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ABSTRACT

Background: Identifying the optimal surgical approach and therapy for a patient is an important step in
the preoperative preparation process. Risk stratification models such as EuroSCORE |, STS score, and ACEF II
score were created to assist in evaluating factors associated with surgical outcomes. This scoring models are
now utilized to risk stratify patients having coronary artery bypass graft (CABG) surgery. However, it has not
been determined which model is better for Indonesian patients. The purpose of this study was to compare
EuroSCORE II, STS score, and ACEF Il score in CABG patients from Indonesia.
Methods: A cross-sectional study was conducted from January 2021 to March 2023 by utilizing seconda-
ry data collected from medical records of all patients undergoing CABG. Receiver operating characteristic
(ROC) curves were created, and the area under the ROC curve (AUC) was calculated to measure the discrimi-
native power of each score.
Results: A total of 131 patients were included in the study. The overall observed mortality on the entire
group was 7 (5%). The EuroSCORE Il-predicted mortality was 1.58 + 2.08, the STS score-predicted mortality
Keywords: was 1.14 + 1.58, and the ACEF Il score-predicted mortality was 1.60 + 0.97. The discriminative ability for
ACEF Il score operative mortality by area under the curve for EuroSCORE II, STS Score, and ACEF Il score was 0.94 (95% Cl
CABG 0.86-0.99; p <0.0001), 0.93 (95% Cl 0.81-0.99; p <0.0001), and 0.76 (95% Cl 0.55-0.97; p <0.05), respectively.
EuroSCORE Il Conclusion: This result suggests that EuroSCORE I, STS score, and ACEF Il score have satisfactory discrimi-
Risk Stratification Model natory power. However, all three risk stratification models have their own strengths and limitation in their
STS score application and should be used wisely.
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Background

Coronary artery bypass graft, known as CABG, is a sur-
gical procedure used to recover blood flow in heart
that has a blocked artery, thus restoring cardiac vascu-
larization. This open-heart surgery procedure involves
grafting a part of a blood vessel to bypass obstructions
in coronary arteries and improve the flow of blood to
the heart." In the context of cardiac surgery, in-hospi-
tal mortality or mortality due to the procedure serves
as a key indication of healthcare quality.? Failure to
achieve the ideal level of heart function during cardiac
surgery often results in mortality, leading to early he-
alth complications and adverse long-term effects. It is
essential to take consideration of the risk factors rela-
ted to patients undergoing surgery carefully in order to
improve healthcare services.

Determining the best surgical strategy and therapy for
patient is an important step in the preparation process
prior to surgery.? Risk stratification models have been
developed to help in assessing risk factors that are cor-
related with surgical outcomes. These risk stratification
models assist in predicting surgical outcomes and enhanc-
ing patient care quality. Another reason for the utiliza-
tion of risk stratification models is the process of decision-
making. Risk stratification model can play a crucial role in
aiding physicians and hospitals in managing patients with
high-risk profiles. Furthermore, risk stratification models
are essential for enhancing surgical success rates, con-
ducting quality analyses, and accomplishing significant
outcomes.3

Risk stratification model such as STS score (Society of
Thoracic Surgeons), EuroSCORE (European System for
Cardiac Operative Risk Evaluation) and ACEF (Age, Cre-
atinine, and Ejection Fraction) can be used to assess the
degree of risk involved in cardiac surgical procedures. Eu-
roSCORE is among the risk stratification models utilized
to evaluate the quality of cardiac surgery. EuroSCORE
| wass established in 1999 and was once considered as
a gold standard in risk stratification models.>* EuroSCORE
Il represents an update and improvement of EuroSCORE
I, aimed at preserving and optimizing its utility in predict-
ing cardiac surgeries. This development and update were
a response of the previous EuroSCORE’s tendency to over-
estimate risk and outcomes.>¢ STS score stands out as one
of the most frequently utilized risk stratification models.
The essentials data for its development are derived from
the Society of Thoracic Surgeons National Cardiac Data-
base (STS NCD), which was established in 1989 and repre-
sents the largest clinical database of its kind.>” ACEF (Age,
Creatinine, and Ejection Fraction) is one of the risk strati-
fication models in cardiac surgery that has been devel-
oped in recent years. It involves the patient’s age, serum
creatinine and ejection fraction to calculate the risk and
outcome.®® ACEF Il incorporates five risk factors in deter-
mining the patient’s risk level, with the formula being
age (in years) / ejection fraction (%). Additional points
are assigned for specific conditions such as serum creati-
nine >2 mg/dl (2 points), emergency status of the surgery
(3 points), and anemia (hematocrit/HCT <36%, 0.2 points
for each HCT point below 36%)."° Furthermore, the ACEF
score can also be utilized to predict risk in patients under-

going percutaneous coronary interventions, in addition
to elective cardiac surgeries.®"

Many surgeons and medical institutions tend to use
this risk stratification model for risk assessment since
there has not been a risk stratification model designed
specifically utilizing local patient data. However, it's cru-
cial to remember that the patient data used to construct
these risk assessment model came from patients in Eu-
rope and America. Considering the fact that these models
weren't initially designed for Indonesia patients in mind,
there are still concerns about how effectively it may pre-
dict the risk for these individuals.

To this day, limited information is available regard-
ing risk stratification models in Indonesian patients. In
research carried out in Indonesia, only EuroSCORE Il has
shown good validity."”? But another study suggests that
EuroSCORE Il was unsuitable for risk prediction of in-
hospital mortality.'>'* Furthermore, there is a shortage of
data related to ACEF score and limited research on ACEF
Il score in Indonesia. However, limited data is available on
STS score and ACEF Il score. The lack of comparable evalu-
ations of the discriminatory and calibration capacities of
these risk stratification models is another area of concern.
Hence, this study aims to assess the performance of STS
score, EuroSCORE IlI, and ACEF Il score in Indonesian pa-
tients undergoing CABG surgery.

Methods

All patients undergoing CABG procedures between Janu-
ary 2021 and February 2023 were included in this study.
Data was collected in the Department of Thoracic, Car-
diac and Vascular Surgery database and was analyzed re-
trospectively. The inclusion criteria were patients under-
going coronary artery bypass graft above the age of 18
years. This study also enrolled patients undergoing CABG
with other procedures like CABG with mitral valve repair
(MVR) or CABG with aorta valve repair (AVR). All pati-
ents undergoing CABG were included whether they had
an elective, urgent, emergency, or other circumstances
and condition on the patients as long as the risk proba-
bility can be calculated by the risk stratification models.
Mortality in this study is defined as in-hospital mortality.
Exclusion criteria of this study were lack of perioperative
data that hinder the calculation of the risk stratification
model and the analyses of the study.

The outcome of this study was the comparison of risk
stratification model between EuroSCORE IlI, STS score,
and ACEF Il score in predicting mortality in patients un-
dergoing CABG procedures. This was assessed by calcu-
lating their discriminatory power in predicting mortality
and calibration of the models. Another outcome of the
study is assessed with the correlation between this three
risk stratification models and evaluated with the predict-
ed probability for operative mortality.

The calibration of the models was assessed using the
Hosmer-Lemeshow test. Essentially, it measures the mod-
el’s capacity to predict survival across different levels of
patient risk.” The discriminatory ability was assessed by
calculating the receiver operating characteristic (ROC)
curve. From this, the area under the curve (AUC) can be
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Fig. 2 - ROC curve of EuroSCORE II.

found for each model. AUC is defined as the measure
of how often a patient who survives is predicted using
the models to have a greater likelihood of survival com-
pared to a patient who passes away during their hospital
stay.>'> The discriminatory ability of STS score, EuroSCORE
Il, and ACEF Il score were compared using these analy-
ses. The correlation between the risk stratification models
was assessed using Spearman correlations. A positive cor-
relation between them indicates the agreement of the
models. The higher the score, the higher the agreement
between the models. This study also conducted univari-
ate logistic regression analyses to evaluate the predicted
probability for operative mortality.
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Fig. 3 - ROC curve of ACEF Il score.
Results

There were 131 patients undergoing CABG procedures
during the study period. Those consisted of 16 (12%)
women. In this study, there were 58 (44%) patients with
diabetes and 77 (59%) with hypertension comorbidity.
According to the urgency of operation, elective surgery
was the highest type of surgery. Patient characteristics
and detailed demographics are described in Table 1.

The overall mortality in the entire group was 7 (5%).
Risk stratification model using EuroSCORE Il found a pre-
dicted mortality of 1.58 + 2.08, STS score-predicted mor-
tality was 1.14 = 1.58, and ACEF Il score-predicted mortal-
ity was 1.60 = 0.97. Hosmer-Lemeshow test for STS has
a p-value of 0.230. For EuroSCORE Il and ACEF Il score,
the Hosmer-Lemeshow test showed a p-value with p =
0.731 and p = 0.80, respectively. These results indicated
good model fit for all risk stratification models (p >0.05).
The discriminative ability for operative mortality of the
STS score was 0.93 (95% ClI 0.81-0.99; p <0.0001]). The
discriminative ability of the EuroSCORE II, as measured
by the AUC, was 0.94 (95% Cl 0.86-0.99; p < 0.0001). On
the other hand, discriminative ability for ACEF Il score
showed the value 0.76 (95% ClI 0.55-0.97; p <0.05). These
analyses indicate that all three risk scores have good dis-
criminative ability, but EuroSCORE Il and STS score is more
superior than ACEF Il score. There is a very subtle differ-
ence in the discriminative power between EuroSCORE I
and STS score.

The correlation analyses showed that all three risk
stratification models were well correlated with each oth-
er. The STS score was highly correlated with EuroSCORE
Il (r =0.75, p <0.0001). ACEF score Il was moderately cor-
related with EuroSCORE Il (r = 0.56, p <0.0001) and the
STS score (r = 0.52, p <0.0001). These results indicate that
three risk stratification models are in agreement between
each other.
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Fig. 4 - Scatterplots demonstrating the correlation between STS score,
EuroSCORE I, and ACEF Il score.

Univariate logistic regression found that age, smok-
ing status, STS score-predicted mortality, EuroSCORE II-
predicted mortality, and ACEF Il score-predicted mortality
have significant results. Patients with higher age tend to
be more susceptible to mortality than the younger age
group (OR 1.24; 95% Cl 1.09-1.43; p <0.05). For each year
increase in patient age, there is 1.24-times increase in
the likelihood of patient mortality. Patients with current
smoker status are 7-times more susceptible to mortality
than patients that have never smoked (OR 7.10; 95% ClI
1.09-46.27; p <0.05).

Table 1 - Patient characteristics (n = 131)

Age (mean =+ SD) 59.5 £ 8.75
Gender (female) 16 (12%)
Diabetes 58 (44%)
Hypertension 77 (59%)
Ejection fraction (%) 51.6 £ 14.0
Creatinine (mg/dL) 1.14 £ 0.41
Heart valve disease 73 (56%)
Aorta regurgitation 20 (15%)
Mitral regurgitation 62 (47%)
Tricuspid regurgitation 34 (26%)
Urgency of operation

Elective 99 (76%)
Urgent 31 (24%)
Emergency 1(1%)
Mortality 7 (5%)

STS mortality risk (%) 1.14 £ 1.58
EuroSCORE Il mortality risk (%) 1.58 + 2.08
ACEF Il mortality risk (%) 1.60 £ 0.97

Values are mean = SD or n (%). EuroSCORE - European System for
Cardiac Operative Risk Evaluation; STS - the Society of Thoracic
Surgeons.

Discussion

Mortality rate among patients undergoing CABG proce-
dures was 5% out of 131 in this study. This figure aligns
with the previous research that 8.9% patients experien-
ced mortality from 292 patients who underwent adult
cardiac surgery between January 2016 and December
2018."6 According to the Society of Thoracic Surgeons’ Na-
tional Cardiac Database, there were 205,778 patients who
underwent CABG between 1984 and 1993, with a mortali-
ty rate of 2.9% during that period.” Another study in the
United States reported a 2.4% mortality rate for CABG
surgery during the period 1997-2011."® In the UK, a study
covering the years 2002-2016 revealed a mortality rate
of 1.73% among patients undergoing CABG." Similarly,
astudy in India showed a mortality rate of 1.5% for CABG
surgeries conducted from 2015 to 2020."® In China, during
the period from 2000 to 2018, there was a mortality rate
of 2.21% among patients undergoing CABG surgery.?
Compared to other countries, mortality rate among
patients undergoing CABG surgery in Indonesia is higher,
surpassing countries where mortality rates fall below 3%.
Several factors may contribute including lack of public
awareness regarding healthcare in Indonesia. Additional-
ly, the geographical distance from healthcare centers and
the economics condition, particularly of the lower-middle
class people, may contribute to this issue. Another prob-
lem in Indonesia are insufficient cardiovascular diseases
services in primary healthcare and disease monitoring in
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the population, and low patient compliance both in the
prevention and treatment of diseases.?'

Male gender dominates the gender demographic
among those undergoing CABG procedures with 115
(88%) of the total 131 patients. Previous research also
indicates a higher prevalence of males in adult cardiac
surgery, with 164 (77%) male patients.’® Studies in India
reported that 86.5% of CABG surgery cases were among
males.” Similarly, research in China revealed that males
constituted the majority, accounting for 75.78% of to-
tal CABG patients.?’ This aligns with previous studies on
cardiovascular diseases, indicating a higher prevalence
among males.?>?* The elevated prevalence of cardiovas-
cular diseases in males can be attributed to their suscep-
tibility to these diseases at a younger age. Hormonal fac-
tors in females tend to provide some protection against
cardiovascular diseases before menopause, after which
the risk significantly increases.?* Other risk factors such
as smoking, diabetes, and dyslipidemia contribute to the
higher incidence of cardiovascular diseases in males.?
However, it's essential to note that females are not ex-
empt from cardiovascular diseases. Various risk factors,
including age, hypertension, and cholesterol levels, pose
significant challenges for women. Other factors such as
endocrine disorders and pregnancy-related complica-
tions make women vulnerable to cardiovascular diseas-
es.23,25

This study calculated discriminative ability of the risk
stratification models for each patient undergoing CABG
procedures. The results indicate that STS score, EuroS-
CORE Il, and ACEF Il score have discrimination abilities of
0.93, 0.94, and 0.76, respectively. In a previous study, Eu-
roSCORE Il demonstrated good discriminatory capability,
with an AUC value of 0.85 on the ROC curve.'®* However,
another research suggests that EuroSCORE Il may be un-
suitable for predicting mortality risk in Indonesia.’™>'* On
the other hand, there is still limited information regard-
ing STS score and ACEF Il score in Indonesia.

STS score, EuroSCORE Il, and ACEF Il score demonstrate
good capabilities in predicting mortality. However, sev-
eral studies in the United States indicate that STS score
outperforms EuroSCORE Il in predicting mortality among
adult cardiac surgery.?® In contrast, European studies sug-
gest that EuroSCORE Il is superior to STS score in predict-
ing mortality in adult cardiac surgery patients.?-* An-
other research indicates that EuroSCORE Il is superior to
ACEF 1l score.®® Studies in Asia also show that these risk
stratification models perform equally well and do not fa-
vor one scoring system over the other despite limitations
in information regarding ACEF Il score.'>20:3!

Based on other factors, EuroSCORE Il and ACEF Il score
are more versatile in their application across various types
of cardiac surgery procedures compared to STS score. Eu-
roSCORE Il and ACEF score Il can be applied to almost all
cardiac surgery procedures, whole STS score is limited to
7 types of cardiac surgical procedures. Moreover, EuroS-
CORE Il and ACEF Il score require only 17 and 5 variables,
respectively, in contrast to STS score that need 67 vari-
ables. This makes EuroSCORE Il and ACEF Il score faster
in assessing the prediction of patient mortality. However,
STS score has an ability to predict postoperative patient
morbidity, such as renal failure, stroke, prolonged venti-

lation, deep sternal wound infection, reoperation, short
length of stay, and long length of stay.

All three risk stratification models exhibit good capa-
bilities and applicable in hospital settings. However, they
have their own strengths and limitations in their applica-
tion. Risk stratification models should not be used alone
when predicting patient mortality. Other consideration,
such as discussion among doctors and healthcare profes-
sionals, patient’s condition, and patient’s own decisions,
also play a crucial role in predicting and performing CABG
procedures. Furthermore, risk stratification models do not
incorporate variables related to the skill and proficiency of
the surgeon, as well as the quality of service before and
after the operation. Therefore, these factors need to be
considered when estimating optimal management for pa-
tients. Another consideration in performing CABG surgery
is the patient’s mental state and motivation. According to
previous research, optimism is associated with better out-
comes in the recovery process after CABG surgery.3 Other
factors, such as the economic and social conditions of the
patient, also need to be taken into account.

Conclusion

ACEF Il score, EuroSCORE Il, and STS score predict the out-
come fairly accurate in Indonesian population and should
be used. Based on our study, EuroSCORE Il and STS score
is superior to ACEF Il score. However, all three risk stratifi-
cation models have their own strengths and limitation in
their application. Physician, surgeon, or healthcare profe-
ssional should use them wisely. Risk stratification models
should also not be used alone when predicting patient
mortality and consider another role such as discussion
among professional, patient’s condition and decisions,
skill and proficiency of the surgeon, and service’s quality.

Limitation

This study was conducted as a single-center study and
become the important limitation. Small number of pati-
ents in this study has also become the limitation in our
study. This condition may not be representative of real-
-life practices in the surgical association among Indonesi-
an’s professional despite the large sample size. For more
accurate validation risk stratification models, it is impor-
tant to involve several centers with geographical and he-
althcare infrastructure difference as well as the impact of
economic and social variations on results.
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