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Summary: Background: In the era of modern medicine, the relevance of perioperative risk stratification with respect to the prac-
tice of cardiac surgeons and cardiologists worldwide has increased. Aim: This study aims at estimating the validity of a preope-
rative risk stratification model EuroSCORE in predicting short-term mortality in Czech adult cardiac population. Methods: All
consecutive patients (n = 460) presented to cardiac surgeons as surgery candidates during a six-month period were enrolled in
this study. The Additive and logistic EuroSCORE were used for the risk assessment. The operative mortality, as well as the mor-
tality within 30 days from discharge were recorded. The observed and predicted mortality derived from the EuroSCORE were
compared. Results: Fifty-seven percent of the patients underwent cardiac surgery, while 43 % was refused for surgery by the car-
diac surgeon. There was no significant difference between the observed and predicted mortality in both subgroups. EuroSCORE
showed good discriminatory ability in predicting short-term mortality (C statistic 0.755 vs. 0.762 for the surgery subgroup and
0.695 vs. 0.716 for the refused subgroup). Conclusions: The EuroSCORE has a good discriminatory ability in predicting early mor-
tality after cardiac surgery as well as in patients rejected for cardiac surgery. Both EuroSCORE risk prediction model forms are
a suitable mortality predictor in Czech cardiac patients.
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Role EuroSCORE pro prospektivni odhad kritkodobého rizika u kandidétti pro kardiochirurgickou operaci:
Je presnost EuroSCORE pro odhad periopera¢niho rizika stejna jako pro odhad rizika nechirurgické 1é¢by?

Souhrn: V éfe moderni mediciny je pro praxi kardiochirurga i kardiologa stale dtilezitéjsi stratifikace perioperac¢niho rizika. Cil:
Cilem této studie bylo zhodnoceni pfesnosti stratifika¢niho modelu EuroSCORE pro odhad kratkodobé mortality u ceské po-
pulace dospélych pacientt prezentovanych na kardiochirurgickém indika¢nim semindfi. Metodika: Studie zahrnuje vSechny
pacienty (n = 460) prezentované na indika¢nim seminafi jako kardiochirurgické kandiddty béhem 6mési¢niho obdobi. K posou-
zeni rizika byly pouzity aditivni a logistické EuroSCORE. Viechna tmrti od operace az do 30 dnti od propousténi byla prospek-
tivné zaznamendna. Skute¢nd mortalita byla porovnana s mortalitou odvozenou z EuroSCORE. Vysledky: 57 % pacientti pod-
stoupilo kardiochirurgickou operaci, zatimco 43 % pacientt bylo kardiochirurgem odmitnuto. Mezi skutecnou a odvozenou
mortalitou nebyl ani u jedné podskupiny zji$tén vyznamny rozdil. Aditivni i logistické EuroSCORE ukazalo dobrou diskrimi-
na¢ni schopnost pro predpovéd kratkodobého umrti (AUC = 0,755 a AUC = 0,762 pro chirurgickou skupinu; AUC = 0,695
a AUC = 0,716 pro odmitnutou skupinu). Zdvér: EuroSCORE md dobrou diskrimina¢ni schopnost pro predikei ¢asného tmrti
u pacienttl po kardiochirurgické operaci a rovnéz i u pacienttt odmitnutych kardiochirurgem. Obé formy EuroSCORE pro
predikei rizika jsou vhodné pro predpovéd tumrti u ceskych kardiologickych pacienttl.

Kli¢ova slova: aditivni EuroSCORE - logistické EuroSCORE - ptredpovéd umrti - pacienti indikovani k operaci - pacienti
odmitnuti k operaci
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Introduction

In the era of modern medicine, the
relevance of perioperative risk strati-
fication with respect to the practice
of cardiac surgeons and cardiologists
worldwide has increased.

This may be attributed to a higher
public scrutiny of the results of car-
diac surgeons and institutions as
well as to a higher risk profile of the
cardiac surgery candidate patients.

Victor Parsonnet and colleagues
published their risk stratification
system in 1989 [1]. Since than, seve-
ral other risk stratification scores
have been developed [2-5].

The European System for Cardiac
Operative Risk Evaluation (EuroSCO-
RE) yielded the highest predictive
value [6,7].

Nashef et al introduced the Euro-
SCORE in 1999, as a tool in order to
score the early mortality after car-

diac surgery in cardiac patients with
numerous risk factors [8].

The EuroSCORE was based on a lar-
ge and tightly controlled database,
comprising 19,030 patients drawn
from 128 surgical centers in eight Eu-
ropean countries. The system used
univariate and logistic regression ana-
lysis to identify and give appropriate
weight to the various risk factors
related to early mortality and survival
regarding adult cardiac surgery [9].

The additive (standard) form was
first applied, using a number of points
for each risk factor. It estimates the
percentage of the predicted operative
mortality for a patient undergoing
a particular operation. Recently, the
logistic model became available and
proved to be a better risk predictor,
especially in high risk patients (table
1) [10,11]. The logistic EuroSCORE
model is calculated using the follo-
wing formula:

Table 1. European System of Cardiac Operative Risk Evaluation

(EuroSCORE) risk factors.

Patient Factors

Age 60+ (per half decade)
(60-64 = 1, 65-69 = 2, etc.)

Sex

Chronic pulmonary disease
Extracardiac arteriopathy
Neurological dysfunction
Previous cardiac surgery
Serum creatinine > 200 pmol/L
Active endocarditis

Critical preoperative state

Cardiac Factors
Unstable angina

LV dysfunction moderate or LVEF 30-50 %

LV dysfunction poor or LVEF < 30 %
Recent myocardial infarction
Pulmonary hypertension

Operation Factors
Emergency

Other than isolated CABG
Thoracic aorta surgery
Postinfarction septal rupture

Additive
EuroSCORE

Logistic
EuroSCORE

0.0666354
0.3304052
0.4931341
0.6558917
0.841626
1.002625
0.6521653
1.101265
0.9058132

W W N WD R ==

0.5677075
0.4191643
1.094443

0.5460218
0.7676924

NS \SENCS IR (S}

0.7127953
0.5420364
1.159787
1.462009

A QNN

LV — left ventricular, LVEF — left ventricular ejection fraction, CABG — coronary artery

bypass grafting
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There have been several studies from
individual centers as well as regional
studies examining the effectiveness of
the EuroSCORE at the local level. To
our knowledge this is the first study in
the literature which tests the validity
of a preoperative risk stratification mo-
del in predicting short-term mortality
in Czech adult cardiac population.

The higher risk profile of cardiac
surgery candidate patients inspired us
to test the validity of both forms of
the EuroSCORE system in all patients
referred to any type of cardiac surgery
as well as of those which were refused.

Methods

Study population

Data were prospectively collected from
a total of 460 consecutive patients
who were presented to the cardiac
surgeon as cardiac surgery candidates
between September 2004 and March
2005 at the Cardiocenter, University
Hospital Kralovské Vinohrady, Pra-
gue, the Czech Republic.

From this group, 272 patients
(59 %) were indicated for cardiac sur-
gery and 188 patients (41%) were
refused for cardiac surgery.

Cardiac surgery candidate patients
were refused due to: diffuse coronary
atherosclerosis too extensive for sur-
gery (n = 40; 22 %), high operative
risks (n = 89; 47 %) or other reasons
(n=159; 31 %).

The group of patients refused for
cardiac surgery due to high opera-
tive risks comprised patients with
a combination of polymorbidity,
higher age (> 75 years), and ejection
fraction less than 30 %.

The group of patients refused due
to other reasons involved either pa-
tients with borderline (intermediate)
atherosclerosis lesions, a mild, mini-
mal and stable symptoms at the time
of referral to surgery or patient who
refused the surgery.
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Diffuse coronary atherosclerosis in-
dicates a diffuse stenosis approa-
ching the periphery of the coronary
blood vessels. High operative risk due
to polymorbidity means coexistence
of advanced stages of multiple organ
diseases (e.g. CNS, pulmonary, renal,
peripheral arteries, hepatic etc).

There were no exclusion criteria.

The measured outcome was the
mortality, defined as death within
30 days from operation or later than
30 days if still in hospital, while for
refused patients mortality was de-
fined as death during the hospital
stay or 30 days after discharge.

To assess the risk factors for mor-
tality in patients candidates for car-
diac surgery we used both additive
and logistic model of the European
system for Cardiac Operative Risk
Evaluation (EuroSCORE). Definitions
of the risk factors were identical to
the EuroSCORE definitions [8].

The additive EuroSCORE has been
routinely calculated at the bedside of
all patients presented to the cardiac
surgeon, while the logistic model
has been calculated by a calculator
downloaded from the Euro-SCORE
website (www.euroscore.org).

Thirty-day mortality information
was obtained by contacting the
patient or a family member by tele-
phone. The result from the surgery,
and clinical outcome after the sur-
gery, were taken into account in the
operated patients.

Statistical analysis

Quantitative and score variables were
summarized in terms of mean values
and SDs. Chi square test was used to
compare categorical values between
groups. Changes in quantitative
variables between the groups were
assessed with the student t test. Dis-
crete variables are expressed as counts
and percentages. Using the Univariate
Cox regression analysis we tested
whether the survival time depends
on the standard and the logistic
EuroSCORE.
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Table 2. Baseline characteristics of the patients candidates for

cardiac surgery.

Patient Factors

Age (mean + S.D.)

Sex (female), n (%)

Chronic pulmonary disease, n (%)
Extracardiac arteriopathy, n (%)
Neurological dysfunction, n (%)
Previous cardiac surgery, n (%)

Serum creatinine > 200 pmol/l, n (%)*
Active endocarditis, n (%)

Critical preoperative state, n (%)

Cardiac Factors
Unstable angina, n (%)*

LV dysfunction moderate or LVEF 30-50 %, n
LV dysfunction poor or LVEF < 30, n (%)*

Mean EF (t S.D.)*
Recent myocardial infarct, n (%)
Pulmonary hypertension, n (%)

Operation Factors

Emergency, n (%)

Other than isolated CABG, n (%)
Surgery on thoracic aorta, n (%)
Postinfarct septal rupture, n (%)

Mean Additive/Mean Logistic EuroSCORE*

*p < 0.001, S.D. — Standard Deviation

Operated Refused
patients patients
(n=272;59 %) (n=188;41 %)
65+ 10 69 + 10
75 (28) 58 (31)
19 (7) 35(19)
28 (10) 30 (16)

4(1) 6(3)

0 1(0.5)
4(1) 15 (8)
1(0.4) 0

2(0.7) 0

24.(9) 6(3)
(%) 75 (28) 70 (37)
6(2) 24 (13)
54+ 11 48 + 15
54 (20) 49 (26)
1(0.4) 5(3)
7 (3) 0
78 (30) 0
3(1) 0
2(0.7) 1(0.5)
4.1/3.95 5.6/7.1

The C statistic method (receiver
operating curve) was used to assess
the discriminatory ability of stan-
dard and logistic EuroSCORE. The
area under the receiver operating cha-
racteristics curve was calculated as
an indicator for how well the Euro-
SCORE could discriminate patients
who lived from those who died. The
discriminatory power of the model is
deemed excellent if the area under the
receiver operating characteristic curve
is 0.80, very good if it is greater than
0.75 and good if greater than 0.70.

Statistical analyses were performed
using the statistical SPSS 13.0 Soft-
ware. A p value of less than 0.05 was
considered significant.

Results

Study population

Table 2 compares the variables uti-
lized by the EuroSCORE model.
Refused patients experienced poorer

left ventricular function (EF < 30 %),
chronic pulmonary disease, serum
creatinin > 200 pmol/l and signifi-
cantly higher EuroSCORE (p < 0.001).

Eleven patients (4 %) of the patients
indicated for cardiac surgery refused
to be operated. They were included
in the group of refused patients. Two
patients indicated for cardiac sur-
gery died before the operation.
These deaths were excluded from the
study, leaving a total of 458 patients
for evaluation.

Finally, 259 patients (57 %) were
operated and 199 patients (43 %) were
refused for cardiac surgery (125 pa-
tients - 63 % - were treated conser-
vatively and 74 patients - 37 % — were
treated by percutaneous coronary
intervention - PCI). One hundred
eighty patients (69 %) underwent
coronary artery bypass surgeries,
54 patients (21 %) underwent valve
operations, 3 patients (1 %) under-
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Table 3. Predicted vs. observed mortality in the entire cohort, in operated and refused patients.

Entire cohort Operated patients Refused patients
(n = 458) (n = 259; 57 %) (n = 199; 43 %)
Predicted mortality Add. ES Log. ES Add. ES Log. ES Add. ES Log. ES
21(46%) 23 (5%) 10(4%  10(4%) 106%  13(7%)
Observed mortality 26 (6 %) 12 (5 %) 14 (7 %)
P value 0.454 0.660 0.663 0.663 0.400 0.842

—— WWW.VNitrnilekarstvi.cz

Add. — Additive, ES — EuroSCORE, Log. — Logistic.

Figure 1. Mortality according to
the EuroSCORE level in both
subgroups.

Open bars - patients with
EuroSCORE < 5, closed bars

- patients with EuroSCORE > 5.

*p < 0.01, **p < 0.05

went thoracic aorta surgery and
22 patients (9 %) underwent com-
bined surgeries. Sixty-one patients
(82 %) treated by PCI received at least
one stent, the mean number of
implanted stents was 1.3 + 0.5. The
implantation failed in 4 patients (5 %)
and dissection of the coronary vessel
was performed in one patient (1 %).
Two patients (3 %) had a nonfatal
periprocedural myocardial infarc-
tion. None of the patients died du-
ring the first 24 hours after the PCI
intervention. The patients treated con-
servatively received only medications.

Clinical outcome

The mean follow up was 36 + 10 days.
The overall observed mortality was
26 patients (6 %). Out of them, in-
hospital mortality was 17 patients

259 operated patients, there were
12 deaths or 5 %. Both the Additive
EuroSCORE and the logistic Euro-
SCORE predicted 10 deaths (4 %).
The chi square test P value of the to-
tal number of observed versus expec-
ted deaths in the subgroup of oper-
ated patients was 0.663 in both cases
(table 3). Among the 199 refused pa-
tients, we observed a mortality of
14 deaths (7 %). The additive Euro-
SCORE predicted 10 deaths (5 %),
while the logistic EuroSCORE pre-
dicted 13 deaths (7 %). The chi squa-
re test P value of the total number of
observed versus expected deaths was
0.400 and 0.842 respectively (table 3).

The deceased patients had a statis-
tically higher additive and logistic
EuroSCORE than the survivors in
the surgical subgroup (p < 0.001), as
well as the survivors in the subgroup
of the refused patients (p < 0.05).

The patients with additive Euro-
SCORE > 5 had a significantly wor-
se prognosis than patients with
EuroSCORE < 5 in both subgroups

(fig. 1).

" (65 %), and overall observed mortali-  Distriminatory ability — C statistic
E iizf, ] 3% ty after discharge in or out of hospi-  EuroSCORE showed good discrimi-
ES 129% tal was 9 patients (35 %). natory ability in predicting short-
T 10% 10 % term mortality.
§ 8% Validation of EuroSCORE Fig. 2 and Fig. 3 show the areas
:!’ 6% - I ™ There was no significant difference  under the receiver operating charac-
o A%, between the observed and predicted  teristic curves for both the standard
§ 2% mortality neither the entire cohort  and the logistic EuroSCORE in both
g 0% Surgery " Refused nor in the subgroups. subgroups of patients.
subgroup*  subgroup** Mean Additive EuroSCORE in the
entire cohort was 4.6, while the  Discussion
EuroSCORE logistic EuroSCORE was 5 %. Of the ~ This prospective study was designed

to estimate the performance of both
forms of the risk stratification system
EuroSCORE in adult Czech cardiac
population referred to the cardiac
surgeon as cardiac surgery candi-
dates. It was shown that both forms
of the EuroSCORE correlate with the
mortality in both subgroups of
patients, i.e. those undergoing cardiac
surgery as well as those denied for it.
Studies performed in different car-
dio surgery centers in Europe, North
America, Japan defined the EuroSCO-
RE as an accurate risk prediction
model of mortality. However, the
validity of this model in Australian
and Lithuanian population under-
going cardiac surgery was not con-
firmed, overestimating the mortali-
ty, especially when using the logistic
model [6,12-16]. Our single center
estimation of the validity of both
forms of EuroSCORE in Czech adult
cardiac population confirmed that
EuroSCORE has a good discrimina-
tory ability in predicting short-term
mortality in cardiac surgical as well
as in cardiac non-surgical patients.
Most risk stratification models in
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Figure 2. Receiver operating characteristic curves for short-term mortality after cardiac surgery.
Figure 2a. Additive EuroSCORE: area 0.755 (0.659-0.850)
Figure 2b. Logistic EuroSCORE: area 0.762 (0.668-0.857)
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Figure 3. Receiver operating characteristic curves for short-term mortality in the refused patients.

Figure 3a. Additive EuroSCORE: area 0.695 (0.562-0.828)
Figure 3b. Logistic EuroSCORE: area 0.716 (0.590-0.842)

cardiac surgery use early mortality
as an end-point. The EuroSCORE
identifies a number of risk factors,
which help to predict short or long-
term mortality (in percent), morbi-
dity and length of intensive care unit
stay after cardiac surgery [17-21].
The present study tests the discrimi-
natory ability of both forms of
EuroSCORE in predicting short-term
mortality. As previously demonstrat-

. 1160

ed, both forms, standard and logistic
EuroSCORE, can be considered as app-
licable models (C statistic 0.755 vs.
0.762 for the surgery subgroup and
0.695 vs. 0.716 for the refused sub-
group). Other published studies
have shown C statistic values from
0.73 to 0.84 for standard EuroSCO-
RE in CABG treated patients [18,22-
-24]. Different studies have demon-
strated that EuroSCORE can be app-

lied as a suitable predictor of morta-
lity after cardiac, as well as thoracic
aortic surgery and redo operations
[25,26]. In this study we included
patients that underwent coronary
bypass surgery, valve surgery, tho-
racic aortic surgery and a combina-
tion thereof. No redo operation has
been done. Overall EuroSCORE was
proven to be a valid risk predictor of
short-term mortality.
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As many studies have shown the
logistic EuroSCORE 1is a more accu-
rate risk predictor of mortality in
high-risk patients than the additive
EuroSCORE, while for less risky pa-
tients it overestimates the risk. Our
study confirmed almost the same
validity of both forms.

Our primary focus, though, was not
on the differences between the two
EuroSCORE forms; rather it was on
their applicability on each of the
subgroups.

Conclusions
The EuroSCORE has demonstrated
good discriminatory ability in pre-
dicting early mortality after cardiac
surgery as well as in patients refused
to it. Both forms of EuroSCORE risk
prediction model are suitable predic-
tors of mortality in cardiac patients.
However, in order to achieve ex-
cellent predictive capabilities, the
existing model might need to be

modified.
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