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ABSTRACT

Aims: It is very important to evaluate patients presenting with chest pain in terms of major adverse cardiovascular events
(MACE) and many risk scoring systems have been developed for this purpose. In this study, we aimed to evaluate the MACE
prediction performance of the newly developed symptoms, history of vascular disease, electrocardiography, age and troponin
(SVEAT) score for patients presenting with chest pain.

Methods: This study was designed as a retrospective observational clinical trial. MACE occurring within 30 days; Myocardial
infarction (MI), percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG) and sudden cardiac death
were considered the primary endpoints of the study. Patients over 18 years of age presenting with chest pain were included in
the study. Patients with ST segment elevation on electrocardiography (ECG), hemodynamic instability and traumatic chest pain
were excluded.

Results: The study included 557 patients and the mean age was 54.52+12.56 and the age distribution range was 23-95. Significant
results for SVEAT score (AUC:0.988, 95%CI:0.978-0.997, p<0.001) and history, electrocardiography, age, risk factors and
troponin (HEART) score (AUC:0.960, 95%CI:0.942-0.979, p<0.001) were obtained from ROC analysis of the effect of SVEAT
and HEART scores on MACE.

Conclusion: The newly developed SVEAT score was superior to the HEART score in predicting adverse negative cardiac events

in patients presenting with chest pain.
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INTRODUCTION

Chest pain is one of the most common reasons for being
admitted to the emergency department. Clinically, acute chest
pain may be associated with a clinical condition with a high
mortality rate such as myocardial infarction (MI), pulmonary
thromboembolism, aortic dissection; it may also be associated
with musculoskeletal diseases, pain reflected from internal
organs such as gastrointestinal tract or sometimes psychiatric
causes.'

Coronary artery disease (CAD) is now one of the most
common causes of mortality and morbidity. In the United
States, it is estimated that approximately 1.0 million people
present with acute chest pain annually and 300.000 to 400.000
people die due to MI.> Studies show that cardiovascular
diseases account for 45% of deaths in women and 38% of
deaths in men under the age of 75 in Europe.>* Heart and
artery diseases are predicted to be staying as the top cause of
death for a long time as a result of the expected increase in the
estimated life expectancy.’

Acute coronary syndrome (ACS) must be quickly differentiated
from other clinically similar conditions. Studies have shown
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that approximately 2-4% of patients with undetected MI on
initial presentation are wrongly discharged, accounting for
20-39% of all emergency malpractice cases.” Therefore, early
diagnosis of ACS in patients defined as low risk group is of
critical importance. Many risk scoring systems have been
developed in this patient group in order to start treatment
with early diagnosis and to decrease the median mortality
related to ACS.

The usability of the risk scoring system can be evaluated by its
performance in detecting the possibility of developing MACE
intheearlyperiod.® The Thrombolysisin Myocardial Infarction
(TIMI) score,’ the Global Registry of Acute Coronary Events
(GRACE)" and the History, Electrocardiography, Age, Risk
Factors and Troponin (HEART) generation HEART score'
are risk scoring systems used in patients presenting with
chest pain. However, there is no current consensus on which
of these scoring systems is more reliable for the emergency
department.'?

Symptoms, Vascular Disease History, Electrocardiography,
Age and Troponin (SVEAT) risk score, presented as a slightly
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better performance than the currently widely used HEART
score.”* SVEAT scoring system, in the case of an acute attack
event, higher acceleration, negative scoring in the event of
no event and a much wider scoring range. The ratios of the
clinical risk composite were seen to increase with a wider
score range." In addition, a change in the ECG in the SVEAT
scoring was defined with much sharper boundaries and the
characteristics of chest pain were considered in detail and
vascular diseases were also included in the score." This study
aimed to compare SVEAT and HEART scores in terms of
MACE predictability in patients presenting to the emergency
department with chest pain.

METHODS

Ethics

The study followed the principles of the Declaration of
Helsinki revised in 2013. This study has been approved by the
Ankara Etlik City Hospital No. 1 Local Ethics Committee for
Clinical Researches (Date: 01.11.2023, Decision No: AESH-
EK1-655-2023).

Study Design and Participants

The study consisted of patients who were admitted to the
city hospital emergency department with complaints of
acute chest pain between 01.01.2022 and 31.12.2023. Patients
who had not previously been used for either scoring system
(SVEAT and HEART) for patient outcomes were included in
the study. Patients with hemodynamic instability, acute MI
detected on admission ECG, those presenting with chest pain
due to trauma, and those with incomplete medical records
were excluded from the study. A total of 557 patient files from
1162 patients presenting with chest pain who met the study
criteria were analyzed (Figure 1). The number of patients to
be included in the study was determined using the G-power
3.1.9.4 program with a power of 80% and a significance level
of p<0.05.

1162 patients were evaluated in
emergency medicine ward for

chest pain
24 patients excluded due to 57 patients were excluded due
missing medical records to being considered unstable
6 patients were excluded due 518 patients were excluded due
trauma presence in addition to to p of acute myocardial
chest pain infarction

Remaining 557 patients were
included in the study

Figure 1. Patients' inclusion status in the study

Troponin level was obtained from the data of the fourth
generation ultra-high sensitivity troponin assay (Elecysd
Roche Kit) and determined as the upper normal limit
Troponin (TnT-hs) level equivalent to 14 ng/L (pg/ml).

Data Collection

The risk scores of all patients were calculated according to
SVEAT and HEART scores. The parameters required for
SVEAT scoring are given in Table 1. In addition, age, gender
and underlying medical comorbidities (diabetes, hypertension,
intracranial hemorrhage and stroke) were recorded. MI
requiring revascularization or medical treatment and sudden
cardiac arrest MACE occurring after readmission within 30
days were accepted as the study endpoints.

Table 1. SVEAT scoring system

Component Characteristics Points

Symptoms Typical unstable angina pectoris 3
Stable angina, Canadian Cardiovascular 1
Society Class I or II
Non-cardiac chest pain -2

. Recent myocardial infarction or

Vascular disease A .
percutaneous coronary intervention <90 2
days
Coronary artery bypass grafting >5 years 2
Prior coronary event other than above 1
Prior revascularization for peripheral 2
disease or carotid disease

ECG Dynamic or new ischemic ST or T wave 3
changes
ST depression of unknown duration 5
without cause
ST changes with left ventricular
hypertrophy, intraventricular conduction 1
delay, digitalis, or metabolic issue
Old Q wave indicating prior myocardial
infarction or pre-existing ST 1
changes
No ST changes 0
Normal ECG in the presence of severe 2
ongoing chest pain

Age (years) >75 2
50-75 1
30-49 0
<30 =1l

Troponin I (ng/ml) 0.7 or higher 5
>0.12 but <0.7 2
2>0.04 but <or=0.12 1
Normal (<or=0.004) with unclear duration 0
of chest pain
Normal after >4 h of constant chest pain -2

SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin,

ECG: Electrocardiography

Statistical Analysis

SPSS 20.0 for Windows® statistical software (IBM Inc.
Chicago, IL, USA) was used for statistical analysis. Number
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(n), percentage (%), mean, standard deviation, median,
minimum and maximum values were used in the presentation
of descriptive data. The conformity of the data to normal
distribution was assessed using the Kolmogorov-Smirnov
test. Pearson Chi-square test and Fisher's exact test were used
for comparison of categorical data, T test for comparison
of two independent numerical data, Mann-Whitney U test
for unequal distribution of data, Kruskal-Walles Test and
ANOVA tests were used for comparison of two numerical
data. ROC analysis of the area under the curve was used to
compare the predictability of MACE of SVEAT and HEART
scores. p<0.05 and 95% confidence interval were accepted for
statistical significance.

RESULTS

The files of 1162 patients who presented with chest pain were
reviewed and 557 patients were included in the study. The
mean age of the patients was 54.52+12.56 years and the age
distribution was 23-95. 233 (41.7%) of the patients included
in the study were female. Mortality was observed in only 3
(0.5%) of the patients included in the study.

MACE was positive in 110 patients and MACE was negative
in 447 patients. When the factors affecting MACE were
examined, advanced age, hypertension, diabetes, history of
MI, percutaneous coronary intervention (PCI), coronary
artery bypass grafting (CABG), low SVEAT and HEART
scores were statistically significant (p<0.001). Similarly, the
effect of hyperlipidemia history on MACE was also found
to be significant (p:0.016). Gender and stroke history had
no significant effect on MACE (Table 2). Significant results
were obtained in ROC analysis for SVEAT (AUC:0.988,
95% Cl:0.978-0.997, p<0.001) and HEART (AUC:0.960, 95%
Cl:0.942-0.979, p<0.001) (Table 3, Figure 2).

Table 2. MACE distribution based on risk factors

MACE (-) (n:447) MACE (+) (n:110) p value
Age 52.66+12.04 62.09+11.88 <0.001
Female sex 197 35 0.055
Hyperlipidemia 121 42 0.016
Hypertension 149 71 <0.001
Diabetes 99 51 <0.001
Stroke 9 2 0.626
MI history 108 68 <0.001
PCI 96 63 <0.001
CABG 16 14 <0.001
SVEAT (-) 0.32+2.04 8.41+3.07 <0.001
HEART 2.40£1.67 6.85+1.68 <0.001

MACE: Major adverse cardiovascular events, MI: Myocardial infarction, PCI: Percutaneous coronary
intervention, CABG: Coronary artery bypass olamng SVEAT: Symptoms, Vascular Disease History,

Electrocardiography, Age and Troponin, HEART: History, Electrocardiography, Age, Risk Factors
and Troponin

The mean scores of SVEAT and HEART were calculated as
1.40+4.16 and 3.28+2.44, respectively. The best thresholds
for SVEAT and HEART were determined as 3.5 and 4.5,
respectively. While the sensitivity and specificity for SVEAT
were 96.4% and 97.3%, respectively; these rates were found as
93.6% sensitivity and 87.5% selectivity for HEART. According
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Table 3. SVEAT ve HEART scoring based on ROC analysis

95% confidence interval

Test result Under Std. error value

variable(s) the curve : p Lower Upper
bound bound

HEART 0.960 0.010 <0.001 0.942 0.979

SVEAT 0.988 0.005 <0.001 0.978 0.997

SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin, HEART: History,

Electrocardiography, Age, Risk Factors and Troponin, ROC: Receiver operating characteristic

ROC Curve

Source of the
urve
= heart
— sveat
Reference Line

Sensitivity

0.2

00 T T T T
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Diagonal segments are produced by ties.

Figure 2. ROC Curve of SVEAT and HEART scoring
SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin, HEART: History,
Electrocardiography, Age, Risk Factors and Troponin, ROC: Receiver operating characteristic

to the best threshold values, the accuracy values for SVEAT
and HEART were calculated as 541/557 (97.1%) and 494/557
(88.7%), respectively (Table 4). These results showed that
the SVEAT score was significant in detecting major adverse
cardiovascular events (MACE). It was observed that MACE
was missed by not being predicted in only 16 patients at the
value determined as the best SVEAT threshold value. On the
other hand, MACE unpredictability was found in 63 patients
in HEART scoring. According to the study results, it was
determined that the SVEAT scoring had better sensitivity and
specificity values than the HEART score.

Table 4. MACE prediction of the SVEAT and HEART scoring

Parameters Definitions SVEAT HEART
Under the curve 0.988 0.96

SER avittiane 0.978-0.997 0.942-0.979
interval

p-value <0.001 <0.001

The best threshold >3.5 >4.5
Event size N 557 557
Sensitivity TP/(TP+TN)  106/110 (96.4%) 103/110 (93.6%)
Selectivity TN/(TN+FP)  435/447 (97.3%) 391/447 (87.5%)
PPV TP/(TP+FP) 106/118 (89.8%) 103/159 (64.8%)
NPV TN/(FN+TN)  435/439 (99,1%) 391/398 (98.2%)
Truth (TP+TN)/(N)  541/557 (97.1%) 494/557 (88.7%)
p value <0.001 <0.001

MACE: Major adverse cardiovascular events, SVEAT: Symptoms, Vascular Disease History,
Electrocardiography, Age and Troponin, HEART: History, Electrocardiography, Age, Risk Factors

and Troponin, TP: True positive, FN: False negative, TN: True negative, FP: False positive,
PPV: Positive predicted value, NPV: Negative predicted value
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DISCUSSION

Early identification of risk groups in patients presenting to the
hospital with chest pain may be the most important point for
predicting MACE, and many different risk scoring systems
have been developed for this purpose. Although the HEART
score was developed for use in emergency departments for
patients presenting with chest pain and is the most widely
used risk score in the United States, there are studies in the
literature showing that this scoring is not sufficient for the
low-risk patient group.'*"’

In the HEART score, patients are divided into low, medium
and high risk groups according to the risk of developing
MACE. It is recommended that those in the low risk group
be discharged and those with medium and high risk scores
be hospitalized."” In our study, the sensitivity of the HEART
score of 93.6% and the specificity of 87.5% were found to
be consistent with previous studies in the literature.'®'s*
However, it was observed that the classification of the risk
into high, medium and low risk groups in the distinction of
chest pain varied depending on the evaluator. In addition, it
was noted that some important cardiac clinical information
in the initial evaluation was not fully used in this scoring
and especially that significant ST depression was not clearly
defined in the scoring.

A new scoring system (SVEAT score), developed by
Roongsritong et al.’* and based on five clinical variables: chest
pain symptom characteristics, history of vascular disease,
electrocardiography, age, and troponin, has been reported
to outperform the HEART score. Unlike the HEART and
TIMI risk scores, the SVEAT score assigns a 5-point value to
symptoms suggestive of ischemia and a negative value to non-
cardiac chest pain to better distinguish between subgroups.
Furthermore, this scoring system uses the presence of
cardiovascular disease rather than traditional risk factors and
focuses more specifically on possible electrocardiographic
(ECG) changes. It also assigns a higher score for troponin
levels, resulting in a wider score range. This is thought to aid
clinicians in their decision-making process. A limited number
of studies in the literature have shown that the SVEAT score
outperforms the HEART score."?

Roongsritong et al."* compared the SVEAT score with HEART
and TIMI scores in a prospective study of 321 patients. The
calculated AUC values were found to be 0.982, 0.921 and
0.884 for the SVEAT score, HEART score and TIMI score,
respectively. Male gender, hypertension, diabetes mellitus
and hyperlipidemia are seen as statistically significant
determinants for the 30-day MACE score. Similarly, in our
study, the AUC value of the SVEAT score was found to be
higher than the HEART score, and the obtained results
support Roongsritong's" study.

In the Antwi-Amoabeng® study, the threshold value was
taken as <4 and the SVEAT score was compared with the
HEART score, and it was concluded that the SVEAT score is
a reliable predictor of cardiovascular morbidity. Similarly, we
determined the threshold values as 3.5 for SVEAT and 4.5 for
HEART. With these results, it was concluded that the SVEAT
score has statistical significance in predicting MACE.

In the prospective study of Shahid et al., which included
60 patients and compared the SVEAT, HEART and TIMI
risk scores, the sensitivity and specificity for the SVEAT and
HEART scores were found to be 63.2%, 84.2% and 75.6%,
73.2%, respectively, at similar threshold values for SVEAT and
HEART scores, and it was concluded that the SVEAT score
was not superior to the HEART score in predicting 30-day
MACE. In our study, 96.4% sensitivity and 97.3% selectivity
were found for SVEAT, and 93.6% sensitivity and 87.5%
selectivity were found for HEART, which is consistent with
the original SVEAT study and the limited number of studies
in the literature. This difference found by Shahid et al.*! may
be due to the study including only a very limited patient
population aged 45 and over. In addition, unlike this study,
we found that male gender was more dominant and stroke did
not have a significant effect on MACE.

In this study, factors affecting the MACE parameter in
hospitalized patients were found to be statistically significant,
including advanced age, hypertension, diabetes, history of
hyperlipidemia, current MI, PCI, history of CABG, high
SVEAT and HEART scores, and were consistent with the
findings in the original SVEAT study.'>*°

Limitations

The study was conducted in a single tertiary care center with a
specific sample size and the SVEAT score was compared only
with the HEART score, which may be limitations of the study.
It is thought that studies using other risk scoring systems
and conducted on a larger population will contribute to the
literature.

CONCLUSION

Based on the results of this study, we suggest that the SVEAT
scoring system outperforms the HEART score in predicting
the risk of MACE in patients presenting to the emergency
department with chest pain. Further studies with diverse
populations and larger sample sizes are needed before the
SVEAT score can be widely applied in risk stratification.
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