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Abstract
AIM: To evaluate the results of cardiac surgery in cir-
rhotic patients and to find the predictors of early and 
late mortality. 

METHODS: We included 55 consecutive cirrhotic pa-
tients undergoing cardiac surgery between 1993 and 
2012. Child-Turcotte-Pugh (Child) classification and 
Model for End-Stage Liver Disease (MELD) score were 
used to assess the severity of liver cirrhosis. The on-
line EuroSCORE II calculator was used to calculate the 
logistic EuroSCORE in each patient. Stepwise logistic 
regression analysis was used to identify the risk factors 
for mortality at different times after surgery. Multivari-
ate Cox proportional hazard models were applied to 
estimate the hazard ratios (HR) of predictors for mor-
tality. The Kaplan-Meier method was used to generate 
survival curves, and the survival rates between groups 
were compared using the log-rank test.

RESULTS: There were 30 patients in Child class A, 20 
in Child B, and five in Child C. The hospital mortality 
rate was 16.4%. The actuarial survival rates were 70%, 
64%, 56%, and 44% at 1, 2, 3, and 5 years after sur-
gery, respectively. There were no significant differences 

in major postoperative complications, and early and 
late mortality between patients with mild and advanced 
cirrhosis. Multivariate logistic regression showed preop-
erative serum bilirubin, the EuroSCORE and coronary 
artery bypass grafting (CABG) were associated with 
early and late mortality; however, Child class and MELD 
score were not. Cox regression analysis identified male 
gender (HR = 0.319; P  = 0.009), preoperative serum 
bilirubin (HR = 1.244; P  = 0.044), the EuroSCORE (HR 
= 1.415; P  = 0.001), and CABG (HR = 3.344; P  = 0.01) 
as independent risk factors for overall mortality.

CONCLUSION: Advanced liver cirrhosis should not 
preclude patients from cardiac surgery. Preoperative 
serum bilirubin, the EuroSCORE, and CABG are major 
predictors of early and late mortality.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients with liver cirrhosis are considered 
high-risk for cardiac surgery. Information on risk factors 
to predict operative results was limited. We sought to 
evaluate the operative results of cardiac surgery in cir-
rhotic patients and to find the predictors of early and 
late mortality. Child-Turcotte-Pugh (Child) classification 
and Model for End-Stage Liver Disease (MELD) score 
were used to assess the severity of liver cirrhosis. Ad-
vanced liver cirrhosis with Child B and C and high MELD 
score should not preclude patients from cardiac sur-
gery. Preoperative serum bilirubin, the EuroSCORE, and 
coronary artery bypass grafting are major predictors of 
early and late mortality.
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INTRODUCTION
Patients with liver cirrhosis are considered as a high-
risk population for cardiac surgery, and the surgical risk 
increases with the severity of  liver cirrhosis[1-8]. Histori-
cally, the severity of  liver cirrhosis is evaluated by the 
Child-Turcotte-Pugh (Child) classification and Model for 
End-Stage Liver Disease (MELD) score. However, the 
current preoperative assessment of  surgical risk in cir-
rhotic patients undergoing cardiac surgery is imprecise. 
In addition, the paucity of  reports in the literature makes 
it difficult to determine an indication for cardiac surgery 
in patients with liver cirrhosis. This is especially true in 
patients with advanced liver cirrhosis[1-8]. Therefore, it is 
important to find specific predictors to assess individual 
surgical risk before an operation in this population. 

Child class and MELD score have been used to pre-
dict surgical results in cirrhotic patients undergoing car-
diac surgery[5,7,9-15]. However, the small case number, short 
follow-up duration (< 12 mo) and lack of  a multivariate 
analysis limited the information[1-14]. The EuroSCORE 
is used traditionally for predicting perioperative mortal-
ity after cardiac surgery. The purpose of  this study was 
to evaluate the surgical results of  cardiac surgery in cir-
rhotic patients, to find the predictors of  outcomes, and 
to assess the relevance of  Child class, the MELD score, 
and EuroSCORE in terms of  prediction of  early and late 
mortality. This is an update of  our previously reported 
patients[6].

MATERIALS AND METHODS
Patients
This was a retrospective observational study of  prospec-
tively collected data. We included all consecutive cirrhotic 
patients undergoing cardiac surgery between 1993 and 
2012 at the National Taiwan University Hospital. 

The National Taiwan University Hospital is a 2200-bed 
tertiary care hospital. It serves an urban population of  2 
million as both first-line and tertiary facilities. It serves 
also as a referral center for other hospitals in the country 
with a population of  23 million. All data were collected 
by retrospective chart review. The local institutional med-
ical ethics committee approved the study and waived the 
need for informed consent. 

The diagnosis of  liver cirrhosis was based on clinical 
history and physical stigmata consistent with cirrhosis, 
and findings of  abdominal sonography and/or other 
imaging studies, which was characterized by a coarsened 
heterogeneous echo pattern, increased parenchymal 
echogenicity, and nodularity of  the liver surface[6]. The se-
verity of  liver cirrhosis was graded according to the Child 
classification[16,17] and MELD score[18]. The online Eu-
roSCORE II calculator (http://www.euroscore.org/calc.
html) was used to calculate the logistic EuroSCORE for 
each patient.

Management 
The details of  surgical procedures and postoperative 

management were described previously[6]. Major postop-
erative complications included bleeding (profuse chest 
tube drainage requiring re-exploration), cardiac (postoper-
ative mechanical circulatory support or prolonged inotro-
pic use for more than 72 h), neurological (consciousness 
disturbance, seizure or stroke), pulmonary (prolonged 
ventilator support for more than 48 h), infectious (wound 
infection, bacteremia, pneumonia, or urinary tract infec-
tion), gastrointestinal (bowel ischemia or ileus), renal 
(acute renal failure or need of  new dialysis), and hepatic 
(hepatic function deterioration or hepatic failure).

Data collection
Data on age, sex, medical co-morbidities, pre-surgery lab-
oratory tests, surgical status, surgical procedure, and clini-
cal outcome, including death and major complications, 
were collected retrospectively from medical records. For 
those patients who did not attend regular follow-up at 
our hospital, the information of  survival data were ob-
tained by telephone contact or from the National Death 
Index. The mortality rates were determined at hospital 
discharge, at 3 mo and annually after surgery.

Statistical analysis
Categorical variables were reported as the percentage of  
patients in the subgroup. The distributions of  continu-
ous variables were examined by the Shapiro-Wilk test. 
Continuous variables with skewed distributions were pre-
sented as medians (interquartile range, IQR). Comparison 
between groups was performed using the Chi-square 
test, Fisher’s exact test, and Mann-Whitney test. Stepwise 
logistic regression analysis was used to identify the risk 
factors for mortality at different times after surgery. Mul-
tivariate Cox proportional hazard models were applied to 
estimate the hazard ratios (HR) of  predictors for mortal-
ity. Variables significantly associated with survival time in 
univariate Cox proportional hazard models and clinically 
important variables were included in the multivariate 
analyses. The concordance statistics, which are similar to 
the area under the receiver-operating characteristic curve 
(ROC), were used to assess the ability of  the statistical 
model to predict mortality of  the patients. They ranged 
from 0.5 (no predictive ability) to 1 (perfect predictive 
ability). A two-tailed P-value below 0.05 was considered 
significant. Stata/SE 9.0 for Windows (StataCorp LP, 
TX) was used for statistical analyses. The Kaplan-Meier 
method was used for survival curves and the survival 
rates between groups were compared using a log-rank 
test. 

RESULTS
Patients
Fifty-five patients with liver cirrhosis were included. 
There were 43 men and 12 women, with a median age 
of  60 years (range, 19-84). The etiology of  liver cirrhosis 
was viral in 32 patients, alcoholic in 13 patients, and car-
diac in eight patients. Thirteen patients underwent emer-
gency operation, and four patients had previous cardiac 
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in 38 patients (69%) and included cardiac in 18 patients, 
infectious in 16, and renal in 14. The in-hospital mortality 
rate was 16.4%. The causes of  in-hospital death included 
cardiogenic shock in four, sepsis in two, hepatic failure 
in one, multiple organ failure in one, and ischemic bowel 
disease in one. Late death occurred in 15 patients. The 
causes of  late death included sepsis in three, hepatic fail-
ure in three, heart disease in three, stroke in two, massive 
gastrointestinal bleeding in one, and unknown cause in 
three. The actuarial survival rates were 70%, 64%, 56%, 
and 44% at 1, 2, 3, and 5 years after surgery, respectively. 
Follow-up was complete for all patients, and the median 
follow-up duration was 28.6 mo (IQR: 3.2-68.4).

Child classification
There were 30 patients in Child class A, 20 in Child B, 
and five in Child C. Patient demographics and operative 
results stratified by mild (Child A) and advanced (Child 
B and C) liver cirrhosis are shown in Table 1. Patients 
with advanced liver cirrhosis were younger in age, had a 
lower level of  preoperative blood hemoglobin, and had a 
lower rate of  diabetes mellitus. There was no difference 
in preoperative EuroSCORE, operative status and types 
of  surgical procedures. Although patients with advanced 
liver cirrhosis had a longer hospital stay, there were no 
significant differences of  major postoperative complica-
tions, in-hospital mortality and late mortality rates up to 5 
years between patients with mild and advanced liver cir-
rhosis (Table 1). As shown in Figure 1, the survival rates 
of  patients with Child class A, B, and C 83%, 85%, 80% 
at hospital discharge and were 47%, 39%, 50% at 5 years 
after surgery.

Logistic regression
As shown in Table 2, we used univariate and multivariate 
stepwise logistic regression to identify independent pre-
dictors for early and late mortality. Patient data were com-
pared between survivors and non-survivors at the time 
points of  hospital discharge, 3 mo, 1 year, 2 years, 3 years 
and 5 years after surgery. Variables listed in Table 1 were 
included in the analysis. In Table 2, only variables with 
statistically significant odds ratios for mortality in multi-
variate analysis are listed. Among them, the preoperative 
level of  serum bilirubin, the EuroSCORE and the pro-
cedure of  coronary artery bypass grafting (CABG) were 
independent risk factors for early and late mortality. The 
Child class and MELD score were not. The predicting 
value of  serum bilirubin was significant at 1 year, 2 years, 
3 years and 5 years after operation. The predictive value 
of  the EuroSCORE was significant at hospital discharge, 
3 mo, 1 year, and 2 years after surgery. CABG also affect-
ed the mortality at 3 mo, 3 years and 5 years after surgery. 
The odds ratios of  the EuroSCORE decreased gradually 
with time (Table 2).

Survival
The survival rates stratified by the Child class, MELD 
score and EuroSCORE are shown in Figures 1A-C. 
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Table 1  Patient demographics stratified by Child-Turcotte-
Pugh classification

All patients Child-Turcotte-Pugh Class

A B and C P  value

Case number 55 30 25
Male gender 43 22 21 0.514
Median age in 
years

  60 (51, 71) 64.5 (56, 71) 53 (45, 63) 0.025

Co-morbidities
   Diabetes 
   mellitus

15 13 2 0.005

   Hypertension 16 12 4 0.075
Etiology of liver cirrhosis
   Viral 32 21 11 0.052
   Alcoholic 13   7 6 0.954
   Cardiac   8   1 7 0.018
Pre-operative serum level
   Bilirubin 
   (mg/dL)

   1.3 (0.9, 2.4) 1.01 (0.84, 1.37) 2.41 (1.11, 4.13) < 0.001

   Albumin 
   (g/dL)

   3.6 (3.1, 4.0) 3.8 (3.3, 4.2) 3.1 (2.8, 3.7) 0.002

   INR    1.2 (1.1, 1.3) 1.14 (1.04, 1.2)    1.3 (1.15, 1.5) 0.001
   Platelet count 
   (K/L)

  119 (91, 176) 127.5 (94, 199) 119 (82, 147) 0.163

   Hemoglobin 
   (g/dL)

   11.2 (9.6, 13.1)   12.4 (11, 13.7)  10.3 (9.4, 11.6) 0.005

   Creatinine 
   (mg/dL)

   1.2 (1.0, 1.9)    1.2 (0.9, 1.6) 1.2 (1, 2) 0.762

MELD Score 11 (8, 16)   9 (7, 11) 15 (11, 22) < 0.001
EuroSCORE    2.6 (1.6, 3.6) 2.8 (2, 4.8)  2.2 (1.5, 3.1) 0.168
Operation-related variables
  Emergency 
   operation

13 7 6 1.000

   CABG 13 10 3 0.110
   OPCAB   7 6 1 0.112
Postoperative 
complications
   Bleeding   9 3 6 0.273
   Cardiac 18 8 10 0.294
   Pulmonary 11 7 4 0.736
   
Gastrointestinal

  2 1 1 1.000

   Hepatic 12 4 8 0.114
   Renal 14 6 8 0.309
   Neurological   7 3 4 0.689
   Infectious 16 8 8 0.665
ICU stay in 
days

  3 (2, 13)     3 (2, 7.5) 3 (2, 16) 0.368

Hospital stay 
in days

  17 (12, 36) 13.5 (10, 32) 27 (16, 41) 0.042

Mortality
   In-hospital     9 (16.4%)      5 (16.7%) 4 (16%) 1.000
   3-mo 10 5 5 0.750
   1-yr 15 6 9 0.136
   2-yr 17 8 9 0.391
   3-yr 18 9 9 0.890
   5-yr 20 10 10 0.709
Follow-up 
duration (mo) 

28.6 (3.2, 68.4)   31.4 (5.6, 64.3) 22.8 (3.0, 62.4) 0.697

surgery. Sixteen patients underwent combined surgical 
procedures. Major postoperative complications occurred 

Continuous variables were expressed as the median (interquartile range). 
CABG: Coronary artery bypass grafting; ICU: Intensive care unit; INR: 
International normalized ratio; MELD: Model for end-stage liver disease; 
OPCAB: Off-pump coronary artery bypass surgery; WBC: White blood 
cell count.
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Kaplan-Meier survival curve grouped by Child classification

0 50 100 150
Number at risk Duration of follow-up (mo)
Child A 30 10     3     2
Child B 20   8     4     2
Child C   5   2     1     0
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Kaplan-Meier survival curve stratified by MELD score

  0 50 100 150
Number at risk Duration of follow-up (mo)
MELD < 11 24   9     4     3
MELD ≥ 11 28 10     4     1
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Kaplan-Meier survival curve stratified by EuroSCORE

  0 50 100 150
Number at risk Duration of follow-up (mo)
EuroSCORE < 3.3 40 18     8     4
EuroSCORE ≥ 3.3 15   2     0     0

B

A

C

Figure 1  Stratified Kaplan-Meier survival curves. A: Child-Turcotte-Pugh class A, B and C; B: Model for End-Stage Liver Disease score; C: EuroSCORE. Compari-
son between groups by log-rank test. MELD: Model for End-Stage Liver Disease.
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Patients with preoperative EuroSCORE > 3.3 had a sig-
nificant improved survival rates after operation (Figure 
1C). However, the MELD score > 11 (Figure 1B) and 
advanced liver cirrhosis (Child class B and C) (Figure 1A) 
were not significant risk factors for mortality at any time 
point after surgery.

Cox regression
We used the Cox proportional hazard models for risk 
factor analysis with regard to time. The variables listed in 
Table 1 were included in the analysis. Univariate analysis 
revealed five risk factors and only four of  them were 
independent in multivariate analysis (Table 3). Multivari-
ate analysis identified male gender, preoperative level of  
serum bilirubin, the EuroSCORE, and CABG as the in-
dependent predictors for early and late mortality.

ROC
In a comparison of  Child class, MELD score and Eu-
roSCORE, we found that the Child classification was 
the least relevant to surgical outcome, with a ROC area 
of  0.5034, followed by 0.5307 for the MELD score. 
The ROC area of  the EuroSCORE was 0.6008, and 
that of  the serum level of  bilirubin was 0.6237. The 
EuroSCORE was the most significant risk determinant 
for cardiac surgery in cirrhotic patients, rather than the 
Child classification and MELD score. The ROC area of  
the EuroSCORE in Cox model was 0.7151, and the con-
cordance statistics was 0.804, indicating that the EuroS-
CORE predicted surgical mortality better than the other 
scores.

DISCUSSION
In this study, we investigated the predictive factors of  
early and late mortality in cirrhotic patients undergoing 

cardiac surgery. The in-hospital mortality was 16.4% in 
the total cohort of  55 cirrhotic patients undergoing car-
diac surgery. The early and late mortality identified in this 
study was comparable with other published reports[1-14]. 
We found a significantly higher risk for in-hospital, 3 mo, 
1 year, 2 years and 3 years mortality in patients with a 
high EuroSCORE. Surprisingly, Child class and MELD 
score failed to predicted either early or late mortality. The 
Kaplan-Meier survival curves further confirmed the pre-
dictive role of  the EuroSCORE, but not Child class and 
MELD score. We further identified preoperative level of  
serum bilirubin and the CABG procedure as independent 
predictors of  overall mortality.

Risk prediction
Several specific scores, such as the EuroSCORE, exist to 
assess the risk of  operative mortality in cardiac surgery. 
However, the presence and/or severity of  liver cirrhosis 
have not been included in established models of  predict-
ing cardiac surgical risk. In patients with liver cirrhosis, 
specific scores are needed to evaluate the surgical risk.

Many medical tools are used beyond their original 
intended scope, and often become the standard of  care 
in their new application. The Child score and Child clas-
sification were originally designed to predict results after 
surgery for portal hypertension in patients with liver cir-
rhosis. It has been used to predict operative mortality in 
cirrhotic patients after abdominal surgery. The MELD 
score was originally designed to prioritize organ alloca-
tion in patients awaiting liver transplantation, and it has 
been shown to reflect the 3-mo mortality in patients with 
end-stage liver cirrhosis. Both Child class and MELD 
score have been used to predict the results of  cardiac 
surgery in patients with liver cirrhosis[5,7,9-14]. The general 
consensus is that cardiac surgery can be performed safely 
in patients with Child class A liver cirrhosis and in se-

12612 September 21, 2014|Volume 20|Issue 35|WJG|www.wjgnet.com

Table 2  Risk factors for death by stepwise logistic regression at different times after operation: odds ratios with P  value < 0.05

In-hospital 3 mo 1 yr 2 yr 3 yr 5 yr

Patient number 55 55 50 47 41 36
Death   9 10 15 17 18 20
Mortality rate (%)   16.4    18.2 30    36.2    43.9    55.6
Bilirubin 1.86 (1.11-3.14) 1.83 (1.05-3.20) 1.74 (1.04-2.89) 1.87 (1.02-3.42)
EuroSCORE 2.17b (1.32-3.59) 1.92b (1.19-3.09) 1.68 (1.10-2.58) 1.57 (1.04-2.37)
CABG 7.14 (1.12-45.58) 9.00 (1.71-47.48) 10.62 (1.64-68.84)

Data are expressed as odds ratio (95%CI). bP < 0.01 vs control. CABG: Coronary artery bypass grafting.

Table 3  Risk factor for death by Cox hazard proportional models-hazard ratios

Crude Full model Reduced model

Male gender 0.30b (0.13-0.68) 0.26b (0.10-0.69) 0.32b (0.14-0.75)
Bilirubin 1.26a (1.03-1.55)  1.22 (0.96-1.55) 1.24a (1.01-1.54) 
EuroSCORE 1.44b (1.22-1.71) 1.46b (1.18-1.81) 1.42b (1.15-1.74)
Multiple procedures 2.53a (1.08-5.91)  1.31 (0.51-3.37)
CABG 2.90a (1.25-6.75)   4.05b (1.47-11.20) 3.34b (1.33-8.38)

aP < 0.05; bP < 0.01 vs control. CABG: Coronary arteries bypass grafting.
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lected patients with Child class B liver cirrhosis, but is not 
recommended in patients with Child class C liver cirrho-
sis[1-5,7-15]. However, the variables used in Child score were 
not the result of  objective systematic analysis, but rather 
emerged from clinical experience of  small case numbers. 
Clinicians must determine subjectively the degree of  en-
cephalopathy and ascites. The Child score, therefore, is 
prone to inter-observer variation. On the other hand, the 
MELD score consists of  three objective variables: serum 
international normalized ratio, total bilirubin, and creati-
nine levels. The MELD score uses objective parameters 
and is easy to calculate. The majority of  previous studies 
have demonstrated equivalence or superiority of  MELD 
to Child class in predicting risk[5,10,12,14]. However, other 
investigators did not agree[7,12,13].

In this study, we used univariate and multivariate 
logistic regression and Cox regression analysis to deter-
mine which scores or variables were most predictive of  
early and late mortality. The calculated EuroSCORE was 
highly statistically significant. Serum bilirubin and CABG 
were also statistically significant. Notably, Child class and 
MELD score were not significant in our statistical analy-
sis. The EuroSCORE evaluated several different risk fac-
tors, including patient-related, cardiac-related and opera-
tion-related factors. Our results showed that preoperative 
cardiac function and the type of  surgical procedure were 
the critical contributors to postoperative mortality.

Advanced liver cirrhosis
Except for our previous report in 2005[6], all other stud-
ies in the literature recommended that cardiac surgery is 
not performed in patients with advanced liver cirrhosis, 
especially in Child class C[1-5,7-15], because the perioperative 
mortality rate was 75%-100%. Although there has been a 
gradual improvement of  the operative results in patients 
with Child class B liver cirrhosis, no improvement was 
observed in patients with Child class C liver cirrhosis[7]. 
However, some patients with Child class C liver cirrhosis 
were facing life-threatening diseases, such as infective en-
docarditis and severe heart failure, and no therapeutic op-
tion other than a cardiac surgical procedure was available. 
Cardiac surgery should be performed immediately. In 
this study, we demonstrated that cardiac surgery can be 
performed safely in patients with advanced liver cirrhosis, 
even in Child class C liver cirrhosis or with the MELD 
score > 11. The rates of  major postoperative complica-
tions and mortality were not significantly increased. The 
results of  the current study do not mean that the sever-
ity of  liver cirrhosis has no impact on surgical risk and 
outcome for cardiac surgery in this patient group. The 
current study and the published literature suggest that ad-
vanced liver cirrhosis alone should not preclude patients 
from cardiac surgery. Rather, other predictors, including 
patient-related, cardiac-related and procedure-related fac-
tors, should be taken into consideration in risk stratifica-
tion. In addition, the EuroSCORE might provide be bet-
ter at predicting postoperative mortality than the Child 
class or MELD score.

Study limitation
Although our study population was larger than most 
previous reports[1-9,11-13], this study was still limited by the 
relatively small case number and its retrospective nature. 
However, this study provided important information. 
First, our study included an analysis of  late outcome, 
up to 5 years. Second, we found that the EuroSCORE 
was valid for predicting overall mortality. Child class and 
MELD scores were not good enough to predict early and 
late outcome after cardiac surgery in patients with liver 
cirrhosis. Further validation of  the EuroSCORE in large 
datasets is required.

In conclusion, advanced liver cirrhosis with Child B 
and C and high MELD score should not preclude pa-
tients from cardiac surgery. Preoperative levels of  serum 
bilirubin, EuroSCORE, and CABG were major predic-
tors of  early and late mortality.
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