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Abstract

Objective: EuroSCORE has been used in cardiac surgery
operative risk assessment, despite important variables were not
included. The objective of this study was to validate EuroSCORE
on mortality prediction in a Brazilian cardiovascular surgery cen-
ter, defining the influence of type of procedure and surgical team.

Methods: Between January 2006 and June 2011, 2320 con-
secutive adult patients were studied. According to additive Euro-
SCORE, patients were divided into low risk (score<2), medium
risk (3 - 5), high risk (6 - 11) and very high risk (>12). The rela-
tion between observed mortality (O) and expected mortality (E)
according to logistic EuroSCORE was calculated for each of the
groups, types of procedures and surgeons with > 150 operations,
and analyzed by logistic regression.

Results: EuroSCORE correlated to the observed mortality
(O/E=0.94; P<0.0001; area under the curve 0.78). However,
it overestimated the mortality in very high risk patients (O/
E=0.74; P=0.001). EuroSCORE tended to overestimate isolated
myocardial revascularization mortality (O/E=0.81; P=0.0001)
and valve surgery mortality (O/E=0.89; P=0.007) and it tended
to underestimate combined procedures mortality (O/E=1.09;
P<0.0001). EuroSCORE overestimated surgeon A mortality (O/
E=0.46; P<0.0001) and underestimated surgeon B mortality (O/
E=1.3; P<0.0001), in every risk category.
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Conclusion: In the present population, EuroSCORE overes-
timates mortality in very high risk patients, being influenced by
type of procedure and surgical team. The most appropriate sur-
gical team may minimize risks imposed by preoperative profiles.
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Resumo

Objetivo: O EuroSCORE tem sido utilizado na estimativa de
risco em cirurgia cardiaca, apesar de fatores importantes nao
serem considerados. O objetivo foi validar 0 EuroSCORE na
predicio de mortalidade em cirurgia cardiovascular num centro
brasileiro, definindo a influéncia do tipo de procedimento e da
equipe cirurgica responsavel pelo paciente.

Meétodos: No periodo de janeiro de 2006 a junho de 2011, 2320
pacientes adultos consecutivos foram estudados. De acordo com o
EuroSCORE aditivo, os pacientes foram divididos em risco baixo
(escore <2), risco moderado (3 - 5), risco elevado (6 - 11) e risco
muito elevado (>12). A relagao entre a mortalidade observada (O)
sobre a esperada (E) de acordo com o EuroSCORE logistico foi
calculada para cada um dos grupos, procedimentos e cirurgioes
com > de 150 operacdes, e analisada por regressio logistica.

This study was carried out at Institute of Cardiology of Distrito Federal
(ICDF), Brasilia, DF, Brazil.
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Abbreviations, acronyms & symbols

AUC Area under the curve
EuroSCORE European System for Cardiac Operative Risk Evaluation
ROC Receiver-operating characteristic

Resultados: O EuroSCORE calibrou com a mortalidade ob-
servada (O/E=0,94; P<0,0001; 4rea abaixo da curva=0,78), apesar
de descalibrar a mortalidade em pacientes de risco muito elevado
(O/E=0,74; P=0,001). O EuroSCORE calibrou a mortalidade na
revasculariza¢do do miocardio isolada(O/E=0,81; P=0,0001) e ci-
rurgia valvar (O/E=0,89; P=0,007), e a mortalidade nas operacdes

INTRODUCTION

The scores of preoperative risk aim to estimate the mor-
tality of certain surgical procedures in order to meet the in-
terests of individuals (patients and physicians), hospitals and
health managers. The risk prediction is important in medical
practice, as it allows objective comparisons between institu-
tions and surgeons to adjust the characteristics of severity of
disease. Moreover, the scores of preoperative risk are useful
in clarifying and preoperative consent, in quality control of
services and the selection or exclusion of patients in con-
trolled clinical studies.

The EuroSCORE (European System for Cardiac Opera-
tive Risk Evaluation), is one of the more widespread preop-
erative risk scores, and perhaps the most popular in cardiac
surgery. It was created in 19991, with data collected between
September and December 1995 in 128 European centers.
In 2003, the logistic EuroSCORE was introduced using the
same original database in order to improve the performance
of the score in high risk patients!.

External validation of the EuroSCORE in various popula-
tions around the world occurred initially with good results?®-.
However, most authors have recently demonstrated that the
logistic EuroSCORE overestimates the expected mortality,
although some developing countries show the oppositet*.
The reasons for this discrepancy in model validation involve
multiple factors: different characteristics of the exposed pop-
ulation, the hospitals and their treatment protocols, training
teams and socioeconomic®! differences.

Moreover, the first version of the EuroSCORE did not
take into account all types of surgical procedures used in car-

combinadas (O/E=1,09; P<0,0001). O EuroSCORE descalibrou a
mortalidade do cirurgiio A (O/E=0,46; P<0,0001) e a do cirurgiio
B (O/E=1,3; P<0,0001), ambos em todos os graus de risco.
Conclusdo: Na populacio estudada, o EuroSCORE descali-
brou a mortalidade em pacientes de risco muito elevado, podendo
sofrer influéncia do tipo de operacio e do cirurgiiio responsavel.
O cirurgido mais apto para cada gravidade de paciente pode
minimizar o risco imposto por caracteristicas pré-operatorias.

Descritores: Procedimentos Cirirgicos Cardiovasculares.
Medi¢ao de Risco/métodos. Modelos Logisticos. Qualidade da
Assisténcia a Saude.

diac surgery because the vast majority of patients underwent
isolated CABG, which may lead to misinterpretation in vari-
ous possibilities of combined procedures!!l.

The influence of the hospital unit or a system of national
health outcome in cardiac surgery has been studied in this con-
text!!!l. Siregar et al.l'! showed the limitations of showing lists
of performance of hospitals and surgeons in the study popula-
tion of patients undergoing cardiovascular surgery in the Neth-
erlands. The study shows that in a three-year period, there was
great variability in the results of hospitals with wide confidence
intervals, thus questioning the validity of such comparisons. The
inaccuracy of mathematical models of risk, reflecting differenc-
es in severity of disease and risk factors not measured, may re-
flect results of random variations rather than real ones.

The aim of this study was to validate the EuroSCORE
in predicting cardiovascular mortality in a Brazilian center
surgery, defining the influence of the type of procedure and
surgeon factor.

METHODS

From January 2006 to June 2011, 2320 consecutive adult
patients who had undergone surgery were included in this
study. The mean age was 55 years + 15, and 1330 (57.3%) pa-
tients were male. The preoperative, intraoperative and post-
operative patient characteristics were prospectively collected
and stored in an electronic database. All patients underwent
surgery in the same hospital following the same protocols.
The study was approved by the Research Ethics Committee
under the registration number 069882/2013, in accordance
with the standards of Helsinki.
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The procedures were coronary artery bypass grafting
(CABQG) isolated in 1056 (45.6%), valve surgery (Valve) iso-
lated in 627 (27.1%), combined operations in 453 (19.6%)
and others at rest. The latter included surgical treatment of
isolated aortic diseases, congenital heart disease in adult,
pericardiectomy, septal myectomy, resection of cardiac tu-
mors, VSD repair or post-myocardial infarction heart failure
and surgical treatment of endomyocardial fibrosis.

Table 1. Prevalence of variables included in the calculation of the
EuroSCORE compared with data from the original publication.

Variables Study %  EuroSCORE %
(N=2320) (N=19030)

Mean age (years) 55 62.5
<60 years 45.4 332
60 — 64 years 15.7 17.8
65 — 69 years 17 20.7
70 — 74 years 12.7 17.9
> 75 years 9.2 9.6
Female 42.7 27.8
COPD 9.7 39
Extracardiac arteriopathy 33 11.3
Neurological dysfunction 5.5 1.4
Previous cardiac Surgery 11.2 7.3
Elevated creatinine 14.6 1.8
Critical preoperative status 3.5 4.1
Unstagle angina 19.6 8
Moderate ventricular dysfunction 16.3 25.6
Severe ventricular dysfunction 1.5 5.8
Recent myocardial infarction 13 9.7
Pulmonary hypertension 7.7 2
Emergency Surgery 3.1 4.9
Active endocarditis 2.7 1.1
Procedures other than CABG 54.4 36.4
Surgery on thoracic aorta 7.8 2.4

The primary outcome was mortality at 30 days. There
was no loss of patient follow up at 30 days. The operative
risk score used was the first version of the EuroSCORE,
published in 19991, The calculation of the EuroSCORE was
prospectively performed by a single examiner who strictly
followed the definitions of pre- and intraoperative character-
istics of patients. The calculation of the additive and logistic
score of each patient was then determined electronically ac-
cessing http://www.EuroSCORE.org/calcold.html.

Table 1 defines the prevalence of variables used in calcu-
lating the score compared to the same used in the formation
of the original statistical model.

According to the additive EuroSCORE, patients were
stratified into low risk (group 1: score <2), moderate risk
(group 2: score 3-5), high risk (group 3: score 6-11) and very
high risk (group 4: score> 12). The results of individual sur-
geons with > 150 operations were included in the analysis.

The relationship between mortality observed (O) and the
expected (E) according to the logistic EuroSCORE was cal-
culated for each group, procedures and surgeons.

Statistical Analysis

Categorical variables were expressed by frequencies
and percentages and continuous variables through the mean
and standard deviation or with confidence interval of 95%.
Comparison of categorical variables was performed using
the chi-square test and continuous using Student’s T test, as
indicated. Validation of the EuroSCORE for the population
studied was performed, including calibration and discrimi-
nation. In the latter analysis, all patients were included. The
correlation between mortality and the risk score, type of pro-
cedure and surgical team was obtained by logistic regression,
ROC (receiver-operating characteristic curve) was obtained
and calculated the area under the curve (AUC). In logistic re-
gression analysis, the variables whose P value was less than
or equal to 0.1 were included in the multivariate model. The
latter was performed using the backward stepwise technique,
and the variables were selected with a P value less than 0.05
as significant. Statistical analyzes were performed using JMP
software, version 9.0, SAS Institute.
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Fig. 1 - Relationship between the logistic EuroSCORE and 30-day
mortality after cardiovascular surgery using the ROC curve
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RESULTS

In the population studied, the EuroSCORE calibrated
with the observed mortality (O/E relationship 0.94, 95% CI
0.73 to 1.04, P <0.0001). The analysis of the ROC curve
(Figure 1) revealed discriminatory low power (area under
the curve = 0.78) of the EuroSCORE in predicting mortality
when assessed all the study population. The sensitivity was
67.8% and specificity of 88%.

The EuroSCORE> 7, and the cardiopulmonary bypass
time greater than 120 minutes were identified as independent
risk factors for mortality in this population, as shown in Table
2 which expresses the multivariate analysis of risk factors
for mortality. Still, the surgeon A was inversely related to the
primary event for the same model.

Estimation of operative risk according to emergency
operation

There was a higher mortality in emergency operations than
in elective (33.8% vs. 5.3%, P<0.0001), but were consistent with
the estimated risk by EuroSCORE. There was no difference in
the surgeon factor (P=0.22) and in the type of procedure (P=0.11)
with regard to mortality outcomes in emergency operations.

Estimation of operative risk according to risk groups (ad-
ditive EuroSCORE)

As shown in Table 3, there were differences in estimat-
ing operative risk according to severity. The EuroSCORE
is poorly calibrated for patients with moderate and high
risk, and tended to overestimate mortality in patients
at low risk (O/E = 0.65, 95% CI 0.29 to 1.44, P=0.006;
AUC=0.6) despite the discrimination to be weak. Howev-
er, the EuroSCORE overestimated mortality in patients at
very high risk (O/E = 0.74, 95% CI 0.6 to 0.89, P=0.001;
AUC = 0.69).

Estimation of operative risk according to the type of
procedure

Table 4 shows the different relationship of the estimation
of operative risk according to the type of surgical procedure
performed. The EuroSCORE tended to overestimate mortal-
ity in isolated CABG operations (O/E = 0.81, 95% CI 0.63
to 1.05, P=0.0001; AUC = 0.71) and in isolated valve opera-
tions (O/E = 0.89, 95% C1 0.73 to 1.1, P=0.007; AUC=0.69).
Moreover, the EuroSCORE tended to underestimate mortal-
ity in the combined operations (O/E = 1.09, 95% CI 0.98 to
1.23, P<0.0001; AUC=0.79).

Table 2. Risk factors for 30-day mortality by multivariate logistic regression

Variable Estimation + SE P OR CI95%

Mortalityt
2.86+0.13 <0.0001

Intercept 7.41 5.19-10.75
0.89 £ 0.1 <0.0001

EuroSCORE > 7 4.29 2.99 -6.23

0.5+0.1 <0.0001

CPB > 120 minutes 1.9 1.22 -3.09

0.35+0.12 0.003

Surgeon A (no)

7 Hosmer-Lemeshow test, P=0.15; C-statistic 0.79. Legend: CPB - cardiopulmonary bypass

Table 3. Estimation of operative risk according to the risk group (additive EuroSCORE).

N (%) Mortality Mortality O/E P AUC
0O % (IC95%) E % (1C95%)
Group 1 552 (23.8) 0.9(0.4-2.1) 1.4(1.3-1.5) 0.65 0.006 0.6
Group 2 974 (42) 3.5(2.5-4%8) 3(29-3.1) 1.16 0.85 0.51
Group 3 698 (30.1) 10.6 (8.5 —13.1) 10.6 (10.1 - 11) 1 <0.0001  0.61
Group 4 96 (4.1) 35.5(26.5-45.6) 474 (43.9-51) 0.74 0.001 0.69
Total 63(54-74) 6.7(6.3-17.1) 0.94 <0.0001  0.78

There were no exclusions in this analysis. O. observed in 30 days, E: expected for EuroSCORE; CI = confidence
interval; O/E: ratio between observed mortality over expected; AUC: area under the ROC curve
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Table 4. Operative risk estimation according to the type of procedure.

N (%) Mortality Mortality O/E P AUC

0O % (IC95%) E % (IC95%)
CABG 1055(49.4) 3122-44) 39(3.5-42) 0.81 0.0001 0.71
Valve 627(29.4) 57(4.2-17.8) 6.4(57-17.1) 0.89 0.007 0.69
Combined 454(21.2) 14.1 (11.3-17.7) 129 (12-13.8) 1.09 <0.0001  0.79

In this analysis, 184 patients who did not fit the types of procedures listed above were excluded. O: observed in
30 days; E: expected for EuroSCORE; CI = confidence interval; O/E: ratio of observed mortality over expected;
AUC: area under the ROC curve; CABG: isolated CABG;, Valve: isolated valve surgery; Combined: any type of
combined operation

Table 5. Estimation of operative risk according to the surgeon factor.

N (%) Mortality Mortality O/E P AUC

0 % (IC95%) E % (1C95%)
Surgeon A 565 (30.5) 39(2.6-5.8) 8.4(7.6-9.3) 0.46 <0.0001  0.89
Surgeon B 491 (26.5) 8.4(6.2-11.1) 6.4(55-73) 1.3 <0.0001  0.76
Surgeon C 173 (9.3) 6.4(3.6-11.1) 9.1 (7.5-10.6) 0.71 <0.0001  0.86
Surgeon D 448 (24.2) 7.4(53-10.2) 6.3(54-173) 1.16 <0.0001  0.73
Surgeon E 176 (9.5) 7.9 (4.8-12.9) 6.5(4.9-13) 1.23 0.001 0.87

In this analysis, 468 patients were excluded regarding the operations performed by 14 surgeons whose volume
was less than 150 operations during the study period. O: observed in 30 days, E: expected for EuroSCORE; CI =
confidence interval; O/E: ratio of observed mortality over expected; AUC: area under the ROC curve

Table 6. Relation between risk groups and the surgeon factor in estimating operative risk.

N (%*) Mortality Mortality O/E P
0 % (IC95%) E % (IC95%)

Group 1
Surgeon A 128 (31.3) 0 1.5(1.3-1.6) 0
Surgeon B 102 (24.9) 2(0.5-6.9) 1.5(1.3-1.7) 1.3
Surgeon C 24 (5.9) 0 1.3(09-1.7) 0 <0.0001
Surgeon D 119 (29.1) 3.4(1.3-8.3) 1.6 (1.4-1.7) 2.1
Surgeon E 36 (8.8) 0 1.3(1-1.6) 0
Group 2
Surgeon A 229 (30.6) 1.3(0.4-3.8) 292.8-3) 0.45
Surgeon B 198 (26.5) 4(21-17.8) 31(29-32) 1.29
Surgeon C 61 (8.2) 1.7 (0.3-8.9) 2.8(2.6-3) 0.61 <0.0001
Surgeon D 179 (23.9) 39(1.9-179) 34(2.8-3.9) 1.15
Surgeon E 81 (10.8) 2.5(0.7-8.6) 292.7-3.1) 0.86
Group 3
Surgeon A 169 (27.4) 4.1(2-83) 10.9 (10-11.9) 0.38
Surgeon B 180 (29.2) 15(10.5-20.9) 10.6 (9.8 - 11.4) 1.42
Surgeon C 77 (12.5) 7.8(3.6-16) 11.3(10-12.7) 0.69 <0.0001
Surgeon D 134 (21.8) 12.7 (8.1 -19.4) 10.3 (9,4 -11.1) 1.23
Surgeon E 56 (9.1) 16.1 (8.7 - 27.8) 11.5(9.7-13.2) 1.4
Group 4
Surgeon A 39 (49.4) 30.7 (18.6 —46.4) 52.6 (46.5-58.7) 0.58
Surgeon B 11 (13.9) 36.4 (15.2 - 64.6) 44.8 (34.2-55.4) 0.81
Surgeon C 10 (12.7) 40 (16.8 — 68.7) 48 (38.4-57.7) 0.83 <0.0001
Surgeon D 16 (20.2) 31.3 (142 -55.6) 41.5(34.8-48.1) 0.76
Surgeon E 3(3.8) 100 71.2(51.1-91.3) 1.4

In this analysis, 468 patients were excluded regarding the operations performed by 14 surgeons whose volume was
less than 150 operations during the study period. *Percentage of patients operated in each risk group,; O: observed
in 30 days; E: expected for EuroSCORE; CI = confidence interval; O/E: ratio of observed mortality over expected;
AUC: area under the ROC curve
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Table 7. Relation between types of procedure and the surgeon factor in estimating operative risk.

N (%*) Mortality Mortality O/E P
0 % (IC95%) E % (I1C95%)

CABG
Surgeon A 263 (32.2) 0.7(0.2-2.7) 47(39-54) 0.15
Surgeon B 200 (24.4) 412-17.17) 35(3-4) 1.14
Surgeon C 51(6.2) 1.9 (0.3 -10.3) 4.7(2.5-6.8) 04 <0.0001
Surgeon D 221 (27) 4.5(2.5-8.1) 3.6(3-4.2) 1.25
Surgeon E 83 (10.2) 3.6(1.2-10.1) 32(2.5-3.9) 1.12
Valve
Surgeon A 152 (30.6) 39(1.8-8.3) 8.7 (6.5-10.8) 0.45
Surgeon B 127 (25.6) 794.3-13.9) 5.6 (4.7-6.4) 1.41
Surgeon C 43 (8.7) 2.3(04-12) 52(3.9-64) 0.44 <0.0001
Surgeon D 126 (25.4) 552.7-11) 73(5.7-9) 0.75
Surgeon E 48 (9.7) 6.3(2.1-16.8) 523.7-6.7) 1.21
Combined
Surgeon A 98 (24.2) 12.2 (7.1 -20.2) 16.9 (12.5-21.3) 0.72
Surgeon B 122 (30.1) 14.8 (9.5-22.1) 11.9 (9.7 - 14.2) 1.24
Surgeon C 65 (16.1) 12.3 (6.4 —22.5) 15.3(11.5-19.2) 0.8 <0.0001
Surgeon D 79 (19.5) 19 (11.9 -29) 10.9 (8.2 -13.5) 1.74
Surgeon E 41 (10.1) 17.1 (8.5-31.3) 12 (7.4 - 16.6) 1.42

In this analysis, 601 patients were excluded relating to 14 surgeons whose volume was less than 150 operations
during the study period or patients who do not fit the procedures listed above. *Percentage of patients operated
within each type of procedure; O: observed in 30 days; E: expected for EuroSCORE; CI = confidence interval;
OJE: ratio of observed mortality over expected; AUC: area under the ROC curve

Estimation of operative risk according to the surgeon
factor

The influence of the surgeon in estimating operative risk
was variable, as shown in Table 5. The EuroSCORE over-
estimated mortality for the surgeon A (O/E = 0.46, 95% CI
0.351t00.61; P<0.0001, AUC = 0.89) and underestimated for
the surgeon B (O/E = 1.3, 95% CI 1.09 to 1.56, P<0.0001;
AUC=0.76). There was a tendency to overestimate mortality
for surgeon C, and underestimate the surgeons D and E.

Relationship between the surgeon factor and risk
groups (additive EuroSCORE)

As shown in Table 5, there were differences in patient
according to surgeons, surgeons C and A faced the most se-
vere cases according to the EuroSCORE as surgeons D and E
the less severe (Wilcoxon P=0.006). The surgeon A showed
superior results when compared to the predicted by the Euro-
SCORE 1in all risk groups, unlike the surgeon B, as shown in
Table 6. Results from other surgeons were variable.

Relationship between the surgeon factor and the type
of procedure

There were significant differences among surgeons with
regard to the type of procedures performed by each. The sur-
geon C operated less isolated MRI and combined operations

over all other surgeons who were similar in all sorts of pro-
cedures (P <0.0001).

The surgeon factor neutralized the biggest trend of risk
in combined operations. In combined operations, surgeons A
(O/E=0.72, 95% CI 0.57 to 0.94, P<0.0001; AUC=0.93) and
C (O/E=0.8; 95% from 0.56 to 1.17, P=0.0008; AUC=0.87)
showed better results than predicted by EuroSCORE, un-
like surgeons B (O/E=1.24, 95% CI 0.98 - 1.56, P=0.0003;
AUC = 0.79), D (O/E=1.74, 95% CI 1.45 to 2.15, P=0.01;
AUC=0.69) and And (O/E=1.42, 95% CI 1.15 to 1.89,
P=0.03; AUC=0.82), as shown in Table 7.

Moreover, the surgeon factor also influenced the tendency
to overestimate the operations of CABG and valve. Surgeon
B had a higher risk than predicted in both situations (CABG:
O/E =1.14, 95% CI1 0.68 to 1.91, P=0.04, AUC=0.65/Valve:
O/E=1.41,95% C10.92 to 2.17, P=0.43; AUC=0.61). Mean-
while, the surgeon’s proved that the EuroSCORE overesti-
mates the risk of these operations (CABG: O/E=0.16, 95%
CI 0.05 to 0.5, P=0.05, AUC=0.88/Valve: O/E = 0.46, 95%
CI10.28 t0 0.77, P=0.01; AUC=0.69).

DISCUSSION

This study sought to examine the first version of the Eu-
roSCORE, in order to validate the score in a Brazilian center
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for cardiovascular surgery, and determine the impact of the
type of procedure and surgeon factor in predicting 30-day
mortality.

We observed that the EuroSCORE correlates with overall
mortality of our service as well as others in our country!*
had already shown. The EuroSCORE overestimated mortal-
ity in patients at very high risk and there was still a tendency
to overestimate mortality in low-risk patients. These findings
are consistent with the most recent case series from devel-
oped countries!'¥, unlike other series!®® have shown exactly
the opposite.

The reasons for this discrepancy are various. First, there
was a great progression of cases of perioperative care since
the original publication of the EuroSCORE, which certainly
had an impact in reducing operative mortality in centers of
excellence. Moreover, these improvements were not incor-
porated in the same proportion and speed in centers of which
the result is unsatisfactory. Structural problems in the health
system and hospitals, teaming and unfavorable patient char-
acteristics contribute to accentuate these differences. Thus,
the risk scores present better performance when the preoper-
ative characteristics and treatment regimens are comparable
to those in which the score was derived.

Any risk score can only be used reliably when tested in
the local population and when treatment regimens did not
show substantial differences after the development of risk
score?. The recently launched review of the EuroSCORE
II includes certain limitations of the first version, but needs
validation in other populations. Only the validation of risk
scores in different populations in different continents is es-
sential for their clinical applicability. The creation of an own
risk score that takes into account the peculiar characteristics
of the population would be ideal!*?). Different risk scores may
exist between the models and also with different weights that
affect the risk prediction®,

As regards the type of procedure, there was a tendency
in this study to overestimate the mortality of isolated CABG
and valve operations, and a tendency to underestimate the
mortality of combined operations. Several studies in interna-
tional!!7-1® literature have shown the same results in coronary
operations. Although the original database from EuroSCORE
presents a minority of valve operations, our findings are also
consistent with other studies in the literature!'+!*2%, although
the characteristics of the patients in our country are particu-
larly different for the prevalence of rheumatic disease, large
proportion of reoperations and pulmonary hypertension.

The group of valve diseases has gained particular interest
in the advent of percutaneous aortic prostheses, whose indi-
cation takes much into account the scores of operative risk as
the current recommendation restricts inoperable®" or high sur-
gical risk cases. However, the indication of these procedures
must be decided with great care without relying solely on risk
scores, as they proved to be inadequate for this purpose.

Regarding the combined operations, our findings are also
consistent with other studies!'*.. This is the group most diffi-
cult to assess due to the variability of combining procedures.
Due to the restricted denominator for each type individually,
it is difficult to predict mortality accurately. The difficulty
of comparison between hospitals and individuals is to adjust
the complexity of cases among groups. Simple adjustment
of mortality risk does not eliminate all selection biases and
can influence the test results. However, the design of perfor-
mance studies is observational and in the real world and with
risk adjustment. Such analyzes would be comparable with a
valid reference standard with the same characteristics of pa-
tients, usually within the same population of individuals!??.

Considering the same limitations noted above, the impact
of the surgeon factor may be important in influencing the se-
verity of patients and the type of procedure. This was further
supported by the negative effect exerted by the surgeon A
on mortality by multivariate analysis. Generally, the surgeon
had a positive impact on all grades of risk, particularly in
severe cases and combined operations, unlike the surgeon B.

The influence of the surgeon unlike the hospital reinforc-
es the notion that within a high complex service, heterogene-
ity of surgeons’ performance may exist determining impact
on results. The surgical volume, training and technical and
clinical experience of each team member must be taken into
consideration at the time of surgical scheduling, as well as
the expertise and personal familiarity with each procedure to
ensure the best possible outcome for the patient. The forma-
tion and maintenance of integrated multidisciplinary teams
engaged in developing systematic health care programs and
quality control®! programs have shown positive impact on
surgical outcomes in cardiac surgery?*%,

Based on our findings, it is important that the risk score
has constant updating and validation in Brazilian centers.
The risk score should not be used alone in indicating
whether or not a surgical procedure, without being part of
a broader context of clinical surgical discussion, because
there are unmeasured factors that may influence the risk
prediction.

Limitations of the study

The present study has several limitations inherent to its
design mainly. Because of the risk scores were construct-
ed for use in large populations, analysis of subgroups with
smaller denominator reduces the statistical power and can
lead to misleading interpretations. The differences in the
proportion of patients undergoing different degrees of com-
plexity among surgeons may have caused selection bias.
However, we were careful to adjust the mortality rates for the
same severity group of patients in order to minimize these
limitations. The ideal, however, would have been adjusted
for each value of the risk score, which would entail further
reduced denominator.
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The authors acknowledge that there are no perfect math-
ematical models, and thus our findings may be subject to
errors. Previous studies!'??*! have shown that there can be
large fluctuations results in the classification of hospitals and
surgeons, whose final interpretation questioned the statistical
validity of the model. However, there is validity to demon-
strate these results as a form of quality control, as usually the
critical analysis of the results leads to subsequent improve-
ment in outcomes??”.,

CONCLUSION

In the population studied, the first version of the Euro-
SCORE overestimates mortality in patients at very high risk
and may be influenced by the type of surgery proposed and
the surgeon factor. We must also choose the most appropriate
surgeon for each severity from patient to minimize the risk
imposed by preoperative characteristics.
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