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Abstract
Objective: To evaluate the performance of 2000 Bernstein-

Parsonnet (2000 BP) and additive EuroSCORE (ES) to predict
surgical mortality at the Heart Institute from  the University
of São Paulo.

Methods: This is a prospective observational study. Seven
hundred and seventy four patients underwent coronary
artery bypass graft, valve, or a combined procedure between
May and October, 2007. The mortality rate was estimated
with the 2000 BP and ES. The correlation between both
expected and observed mortality rates was validated through
the calibration and discrimination test.

Results: The patients were stratified into five groups for the
2000 BP and three groups for the ES. The Hosmer-Lemeshow
test for 2000 BP (P = 0.70) and for ES (P = 0.39) indicates a proper
calibration. The ROC curve for the 2000 BP = 0.84 and for the ES
= 0.81 confirms that the models are good predictors (P<0.001).

Conclusion: Both models are similar and adequate in
predicting surgical mortality at the Heart Institute from
the University of São Paulo School of Medicine Clinics
Hospital (InCor-HCFMUSP).

Descriptors: Risk Factors. Cardiac Surgical Procedures.
Hospital Mortality.

Resumo
Objetivo: Avaliar o desempenho dos escores 2000

Bernstein-Parsonnet (2000 BP) e EuroSCORE aditivo (ES)
na predição de mortalidade cirúrgica no Instituto do Coração
da Universidade de São Paulo (InCor-USP).

Métodos: Desenho prospectivo e observacional.
Setecentos e quarenta e quatro pacientes consecutivos
submetidos à cirurgia de revascularização miocárdica, valvar
ou associada entre maio e outubro de 2007. A mortalidade
foi calculada com os escores 2000 BP e ES. A correlação
entre mortalidade estimada e mortalidade observada foi
validada mediante testes de calibração e discriminação.

Resultados: Os pacientes foram estratificados em cinco
grupos para o 2000 BP e três para o ES. O teste de Hosmer
Lemeshow para o 2000 BP (P = 0,70) e para o ES (P = 0,39)
indica uma boa calibração. A curva ROC para o 2000 BP =
0,84 e para o ES = 0,81 confirma que os modelos são bons
preditores (P < 0,001).

Conclusão: Ambos os modelos são similares e adequados
na predição de mortalidade cirúrgica no InCor-USP.

Descritores: Fatores de Risco. Procedimentos Cirúrgicos
Cardíacos. Mortalidade Hospitalar.
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INTRODUCTION

Risk scores can make a real comparison of surgical
outcomes, which allows a more objective evaluation of
surgical indication.

One of the first studies to analyze the risk factors was
performed by Parsonnet [1] in 1989, but included only
patients undergoing coronary artery bypass grafting
(CABG). Eleven years later, an analysis of 10,703 patients
from 10 centers in New Jersey (USA) gave rise to the 2000
Bernstein-Parsonnet [2]. This new model, consisting of 47
variables could be used for patients undergoing coronary,
valve, and associated surgeries.

Nevertheless, the most internationally used score is the
EuroSCORE [3], which includes 17 risk factors, from 19,030
patients in 128 centers in Europe. The EuroSCORE has been
shown to be effective, even when applied to non-European
populations [4-7].

As the risk profile of patients undergoing cardiac surgery
in Brazil remains unknown, it is necessary to apply these
scores in order to analyze our patients and to stratify them
according to the morbidity and complexity of the procedure.

The aim of this study was to analyze the performance of
the 2000 Bernstein-Parsonnet (2000 BP) and the additive
EuroSCORE (ES) to predict the operative mortality rate in
the Heart Institute of the University of Sao Paulo Clinics
Hospital (InCor-USP.)

METHODS

This study was approved by the Ethics Committee for
Analysis of Research Projects (Comissão de Ética para
Análises de Projetos de Pesquisa-CAPPesq)  of the
University of São Paulo Clinics Hospital under the number
1575, and the need for informed consent was waived in view
of the observational and anonymous nature of the study.

This prospective study was conducted at the Division
of Thoracic and Cardiovascular Surgery of the Heart
Institute - University of Sao Paulo (InCor-USP). Due to the
sample size, logistic regression studies made by Long [8],
by  bias simulation studies, conclude that to use samples <
100 patients are hardly unreliable, once the advisable is to
use samples > 500 patients. The study group consisted of
744 patients operated on consecutively either in urgency
or emergency elective modalities from May to October 2007.
Inclusion criteria were: a) Heart valve surgery (replacement
or repair), b) Coronary artery bypass grafting with and
without cardiopulmonary bypass (including cases of left
ventricular aneurysmectomy), c) Associated surgery
(including one of the above-mentioned). Exclusion criteria
included those patients undergoing surgical correction of
congenital anomalies, heart transplantation, aortic diseases,
cardiac tumors, and diseases of the pericardium.

No patient was excluded due to lack of information. Patient
data were collected preoperatively from their own electronic
medical records, and stored in a single spreadsheet. This
spreadsheet has been adapted in such a way that all the
variables in the 2000 BP and ES were included. All the
definitions given to the variables by both scores along with
their respective values were strictly respected, keeping the
specific values   (beta coefficient) for each risk factor
according to their relevance with the death event.

Thus, after calculating the value of the 2000 BP and ES
for each study patient, these patients were systematically
arranged according to the risk groups established by the
scores. All these data were stored in a database developed
in Excel™.

The primary outcome was in-hospital mortality, defined
as death occurring in the time frame between both patient
surgery and discharge.

Statistical Analysis
To evaluate the performance of the 2000 Bernstein-

Parsonnet (2000 BP) and additive EuroSCORE (ES) in
predicting surgical mortality in the study group, the
validation of the models was performed by calibration and
discrimination tests.

Calibration evaluates the model in its ability to predict
both the overall mortality and the different risk groups using
the Hosmer-Lemeshow test. We used the logistic regression
model where the dependent variable is mortality yes/no
and the explanatory variable is the two scores (one model
for each score). This way, a logistic regression model was
set for each score, and this model was tested regarding its
suitability.

On the other hand, the discrimination assesses the score
effectiveness to predict which patients live and which
patients die. This is represented by the area under the ROC
curve. Thus, to a larger area under the ROC curve there is a
better discriminatory strength of the model.

Statistical analysis was performed using SPSS version 15.0
for Windows where the continuous variables were expressed
as mean ± standard deviation and categorical variables as
percentages. The P value <0.05 was considered significant.

RESULTS

Table I show that the hospital mortality was 6.7% (50/
744 patients). Of all procedures, 53.5% were coronary artery
bypass surgery, 27.3% heart valve surgery, and 19.22% were
associated surgeries. The patients’ age ranged from 13 to
89 years (mean 59.3 ± 14.4), and 36% were female.

Table 2 shows the prevalence of risk factors in the study
group, in both 2000 BP and ES scores. We can observe that
there is a higher prevalence of neurological dysfunction,
reoperation, creatinine > 2.3, active endocarditis, critical
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%
29.7
35.6
34.6

Table 4.  Estimate and Observed mortality percentages per ES risk
group.

Risk
0-2
3-5
³6

OM/EM
0.87
0.77
1.06

EM
1.57
3.41
14.52

O M
1.36
2.64

15.50

N
221
265
258

OM/EM= Observed Mortality/Expected Mortality; EM= Expected
Mortality; OM= Observed Mortality; N= Number of patients;
%= Percentage

Table 1. Mortality due to the type of surgical procedure.
Procedure

CABG

CABG

CABG (OFF-pump)

CABG (On-pump)

CABG (without Reop)

Reop CABG

Valve

AoV

MiV

Doble valve

Triple valve

AoV (without Reop)

MiV (without Reop)

Valve reop

Associated

CABG + AoV

CABG + MiV

CABG + Double valve

IVC post-AMI

Others

Nº of Death

398

136

262

373

34

96

107

47

5

62

59

113

33

17

2

2

39

Nº of Death

15

3

12

11

4

13

9

4

2 (Reop)

5

1

19

1

0

0

0
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CABG= Coronary artery bypass grafting; Reop= Reoperation;
Off-pump CABG = without cardiopulmonar bypass (extracoporeal
cirulation) support; On-pump CABG – with cardiopulmonar
bypass (extracorporeal circulation) support; AoV= Aortic Valve;
MiV= Mitral valve; IVC post-AMI = interventricular
communication post-acute myocardial infarction.

Percentage

3.8%

2.2%

4.6%

2.9%

11.8%

13.5%

8.4%

8.5%

40%

8.1%

1.7%

16.8%

3%

0%

0%

0%

15.4%

EE: Ejection fraction; AMI: Acute myocardial infarction; IVV:
Interventricular communication; NC: not clarified by 2000 BP score

Table 2. Risk Factors Prevalence on the Study Group in
comparison with the population risk factor from
EuroScore and 2000 Bernstein Parsonnet.

Risk factor

Age
Mean
< 60
60-64
65-69
70-74
³75
Female
Chronic Pulmonary Disease
Extracardiac Arteriopathy
Neurological disorder
Prior heart surgery
Creatinine > 2,3 mg/dl
Active endocarditis
Critical preoperative status
(condition)
Unstable Angina
EF < 30
Recent AMI
Pulmonary hypertension
Emergency
Associated surgery
Thoracic aorta surgery
Post-infarction IVC

Study
(N=744)

59.53
44.8%
15.2%
15.3%
12.1%
12.6%
30.0%
2.6%
6.6%
8.3%

19.8%
4.3%
3.0%

16.1%

4.6%
29.8%
5.5%

17.2%
9.8%
3.6%

18.6%
1.9%
0.3%

EuroScore
(N=19,030)

62.5
33.2%
17.8%
20.7%
17.9%
9.6%

27.8%
3.9%

11.3%
1.4%
7.3%
1.8%
1.0%
4.1%

8.0%
25.6%
5.8%
9.7%
2.0%
4.9%

36.4%
2.4%
0.2%

2000 BP
(N=10,703)

NC
NC
NC
NC

18.5%
13.7%
31.3%
10.8%
9.1%
8.4%
7.6%
4.5%
NC
NC

NC
38.6%
8.4%
NC

10.7%
NC
NC
NC
NC

%
19.2
21.0
20.0
19.6
20.2

Table 3 Estimate and observed mortality percentages per 2000
BP risk group.

Risk
0-8.5
9-15
15.5-22
22.5-31.5
³32

OM/EM
0.60
0.65
0.60
1.28
1.04

EM
1.17
1.97
3.36
6.42

20.58

O M
0.70
1.28
2.01
8.22

21.33

N
143
156
149
146
150

OM/EM= Observed Mortality/Expected Mortality; EM= Expected
Mortality; OM= Observed Mortality; N= Number of patients;
%= Percentage
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preoperative status, recent myocardial infarction, and
pulmonary hypertension in our sample. However, these
variables were not statistically significant.

Table 3 presents the observed and estimated mortality
using the 2000 BP score as the predictor variable in the
groups defined by the Hosmer-Lemeshow test. Likewise,
the ES as the predictor variable is presented in Table 4.

In Figure 1, evaluating the discrimination strength of
the models, we observed that the area under the ROC curve
for the BP 2000 score was 0.84 and for the ES score it was of
0.81 (P <0.001). Therefore, the cutoff point given by the
ROC curve for these scores would be:

* For the 2000 BP e” 27, the chance of death is 11.6
times higher than when the 2000 BP score is  < 27 (95% CI
= 5.7 to 23.7; S = 80%; E = 74.4%; PPV = 18.4%; NPV =
98.1%; A = 74.7%; P <0.001).

PPV = Positive Predictive Value
NPV = Negative Predictive value
* For the ES ³ 6.5, the chance of death is 11.8 times

higher than when is S < 6.5 (95% CI = 5.9 to 23.6; S = 78.0%;
E = 77.0 %; PPV = 19.6%; NPV = 98.0%; A = 77%; P <0.001).
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Fig. 1 – ROC Curve - *2000 BP ROC = ROC Curve given by the
2000 Bernstein Parsonnet; ES ROC= ROC Curve given by the
Euroscore
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DISCUSSION

As a part of evidence-based medicine, risk scores should
be widely used in daily practice, although they need to be
validated.

In this study, we have chosen the 2000 BP score because
it is a simplified model, it is easy to use at the bedside,
impartial and objective in predicting postoperative
complications and remains at the intensive care unit [9,10].
The choice for the EuroSCORE was due to its widespread
use in the literature and the good correlation in different
populations in Europe, North America, and Japan [11,12].

The publications with the greatest impact on the
mortality regarding cardiac surgery in Brazil have shown
increased mortality rate. However, it does not characterize
the clinical profile of patients, thus limiting their
interpretations [13,14]. The EuroSCORE was used
successfully. It was retrospectively and posteriorly used
in both CABG [4,15] and heart valve surgeries [16],
respectively, at the Heart Institute of Pernambuco. There
are studies showing a better performance of the EuroSCORE
model in relation to the original Parsonnet model score [5-
7,12]. These studies describing 20 years of existence may
have weakened the predictive strength of the model. This
way, the article by Dr. Berman [17] is perhaps the most
important article concerning the proper statistical analysis
to compare the 2000 BP with the EuroSCORE. Thus, similar
results can be obtained with good accuracy.

Comparing the characteristics of the study population
in relation to the populations of origin of both the
EuroSCORE and 2000 BPscores, we can observe (Table 1)
that there is a higher prevalence of neurological
dysfunction, reoperation, creatinine > 2.3, active
endocarditis, critical preoperative state, recent myocardial

infarction, and pulmonary hypertension, which would
explain the differences. Nevertheless, these differences were
not significant between both expected and observed
mortality in high-risk patients. Comparing the
characteristics of the sample population compared to
populations of origin of the EuroSCORE and 2000 BP, we
can observe (Table 1), there is a higher prevalence of
neurological dysfunction, reoperation, creatinine> 2.3,
active endocarditis, preoperative status critical, recent
infarction and pulmonary hypertension, which would explain
the differences, but no significant mortality between
expected and observed mortality in high risk patients.
However, significant differences found in patients
undergoing CABG in the state of Rio de Janeiro hindered
the discriminative strength of EuroSCORE [18].

A remark made regarding the analysis of this study and
other studies applied in different populations [4-7,11,15-
17] suggests that it is not the type of the patient as a result
of his/her ethnicity that defined the surgical outcomes, but
the patient as a result of the control of risk factors. For that
reason, we should not continue insisting on the premise
that a different ethnic group would not validate the
applicability of these models [19,20].

There is a growing tendency to report that the EuroSCORE
is overestimating the mortality in several of populations
[12,20]. Most records are from spontaneous records without
inclusion of all patients and often without the adhesion of
the exact definitions of variables [21]. However, when we
show the totality of the patients consecutively operated on,
strictly respecting the definitions and limitations of the
scores, we are able to reproduce its similar efficacy to that
found by other authors [4-7,17].

The limitations of our study were as follows:
1) Although it is a prospective study with patients from

different regions of Brazil, data were collected from a single
tertiary center.

2) It has not been determined the cause of death, even
knowing that death from cardiac causes would better reflect
the surgical outcome.

3) In order to validate a score of a sample, it would be
necessary at least a cohort of 100 deaths [22]. However, the
initial analysis allows us an objective assessment of how
the behavior of the scores is.

4) The additive EuroSCORE because of its nature tends
to underestimate the risk in high-risk patients [23]. Although
this has not been demonstrated in multicenter studies [24-26].

5) However, it is questionable to include the surgeries
of the thoracic aorta in this analysis. We can justify saying
that in the origin of the models used, the aorta surgeries
were the minority. Thus, the extrapolation to the aorta would
be unnatural. Furthermore, the validation of these scores
in the surgeries of the thoracic aorta has demonstrated
little effectiveness [5,27,28].
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CONCLUSION

The similarity between both observed and expected
mortality by the ES and 2000 BP scores allows us to confirm
that the values   given by the scores to the various risk
factors can be applied to our patients. Therefore, we
conclude that both models are similar and adequate in
predicting the mortality of patients undergoing CABG, heart
valve, and associated surgeries at the Heart Institute of
University of São Paulo. 
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