outcomes was performed using χ2 or 
Fisher’s exact test (<5 events) for categorical variables, and Student’s 
t test (parametric) or Mann-Whitney test (nonparametric) for continu-
ous variables; P<0.05 was considered to be statistically significant for 
all comparisons.

Crude survival analysis was performed using the Kaplan-Meier 
estimator (with Breslow test) and adjusted survival analysis with 
Cox proportional-hazards regression. In this context, potentially 
confounding factors were selected based on previous literature (20) 
and clinical rationale.

Logistic regression was performed to study the effect of a MELD 
score ≥40 at LT on the probability of experiencing a prolonged first 
ICU stay following LT, after adjustment for other patients’, donors’ and 
perioperative covariates. Variables initially included in the model were 
selected based on the following three features: minimum frequency of 
85% of the total number of cases under analysis (21); P<0.15 on uni-
variable analysis; and clinical rationale. A backward stepwise selection 
of variables was performed to build the final models. Potentially col-
linear variables were excluded. Models’ goodness of fit and discrimina-
tion were assessed using the χ2 statistic (with correspondent degrees of 
freedom) and the area under ROC curve, respectively. 

RESULTS
Patients’, donors’ and perioperative characteristics
Of the 603 LT procedures performed at the University of Alberta 
Hospital during the study period, 519 met the eligibility criteria. Median 
follow-up time for the entire cohort was 3.6 years (IQR 1.5 to 6.4 years).

Patients’ pre-LT characteristics for the entire cohort and stratified 
according to MELD score categories at LT (≥40 versus <40) are shown 
in Table 1. 

On the day of LT, median MELD score was 15 (IQR 11 to 23); at 
that same time, 5% (28 of 519) of patients had a MELD score ≥40, with 
a correspondent median score of 43 (IQR 41 to 46). The proportions of 
these patients for the periods 2002 to 2006 and 2007 to 2012 were simi-
lar (4% versus 7%; P=0.20). While median age (54 versus 53 years) and 
male sex proportion (68% versus 68%) were similar between the two 
MELD score categories (P>0.50 for both comparisons), patients with a 
MELD score ≥40 at LT had a marginally significant greater median body 
mass index (26 kg/m2 versus 25 kg/m2; P=0.047). 

The most common indications for LT were hepatitis C (32% versus 
23%) and hepatic malignancy (11% versus 22%), and their propor-
tions were similar between the two MELD score categories (P>0.20 for 
both comparisons). Patients with a MELD score ≥40 at LT were more 
likely to have infection (67% versus 39%; P=0.005), hepatic enceph-
alopathy (89% versus 59%; P=0.001) and hepatorenal syndrome (54% 
versus 14%; P<0.001) before LT. ICU admission before LT was 
required for 13% (69 of 519) of patients and occurred more commonly 
in patients with a MELD score ≥40 at transplant (82% versus 9%; 
P<0.001). Organ support was necessary for the majority of patients in 
the ICU: mechanical ventilation in 76% (34 of 45); vasopressors in 
71% (32 of 45); and renal replacement therapy in 69% (31 of 45). 
Among patients in ICU, there were nonsignificant trends toward 
greater use of vasopressors (88% versus 62%) and renal replacement 
therapy (88% versus 59%) in those with a MELD score ≥40 at trans-
plant (P=0.09 for both comparisons). On the day of LT, patients in 
ICU had a mean (± SD) Sequential Organ Failure Assessment score of 
16±4, which was similar for the two MELD score categories (17 versus 
16; P=0.14).

Donors’ and perioperative characteristics for the entire cohort and 
stratified according to MELD score categories at LT (≥40 versus <40) are 
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presented in Appendix 1. Median time between listing for and receipt 
of LT was significantly lower for patients with a MELD score ≥40 at LT 
(1.3 versus 6.2 months; P<0.001). Due to their liver disease severity, 
these patients received an organ from a national source more often 
(64% versus 36%; P=0.003). The median Donor Risk Index score was 
similar for the two MELD score categories (1.5 versus 1.4; P=0.19).

Primary outcome
Overall, median length of first ICU stay following LT was two days 
(IQR one to six days) days. Patients with a MELD score ≥40 at LT had 
significantly greater median length of first ICU stay after LT (14 days 
[IQR five to 24 days) versus two days (IQR one to five days); P<0.001 
(Figure 1).

Factors associated with a prolonged first ICU stay after LT
Univariable analysis for patients’, donors’ and perioperative character-
istics stratified according to the duration of first ICU stay after LT is 
presented in Table 2. 

The predicted probability of experiencing a prolonged ICU stay 
after LT was associated with the continuous MELD score at LT 
(Figure 2). On unadjusted analysis, a MELD score ≥40 at LT was 
significantly associated with a length of first ICU stay after LT 
≥10 days (OR 6.73 [95% CI 3.07 to 14.7]; P<0.001) (Table 3). 
After adjusting for demographics (age and sex), pre-LT complica-
tions of cirrhosis (high-grade [3 to 4] hepatic encephalopathy, 
hepatorenal syndrome and hepatopulmonary syndrome), ICU stay 
before LT, standardized quality assessment of the liver received 
(Donor Risk Index) and the volume of red blood cells used during 

TABLE 1
Analysis of patients’ pre-liver transplant (LT) characteristics for the entire cohort and according to Model for End-stage 
Liver Disease (MELD) score (≥40 versus <40) categories at LT

Characteristic Total
MELD score

  P<40 (n=491) ≥40 (n=28) 
Demographics
   Age, years, median (IQR) (n=519) 54 (48–59) 54 (48–59) 53 (48–59) 0.57
   Male sex, n (%) (n=519) 353 (68) 334/491 (68) 19/28 (68) 0.99
   Race (Caucasian) , n (%) (n=515) 441 (86) 419/487 (86) 22/28 (79) 0.27
   Body mass index, kg/m2, median (IQR) (n=517) 25 (22–28) 25 (22–28) 26 (23–31) 0.047
Indication for LT, n (%) (n=519)
   Hepatitis C 124 (24) 115/491 (23) 9/28 (32) 0.29
   Hepatitis B 13 (3) 10/491 (2) 3/28 (11) 0.028
   Hepatic malignancy 109 (21) 106/491 (22) 3/28 (11) 0.23
   Primary biliary cirrhosis or primary sclerosing cholangitis 96 (18) 90/491 (18) 6/28 (21) 0.68
   Alcohol 70 (14) 68/491 (14) 2/28 (7) 0.41
   Nonalcoholic steatohepatitis or cryptogenic 41 (8) 39/491 (8) 2/28 (7) 1.00
   Autoimmune 20 (4) 20/491 (4) 0/28 (0) 0.62
   Other 46 (9) 43/491 (9) 3/28 (11) 0.73
Complications of cirrhosis, n (%)
   Infection (n=465) 190 (41) 172/438 (39) 18/27 (67) 0.005
   Variceal bleeding (n=517) 235 (45) 220/489 (45) 15/28 (54) 0.38
   Hepatic encephalopathy (n=519) 312 (60) 287/491 (59) 25/28 (89) 0.001
      Grades 3 to 4 90 (17) 73/491 (15) 17/28 (61) <0.001
   Hepatorenal syndrome (n=456) 75 (16) 61/430 (14) 14/26 (54) <0.001
   Hepatopulmonary syndrome (n=454) 12 (3) 12/428 (3) 0/26 (0) 1.00
Comorbidities, n (%)
   Coronary artery disease (n=519) 24 (5) 24/491 (5) 0/28 (0) 0.63
   Chronic obstructive pulmonary disease (n=519) 22 (4) 22/491 (5) 0/28 (0) 0.62
   Diabetes mellitus (n=519) 110 (21) 103/491 (21) 7/28 (25) 0.61
   Chronic kidney diease (GFR <60 mL/min) (n=374) 78 (21) 70/351 (20) 8/23 (35) 0.09
Laboratory parameters (day of LT)
   Hemoglobin*, g/L, mean ± SD (n=188) 100±20 101±20 83±6 <0.001
   International normalized ratio, median (IQR) (n=519) 1.4 (1.2–1.7) 1.3 (1.2–1.6) 2.8 (2.3–3.3) <0.001
   Albumin, g/L, median (IQR) (n=486) 34 (30–39) 34 (30–39) 38 (33–44) 0.001
   Bilirubin, µmol/L, median (IQR) (n=519) 50 (28–133) 46 (27–104) 757 (515–907) <0.001
   Creatinine, µmol/L, median (IQR) (n=519) 86 (68–112) 84 (67–109) 117 (100–196) <0.001
   Sodium, mmol/L, median (IQR) (n=510) 136 (133–138) 136 (133–138) 138 (134–139) 0.07
   pH*, mean ± SD (n=188) 7.39±0.06 7.39±0.07 7.40±0.05 0.64
   Lactate, mmol/L, median (IQR) (n=188) 1.7 (1.2–2.7) 1.7 (1.2–2.6) 2.7 (1.4–4.2) 0.09
Intensive care unit stay before LT, n (%) (n=519) 69 (13) 46/491 (9) 23/28 (82) <0.001
   Mechanical ventilation† (n=45) 34 (76) 23/29 (79) 11/16 (69) 0.43
   Vasopressors† (n=45) 32 (71) 18/29 (62) 14/16 (88) 0.09
   Renal replacement therapy† (n=45) 31 (69) 17/29 (59) 14/16 (88) 0.09
Severity aggregate scores (day of LT)
   Sequential Organ Failure Assessment*†, mean ± SD (n=45) 16±4 16±4 17±3 0.14
   Child-Turcotte-Pugh, median (IQR) (n=519) 10 (8–12) 9 (7–12) 13 (12–13) < 0.001

*Normal distribution; †Data available for 45 of 69 patients. IQR Interquartile range; GFR Glomerular filtration rate
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the LT surgery, the OR for this association remained significant (OR 
3.21 [95% CI 1.12 to 9.20]; P=0.030).

In the same multivariable analysis, other factors that showed a 
significant association with a prolonged first ICU stay after LT were 
high-grade hepatic encephalopathy (OR 2.29 [95% CI 1.14 to 4.60]; 
P=0.020), hepatopulmonary syndrome (OR 4.86 [95% CI 1.23 to 
19.2]; P=0.024) and preoperative ICU admission (OR 2.42 [95% CI 
1.02 to 5.71]; P=0.044) before LT. Additionally, transfusion of ≥5 units 
of red blood cells during the LT surgery showed a nonsignificant trend 
toward a higher likelihood of a prolonged first ICU stay after LT (OR 
1.75 [95% CI 0.97 to 3.16]; P=0.06).  

Secondary outcomes
Overall, the median length of first hospital stay following LT was 19 days 
(IQR 12 to 36 days). Patients with a MELD score ≥40 at LT experienced 
significantly greater median length of first hospital stay after LT (45 days 
[IQR 26 to 66 days]) versus 18 days [IQR 11 to 34 days]; P<0.001) 
(Figure 1).

For the entire follow-up period, the rate of ICU readmission was 
22% (113 of 513). Of all ICU readmissions, 36% (41 of 113) repre-
sented at least a second readmission. Overall, median time to first ICU 
readmission was 16 days (IQR five to 346 days). The rate of ICU 
readmission was similar for the two MELD score categories (18% [five 
of 28] versus 22% [108 of 485]; P=0.58).

TABLE 2
Analysis of patients’, donors’ and perioperative characteristics for the entire cohort and according to duration of the first 
intensive care unit stay after liver transplant (≥10 days versus <10 days)

Characteristic
Intensive care unit stay

P<10 days (n=427) ≥10 days (n=86) 
Demographics
   Age, years, median (IQR) (n=519) 54 (48–59) 54 (50–59) 0.42
   Male sex, n/n (%) (n=519) 292/427 (68) 57/86 (66) 0.70
   Race (Caucasian), n/n (%) (n=515) 369/424 (87) 68/85 (80) 0.09
   Body mass index, kg/m2, median (IQR) (n=517) 24 (22–28) 25 (23–30) 0.045
Indication for liver transplant, n/n (%) (n=519)
   Hepatitis C 107/427 (25) 17/86 (20) 0.30
   Hepatitis B 12 /427 (3) 1/86 (1) 0.71
   Hepatic malignancy 87/427 (20) 19/86 (22) 0.72
   Primary biliary cirrhosis or primary sclerosing cholangitis 79/427 (19) 16/86 (19) 0.98
   Alcohol 56/427 (13) 12/86 (14) 0.83
Complications of cirrhosis, n/n (%)
   Infection (n=465) 150/382 (39) 39/77 (51) 0.06
   Variceal bleeding (n=517) 194/425 (46) 38/86 /44) 0.81
   Hepatic encephalopathy (n=519) 246/427 (58) 63/86 (63) 0.007
      Grades 3 to 4 56/427 (13) 34/86 (40) <0.001
   Hepatorenal syndrome (n=456) 54/372 (15) 21/78 (27) 0.008
   Hepatopulmonary syndrome (n=454) 6/370 (2) 6/78 (17) 0.003
Comorbidities, n/n (%)
   Coronary artery disease (n=519) 20/427 (5) 4/86 (5) 1.00
   Chronic obstructive pulmonary disease (n=519) 19/427 (4) 3/86 (4) 1.00
   Diabetes mellitus (n=519) 93/427 (22) 17/86 (20) 0.68
   Chrnic kidney disease (GFR <60 mL/min) (n=374) 60/300 (20) 16/69 (23) 0.56
Laboratory parameters (day of liver transplant)
   Hemoglobin*, g/L, mean ± SD (n=188) 101±20 94±19 0.037
   International normalized ratio, median (IQR) (n=519) 1.3 (1.2–1.7) 1.6 (1.2–2.8) <0.001
   Albumin, g/L, median (IQR) (n=486) 34 (30–39) 36 (31–41) 0.08
   Bilirubin, µmol/L, median (IQR) (n=519) 47 (27–105) 96 (36–456) <0.001
   Creatinine, µmol/L, median (IQR) (n=519) 86 (67–112) 88 (71–122) 0.62
   Sodium, mmol/L, median (IQR) (n=510) 136 (133–138) 136 (133–139) 0.65
   pH* (n=88), mean ± SD 7.39±0.06 7.39±0.07 0.70
   Lactate, mmol/L, median (IQR) (n=188) 1.6 (1.2–2.5) 2.6 (1.4–4.1) 0.002
Intensive care unit stay before liver transplant, n/n (%) (n=519) 39/427 (9) 30/86 (35) <0.001
   Mechanical ventilation† (n=45) 14/22 (64) 20/23 (87) 0.09
   Vasopressors† (n=45) 13/22 (59) 19/23 (83) 0.11
   Renal replacement therapy† (n=45) 11/22 (50) 20/23 (87) 0.011
Severity aggregate scores (day of liver transplant)
   Sequential Organ Failure Assessment*†, mean ± SD (n=45) 14±3 18±3 0.001
   Child-Turcotte-Pugh, median (IQR) (n=519) 9 (7–11) 12 (9–13) <0.001
   Model for End-stage Liver Disease score (n=519) 15 (10-22) 22 (11-35) <0.001
Donor risk index (n=455) 1.4 (1.2–1.7) 1.5 (1.2–1.7) 0.78
Red blood cells in operating room, units, median (IQR) (n=519) 2 (0–5) 5 (0–12) <0.001
Platelets in operating room, units, median (IQR) (n=519) 0 (0–4) 2 (0–7) <0.001

*Normal distribution; †Data available for 45 of 69 patients. IQR Interquartile range; GFR Glomerular filtration rate  
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For the entire period of follow-up, the re-LT rate was 4% (18 of 
519). Causes of re-LT were hepatic artery thrombosis (56% [10 of 18]), 
primary nonfunction (17% [three of 18]), acute rejection (6% [one of 
18]), chronic rejection (6% [one of 18]) and others (17% [three of 
18]). The re-LT rate was similar for the two MELD score categories 
(4% [one of 28] versus 4% [17 of 491]; P=1.00).

During the study period, 139 deaths occurred. Causes of death were 
recurrence of underlying liver disease (32% [45 of 139]), sepsis (24% 
[33 of 139]), cardiovascular events (18% [25 of 139]), de novo malig-
nancy (12% [16 of 139]), chronic rejection (4% [five of 139]) and 
others (11% [15 of 139]). 

Kaplan-Meier cumulative survival at one month, three months, 
one year, three years and five years was 98%, 96%, 90%, 79% and 
72%, respectively. Kaplan-Meier curves were similar for the two 
MELD score categories (P=0.59 [Figure 3]). After adjusting for con-
founding factors, including age, sex, etiology of liver disease (hepatitis C 
versus other) and ICU admission before LT, a MELD score ≥40 at LT 
was not significantly associated with survival (HR 0.76 [95% CI 0.33 
to 1.73]; P=0.51). Advanced age was the only factor significantly associ-
ated with worse survival after LT (HR 1.03 per incremental year [95% 
CI 1.01 to 1.06]; P=0.002 (model not shown [n=519]: χ2 25 [degrees of 
freedom 6]; P<0.001). 

DISCUSSION
The purpose of the present study was to characterize post-LT outcomes 
of patients with end-stage liver disease and a MELD score ≥40 at LT.

Key results
In a large single-centre cohort of adult cirrhotic patients who underwent 
LT, we found that patients with a biochemical MELD score ≥40 at LT 
had significantly greater length of first ICU and hospital stays follow-
ing LT, but similar short- and long-term survival. We also found that a 
biochemical MELD score ≥40 at LT, high-grade hepatic encephalop-
athy, hepatopulmonary syndrome and ICU admission before LT, were 
all independently associated with a length of first ICU stay after LT 
≥10 days.

Comparison with previous studies
Our findings that a MELD score ≥40 at LT was significantly associated 
with a prolonged first ICU stay after LT, but not with survival, are 
consistent with results from previous studies. Oberkofler et al (8) 
found that a MELD score >23 was significantly associated with a 
length of ICU stay after transplant >10 days, but not with survival. 
Conclusions of this study may not be readily comparable with ours 
because they used the MELD corrected for exceptions (hepatocellular 
carcinoma and hepatopulmonary syndrome), instead of the biochem-
ical MELD, which resulted in greater median MELD scores (19 [IQR 
eight to 40]) and, possibly, overestimation of liver disease severity. 
Similarly to our study, Alexopoulos et al (7) reported, for patients with 

an unspecified MELD score ≥40 at LT, Kaplan-Meier cumulative sur-
vival at one year and three years of 89% and 77%, respectively. In 
contrast to our study, they included patients receiving both LT and 
kidney transplants, and excluded those who received a split graft; how-
ever, outcomes for these patients have been reported to be similar to 
those of whole liver-only recipients (22,23). Further evidence 

Figure 1) Median length of first intensive care unit and hospital stays 
according to biochemical Model for End-stage Liver Disease (MELD) score 
categories (≥40 versus <40) at liver transplant (LT)

TABLE 3
Logistic regression analysis: variables associated with a length of first intensive care unit stay after liver transplant 
(LT) ≥10 days

Variable
Unadjusted Model 1 Model 2

      OR (95% CI) P       OR (95% CI) P OR (95% CI) P
Age, years 1.01 (0.99–1.04) 0.37 1.01 (0.99–1.04) 0.30 1.01 (0.98–1.04) 0.61
Male sex 0.91 (0.56–1.49) 0.70 0.90 (0.54–1.50) 0.69 0.85 (0.46–1.56) 0.59
Biochemical MELD score at LT (≥40) 6.73 (3.07–14.7) <0.001 6.86 (3.12–15.1) <0.001 3.21 (1.12–9.20) 0.030
Hepatic encephalopathy (grades 3 to 4) 4.33 (2.59–7.25) <0.001 2.29 (1.14–4.60) 0.020
Hepatorenal syndrome 2.17 (1.22–3.87) 0.009 0.81 (0.37–1.74) 0.58
Hepatopulmonary syndrome 5.06 (1.59–16.1) 0.006 4.86 (1.23–19.2) 0.024
Intensive care unit admission before LT 5.33 (3.07–9.26) <0.001 2.42 (1.02–5.71) 0.044
Donor risk index 1.08 (0.57–2.07) 0.81 0.76 (0.36–1.60) 0.46
Red blood cells in operating room (≥5 units) 3.08 (1.92–4.96) <0.001 1.75 (0.97–3.16) 0.06

Model 1 goodness of fit (n=513): χ2 22 (degrees of freedom ([Df], 3); P<0.001; Area under the ROC curve (AUROC) 0.61 (95% CI 0.54 to 0.67). Model 2 goodness of 
fit (n=399): χ2 49 (Df, 9); P<0.001; AUROC 0.75 (95% CI 0.68 to 0.81). MELD Model for End-stage Liver Disease
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regarding the absence of a significant association between MELD score 
and survival after LT was provided by Sharma et al (5), who found that 
cirrhotic patients with a biochemical MELD score ≥40 at listing had a 
post-LT survival similar to transplant recipients for fulminant hepatic 
failure, the highest status group of patients for liver allocation. 
Overall, these results consistently indicate that patients with a MELD 
score ≥40 at LT are at higher risk for a longer duration of the first ICU 
stay postoperatively; however, their short- and long-term survival is 
expected to be similar to other LT recipients.

The significant association of pre-LT high-grade hepatic enceph-
alopathy with a prolonged first ICU stay after LT found in our cohort 
has not been reported in the literature. In fact, pre-LT hepatic 
encephalopathy has been associated with post-LT neurocognitive 
changes (24,25), but its role as a predictor of outcomes after LT has 
not been well characterized. In a study involving cirrhotic patients 
admitted to the ICU for high-grade hepatic encephalopathy, but 
without receiving LT, Fichet et al (26) reported a median length of 
stay of six days (IQR two to 10 days) and an ICU mortality (35% 
[25 of 71]) greater than what has been reported for other cirrhotic 
patients admitted to the ICU. 

Although we found pre-LT hepatopulmonary syndrome to be sig-
nificantly associated with a prolonged first ICU stay after LT, possibly 
in the context of these patients’ high dependence on oxygen, out-
comes of hepatopulmonary syndrome reported in the literature are 
controversial, with some studies suggesting acceptable outcomes 
(27,28) and others suggesting that these patients experience poor out-
comes after LT (29,30). 

The association between ICU admission before LT and the duration 
of hospital stay after transplant has been studied. Smith et al (31) found 
that ICU admission before LT was independently associated with a 
longer hospital stay after transplant; however, this study did not specific-
ally evaluate the utilization of ICU resources postoperatively. Oberkofler 
et al (8) did not find any significant association between ICU admission 
before LT and a length of ICU stay after LT >10 days.

While we found a nonsignificant trend between a consumption of 
≥5 units of red blood cells during transplant surgery and a prolonged 
first ICU stay after LT, Oberkofler et al (8) reported that patients who 
underwent LT and were transfused with >7 units of red blood cells dur-
ing the procedure had a significantly higher likelihood of experiencing 
a length of ICU stay after LT of >10 days. 

Overall, these results suggest that patients with one or more factors 
found to independently increase the risk for a prolonged first ICU stay 

after LT should be expected to consume a greater volume of hospital 
resources; therefore, specific institutional policies should be developed 
to improve the efficiency of care provided to them.  

Study limitations
The results of the present study need to be considered in the context of 
the following limitations. First, it was a retrospective analysis of pro-
spectively collected data from a single transplant centre and may be 
prone to selection bias. Second, individual transplant centres, especially 
from different countries, have diverse groups of patients and practices 
regarding enlistment for transplant, allocation of organs, and medical 
and surgical management strategies; therefore, results may, in part, 
reflect those specific realities. Despite these limitations, our study was 
one of the few to characterize the health resource utilization, and short- 
and long-term outcomes of cirrhotic patients with a MELD score ≥40 at 
LT. In future studies, an effort should be made to standardize the most 
valuable markers of post-LT morbidity and survival to further help 
decision-making on organ allocation and peri-LT care.   
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Figure 3) Kaplan-Meier patient survival curve for biochemical Model for 
End-stage Liver Disease (MELD) score categories (≥40 versus <40) at liver 
transplant (P=0.59)

Figure 2) Unadjusted predicted probabilities of a length of first intensive care 
unit stay after liver transplant ≥10 days according to continuous biochemical 
Model for End-stage Liver Disease (MELD) score at liver transplant

CONCLUSIONS
While cirrhotic patients with a MELD score ≥40 at LT experienced 
significantly greater length of first ICU and hospital stays after LT, 
they derived similar long-term survival benefit. Despite repre-
senting a higher burden of care and costs for the health system, 
these patients seemed to similarly benefit from LT.   
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APPENDIX 1
Analysis of donors’ and perioperative characteristics for the entire cohort and according to Model for End-stage Liver 
Disease (MELD) score (≥40 versus <40) categories at liver transplant (LT)

Total (n=519)
MELD score

P<40 (n=491) ≥40 (n=28) 
Time between listing for and receipt of LT, months, median (IQR) (n=519) 5.6 (1.6–12.6) 6.2 (1.8–13.2) 1.3 (0.4–4.1) <0.001
Donor risk index, median (IQR) (n=455) 1.4 (1.2–1.7) 1.4 (1.2–1.7) 1.5 (1.3–1.8) 0.19
Split graft, n (%) (n=519) 70 (13) 69/491 (14) 1/28 (4) 0.16
Live donor, n (%) (n=519) 64 (12) 63/491 (13) 1/28 (4) 0.23
Cold ischemia time*, h, mean ± SD (n=517) 5.5±2.9 5.4±2.9 7.1±2.8 0.003
Organ from national source, n/n (%) (n=519) 195 (38) 177/491 (36) 18/28 (64) 0.003
Red blood cells in operating room, units, median (IQR) (n=519) 2 (0–6) 2 (0–5) 8 (4–13) <0.001
Platelets in in operating room, units, median (IQR) (n=519) 0 (0–5) 0 (0–4) 5 (2–10) <0.001

*Normal distribution. IQR Interquartile range 
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