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Background: Recently, Israel established the first national-
level adult cardiac surgery database, which was linked to the 
American Society of Thoracic Surgeons (STS). 
Objectives: To validate and compare the STS predicted risk of 
mortality (PROM) to logistic EuroSCORE I (LESI) and EuroSCORE II 
(ESII) in Israeli patients undergoing cardiac surgery.
Methods: We retrospectively studied 1279 consecutive patients 
who underwent cardiac surgeries with a calculable PROM. 
Data were prospectively entered into our database and used 
to calculate PROM, LESI, and ESII. Scores were normalized 
and correlated using linear regression and Pearson’s test. To 
examine model calibration, we plotted the total observed 
versus expected mortality for each score and across five 
risk-score subgroups. Model discrimination was assessed by 
measuring the area under the receiver operating curves. 
Results: The observed 30-day operative mortality was 1.95%. 
The median (IQ1; IQ3) PROM, LESI, and the ESII scores were 
1.45% (0.69; 3.22), 4.54% (2.28; 9.27), and 1.88% (1.18; 3.54), 
respectively, with observed over expected ratios of 0.63 (95% 
confidence interval [95%CI] 0.42–0.93), 0.59 (95%CI 0.40–0.87), 
and 0.24 (95%CI 0.17–0.36), respectively, (STS vs. ESII P = 0.36, 
STS vs. LESI P = 0.0001). There was good correlation among 
all scores. All models overestimated mortality. Model discrimi-
nation was high and similar for all three scores. Model 
calibration of the STS, PROM, and ESII were more accurate than 
the LESI, particularly in higher risk subgroups. 
Conclusions: All scores overestimated mortality. In Israeli 
patients, the STS, PROM, and ESII risk-scores were more 
reliable metrics than LESI, particularly in higher risk patients. 
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C
linical data repository is an essential component of car-
diothoracic surgery practice. It allows accurate and fair 

assessment of clinical performance as well as procedural cost-

effectiveness analysis. To achieve these goals, assessment and 
reporting of outcomes must be risk-adjusted, while considering 
patient profile and procedural details [1]. Linking of an institu-
tional database to a well-established, large-scale clinical database 
provides a reliable benchmark and affords the opportunity to 
utilize sophisticated quality metrics and risk prediction models. 

In 2011, the American Society of Thoracic Surgeons (STS) 
leadership expanded participation in the STS Adult Cardiac 
Surgery Database (ACSD) internationally to facilitate a 
worldwide quality collaborative in cardiac surgery [2]. The 
Department of Cardiothoracic Surgery at Hadassah–Hebrew 
University Medical Center was among the first international 
sites to join this collaboration. Recently, the Israeli Society of 
Cardiothoracic Surgery and Israel Ministry of Health estab-
lished the first national-level adult cardiac surgery database, 
linked to that of the STS [3]. The most widely used alterna-
tive risk prediction scores for mortality to that of the STS are 
the European System for Cardiac Operative Risk Evaluation 
(EuroSCORE) I and II [4,5]. The EuroSCORE I was introduced 
in 1999 and was based on a dataset from 19,000 patients, most 
of whom had isolated coronary bypass graft grafting (CABG). 
The EuroSCORE I can be calculated in additive or logistic fash-
ion using Logistic EuroSCORE I (LESI) [4]. The EuroSCORE 
II (ESII) was developed in 2012 based on a wider variety of 
patients and revised definition of its variables [5]. These risk 
models have been validated in different countries and a variety 
of cardiac operations with inconsistent results [6-9]. 

Fundamental social, economic, and cultural differences 
among the United States, Europe, and Israel, in addition to 
marked differences in healthcare systems, infrastructure, 
patient profiles, referral, and practice patterns have all raised 
concerns in regard to applicability and validity of STS ACSD 
and the European risk-prediction models and quality assess-
ment tools in Israeli patients. Validation of the risk models is 
a mandatory step in the process of advancing from an institu-
tional to a national database. Using data we have accumulated 
over a period of 8 years in our STS ACSD-linked database, we 
aimed to compare the accuracy of the STS PROM to that of 
the LESI and ESII. 
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Table 1. Baseline clinical and surgical profile of the study cohort

Isolated CABG STS*  

(n=116, 231)

Isolated CABG 

(n=798)

Entire cohort

(n=1279)

64 (median 65,  
Q1 58, Q3 72)

63 ± 10 (median 63, 
Q1 56, Q3 71)

64 ± 12 (median 64,  
Q1 56, Q3 73)

Age, years

87,754 (75.5%) / 
28,477 (24.5%)

654 (82%) /  
144 (18%)

929 (73%) /  
350 (27%)

Gender  
(male / female)

103,910 (89.4%)540 (68%)818 (64%)Hypertension 

57,302 (49.3%)399 (50%)553 (43%)Diabetes mellitus

9182 (7.9%)79 (10%)135 (11%)Preoperative stroke

62,765 (54%)524 (66%)643 (50%)Preoperative myocardial 
infarction

3719 (3.2%)17 (2.1%)40 (3.1%)Preoperative renal failure 
requiring dialysis

16,156 (13.9%)112 (14%)158 (11%)Preoperative peripheral 
vascular disease

52 (median 55,  
Q1:45, Q3:60)

49 ± 12 (median 50, 
Q1:40, Q3 :60)

51 ± 12 (median 50, 
Q1;41, Q3;60)

LVEF (%)

0
4417 (3.8%)
22,084 (19.0%)
88,684 (76.3%)
36,613 (31.5%)

0
45 (6%)
206 (26%)
547 (68%)
239 (30%)

286 (22%)
121 (10%)
253 (20%)
619 (48%)
268 (21%)

Extent of coronary  
artery disease
None
Single vessel disease
Double vessel disease
Triple vessel disease
Left main disease

798 (62%)
214 (17%)
92 (7%)
126 (10%)
49 (4%)

Operative procedure
CABG
AVR
AVR ± CABG
MVR, r
MVR, r ± CABG

43,470 (37%)
67,995 (58%)
4765 (4%)

271 (34%)
487 (61%)
40 (5.0%)

665 (52%)
606 (47%)
8 (1%)

Priority of surgery
Elective
Urgent
Emergent or emergency-
salvage

2789 (2%)19 (2%)81 (6%)Redo surgery

2.19 ± 4.04% (median 
0.98, Q1 0.52, Q3 2.03

3.71 ± 2.20 (median 
1.45, Q1 0.69, Q3 3.23)

STS predicted 30-day 
mortality (%)

7.97 ± 9.98 (median 
4.54, Q1 2.28, Q3 9.27)

Logistic EuroSCORE I (%)

3.31 ± 4.72 (median 
1.88, Q1 1.18, Q3 3.54)

EuroSCORE II (%)

2673 (2.3%)11 (1.4%)25 patients (1.95%)Observed 30-day mortality

*Data extracted from the STS ACSD 2017 4th quarter report 
ACSD = Adult Cardiac Surgery Database, AVR = aortic valve replacement, CABG = coronary bypass 
graft grafting, LVEF = left ventricular ejection fraction, STS = Society of Thoracic Surgeons

PATIENTS AND METHODS

PATIENTS

The study population consisted of consecutive patients (n=1279) 
who underwent five cardiac surgical procedures with a calcula-
ble STS PROM at Hadassah Hebrew University Medical Center 
between January of 2008 and December of 2015. The procedures 
included isolated CABG scores, aortic valve replacement (AVR) 
with or without CABG, and mitral valve repair or replacement 
(MVr, MVR), with or without CABG. 

DATA COLLECTION

This retrospective study was designed to analyze data that 
were prospectively collected and entered into our STS-linked 
departmental database using the STS collection tool and defini-
tions [10]. We used the most recent report of the STS ACSD 
as a benchmark to compare the baseline characteristics of our 
study cohort [11]. Procedural mortality was defined as mortality 
occurring within 30 days after the surgery or during the same 
hospitalization. Three versions of the STS ACSD collection 
tool were utilized during the study period: 2.61, 2.73, and 2.81. 
The STS PROM was updated periodically. We used the most 
updated version of the risk algorithm to calculate STS PROM 
for each patient throughout the study. We used the specific risk 
algorithm for each of the five surgical procedures. We calcu-
lated the LESI and the ESII using the publicly available online 
calculators [12]. The creatinine clearance was calculated using 
the Cockroft-Gault formula [13]. The information necessary to 
commplete the variable “poor mobility” for the EuroSCORE cal-
culation was obtained directly from the patient medical records. 

STATISTICAL ANALYSIS 

Categorical variables were expressed as absolute numbers and 
percentages. Continuous variables were expressed as means ± 
standard deviation, median and interquartile (Q1, Q3) range. 
We categorized the STS PROM into five sub-groups: 0–0.99%, 
1.0–1.99%, 2.0–2.99%, 3.0–4.99%, and ≥ 5.0%. For each of the 
risk models and each sub-group we calculated the observed 
over expected mortality ratio (O/E ratio). To normalize the dis-
tribution of the STS PROM, ESII and LESI, we transformed the 
data into ln and verified it using the Kolmogorov–Smirov test. 
We then compared the O/E ratios of each model by calculating 
the exponent of Wald confidence intervals for Poisson regres-
sion [14]. OE ratios were expressed as values with 95% confi-
dence intervals (CI). Correlation among the scores was assessed 
by plotting separate scattered graphs of ln of the STS PROM 
against the lnLESI and the lnESII and calculating Pearson’s 
correlation coefficients and linear regression. To assess the dis-
criminative power of each risk model, we plotted the receiver 
operating characteristic curve (ROC) and calculated the area 
under the curve (AUC). A P value of < 0.05 was considered 
significant. The statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, 
version 24 (SPSS, IBM Corp, Armonk, NY, USA). 

RESULTS

PATIENTS

The study cohort consisted of 1279 consecutive patients who 
underwent cardiac surgery at our medical center between 
January 2008 and December 2015. The five surgical procedures 
with a calculable STS PROM that were included in the study 
comprised 78% of the operative volume in our institution during 
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was significantly lower compared to those of the STS PROM 
and ESII. (STS vs. ESII P = 0.365, STS vs. LESI P < 0.001). 
[Table 2, Figure 2B].

COMMENT

Early postoperative outcomes, particularly procedural risk-
adjusted mortality, have become invaluable tools that are used 
for multiple purposes in cardiac surgery. They are used by the 

the study period. The baseline clinical profile of the study cohort 
is summarized in Table 1. The clinical profile was typical for a 
contemporary cohort of patients undergoing cardiac surgery. The 
average age was 64 years of age (range 20–90) with 73% males. 
Of the patients, 43% had been diagnosed with diabetes mellitus 
and 50% sustained prior myocardial infarction. Coronary artery 
disease was found in 78% of patients–three-vessel disease: 48%, 
left main disease: 21%. The largest group of our study cohort 
consisted of patients who underwent isolated CABG (n=798, 
62%). The baseline clinical profile of our CABG patients was 
comparable to that of the STS ACSD [Table 1]. The operative 
profile of the study cohort is summarized in Table 1. Of the sur-
geries, 48% were non-elective and 6% were re-do procedures. 
The operative profile of our patients who had isolated CABG was 
similar to that of the STS ACSD. The observed CABG mortality 
in our study was lower than that of the STS ACSD [Table 1]. 

CORRELATION AMONG THE SCORES

The correlation among the scores is depicted in Figure 1. We 
observed good correlation between the lnSTS PROM and both 
the lnLESI (red) and the lnESII (blue). The Pearson correla-
tion coefficients (R values) between the lnSTS PROM, lnLESI 
and lnESII were of 0.74 and 0.67, respectively, with P values of 
< 0.001 for both correlation coefficients. We observed higher 
residuals in between lnSTS PROM and lnLESI compared with 
lnSTS PROM and lnESII in Linear regression, suggesting better 
correlation between the STS PROM and ESII than LESI.

MODEL DISCRIMINATION

To assess model discrimination, we plotted the ROC curves and 
calculated the AUC for each model. The plots are depicted in 
Figure 2A. Model discrimination was excellent and similar for 
all three scores with AUC values of 0.83 (95% confidence inter-
val [95%CI] 0.74–0.91), 0.81 (0.72–0.89), and 0.82 (0.73–0.90) 
for the STS PROM, LESI, and ESII, respectively (P = 0.361). 

MODEL CALIBRATION

To examine model calibration, we calculated the observed ver-
sus expected mortality for the three models across the entire 
cohort and the five risk-score subgroups within each model 
[Table 2, Figure 2B]. The observed 30-day mortality was 1.95% 
(25 patients). All three models overestimated mortality to a cer-
tain extent. Model calibration of the STS PROM and ESII was 
similar and superior to that of LESI. The LESI model overesti-
mated mortality, particularly in higher risk patients The median 
(IQ1;IQ3) STS PROM, LESI, and the ESII scores were 1.45% 
(0.69;3.22), 4.54% (2.28;9.27), and 1.88% (1.18;3.54) respec-
tively. The O/E ratios of the STS PROM, LESI, and ESII were 
0.63 (95%CI 0.42–0.93), 0.24 (0.17–0.36), and 0.59 (0.40–0.87), 
respectively [Table 2]. As shown in Figure 2B, the O/E ratios 
of the STS PROM and the ESII were similar with overlapping 
95%CIs. In contrast, the LESI O/E ratio for the entire cohort 

Table 2. Model calibration. Observed versus expected mortality for 
the entire cohort and the five risk sub-groups

Risk  
sub-group

Risk  
model

Observed 
mortality 
(%)

Expected 
mortality 
(%)

O/E  
ratio

95%  
confidence  
interval

Entire 
Cohort

STS PROM
LESI
ESII

1.95
1.95
1.95

3.12
7.97
3.31

0.63
0.24
0.59

0.42–0.93
0.17–0.36
0.40–0.87

1 STS PROM
LESI
ESII

0.64
0
0.44

0.56
0.88
0.77

1.13
0
0.57

0.36–3.50

0.08–4.03
2 STS PROM

LESI
ESII

0
0.54
0.67

1.43
1.57
1.44

0
0.34
0.47

0.05–2.44
0.15–1.45

3 STS PROM
LESI
ESII

1.32
0
1.00

2.41
2.41
2.45

0.53
0
0.41

0.14–2.17

0.10–1.64
4 STS PROM

LESI
ESII

3.32
0.71
1.99

3.89
3.87
3.77

0.85
0.18
0.53

0.35–2.03
0.04–0.73
0.20–1.41

5 STS PROM
LESI
ESII

7.81
3.69
7.32

12.10
14.16
10.59

0.64
0.26
0.69

0.39–1.07
0.17–0.39
0.42–1.14

ESII = EuroSCORE II, LESI = logistic EuroSCORE I, O/E = observed over expected, 
PROM = predicted risk of mortality, STS = Society of Thoracic Surgeons

Figure 1. Correlation among the lnSTS PROM, lnLES I (red) and lnESII (blue). There was 
a good correlation between the STS PROM and both the LESI and the EUS. There were 
higher residuals in between the STS PROM and LESI compared with the STS PROM and ESII
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understanding, and due to interest by growing number of inter-
national STS members, the STS expanded its ACSD participa-
tion to include international sites in 2012 [2]. Given our small 
single institutional case volume, we realized that it is essential to 
link our clinical database to a much more robust database that 
provides well-recognized and validated risk-prediction models. 
The most frequently utilized risk prediction models, other than 
that of the STS and ACSD, are LESI and ESII. 

There are important differences between the STS and the two 
EuroSCOREs. The EuroSCORE models are simple, derived from 
a limited set of variables and applicable to the entire spectrum of 
cardiac surgical procedures. However, the EuroSCORE models 
are based on a fixed and relatively small number of patients oper-
ated years ago [4,5]. Therefore, the EuroSCORE models may fail 
to capture the on-going changes in patient profiles and practice 
patterns. As a result, the weights of specific variables within the 
risk prediction models may become inaccurate over time. In 
contrast, the STS ACSD risk-prediction models are available for 
only five surgical procedures (although accounting for 70–80% 
of the average practice), are based on large amount of data, and 
are updated periodically [15,16]. The most recent version of the 
STS ACSD risk algorithms were developed based on 775,000 
operative records. In addition to mortality, the STS ACSD pro-
vides important additional risk-adjusted predictive outcomes 
scores, including overall morbidity and specific complications 
affording the opportunity to calculate comprehensive procedural 
composite scores [16]. In contrast, the two EuroSCORES provide 
prediction of procedural mortality only [4,5]. 

We observed a good correlation and model discrimination 
among the three scores. These findings suggest that all three 
models performed equally well in the cohort tested. However, 
one must exercise caution since, by themselves, these two tests 
may not be sensitive enough when examined exclusively. For 
example, the AUC methodology to determine model discrimi-
nation requires very large cohorts of patients. The AUC meth-
odology may also fail to detect changes between updated and 
old versions of the same model such as the LESI and ESII [8]. 

Model calibration assessed by the observed versus expected 
mortality ratios revealed that all three models overestimated 
mortality to a certain extent. This observation can be explained 
simply because the surgeons at Hadassah performed better than 
the average. Alternative and plausible explanations could be that 
overestimation of mortality reflects the natural lag between the 
most updated risk algorithms and the continuous improvement 
in surgical outcomes. In a sense, it is continuously changing. 
Supporting this hypothesis and consistent with previous stud-
ies [9,17], model calibration was less accurate for the LESI in 
our cohort. LESI overestimated mortality compared to both the 
STS PROM and ESII. This difference was more pronounced in 
higher risk patients. The inferior performance of the LESI may 
be related to the fact that it is the oldest model, not undergoing 
periodical updates and based largely on patients who underwent 

surgeon, cardiologist, and other caregivers to assess risk-benefit 
ratio and for patient selection. They are increasingly included 
in the discussion with the patient as an essential part of the 
informed consent process. Finally, operative outcomes are used 
by all stakeholders in healthcare as a component of procedural 
cost-effectiveness analysis [15]. 

Global sharing of medical knowledge among the entire spec-
trum of healthcare stakeholders is increasingly recognized, not 
only as a fundamental requisite to improve healthcare, but also 
as an ethical commitment to our patients [16]. In line with this 

Figure 2. Model discrimination and model calibration. All three models overestimated 
mortality. Model calibration was similar for both the STS PROM and the ESII. The LESI 
model overestimated mortality in higher-risk patients

[A] To assess model discrimination, we plotted the ROC curves and calculated the AUC 
for each model. Model discrimination was excellent and similar for all three scores
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CABG, whereas, in our study, about one-third of patients had 
valve surgery. Another pitfall common to all risk assessment 
models is the small number of patients in the high-risk catego-
ries. The small number of patients jeopardizes the reliability of 
any statistical method at the high end of the spectrum. 

LIMITATIONS

An important limitation of the present study is the relatively 
small and heterogeneous cohort for this type of investigations. 
The small number of patients precluded separate sub-group 
analyses with respect to each of the five cardiac surgical pro-
cedures. Previous studies demonstrated that performance of 
the three scores varies considerably across different surgical 
procedures, suggesting that one risk-prediction model does not 
fit all situations, even in the same institution [9]. Perhaps the 
only way to circumvent this problem is to establish a national 
or, preferably, a truly global clinical database and use the vast 
amount of data to develop uniform risk prediction models. We 
used three different versions of the STS ACSD risk-prediction 
models during the study period. Comparing a continuously 
updated model against fixed older models may have created 
bias. In addition, this study reflects a single academic tertiary-
care institution experience. Applicability of our findings to 
other types of institutions in Israel remains to be investigated. 

CONCLUSIONS

Our data suggest that although derived from entirely different 
patient cohorts and healthcare systems, both the STS PROM 
and the ESII were reasonably accurate and reliable quality met-
rics in a contemporary cohort of Israeli patients undergoing 
cardiac surgery. Further multi-center studies on much larger 
cohorts are required to validate the mortality scores nation-
ally and evaluate additional quality metrics in Israeli patients 
undergoing cardiac surgery. 
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“There are stars whose radiance is visible on Earth though they have long been extinct.  
There are people whose brilliance continues to light the world though they are no longer 
among the living. These lights are particularly bright when the night is dark. They light  
the way for humankind” 

Hannah Senesh (1921–1944), poet and Special Operations Executive (SOE) member, one of 37 Jewish SOE recruits from Mandate 
Palestine parachuted by the British into Yugoslavia during the World War II to assist anti-Nazi forces and ultimately  

in the rescue of Hungarian Jews about to be deported to the German death camp at Auschwitz


