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Abstract

This study aims to develop the first Latin-American risk model that can be used as a simple, pocket-card graphic score at bedside. The
risk model was developed on 2903 patients who underwent cardiac surgery at the Spanish Hospital of Buenos Aires, Argentina, between
June 1994 and December 1999. Internal validation was performed on 708 patients between January 2000 and June 2001 at the same center.
External validation was performed on 1087 patients between February 2000 and January 2007 at three other centers in Argentina. In the
development dataset the area under receiver operating characteristics (ROC) curve was 0.73 and the Hosmer-Lemeshow (HL) test was
P=0.88. In the internal validation ROC curve was 0.77. In the external validation ROC curve was 0.81, but imperfect calibration was
detected because the observed in-hospital mortality (3.96%) was significantly lower than the development dataset (8.20%) (P<0.0001).
Recalibration was done in 2007, showing excellent level of agreement between the observed and predicted mortality rates on all patients
(P=0.92). This is the first risk model for cardiac surgery developed in a population of Latin-America with both internal and external

validation. A simple graphic pocket-card score allows an easy bedside application with acceptable statistic precision.
© 2009 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

Accurate risk assessment has become an essential part of
cardiac surgery practice worldwide that offered an invalu-
able tool of quality assurance and made the process of
informed consent of the patients more feasible and more
ethical [1]. During the last two decades, several risk assess-
ment models have been developed to predict the risk of
mortality after cardiac surgery based on a patient’s pre-
operative parameters, most of which were developed in
North America and Europe [1-5]. However, we and others
have recently shown that geographical differences in the
risk profiles of patients, different surgical strategies, dif-
ferent types of cardiac surgeries and different centers
cause major variability in the performance of those risk
stratification or assessment models [6-9]. Therefore, it is
not surprising that risk stratification models suffer inferior
performance when applied to patient groups other than
the ones on whom they were developed [8-10].

The aim of this study was to develop a local risk model
on a population of Latin-America and to validate its per-
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formance both internally and externally and also compare
it to established risk stratification models. We also aimed
to provide a simple graphic ‘pocket-card’ bedside score
that is very user-friendly.

2. Materials and methods

2.1. Data collection

The database at the Instituto de Cardiologia, Hospital
Espanol de Buenos Aires, Argentina was established in June
1994 in line and based on the Society of Thoracic Surgeons
(STS) database [2]. A full list of established STS standard
definitions for preoperative risk factors and complications
can be accessed on the website http://www.sts.org. Cli-
nical outcome was based on in-hospital mortality defined
as death during the initial hospitalization. Data were collec-
ted prospectively on all adult patients undergoing cardiac
surgery and continuously monitored for any missing and
incorrect entries and audited by the institution.

Complete data were available for a total of 4698 patients
and represented 100% of the patients identified in our
database during the study period.
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2.2. Study design

Data on all adult patients who underwent cardiac surgical
procedures and were registered into our database between
June 1994 and January 2007 were included in the study.
Cardiac surgical procedures included isolated coronary
artery bypass grafting (CABG), any valve repair or replace-
ment, valve surgery with CABG, aortic thoracic surgery,
cardiac surgery with carotid endarterectomy, adult conge-
nital cardiac surgery and heart transplantation. Patients
who underwent implantation or explantation of ventricular
assist devices as their primary surgery were excluded from
the study. The analysis was run in three consecutive steps.
The first step was a retrospective analysis on the data on
2903 patients who underwent cardiac surgery between June
1994 and December 1999 at the Instituto de Cardiologia,
Hospital Espanol de Buenos Aires in order to develop the
risk model (development dataset). The second step was an
internal prospective validation dataset performed on 708
patients operated between January 2000 and June 2001 at
the same institute. The third step was an external prospec-
tive validation of the model on 1087 patients operated on
at three other hospitals in Buenos Aires: Instituto FLENI,
Clinica Suizo-Argentina and Sanatorio de la Trinidad

Table 1
Patient characteristics in development and external validation datasets

between February 2000 and January 2007 (external vali-
dation dataset).

2.3. Model development and validation

Forty-nine preoperative variables were analyzed. Every
risk factor was analyzed as a categorical variable. For
continuous variables, when the relationship with outcome
was not linear such as age, appropriate cut points were
determined from a bibliography [1]. Univariate analyses
were performed with y?-test or Fisher exact test. Conti-
nuous variables were expressed as mean+S.D. and catego-
rical variables were expressed as percentages.

A multivariate stepwise regression model was used to
identify risk factors for in-hospital mortality. Factors inclu-
ded were those significant (P<0.05) by univariate analyses
or by following clinical importance criteria. Then, standard
logistic regression analysis was formulated using the deve-
lopment dataset. The original regression coefficients for
each variable were used to calculate patient-specific pre-
dicted probability of operative mortality according to the
logistic regression equation. Model discrimination was
assessed by the area under the receiver operating charac-
teristic (ROC) curve [11] and model calibration was assessed

Variables Development dataset External validation dataset P-value

1994-1999 (%) 2000-2007 (%)

(n=2903) (n=1087)
<60 years 32.44 31.38 0.96
60-69 years 37.07 36.89 0.92
70-79 years 27.8 26.49 0.41
>80 years 2.69 5.24 <0.0001
Female gender 25.0 23.3 0.23
BMI>30 18.4 18.5 0.90
Diabetes 17.9 14.5 0.0114
Insulin dependent 1.6 1.5 0.80
Chronic pulmonary disease 5.9 4.7 0.14
Renal failure 2.5 4.1 0.0069
Peripheral vascular disease 6.6 7.4 0.38
Active endocarditis 1.8 1.7 0.77
Reoperation 7.2 6.3 0.30
Elective status 90.4 87.9 0.0191
Urgent status 6.6 10.0 0.0002
Emergent status 2.3 1.5 0.0994
Salvage status 0.8 0.6 0.43
Preoperative IABP 2.8 2.7 0.83
Isolated CABG 64.0 60.6 0.0490
Aortic valve replacement 20.9 20.1 0.55
Mitral valve replacement 6.1 5.9 0.80
Aortic valve repair 1.5 1.2 0.50
Mitral valve repair 3.4 5.7 0.0010
Thoracic aorta replacement 4.5 7.5 <0.0001
Aortic acute dissection 1.2 2.1 0.0324
Heart transplant 1.5 0 -
Surgery combined 14.8 16.9 0.0992
Off-pump cardiac surgery 2.60 8.37 <0.0001
One-vessel disease 9.2 6.4 0.0052
Two-vessel disease 24.3 18.1 <0.0001
Three-vessel disease 66.5 44.7 <0.0001
Moderate LV dysfunction 17.6 17.9 0.86
Severe LV dysfunction 7.9 8.4 0.62
Overall mortality 8.20 3.96 <0.0001

BMI, body mass index; IABP, intra-aortic balloon pump; CABG, coronary artery bypass grafting; LV, left ventricular.
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by Hosmer-Lemeshow (HL) test [12]. The reliability of risk
score prediction was also evaluated by comparing the
observed mortality rates with those predicted by the risk
score in all patients and across quintiles of risk as previously
suggested [1, 2, 7, 13] (Table 3). The difference between
the mean observed mortality and the mean expected mor-
tality was evaluated by paired t-test [14]. A value of
P <0.05 was considered significant. Because mortality rates
for the validation dataset were lower than rates in the
development dataset (3.96% vs. 8.20%), the 1999-original
model was recalibrated for use on group validation [10, 13,
15]: a logistic regression equation for hospital mortality
prediction was derived with the 1999-original model as the
independent variable and in-hospital mortality in valida-
tion dataset as the dependent variable [14, 15]. Prognostic
performance of our local score was compared with the
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) and the Parsonnet score 2000-version (2000-
Parsonnet score) [3-5]. Data analyses were performed using
SPSS statistical software package, version 13.0.

2.4. Development of graphic risk score

We aimed to develop a simplified graphic score to calcu-
late the risk using a convenient pocket-sized card at bed-
side. All coefficients were multiplied by 10 and rounded to
the nearest half-integer, following empiric criteria for cli-
nical significance. The total risk score is the sum of point
values assigned to each risk factor detected at the time of
patient evaluation. A graph was plotted via a mathematical
function to assess the relationship between the clinical
approximate model and the original logistic regression
model, patient by patient.

3. Results

Patient characteristics and respective mortality rates of
development and external validation data are summarized
in (Table 1). The development dataset consisted of 2903
patients with a mean age of 62.8+11.6 years, 26.5% were
female and mortality was 8.2%. The internal validation
dataset consisted of 708 patients with similar characteris-
tics and a mortality of 8.3%. The external validation dataset
consisted of 1087 patients with a mean age of 62.94+11.9,
23.3% were female and mortality was 3.96%. Multivariate
analyses identified 18 risk factors related to in-hospital
mortality. Risk factors, beta coefficients, odds ratios, 95%
confidence intervals (Cl), and weighted scores are listed in
Table 2. The area under the ROC curve for the regression
model was 0.73 (95% Cl, 0.66-0.79); the HL test was non-
significant (P=0.88).

The 18 risk factors were weighted for the definitive
scoring system. The correlation coefficient between full
multivariable model and the graphic score was 0.97. Based
on this, we developed a graphic pocket-sized additive score
card that can be used at bedside to calculate risk (Fig. 1).

The internal validation dataset showed reasonable dis-
crimination with area under the ROC curve of 0.77 (95%
Cl, 0.74-0.80). However, the external validation dataset
showed better discrimination with area under ROC curve
of 0.81 (95% Cl, 0.75-0.87), but imperfect calibration due
to significantly lower in-hospital mortality rates in the
external validation dataset (Table 1). The graphic score
demonstrated a strong predictive capacity with areas under
ROC curve of 0.81 similar to the full multivariable model.
To improve our graphic score, recalibration was done (Fig.
2). Both observed and predicted mortality in clinically
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Table 2
Logistic regression model and graphic score for mortality

Variables Regression 0Odds ratio 95% Confidence Graphic-beside

coefficient interval score
60-69 years 0.692 2.01 1.35-2.95 7
70-79 years 1.101 3.01 2.01-4.49 11
>80 years 2.145 8.54 4.29-17.01 21.5
Female gender 0.519 1.68 1.22-2.31 5
Insulin dependent 1.111 3.04 1.37-6.71 11
Renal failure 0.611 1.84 0.95-3.56 6
Peripheral vascular disease 0.631 1.88 1.21-2.94 6.5
Reoperation 0.757 2.13 1.35-3.36 7.5
Urgent status 0.868 2.38 1.51-3.78 8.5
Emergent status 1.447 4.25 2.03-8.91 14.5
Salvage status 3.263 26.14 7.82-87.38 32.5
Preoperative |IABP 0.591 1.81 0.91-3.63 6
Aortic valve replacement 0.264 1.31 0.72-2.35 2.5
Mitral valve replacement 1.549 4.71 2.41-9.22 15.5
Aortic valve repair 0.551 1.74 0.68-4.41 5.5
Mitral valve repair 0.565 1.76 0.75-4.12 5.5
Thoracic aorta replacement 1.277 3.59 1.47-8.73 13
Aortic acute dissection 0.544 1.72 0.51-5.91 5.5
Heart transplant 1.517 4.56 1.55-13.39 15
Surgery combined 0.485 1.62 0.92-2.86 5
One-vessel disease 0.419 1.52 0.64-3.62 4
Two-vessel disease 0.764 2.15 1.04-4.43 7.5
Three-vessel disease 1.402 4.06 2.05-8.07 14
Moderate LV dysfunction 0.257 1.29 0.93-1.81 2.5
Severe LV dysfunction 0.881 2.41 1.59-3.67 9
Constant —4.851

IABP, intra-aortic balloon pump; LV, left ventricular.
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60-69 years 7
70-79 years 11
>80 years 215
Female gender 5
Insulin dependent 1
Renal failure

Peripheral vascular
disease

Reoperation

Urgent status
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Preoperative IABP
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Aortic valve repair
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Thoracic aorta
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Fig. 1. 1999-Original graphic score. |IABP, intra-aortic balloon pump; LV, left ventricular.

Aortic valve replacement 25
Mitral valve replacement 15.5

Risk factor Score
60-69 years 7
70-79 years 1
>80 years 21.5
Female gender 5
Insulin dependent 1"
Renal failure 6
Peripheral vascular disease | 6.5
Reoperation 75
Urgent status 8.5
Emergent status 14.5
Salvage status 325
Preoperative IABP 6

Aortic valve repair 55
Mitral valve repair 55
Thoracic aorta replacement | 13
Aortic acute dissection 55
Heart transplant 15
Surgery combined 5
One-vessel disease 4
Two-vessel disease 75
Three-vessel disease 14
Moderate LV dysfunction 25
Severe LV dysfunction 9
Total score
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Fig. 2. 2007-Recalibrated graphic score. IABP, intra-aortic balloon pump; LV, left ventricular; EM, estimated mortality; Cl, 95% confidence interval.

Table 3

Comparison of observed vs. predicted mortality for 1999-original model, 2007-recalibrated model, EuroSCORE and Parsonnet score (version 2000) across 5 clinical
risk groups in the external validation dataset (n=1087)

Quintile Number of Observed Predicted mortality (%), P-value
of risk patients mortality (%)
1999-Original 2007-Recalibrated EuroSCORE Parsonnet
model model (version 2000)
First 291 (0.34) (1.63)<0.001 (0.74) 0.25 (1.76) <0.001 (0.98) 0.061
Second 153 (0.65) (3.05)<0.001 (1.39) 0.26 (3.48) <0.001 (1.47) 0.21
Third 259 (2.70) (5.23)<0.001 (2.27) 0.66 (2.80) 0.93 (1.45) 0.22
Fourth 167 (4.19) (8.43)<0.001 (3.92) 0.86 (5.91) 0.28 (2.70) 0.34
Fifth 217 (12.44) (23.21)<0.001 (11.83) 0.78 (11.59) 0.69 (4.76) 0.001
Total 1087 (3.96) (8.20) <0.001 (3.90) 0.92 (4.85) 0.12 (2.18) 0.002
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Fig. 3. Receiver operative characteristic (ROC) curves of the graphic score,
EuroSCORE and 2000-Parsonnet score obtained in the external validation
dataset (n=1087). AUC, area under the curve.

relevant five risk groups of the 1999-original and 2007-
recalibrated models across a spectrum of patient risk
groups are presented in Table 3. Discrimination of the 2007-
recalibrated model was similar to the 1999-original model,
with area under ROC curve of 0.81 (95% Cl, 0.75-0.87)
(Fig. 3). The HL test was non-significant (x2=1.51, P=0.68)
and an excellent level of agreement between the observed
and predicted rates of mortality on all patients (P=0.92)
was observed. This predictive power was maintained across
the five quintiles of risk.

The area under the ROC curve for EuroSCORE was 0.80
(95% Cl, 0.74-0.86), similar to the graphic score (0.81, 95%
Cl, 0.75-0.87) but 2000-Parsonnet score showed area under
ROC curve of 0.70 (95% Cl, 0.61-0.79) (Fig. 3). The
EuroSCORE showed good calibration on all patients (P=
0.12) but overestimated mortality in the lowest quintiles
of risk (quintiles 1 and 2). Calibration of 2000-Parsonnet
score on all patients was poor (P=0.002) because of
underestimated mortality in the higher quintile of risk
(quintile 5) (Table 3).

4. Discussion

This study develops the first Latin-American risk stratifi-
cation system, validates it both internally and externally
and creates a simple graphic score that can be used as a
‘pocket-card’ at bedside. Recent evidence showed that risk
scoring systems suffer inferior performance when used in
patient populations different from the ones on which they
were developed [8-10]. This could be attributed to the
geographic differences in risk profile, demographic and
epidemiological variation in co-morbidity, lifestyle and
socioeconomic factors between countries and continents.
There are also considerable differences in surgical strate-

gies, types of surgeries, center volumes and economic
resources.

To our knowledge, this is the first attempt to develop a
Latin-American risk stratification model and validate it both
internally and externally and eight years after develop-
ment. The type of external validation that we performed
was more stringent than randomly splitting the data into
development and validation datasets [8, 13].

Furthermore, we developed a simple graphic score in the
form of a pocket-sized card and validated its performance.
In this graphic model, the sum of absolute values indicates
a point in the graphic curve. This graphic view allows the
patient, family and physicians to better comprehend the
potential mortality risk of surgery based on the patient’s
preoperative parameters.

Data used in the analyses were collected according to STS
standards [2] and, thus, our model has the advantage of
being developed on objective definitions. The avoidance of
subjective definitions has proven essential to acceptable
risk models’ performances [7, 10]. We believe that the
association between graphic-methodology with objective
definitions has made the graphic score both clinically
reliable and attractive.

In the external validation dataset, the 1999-original model
showed good discrimination but poor calibration due to
overestimation of predicted in-hospital mortality. The
recalibrated model showed significant improvement, a si-
milar experience reported in prior models [10, 13, 15].
Also, this model showed excellent calibration in all patients
and its predictive power was maintained into five quintiles
of risk. When compared to EuroSCORE, the graphic score
predicted mortality with a comparable area under the ROC
curve of >0.80 in the external validation dataset. However,
2000-Parsonnet score had an area under the ROC curve of
0.70. EuroSCORE showed good calibration in all patients
but overestimated mortality in the lowest quintiles of risk.
The 2000-Parsonnet score had poor calibration in all
patients and underestimated mortality in the higher quin-
tile of risk (Table 3).

Although this model has been developed in Argentina as
a representative community of Latin-America, yet, its
external validation was on patients operated on in three
centers in the same country. For the risk model to be more
representative of the general Latin-American population,
other countries’ datasets should have been involved in the
development or in the external validation dataset. How-
ever, this is the first risk model for cardiac surgery deve-
loped in a population of Latin-America and validated both
internally and externally and also temporally. The graphic
score we developed is a simple ‘pocket-card’ that allows
easy bedside application with acceptable statistical
precision.
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The institutional report by Carosella et al. [1] comes to us very timely. It
is, of course, agreed that accurate risk assessment is a critical part of our
current practice. Quality assurance has emerged in recent years as a
fundamental tool in the clinical arena and the pioneering example given by

cardiothoracic surgeons in developing different risk stratification models has
changed the perception of some areas of our practice. There are indeed a
number of differences among models due to the intrinsic differences among
patient populations, institutions and even healthcare systems. This is one of
the reasons why American and European models do differ. Subgroup analyses
have shown that cardiac surgical populations are different according to
epidemiology, geography, pathology and even to institution. In other words,
not all the populations are the same and, therefore, this may lead to
different categorization of risks.

The report by Carosella et al. seems to be appropriate as it is the
consequence of a deep analysis of a specific regional population in South
America. An important part of this model is the internal and external
validation of datasets. The consequence of such a model is that the authors
believe it has strong value in their regional practice based on practicality
and the bedside usage looks attractive. The authors have also used Euro-
SCORE and the Parsonnet score for comparison. The eventual conclusion is
that of a new regional model addressing a specific population that works
with acceptable precision [1]. This is of particular importance considering
all the above mentioned differences that were also apparent when Euro-
SCORE was developed through cooperative effort of a number of institutions
from different countries in Europe [2].

Very recently Zheng et al. have come with a study in a Chinese population
operated on for coronary bypass aiming at defining if EuroSCORE is a good
predictor of operative risk in such a population [3]. The authors, after
analyzing a population in excess of 9000 patients roughly close to 50% of
the initial EuroSCORE population, have concluded that this model does not
accurately predict the risk in a purely Chinese population. An appropriate
comment by Choong et al. [4] confirms that all available systems have
limitations and EuroSCORE is not an exception. Many other variables not
currently included in the risk stratification systems may also have an impact
on the final outcome. For all of us who embraced EuroSCORE as a very
useful tool in Europe, which | believe still works, a number of doubts
regarding accuracy have arisen. The paper by Carosella et al. is definitely
as timely as that by Zheng et al. and supports the fact that perhaps
geographical, ethnic, institutional, individual and case-mix have to be
considered too.
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