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Abstract 
BACKGROUND: This study aimed to evaluate the accuracy of Euroscore (European System for Cardiac Operative Risk 
Evaluation) in predicting perioperative mortality after cardiac surgery in Iranian patient population. 

METHODS: Data on 1362 patients undergoing coronary bypass graft surgery (CABG) from 2007 to 2009 were collected. 
Calibration was assessed by Hosmer-Lemeshow goodness-of-fit. Area under the curve (AUC) was used to assess score 
validity. Odds ratios were measured to evaluate the predictive value of each risk factor on mortality rate. 

RESULTS: The overall perioperative in hospital mortality was 3.6% whereas the Euroscore predicted a mortality of 
3.96%. Euroscore model fitted well in the validation databases. The mean AUC was 66%. Mean length of intensive care 
unit (ICU) stay was 2.5 ± 2.5 days. Among risk factors, only left ventricular dysfunction, age and neurologic dysfunc-
tion were found to be related to mortality rate. 

CONCLUSIONS: Euroscore did not have acceptable discriminatory ability in perioperative in hospital mortality in Iranian 
patients. It seems that development of a local mortality risk scores corresponding to our patients epidemiologic charac-
teristics may improve prediction of outcome. 
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s the prevalence of coronary artery 
disease considerably increases in the 
world and in our country, the need for 

choosing effective, safe and reliable methods of 
treatment is felt more. Patients with coronary 
artery disease generally are old and suffer 
from other chronic underlying diseases; there-

fore, it is difficult to decide about appropriate 
protocols of treatment. 
 Today, cardiac surgery methods are devel-
oped and become possible in high risk patients 
but there is an increasing interest for cost-
benefit analysis and also risk evaluation by va-
lid risk scores.1-3 In other words, decision- 
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making about doing an operation depends on 
its likely risk and the benefit of it and the sur-
geon should weigh them up against each 
other. 
 Preoperative risk score such as Euroscore 
guides the surgeon and patients towards de-
ciding whether or not to go ahead with sur-
gery.3-5 Risk models are based on initial patient 
populations characteristic; therefore, its valid-
ity should be tested if it is supposed to be used 
elsewhere.6-9 

 Euroscore that was presented in 1995 was 
derived from specific European cardiac sur-
gery protocols and it is based on epidemiologi-
cal characteristics of that population.5 Risk 
models currently used do not adjust with ad-
vanced surgical techniques and improved post 
operation patients care which have been 
achieved during recent years, thus regularly 
revalidation of score items seems to be re-
quired.10-12 Besides, there are obviously some 
epidemiological differences between our popu-
lation and European population, thus its accu-
racy should be evaluated in our patients’ pop-
ulation.13 Simple additive Euroscore is valu-
able risk model and gives a useful estimate of 
risk in individual patients but in high risk pa-
tients it may underestimate the risk. The logis-
tic Euroscore can predict the risk more accu-
rately, especially in high risk patients.14 So this 
study aimed to evaluate the accuracy of logis-
tic Euroscore (European System for Cardiac 
Operative Risk Evaluation) in predicting pe-
rioperative mortality after cardiac surgery in 
Iranian patient population. 

Methods 
The present study included 1511 patients un-
dergoing coronary artery bypass graft (CABG) 
during 2 years from 2007 to 2009 in Sina hospi-
tal of Esfahan. The sample size was defined 
based on previous studies.6 All patients gave 
their written informed consent before their 
surgery and entering into study. The study 
was approved by the Research Ethics Commit-
tee of Isfahan University of Medical Sciences, 
Isfahan Sina Heart Center.  

 Data for the studied patients including de-
mographics, clinical characteristics, laboratory 
data, medical treatments, preoperative (pa-
tients related factors and cardiac related fac-
tors), operative data and length of ICU stay 
(LOS) were collected by reviewing hospital 
record files in a computerized database.  
 Perioperative mortality which was defined 
as death during 30 days from the operation 
was asked through telephone. LOS more than 
2 days was considered prolonged LOS. Totally, 
149 patients were excluded from our study be-
cause of not replying to telephone. Euroscore 
was calculated retrospectively. We used simi-
lar methodology previously applied by others 
with the same variables in the Euroscore.12,13,15 
Data were analyzed by logistic regression sta-
tistical test. 
 Accuracy (validation and reliability) of the 
Euroscore was assessed by the area under the 
curve (AUC). AUC greater than 0.7 was con-
sidered as an acceptable discriminatory ability. 
Hosmer-lemeshow chi-square test was used to 
assess the calibration of the Euroscore model. 
 Data analysis was performed by the SPSS 
soft ware (version 14, SPSS Inc., Chicago, IL).  

Results 
Table 1 shows clinical and demographic char-
acteristics of the studied population.  Totally, 
24.9% (376 patients out of 1511 patients) were 
female and 74.9% (1103 patients) were male. 
Mean age was 59.7 ± 10.2. 149 patients were 
excluded from our study because of not acces-
sibility. Mortality rate in 1362 patients was 
3.6%. The logistic Euroscore predicted pe-
rioperative in hospital mortality rate of 3.9%. 
Logistic regression model calibrated well to 
our sample and gave P value of 0.89 in the 
Hosmer-lemeshow chi-square test. Table 2 
shows predictive value of Euroscore items. 
Odd ratios calculations revealed that predic-
tive values for well-accepted risk factors such 
as unstable angina, sex and renal failure were 
not significant. Left ventricular dysfunction, 
older age and neurologic dysfunction were 
significantly related to the mortality rate. 
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Table 1. Clinical and demographic characteristics of the studied population 

 Percent distribution(%) Number 
Female sex 25.4 376 
Extra-cardiac arteriopathy 6.3 92 
Neurological dysfunction 0.4 6 
Previous cardiac surgery 0.3 4 
Serum creatinine ≥ 200 mmicromol/L 0.2 3 
Chronic pulmonary disease 2.8 41 
Unstable angina 8.7 130 

Moderate 28.9 425 
Left Ventricular dysfunction 

Severe 4.6 68 
Diabetes 34 504 
Recent myocardial infarction 33.6 498 
Pulmonary hypertension 1.2 18 
Critical preoperativeStatus 9.7 144 
Emergent surgery 23.2 342 
Bilateral internal mamilary use 2 31 

 
Table 2. Association of Euroscore risk factors of study population and  

occurrence of death by multivariate logistic regression analysis 

 
Variable                               Standard deviation                     Odd ratioP-value 

 

Age                                                    0.02                                                   1.05                               0.02 
Gender                                              0.45                                                   1.42                               0.44 
Chronic Pulmonary                       1.05                                                    1.48                               0.70 
  Disease 
Critical preoperative                      1.10                                                    3.71                               0.23 
Status 
Urgent surgery                               0.51                                                    1.19                               0.73 
Arteriopathy                                   0.91                                                    1.79                               0.52 
Unstable                                          1.05                                                    2.24                               0.44 
Angina 
Recent MI                                        0.50                                                    1.28                               0.61  
Other surgery                                 1.08                                                    1.66                               0.63 
Neurologic                                      1.34                                                    16.2                               0.03 
Dysfunction         
Moderate Left Ventricular            0.67                                                    0.41                               0.18        
Dysfunction 
Severe Left Ventricular                 0.64                                                     3.99                               0.03 
Dysfunction 
 
 Figure 1 shows percent distribution of risk 
factors among the patients. Mean LOS, ranging 
from 0 - 49 days, was 2.5 ± 2.5 days, and me-

dian was 2 days. Prolonged LOS occurred in 
18.3% of the patients. The AUC for the logistic 
Euroscore was 0.66 (95% CI) [Figure 2]. Using 
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the receiver operating characteristics (ROC) 
curve analysis, we found an optimal cut off 
point with 66% sensitivity and 62% specificity 
that corresponded to the score of 0.028 (in lo-
gistic Euroscore) being able to separate death 
probability from surviving  probability. It 
means we can correctly predict 66% of the 
death (sensitivity) and 62% of the surviving 
(specificity). 

Discussion 
Observed unadjusted preoperative mortality in 
our CABG patients was 3.6% almost equal to 
that of the other similar studies.4,15,16 We con-
cluded that Euroscore would be relatively in-
capable of accurate prediction of perioperative 
mortality in our patients’ population and the 
most important target of our study was to con-
firm this assumption. 

 

 
Figure 1. Percent distribution of risk factors in the study population 

 

1 -  Specificity
1.00.80.60.40.20.0

Se
ns

itiv
ity

1.0

0.8

0.6

0.4

0.2

0.0

Diagonal segments are produced by ties.

S
e

n
si

ti
v
it

y
 S

e
n

si
ti

v
it

y
 

1_specificityssssensiti

 
 

Figure 2. Receiver operating characteristics (ROC) curve of Euroscore for mortality prediction 
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 AUC in our study was measured 66%. Ro-
que et al. assessing predictive value of Euro-
score in six countries of European Union con-
cluded that additive Euroscore model works 
well across European countries.17 Geissler et al. 
compared 6 risk models and found the greatest 
AUC for Euroscore (78%).4 In Nashef et al. 
study in North America, AUC for Euroscore 
was75%.16 Other similar studies also reported 
near results.1,18  
 Since the least AUC for Euroscore model in 
most of the studies was 75% and the AUC 
>70% usually demonstrates a good predictive 
value, it seems that Euroscore risk model has 
less discriminatory power in predicting preop-
erative morality in our patients. In fact, accord-
ing to the results, this risk model did not accu-
rately predict preoperative mortality; there-
fore, it may not be suitable for use in our pa-
tients' population. 
 In our study, 18.3% of patients had pro-
longed ICU stay. This was almost similar to 
Wong et al. study result in which 17% of 
CABG patients stayed more than 2 days in the 
ICU.19 Although, Pitkanen et al. reported 4.8% 
and 6.5% prolonged ICU stay in their results, 
but mean LOS was 1.9% ± 1.9% and 1.4 ± 1.9 
days that was close to our results.20 Although, 
it is obvious that reliable conclusion about the 
quality of care in individual hospital would 
require more information collection with valid-

ity assessment and we don't argue about that 
in the present article, the quality of care pro-
vided in our hospital have been comparable 
with that of Europeans countries.  
 Among risk factors, only 3 ones, age (P < 
0.02), poor left ventricular dysfunction (P < 
0.03) and neurological dysfunction (P < 0.03), 
were found to be associated to mortality rate. 
Other previously published studies claimed 
that all or most of these predictors had signifi-
cant effects on morality rate.  

Limitation 
Because of time limitation, the sample size of 
this study was smaller than similar studies. 

Conclusion  
Since these models were developed for specific 
patient population and they should not be ap-
plied elsewhere without appropriate valida-
tion for respective patient population, we rec-
ommend developing a risk model that can ac-
curately predict perioperative mortality in our 
patient population waiting for CABG surgery 
with due attention to regional demographic 
and epidemiologic variables. 
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