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SUMMARY

Introduction Chest pain (CP) diagnostics accuracy remains debatable for both general practitioners (GP)
or emergency department (ED) physicians for patients in HEART score (HS) low- and intermediate-risk
groups which prompted us to review our electronic database for all patients admitted via our center’s
ED during 2014 to 2020 for CP and suspect acute coronary syndrome.

Methods Patients were divided in function of low- or intermediate-risk HS and assessed during a three
month follow up for angiogram results, major adverse cardiac events (MACE), lab results and echo pa-
rameters.

Results Of 585 patients included, low-risk HS group (21,4%, 36% were women) had significant coronary
disease on angiogram in 68%, while for intermediate-risk HS group (78.6%, with 32.6% women) it was
for 18.4% of patients (p < 0,0005). Area under the ROC curve of HS in detecting patients with ischemic
heart disease as a cause of CP was 0.771 (95% Cl: 0.772-0.820) with best cut-off point HS was calculated
at 3.5. Sensitivity and specificity were 89.2% and 57.6% respectively. Adjusting for sex, lab results and HS,
AUROC curve of this model was 0.828 (95% Cl: 0.786-0.869; p < 0,0005) with cut-off of 77.95. Sensitivity
and specificity were 84.9% and 68% respectively. In the three-month follow-up post-discharge, there was
a significant difference in MACE between groups (low- vs. intermediate-risk HS was 3.4 vs. 16.7% p < 0.05).
Conclusion HS for our CP patients admitted via our ED by GP and ED physicians'referral, provides a quick

and reliable prediction of ischemic heart disease and MACE.
Keywords: Chest pain; HEART score; MACE; general practitioner

INTRODUCTION

Between 20% and 40% of general population
experience some kind of chest pain (CP) dur-
ing life [1] and the first to see the patient is
the general practitioner (GP), while many of
these patients are ultimately sent to the hospital
for further diagnostics or intervention. In the
United States, 2-5% of patients with an acute
coronary syndrome (ACS) are misdiagnosed
and inappropriately discharged, even from
emergency department (ED) [2]. Therefore,
some clinicians refer patients to additional
diagnostic procedures aiming to establish the
cause of CP, even in the case of a low-risk pa-
tients, leading to increased resource utilization
[3, 4]. A small number of studies evaluated the
accuracy of initial diagnosis in patients with
CP in primary health care, especially concern-
ing ischemic heart disease (IHD), with no data
about final treatment outcomes in patients with
initial misdiagnosis [5]. In the great majority
of patients with CP, GPs considered coronary
artery disease (CAD) unlikely diagnosis. This
initial assessment agrees with the findings of
various epidemiological studies in the field of

primary care, which describe IHD prevalence
of 8% to 15% [6, 7]. Set against this is IHD
prevalence of over 50% in patients who pres-
ent to a hospital ED with CP [8, 9]. The first
opinion of the GP regarding presence of IHD
showed at best moderate diagnostic accuracy;,
with a sensitivity of 68% [10]. One of the most
challenging tasks GPs face is to adequately tri-
age patients with undifferentiated CP. Often,
it is not an easy task because CP evaluation is
frequently subjective and different between GP,
other clinicians and cardiologists. To accurately
manage the cause of CP, GP or ED clinician
should use some of the easily accessible and ap-
plicable tools for identification of low-risk CP
patients, suitable for discharge with deferred
additional diagnostics. Some of these scores
are Thrombolysis in Myocardial Infarction
(TIMI) score; The Platelet Glycoprotein IIb/
IIIb in Unstable Angina—Receptor Suppression
Using Integrilin Therapy score; Global
Registry of Acute Coronary Events score; Fast
Revascularization in InStability in Coronary
Disease score and History, ECG, Age, Risk fac-
tors, T-troponin (HEART) score. Six, Backus
and Kelder developed the HEART score (HS)
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in 2008, as a rapid risk stratification tool for patients with
CP to help identification of low-risk patients, suitable for
earlier ED discharge [11]. While the latest AHA/ACC/
ASE/CHEST/SAEM/SCCT/SCMR Guidelines for the
Evaluation and Diagnosis of Chest Pain recommend the
TIMI score for the initial evaluation of a patient with CP
[1], it is not the best tool for identification of low-risk CP
patients [12, 13]. For this subset of patients, HS achieved
better results, as well as in patients with a high risk of ma-
jor adverse cardiac events (MACE). The negative predictive
value of HS is superior compared to other scoring systems.
This study aimed to estimate sensitivity and specificity of
the HS in our patient population for detection of posi-
tive coronary angiography finding and its correlation with
MACE in low-risk patients’ subset presenting with CP.

METHODS

In this retrospective follow-up study approved by the local
Ethics Committee (No 3674/10 of December 11, 2019), we
analyzed patients with CP and suspected ACS who present-
ed to Institute of Cardiovascular Diseases of Vojvodina’s
ED, in the period between 2014 and 2020.

Inclusion criteria were as follows: age over 21 years;
CP; percutaneous coronary angiography or CT coronary
angiography upon admission; biochemical analysis of high
sensitivity Troponin (hsT) and calculated HS from 0 to 6.
Exclusion criteria were de novo ECG changes (ST eleva-
tion or denivelation of more than 1 mm); hypotension and
calculated HS 7 to 10.

HS is consistently validated rapid use risk stratification
tool for patients with CP in the ED, considering History,
ECG, Age, Risk factors and Troponin. In each category
are three possible scores: 0.1 and 2. Final HS is sum of five
single category scores. In this study we analyzed value of
low-risk (0-3) and intermediate-risk (4-6) HS in predic-
tion of IHD and MACE. Patients with CP were chosen
randomly to achieve a minimum of 120 patients’ group
with a HS 0-3 (HS 0-3) and minimum of 120 patients in
the group of HS ranging 4-6 (HS 4-6). All of these patients
were admitted to the hospital and underwent coronary an-
giography. Degree of coronary artery stenosis greater than
50 % was defined as significant. The follow-up period for
both groups of patients was three months post-discharge
during which we assessed difference between groups’ sur-
vival and incidence of MACE defined as new ACS, stroke,
percutaneous coronary intervention (PCI), coronary artery
bypass grafting (CABG) and IHD-related death. In addi-
tion to validation of HS in prediction of IHD and MACE,
we analyzed predictive value of creatine kinase MB and
fasting glucose levels; ejection fraction and left ventricle
volumes and diameters. The data were provided from hos-
pital database and by calling patients and their families in
case of their further medical treatment in other hospital.
Statistical analysis included descriptive statistics such as
arithmetic mean, standard deviation, median, quartile,
frequency and percentages. Comparison of mean values of
variables of two groups of patients was realized by t — test
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Age group
<50 17

50-59 48 ‘ ' 108

60-69 69 140

>70 61 83
HEART Score

Low risk 45 80

Intermediate risk 150 310
Angio-confirmed IHD

Normal angio 99 150

Confirmed IHD 96 240

Figure 1. Sex differences in description of HEART score and angiog-
raphy results
IHD - ischemic heart disease

and Mann-Whitney test. Categorical variables were com-
pared with the x*test or Fisher exact test. Univariate and
multivariate binary logistic regression we used to deter-
mine influence of variables on final outcomes. Predictive
values of variables were estimated with the ROC curve.
Two-sided P values of less than .05 were considered to
be significant for all analyses. All statistical analyses were
performed with SPSS software, version 17.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Of the 585 patients with CP enrolled in the FU study, 125
patients (21.4%) were in low-risk HS group (HS 0-3) and
460 patients (78.6%) in the intermediate-risk HS group (HS
4-6). Sex distribution was similar for both groups (36% in
HS 0-3 vs. 33.6% in HS 4-6) and together with sex-specific
description for HS and angiography are presented in Figure
1. Number of patients with hypertension was significantly
higher in HS group 4-6 (HS 4-6 74% vs. HS 0-3 63%; p <
0.05). Previous myocardial infarction (MI), PCI and CABG
were predominant in intermediate-risk HS group (previ-
ous MI/PCI/CABG HS 4-6 15.7/15.7/5.4 % vs. HS 0-3
1.6/2.4/0 %; p < 0.05). The distribution of other risk factors
in the two groups is shown in Table 1. Echocardiography
data analysis showed a significant difference between
groups in left ventricular ejection fraction, diameters and
volumes — both systolic and diastolic (Table 2.). Lab results
of interest showed significantly higher blood levels of cre-
atine kinase MB, urea and creatinine in intermediate-risk
HS group (Table 3.). Invasive coronary imaging was per-
formed in higher percentage in intermediate-risk HS group
(HS 4-6 83.7% vs. HS 0-3 64.8%; p < 0.0005), while oth-
ers were offered non-invasive, CT coronary angiography.
There was significant difference in coronary angiography
tindings between groups. In intermediate-risk HS group,
significant coronary disease (stenosis > 50%) was present
in 68% of patients vs. low-risk HS group where IHD was
confirmed in 18.4% of patients (p < 0.0005). Patients with
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Table 1. Distribution of different variables in HEART score groups

100%

Variables HS 0-3 HS 4-6 p
S 90% '/—
ex |
Men 80 (64%) |310(67.4%) 0.544 80%
Women 45 (36%) | 150 (32.6%) 0% V7
Hypertension 79 (63.2%) | 341 (74.1%) 0.022 60% L]
Smoking 43 (34.4%) | 167 (36.3%) | 0.773 so% R rormal
. R . M positive
Hyperlipoproteinemia 37 (29.6%) | 170 (37%) 0.156 40% I
Diabetes mellitus 23 (18.4%) | 74 (16.1%) 0.631 30% I
Previous myocardial 2(1.6%) | 72 (15.7%) | <0.0005 2% |
infarction L
10%
Previous PCl 3(2.4%) | 72(15.7%) | <0.0005 %
Previous CABG 0 25 (5.4%) 0.004 HS 1 HS 2 HS 3 HS 4 HS 5 HS 6
Previous stroke 2(1.6%) 14 (3%) 0542 Figure 2. Influence of HEART score value on positive coronary angi-
Troponin 11(8.8%) | 188 (40.8%) | < 0.0005 ography finding
Mitral valve insufficiency 6 (5%) 47 (10.8%) | p=0.012
Aortic valve insufficiency 8 (6.6 %) 25(5.7%) |p=0.745 i
HS — HEART score; PCI - percutaneous coronary intervention; CABG - coro-
nary artery bypass grafting
0,84
Table 2. Echocardiographic data analysis in HEART score groups
HS Percentiles 5
Variables £05]
groups 25th 50. 75th P 2
(median) a
HS 0-3 55 60 61 A 04
EF <0.0005 -
HS 4-6 47 55 60
HS 0-3 1.10 1.20 1.30
IVSd 0.113 0.2
HS 4-6 1.10 1.20 1.30
HS 0-3 1.05 1.20 1.30
PLWd 0.192 o) . : : . ,
HS 4-6 1.10 1.20 1.30 " 00 02 04 08 08 10
HS 0-3 2.65 3 3.40 1 - Specificity
LVIDs HS4-6 | 2.80 3.20 370 | 00
— : : : Figure 3. ROC curve of HEART score in detecting patients with isch-
LVIDd HS 0-3 4.50 475 5.10 0.001 emic heart disease
HS 4-6 4.60 4.90 5.30
HS 0-3 72.50 91 115 . .
EDVLV 0.002 confirmed IHD on coronary angiography, had two- and
HS 4-6 80 100 121 ;
HS 03 2950 38.50 5 three-vessel CAD. There was no difference between HS
ESVLV He e 3'4 4.6 61 <0.0005 groups in distribution of patients according to severity of

HS - HEART score; EF — ejection fraction; IVSd - interventricular septal diam-
eter; PLWd - posterior wall thickness at end-diastole; LVIDs - left ventricular
internal dimension at end-systole; LVIDd - left ventricular internal dimension
at end-diastole; EDVLV - end-diastolic volume of the left ventricle; ESVLV -
end-systolic volume of left ventricle

Table 3. Biochemical data analysis in HEART score groups

Percentiles

Variables - 50 p

groups 25th . 75th
(median)

HS 0-3 16 20 27.50

CK-MB 0.012
HS 4-6 18 25 40
HS 0-3 5.45 6.15 7.25

FG 0.524
HS 4-6 5.70 6.40 8
HS 0-3 4.30 5.40 7.40

s-Urea 0.041
HS 4-6 5.10 6.30 8.60

. HS 0-3 74 86 98

s-Creatinine < 0.0005
HS 4-6 81 98 114.50
HS 0-3 2.30 4.20 10

CRP 0.224
HS 4-6 2.85 5.70 13.50
HS 0-3 165 194 236

LDH 0.220
HS 4-6 170.50 200 245.50

CK-MB - creatine kinase MB; FG - plasma fibrinogen; CRP - C-reactive protein;
LDH - lactate dehydrogenase
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the CAD. In both HS groups, approximately two thirds
of IHD-confirmed patients had significant stenosis of
two and more vessels (HS 0-3 65.2% vs. HS 4-6 70%; p =
0.642). Patients with HS 1 were free of CAD. Results for
other HS subgroups are shown in Figure 2. The area under
the ROC curve of HS in detecting patients with IHD as
a cause of CP was 0.771 (95% CI:0.772-0.820). The best
cut-off point for the HS in this regard was calculated at
3.5. The sensitivity and specificity were 89.2% and 57.6%
respectively (Figure 3.).

Binary logistic regression was used to show influence of
different factors of confirmed CAD. The odds ratio (OR)
for HS groups was 11.653 (7.094-19.143). Intermediate-
risk HS group had 11.6-time higher risk of having IHD
compared to low-risk HS group. Creatine kinase MB and
glucose blood level odds ratios were 1.022 (1.006-1.038)
and 1.131 (1.019-1.256) respectively. Results are shown
in Table 4.

Integrating sex, creatine kinase MB, glucose blood level
and HS, the AUROC curve of this model was 0.828 (95%
CI:0.786-0.869; p < 0.0005). The cut-off point was 77.95.
The sensitivity and specificity were 84.9% and 68% respec-
tively (Figure 4.).
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Table 4. Results of univariate and multivariate binary logistic regression for different DISCUSSION
variables
Variable Univariate Multivariate HS is a risk stratification score used for pa-
OR (95% Cl) P OR (95% Cl) P tients with CP with suspected non-ST eleva-
Sex 0.60 (0.403-0.895) 0.012 0.587 (0.357-0.966) 0.036 tion ACS. Simple to use and Widely validated
History 1376 (1.079-1754) | 0010 / ns as a risk stratification tool, its accuracy is still
ECG _ 2615(1819-3.761) | <0.0005 / ns somewhat questioned for predictive power in
oot <ot ool D
Our study included patients who were
L e iy
EOVLY 1010(1.003-1.016) | 0003 ; - result of a physician’s clinical deqswn. T.he
VLY 1015 (1.005-1.024) | 0.002 ; - present study .showe.d 21.4.% qf patlentcs', with
CK-MB 1026 (1012-1.040) | <0005 | 1022(1.006-1038) | ooos | Cb who metinclusion criteria, classified as
FG 1.137(1.031-1.254) 0.010 1.131(1.019-1.256) 0.021 1(.)W_r18k HS patients. This result is not con-
HEART score | 11.190 (7.099-17.637) | <0.0005 | 11.653 (7.094-19.143) | <00005 |  Sistent with the study by van Meerten et al.

ECG - electrocardiogram; EF — ejection fraction; LVIDd - left ventricular internal dimension at
end-diastole; LVIDs - left ventricular internal dimension at end-systole; EDVLV - end-diastolic
volume of the left ventricle; ESVLV - end-systolic volume of left ventricle; CK-MB - creatine

kinase MB; FG - plasma fibrinogen

o
)
1

Sensitivity

00— T T T
00 0.2 04 06 08 1.0

1 - Specificity

Figure 4. ROC curve of integrated sex, creatine kinase MB, glucose
blood level and HEART score in detecting patients with ischemic heart
disease
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Figure 5. Incidence of MACE in HEART score groups

In three-months follow-up period post-discharge, there
was significant difference in MACE between groups (HS
0-3 3.4% vs. HS 4-6 16.7% p < 0.05) (Figure 5.).

DOI: https://doi.org/10.2298/SARH220213038S

[14] where low-risk HSs were calculated in
36.4% of the patients, while Soares et al. re-
ported low-risk HS present in 33% of patients
by research generated score and 25% by ED
clinician score [15]. In a meta-analysis of 25
studies published from 2010 to 2017, with a total of 25,266
patients, 39.3% were deemed to have low-risk HS [16].
A lower percentage of low-risk HS patients in our study
should be explained by the study population selected only
from patients admitted according to inclusion criteria.

Hypertension, ACS with/without previous PCI and
CABG, as a part of HEART scoring criteria, were pres-
ent in expectedly higher percentage in the intermediate-
risk HS group. There was a significant difference between
groups in ejection fraction; systolic and diastolic diameters
and volume of left ventricle with lower ejection fraction
and larger diameters and volumes of the left ventricle in
intermediate-risk HS group as a result of impaired left ven-
tricular function caused by IHD which is present in higher
percentage in this group of patients — all to be expected
with a pre-existing burden of disease.

In our study, we determined the HS to be a diagnostic
predictor of severe coronary artery stenosis (minimum one
coronary artery stenosis >50%) with positive findings in
18.4% of patients in low-risk group and 68% of patients
in the intermediate-risk group. The area under the ROC
curve of HS in detecting patients with IHD as a cause of
CP was 0.771 (95% CI: 0.772-0.820). The best cut-off point
for the score in this regard was calculated in 3.5. The sen-
sitivity and specificity were 89.2% and 57.6% respectively.
In a paper published by Han et al. [17], where significant
coronary artery stenosis was defined more than 70%, they
found that the diagnostic accuracy of the HS is better for
significant coronary artery stenosis than for ACS. They
demonstrated that HS can be considered a useful tool for
determining early invasive measures based on the objective
results of coronary visualization. Backus et al. [18] lowered
the value of the risk factor element and weighted history
and troponin elements. There was some improvement
in calibration and discrimination, but its clinical useful-
ness was relatively small. We had a different approach in
modifying the HS by integrating sex, creatine kinase MB,
glucose blood level and HS. Compared with the sensitivity
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and specificity of the HS, our modification had nearly the
same sensitivity, but improved specificity.

The three-months follow-up post-discharge, showed a
significant difference in MACE between groups (low-HS
3.4% vs. intermediate-HS 4-6 16.7% p < 0.05). Reported
incidence of MACE in the low-risk HS group by van
Meerten et al. [14] was in 1.7% of patients which should
be basis to skip redundant testing and move to quicker
discharge. Oh and coworkers found a 0.6% risk of MACE
in low-risk CP patients from North Carolina [19]. The
higher incidence of MACE in our study population should
be explained by the possible presence of other risk factors
that are not included in the HS.

Implementation of HS in the routine practice of GP
or ED physicians, should avoid further unnecessary ob-
servation and noninvasive and invasive cardiac testing.
Admission of low-risk patients for further examination is
time-consuming, expensive, and in some cases harmful.
A widespread invasive cardiac testing may lead to patient
harm. One example is radiation exposure [20] since a dose
of 10 mSv may increase the risk of fatal cancer, which can
be a public health concern in the reality of the increased
number of diagnostic tests including radiation exposure
[21]. Also, introduction of HEART scoring cut costs over
$4.5 million annually and invasive imaging in a similar
sized sample as ours [4].

There is evidence that HS compares favorably with
other CP decision scores. TIMI score, when applied to
patients with undifferentiated CP has not performed as
well, with a poor prognostic ability [22].

Although a detailed sex-specific analysis was not the
scope of this publication, our low-risk HS and intermedi-
ate-risk HS groups encompassed 36% vs. 32.6% women re-
spectively, in a representative sample for the region where
awareness of heart disease in women is very physician-de-
pendent [23]. Also, additional imaging needed for patients
who were considered lacking angiographically significant
stenoses, was not routinely provided in the investigated
period irrelevant of sex, although long-term clinical ben-
efits are well known, especially for women [24, 25, 26].

Preciado et al. [27], in a far larger sample size, but time-
frame-wise appropriate with ours, noted women were hos-
pitalized or received stress testing less frequently than men
for low-HS (18.8% vs. 22.8%; OR 0.79; 95% CI 0.73-0.84)
and intermediate-HS (46.7% vs. 49.7%; OR 0.88; 95% CI
0.83 to 0.95), although their outcomes were better, find-
ing it still inappropriate. Still, per latest data women and
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HEART cKop y npeAuKLMju KOpOHapHe 601eCTU U 3HAYajHUX HeXKesbeHMUX
KapAuoBacKynapHux gorahaja kog 6onecHuka ca 6onom y rpyauma

Tarba Crojkosuh', EBa CtojkoBuh', lejan Cakau®?, Anekcangap Periek??, AHactasuja Crojwmh-Munocasbeuh??, Nlasap Bennuku®?,

burbaHa Mapanug*
'lom 3ppassba Hosu Cag, Hosu Cag, Cpbuja;

2Ynneep3uTet y HoBom Cagy, MeguuuHckm dpakyntet, Hosu Cag, Cpbuja;
*/HCTUTYT 3a KapAroBacKynapHe 6onectn BojsognHe, Cpemcka Kamenuua, Cpbuja;

*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpag, Cpbuja;

YHUBep3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a kapganonorujy, beorpag, Cpbuja

CAMETAK

YBopg MpeumnsHocT aujarHocTrke 6ona y rpyauma ocTaje Haj-
OMNCKYTabuiHYja 3a fleKape Kako OrLuTe npakce, Tako 1 ypreHT-
HUX LieHTapa 3a 6onecHuKe HUCKOT 1 cpearber HEART ckopa
(XC), wTO Hac je HaBeno Ha PeTPOCNEKTUBHY aHaNM3y HalUMX
€NIEKTPOHCKMX UCTOopUja 60eCTU y Liniby NPOLIEHE CBUX XO-
cnuTanu3oBaHmx 36or 6ona y rpyamma ca CyMiOM Ha akyTHU
KOPOHAPHM CUHAPOM NPeKOo Haller YpreHTHOr LieHTpa y ne-
priogy 2014-2020.

MeTtopne bonecHuLm cy noaerbeHm y rpyne HUCKOT 1 cpeftber
XC ny TpomeceyHom npahery NpoLerrBaHN Cy pe3ynTaTu
KopoHaporpadmje, BENMKNX KapaUOOLLKIX HEXEIbEHUX A0-
rahaja (MACE), nabopaTopujcku pe3yntaTtu 1 exokapauorpad-
CKM MapameTpu.

Pesyntatin Of 585 yKibyueHnx 6onecHuKa, y rpynu XC Huckor
pur3uKa (21,4%, 36% »eHa) aHrnorpadckm 3HauyajHy KOPOHaPHY
6onecT je umano 68%, fok y rpynu XC cpeptber pr3nka (78,6%,
32,6% eHa) To je cnyyaj ca 18,4% 6onecHuKa (p < 0,0005). Pe-
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rnja nog ROC kpreom XC 3a feTekumjy 6onecHrKa ca Kopo-
HapHoMm 6onelfy Kao y3pokom 6ona y rpyamma 6una je 0,771
(95% CI: 0,772-0,820) ca cut off-om XC 3,5. CEH3UTUBHOCT 1
cneundryHocT cy bune 89,2%, Tj. 57,6%. VHTerpauwnjom nona,
nabopatopujcknx napametapa n XC, AUROC KpviBa 3a 0Baj MO-
pen je 6una 0,828 (95% CI: 0,786-0,869; p < 0,0005) ca cut off-om
of 77,95. CeH3UTUBHOCT 1 crieynuduyHocT cy bune 84,9%, Tj.
68%. Tokom TpomeceyHor npahetba Mo oTnycTy, 3abenexeHa je
3HayvajHa pa3nuka y MACE namehy gge rpyne (XC Huckor cnpam
cpeptoer pusnka 6una je 3,4 npema 16,7% p < 0,05).
3akmyyak XC 3a Hawwe 6onecHuke ca 6onom y rpyamma npu-
MJbeHe KpO3 Hall YpPreHTHU LieHTap Mo ynyTy Kako nekapa
onLuTe NpakKce, Tako U lekapa YpreHTHOr LeHTpa, NpeacTa-
B/ba 6P3 1 Moy3faH NPefUKTUBHI CKOP 3a KOPOHapHY 6onect
n MACE.

KrbyuHe peun: 600 y rpyanma; HEART ckop; MACE; nekap oniite
npakce
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