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Abstract

Background. Clinical suspicion of unstable angina in patients with previously unverified coronary artery disease (CAD) has limited
efficacy in decisions whether invasive coronary angiography is necessary. A likelihood-based approach to selecting the optimal
diagnostic test in evaluating chest pain offers distinct clinical benefits, but decision points for noninvasive angiography or functional
testing for low- and intermediate-risk acute chest pain patients with previously unverified CAD remain undefined.

Aim: To find decision-making point to select stress-echocardiography (SE) as the initial test in low- to intermediate-risk acute chest
pain patients with previously unverified CAD.

Methods. The study included 129 patients, aged 56 + 11 years, of whom 83 (64%) were male and 97 (75%) had = 3 risk factors
for CAD. They underwent exercise SE. The diagnostic performance of SE was analyzed to identify true positive (TP) SE results;
reference methods were invasive or noninvasive coronary angiography. TP SE was the target outcome in favor of SE as the initial
test. All patients were clustered into phenogroups based on differences in serum triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and atherogenic index (Al). TC, non-HDL-C, and Al were used to determine thresholds for belonging
to a phenogroup in which the odds of TP SE were higher.

Results. The rate of TP SE was 8%. Patients with TP SE had higher levels of non-HDL-C (p = 0.001) and Al (p = 0.066) compared to
the remaining patients. After clustering, 2 phenogroups were identified in the total study population, uniting the 36% of patients with
the highest non-HDL-C and Al. The odds ratio for TP SE in this joint group was 7.2 (1.4-36.6). Non-LDL >4.42 mmol/l estimate joint
group membership with sensitivity 0.91, specificity 0.88, and area under curve 0.97.

Conclusion. Non-HDL-C >4.42 mmol/l may be considered in low to intermediate risk acute chest pain patients with previously
unverified CAD as a criterion for using SE as a starting test.
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O6ocHoBaHue. KnMHuyeckoe Nogo3peHne Ha HecTabunbHy0 CTEHOKapAUIO Yy MauMEHTOB C OCTPOW 6oMnblo B rpyan HU3KOro pucka
N paHee HeBepuUUMPOBaHHOW KOopoHapHoW 6onesHbto cepaua (KBC) umeeT orpaHnyeHHyr0 TOYHOCTb NPU NPUHATUU PELUEHUS O
Heobx0AMMOCTY MHBA3MBHOW KOPOHapHOM aHrnorpadun. MNMoaxoa K BbiGopy ONTUManbHOro HEMHBA3MBHOMO ANArHOCTUYECKOro TecTa,
OCHOBaHHbIV Ha BEPOSATHOCTW Hannymsa y nauueHta obCTPyKTUMBHOIO aTepockneposa AaeT SBHble KIMHUYeCKne npemmyLuecTsa, HO
TOYKM NPUHATUA PeLleHNs O HEMHBA3NBHOWN aHrmorpadmm unu QyHKUMOHaNLHOM TeCTUPOBaHUK ANs NauMeHTOB C OCTpow 6onbio B
rpyam HU3KOro M YMEpPEHHOro pucka ¢ paHee HesepuduumpoaHHon KBC He onpeaeneHsi.

Llenb. Mbl npoBenu HeGonbLlOe NOUCKOBOE NCCNeAoBaHmne, YTOObl HaNTK TOYKM NPUHATUS peLleHnst B Nofb3y BblIbopa CTPecc-axo-
kapawuorpadun (ctpecc-OxoKIl) B kayecTBe NpeanoyTUTENbHOrO CTapTOBOrO TecTa y NauneHToB C OCTPoN 60Mbio B rpyay HU3KOMo U
YMepEeHHOro pucka ¢ paHee HeBepuduumposaHHon KBC.

MeTtoabl. B nccnegosanue BkntodeHo 129 nauueHToB, Bo3pactom 56 + 11 net, MyxuuH — 83 (64%), 97 (75%) nauneHToB umenu
= 3 hbakTopoB pucka nwemmnyeckon 6onesnmn cepgua (MBC). m npoeoamnack ctpecc-OxoKI™ ¢ comsmyeckon Harpyskon. C NOMOLLbO
WHBa3NBHOWN UMW HEVHBA3WBHOW KOPOHAPHOW aHrmorpadmmn BblSBASANNCL UCTUHHO-NONOXMWTENbHbIE pe3ynbTaTtbl cTpecc-OxoKI. Bol-
cokasi BepOSITHOCTb MCTUHHO-NONOXUTENbHON cTpecc-OxoKI™ Obina onpegeneHa kak aprymMmeHT B Nonb3y Bbibopa AaHHOW METOAMKM B
KayecTBe NpeanoYvTUTENbLHOro cTapToBoro Tecta. C NOMOLLBIO KNacTepHOro aHanu3a Bce nauveHTbl Obiny pasgeneHsl Ha rpynnbl Ha
OCHOBaHMM Pasnnymnin B CbIBOPOTOYHbIX YPOBHAX Tpurnuuepuaos (TI), obwero xonectepuHa (OX), xonecteprHa NMnonpoTeNHOB Bbl-
cokon nnotHocTu (XC JIMNBIM) u nipekca ateporeHHoctn (VMA). OueHnBanuck noporosble 3HadeHusa TI, XC He-JTMBIM n WA ans onpe-
Oenennst NpMHaaNeXHOCTN NaUmMeHTOB K rpynne, B KOTOPON BEPOSATHOCTb MCTUHHO-MONOXUTENbHOM cTpecc-OXoKI™ Obina BbICOKOW.
Pesynbratbl. HYactoTa ncTuHHO-nonoxuntensHow ctpecc-OxoKI™ coctaBuna 8%. Y nauneHToB C MCTUHHO-MONOXUTENIbHON CTpecc-O-
xoKI™ 6binu Bbiwe ypoBHu XC He-JMBIM (p = 0,001) n UA (p = 0,066) no cpaBHeHUO ¢ ocTanbHbIMK NauueHTamu. Mo pesynsratam
Knactepusauumn cpeam Bcex naumeHToB Obinuv BblaeneHsl 2 rpynnbl, 06beanHmeLune 36% naumMeHToB ¢ Hambornee BbICOKMMU YpOB-
HAMKU XC He-NMHM 1 MA. OTHoLWeHWe WaHCOoB AN UCTUHHO-NONOXUTENbHOM cTpecc-OxoKlm B 06beanMHEHHOM rpynne cocTaBuiio
7,2 (1,4-36,6). YpoBeHb XC He-JTTNHIT > 4,42 mmonb/n onpeaensn NpUHaaneXHoCTb kK 06beaAMHEHHON rpynne ¢ YyBCTBUTENbHOCTLIO
0,91, cneuncuyHocTbio 0,88 1 nnowaabto nog ROC-kpueon 0,97.

BbiBoAbl. Y nauneHToB C OCTpoW 6omMbio B rpyaM HU3KOrO U YMEPEHHOro pucka ¢ paHee HesepuduumpoBaHHon KBC ypoBeHb
XC He-NMBI > 4,42 Mmonb/n MOXET paccMaTprBaTbCA B KAYECTBE KpUTepms ANs BbinonHeHns ctpecc-OxoKI™ B kayecTBe CTapTOBOro
TecTa.

KnioueBble crosa: 60osb B rpyam; OCTPbI KOPOHAPHLINA CUHAPOM; CTPECC-9XOKapAMorpadusl; XonecTepuH; Kopo-
HapHas 6onesHb cepaua.

®durHaHcupoBaHue: uccrnenoBaHve BbINonHeHo 6e3 hvHaHCOBO NOAAEPXKKN rPaHTOB, OBLLECTBEHHbIX, HEKOMMEP-
YECKMX, KOMMEPYECKMX OpraHn3aLmii U CTPYKTYp.
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ITUKK: NPakTUKN 1 NpUHUMNamMn XenbCUHCKOW Aekrnapauuun, ogobpeHo atudecknum kommtetom HUN
Kapawnonorum Tomckoro HAML, (npotokon Ne222 ot 21.12.2021). Bcemn naumeHtammn nognu-
CaHO MH(OPMUPOBAHHOE COrnacue Ha yyacTue B UCCreqoBaHum.
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Introduction

The management of patients with acute chest pain,
nondiagnostic ECG, and normal troponin is a complex and
frequent problem worldwide [1]. Non-traumatic chest painis a
primary symptom in acute coronary syndrome (ACS), and is
the second most common reason for emergency department
visits in adults [2]. Of the approximately 500 000 patients
with non-ST-segment elevation ACS hospitalized in Russia
annually, half are not in the high-risk category [3]. These are
patients in the observation group in whom there remains
a high clinical suspicion for ACS despite a negative initial
evaluation. Coronary pathology in non-ST-segment elevation
ACS can range from structurally normal vessels to severe
atherosclerotic disease. [4]. The workup to confirm ACS and
to determine the need for invasive coronary angiography
(ICA) in these patients may include stress imaging tests or
noninvasive cardiac computed tomographic angiography
(CCTA) [5, 6].

Now in the guidelines for the management of acute
coronary syndromes (ACS), stress echocardiography (SE)
among other stress imaging modalities and CCTA despite
the difference in diagnostic capabilities are at the same
position [5, 6]. The American Societies of Cardiology (AHA/
ACC/ASE/CHEST/SAEM/SCCT/SCMR) guidelines (Gulati
M. et al., 2021) for the evaluation and diagnosis of chest
pain recommend a coronary artery disease (CAD) likelihood-
based approach to the choosing the right diagnostic test
for patients presenting with acute chest pain. Age less/
more than 65 years and less/more obstructive CAD
suspected are decision-making points for selecting between
CCTA/functional imaging [7]. Clinical and demographic
characteristics analysis in support of anatomic or functional
testing in stable patients with suspected CAD showed CAD
risk factors (high body mass index (BMI), total cholesterol
(TC) level, presence of hypertension, diabetes mellitus,
male gender, and smoking) to be criteria favoring CCTA [8].
Age demonstrated no pattern of influence on the preferred
test, which is inconsistent with the approach of Gulati M et
al. For low- and intermediate-risk acute chest pain patients
with previously unverified CAD similar studies are lacking.
The aim of our study was to find decision-making points to
select SE as the initial test in patients with acute chest pain,
negative troponin, nondiagnostic ECG, low to intermediate
risk score, and with previously unverified CAD.

Methods

We performed a small-scale preliminary study, single-
center cohort cross-sectional observational study in
accordance with the Helsinki Declaration principles (adopted
by the 64th WMA General Assembly in October 2013) and
the Good Clinical Practice standards. The local ethical
committee, Biomedical Ethics Committee of Cardiology
Research Institute, Tomsk NRMC, approved the study
protocol (protocol Ne 222 from 21.12.2021). All patients
signed written informed consent prior to enroliment.

Study patients

We prospectively enrolled consecutive patients aged
218 years, hospitalized from 2022 to 2023 at the Emergency
Cardiology Department of the Cardiology Research Institute,
Tomsk NRMC with acute chest pain of probable coronary
origin, normal or non-diagnostic ECG, normal high-sensitivity
troponin | (hs-Tn) levels, low or intermediate GRACE risk, and
previously unverified CAD (previous myocardial infarction,

revascularization, or stenoses =50% on previous coronary
angiography). Troponin test was at least twice negative
in 3-hour interval. Non-inclusion criteria: poor acoustic
window, resting RWMA, reduced (<50%) left ventricular
ejection fraction (LVEF), persistent atrial fibrillation, complete
atrioventricular block, recent ventricular tachycardia, severe
valvular disease, evident inability to exercise, height <150 cm
or weight 2120 kg, contraindications for invasive coronary
angiography (ICA) or CCTA.

Evaluation of the serum lipid profile of patients was the
Ex post facto analysis performed in this study. Therefore,
exclusion criteria were measuring serum lipid levels later than
the second day of hospitalization and lack of data on HDL-C.

Stress echocardiography

Exercise SE was performed with a semi-supine cycle
ergometer CASE (GE HealthCare, Milwaukee, WI, USA)
and Affiniti 70 Ultrasound system (Phillips, Bothell, WA,
USA) according to established guidelines [9]. A stepped
WHO workload dosing mode was used with steps of 25
W duration of 2 minutes starting at 25 W. Beta-blockers or
other heart rate lowering therapy was stopped in 48 hours
before the test or was not initiated. Ultrasound contrast
was not used. Echocardiographic images in the parasternal
long- and short-axis and apical four- and two-chamber
views with visual semi-quantitative contractility assessment
and blood pressure measurements were obtained at each
step and during recovery. ECG monitoring was continuous.
Tests termination criteria were: induced regional wall
motion abnormalities (RWMA) in =22 adjacent segments in a
16-segment left ventricular myocardial model, ST-segment
depression 22 mm in absence of RWMA, serious arrhythmias
(ventricular tachycardia, sustained ventricular allorhythmia
or hemodynamically unstable supraventricular tachycardia),
excessive blood pressure increase (systolic 2230 mmHg
and/or diastolic 2120 mmHg) or decrease under load; limiting
symptoms (chest pain, dyspnea), muscular fatigue and
refusal to continue exercising.

SE result was defined as positive if RWMA were induced,
negative in the absence of RWMA and reaching 85% of
the maximum heart rate, calculated as 220-age (years),
inconclusive in the absence of RWMA in patients who have
not reached the submaximal heart rate.

Coronary angiography

Coronary anatomy was assessed by ICA or CCTA during
the index hospitalization. To comply with ethical standards
and clinical guidelines, the decision to perform ICA was
made by the attending cardiologist based on clinical findings,
and after obtaining the results of non-invasive imaging tests.
CCTA was performed in patients who had no indications for
invasive testing. ICA was performed on Coroscop angiograph
(Siemens, Germany), CCTA — on 64-slice Discovery NM/CT
570c tomograph (GE HealthCare, USA). Angiography studies
were carried according to standard protocols, evaluation of
fractional blood flow reserve was not performed. Obstructive
CAD was defined as 250% luminal diameter stenosis of 21
epicardial coronary artery. Gensini score was calculated to
assess the severity of CAD [10].

Laboratory measurements

Venous blood samples were taken in the early morning
after fasting for 210 hours. Serum level of total cholesterol
(TC), triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C) and fasting blood glucose (FBG) were measured
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with a semi-automatic biochemical analyzer Clima MC-15
(RAL Tecnica para el Laboratorio, S.A., Spain). Non- high-
density lipoprotein cholesterol (non-HDL-C), atherogenic
index (Al), atherogenic index of plasma (AIP), triglyceride-
glucose index (TyG) were calculated by the formulas:

Statistical analysis

Data were analyzed with STATISTICA 10 program
(StatSoft, USA). The Shapiro-Wilk test was used to test
the normality hypothesis. Two independent groups of
normally distributed quantitative variables were compared
using Student's t-test with Levene's test for homogeneity
of variances, if the distribution was not normal or the
variances were heterogeneous - using Mann-Whitney U-test.
Comparison of 3 or more independent groups of quantitative
variables — using analysis of variance or the Kraskall-Wallis
test. Comparison of two independent groups of qualitative
variables — using Fisher's exact test, three or more
independent groups of qualitative variables — using Pearson's
x? test. Correction for multiple hypothesis testing was
performed using the Holm-Bonferroni method. Correlation
analysis of quantitative variables was performed using the
Spearman method. The strength of association of categorical
variables was determined by the odds ratio (OR). Clustering
was performed using the K mean method, and the optimal
number of clusters was determined using the elbow method.
Logistic regression method was used to construct predictive
models. Data are presented as mean and standard deviation,
M+SD, for normally distributed quantitative variables,
median and interquartile range, Me (25th percentile; 75th
percentile), if the distribution of quantitative variables differed
from normal, absolute number and proportion, N (%), for
qualitative variables, OR (95% confidence interval) for OR.
The significance threshold for statistical inference is 0.05.

Results

A total of 132 patients were included in the study (Figure
1). In 3 of them, HDL-C data were missing, so they were
excluded from further analysis. The final cohort included
129 patients aged 56+11 years, 83 (64%) men. The baseline
characteristics of the patients are shown in Table 1.

No patient had major complications (specially, ST-
segment elevation, life-threatening arrhythmias, myocardial
infarction, and hypotension requiring therapy) during SE. The
test was positive in 12 (9%) patients, negative — in 58 (45%)
patients, inconclusive — in 59 (46%) patients. The reasons
for prematurely terminating the test leading to inconclusive
result in 30 patients were inability to continue the load due to
muscular fatigue, in 15 — exceeding the upper limit of systolic
blood pressure, in 7 — limiting dyspnea, in 3 — ST depression
2 2 mm, in 2 — induced arrhythmia, and in the remaining 2
patients — load-induced joint pain and headache.

Invasive or non-invasive coronary angiography was
performed in 114 (88%) patients and not performed in 15

(12%) patients. Two of them were allergic to iodine, 2 were
unable to perform CCTA due to cardiac arrhythmias, 2 were
discharged early due to acute respiratory infections, 2 had
massive coronary artery calcinosis but refused ICA, and for 7
patients the decision to not perform angiography was made
by the attending cardiologist. CAD with narrowing =270% in
14 of 16 cases were verified by ICA, in 2 cases ICA was not
done (CCTA revealed diagonal artery occlusion (1) and 70%
proximal left anterior descending stenosis (2), and in both
cases SE was negative), narrowing 50-69% in 5 of 16 cases
were confirmed by ICA. Performance analysis of SE is shown
in Table 2.

Nine patients (8%) had a true positive (TP) SE result.
Eight of them had proximal coronary stenoses with narrowing
285% (including subtotal and total, n = 3 and 3, respectively),
only one had a 50% stenosis (all lesions were verified by
ICA). GS in patients with TP SE, 40 (31; 48), was higher
than in patients with non-diagnostic result in the presence
of obstructive CAD, 21 (10; 24) (p = 0.041) or absence of
obstructive CAD, 3 (0; 6) (p < 0.001).

The following task of searching for decision-making points
in preference for SE as a starting non-invasive test in NSTE-
ACS rule-in (out) algorithm for low and intermediate risk chest
pain patients with previously unverified CAD was related to
the finding of predictors for TP SE result. TP SE patients
group were compared with the remaining patients (who
had FP, FN, TN SE result and inconclusive SE regardless
of the presence or absence of obstructive CAD) defined as
the “Other” group, patients who did not undergo coronary
angiography were counted as the “Undetermined” group.
Baseline and biochemical characteristics of the groups are
compared in Table 3.

TP SE patients had higher level of non-HDL-C
(p = 0.001) and Al (p = 0.066) compared to Other group
patients. Undetermined group had no differences of this
parameters compared to Other group. Based on differences
non-HDL-C and Al could be considered as predictors of TP
SE result. Nevertheless, the low frequency of positive results
led to a pronounced imbalance in the TP SE and Other
group sizes (9 vs. 105). In addition, the ranges of non-HDL-C
and Al values between groups overlapped significantly or
completely.

Next, total of 129 patients was divided into phenogroups
based on lipid parameters (listed in Table 3) by K-means
clustering. Pairwise correlation analysis was used to eliminate
redundant features, and one of the two high correlated
variables (r = 0.7) were filtered out, keeping the most
informative. Finally, TG, TC, HDL-C, and IA were selected
as phenotypic variables. The values of these variables were
of the same order of magnitude, so standardization was not
performed. The result of grouping patients into 4 clusters is
shown in Table 4 and Figure 2.

All phenogroups were significantly different from each
other in Al (all p < 0.001). Phenogroups 1 and 2 were
similar in TC (p = 0.211) and non-HDL-C levels (p = 0.831).
Phenogroups 3 and 4 had different levels of TC (p < 0.001)
and non-HDL-C (p < 0.001), but did not differ in TG (0.678),
HDL-C (p = 0.107), AIP (p = 0.602) and TyG (0.252).

Patients in phenogroups 1 and 2 were more likely to have
>70% coronary artery stenoses and a higher GS (p = 0.049
for phenogroups 2 and 3, p > 0.050 for the other pairs). TP
SE result was more frequent in the joint phenogroup 1+2, in 7
(17%) vs. 2 (3%) cases in joint phenogroup 3+4 (p = 0.011),
the results of assessing the significance of differences using
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Fig. 1. Study enroliment flowchart

Note: CAD — coronary artery disease; ECG — electrocardiogram; HDL-C — high-density lipoprotein cholesterol; hs-Tn — high-sensitivity troponin; RWMA —

regional wall motion abnormalities; SE — stress echocardiography.
Puc. 1. Cxema otbopa naumeHToB

Mpumevanue: CAD — kopoHapHasi bonesHb cepaua; ECG — anektpokapamorpamma; HDL-C — xonecTepuH NMnonpoTeMHOB BbICOKOW MNOTHOCTW; hs-Tn —
BbICOKOYYBCTBUTENbHbIV TPOnoHuH; RWMA — HapyLueHve nokanbHow cokpatnumocTu; SE — cTpecc-axokapaunorpadus.

Table 1. Baseline characteristics of the study population
Ta6nuua 1. OCHOBHbIE XapaKTEPUCTUKM NaLMEHTOB

Variable All patients, n =129
. Age y e MR G
Male, n (%) 83 (64%)
Risk factors, n (%)
Overweight / obesity, n (%) 58 (45%) 1 43 (33%)
Current and former smokers, n (%) 71 (55%)
Dyslipidaemia, n (%) 108 (84%)
Statin use, n (%) 10 (8%)
Diabetes mellitus, n (%) 12 (9%)
Hypertension, n (%) 115 (89%)
23 risk factors, n (%) 97 (75%)
Carotid atherosclerosis*, n (%) 31 (24%)
GRACE score, n (%)
<108 99 (77%)
109-140 30 (23%)
Resting echocardiography
End-diastolic volume index, ml/m? 5047
End-systolic volume index, ml/m? 17 (15; 20)
Left ventricular mass index, g/m? 85 (73; 98)
Left ventricular ejection fraction, % 64 (62; 67)
Stress echocardiography

Positive, n (%) 12 (9%)
Negative, n (%) 58 (45%)
Inconclusive, n (%) 59 (46%)
Coronary angiography, n (%) 114 (88%)
ICA/CCTA 33 (26%) / 81 (62%)
Obstructive CAD, n (%) 32 (28%)
Gensini score 5.0 (0; 12.0)
Revascularization, n (%) 11 (9%)

Note: * narrowing 225%; CAD — coronary artery disease; CCTA — coronary
computed tomography angiography; GRACE — Global Registry of Acute
Coronary Events; ICA — invasive coronary angiography.

the chi-square criterion was y? = 7.48, df = 1, OR was 7.2
(1.4-36.6), p = 0.006.

Table 2. Performance analysis of the SE in identifying obstructive coronary
artery disease

Tabnuua 2. OueHka AnarHoCTMYeCcKo To4HOCTU cTpecc-OxoKI™ Ans BbisiBre-
HKs 0BCTPYKTMBHOW KOpOHapHoW GonesHn cepaua

Stress Coronary angiography
ST T T DY RN E A s 2t ps pr AN Total
echocardiography >50% 0-49%
Positive, n (%) 9 (8%) 2 (2%) 11 (10%)
Negative, n (%) 10 (9%) 39 (34%) 49 (43%)
Inconclusive, n (%) 13 (11%) 41 (37%) 54 (47%)
Total, n (%) 32 (28%) 82 (72%) 114 (100%)

TC, non-LDL and Al levels were used to estimate
phenogroup 1+2 membership with univariate logistic
regression. Thresholds were determined using Youden's J
statistic. Table 5 demonstrates quality metrics of the models.
The best quality metrics were determined for the non-HDL-C
>4.42 mmol/l, with sensitivity 0.91, specificity 0.88, and area
under curve 0.97 (Figure 3).

Discussion

The study cohort was low to intermediate-risk acute chest
pain patients with previously unverified CAD hospitalized for
observation at the cardiology inpatient unit with the option of
percutaneous coronary intervention (PCI center). This cohort
is characterized by the high clinical suspicion of CAD despite
normal troponin levels, absence of ischemic ECG changes,
resting RWMA and non-high risk of mortality if choosing
noninvasive treatment strategy according to the GRACE
scale. Practically, this is reflected in the high frequency of
ICA. As reported by Kuznetsova KV et al. 111 (39%) low and
intermediate risk patients, hospitalized in PCI center due to
the first episode of acute chest pain were referred for ICA
without preliminary noninvasive testing [11]. However, the
incidence of obstructive CAD and the associated demand
for PCI in these patients is quite low — in different studies
14% and 8%, respectively, during hospitalization [11], and 10
and 5%, respectively, during 2-year follow-up period [12]. In
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Table 3. Comparative characteristics of patients with true positive stress
echocardiography

Ta6bnuua 3. CpaBHUTENbHAA XapaKTEPUCTUKA NALMEHTOB C UCTUHHO-MOMOXM-
TenbHbIM pe3ynbratoM cTpecc-OxoKI

TP SE, Other, Undetermined,
Variable n=9 n =105 n=15 p
1 2 3
Baseline characteristics
Age, years 56+11 56+11 54114 0.844
Male, n (%) 7 (78%) 67 (64%) 9 (60%) 0.656
BMI, kg/m? 27.5+3.8 28.4+4.3 27.3+3.5 0.542
Current and
former* smokers, | 4 (44%) 62 (59%) 5 (33%) 0.139
n (%)
Diabetes o o
mellitus, n (%) 2 (22%) 10 (10%) 0 0.190
?‘(’f,f)“e”s"’”* 7(78%) | 95(90%) 13 (87%) 0.475
Carotid
atherosclerosist, | 4 (44%) 26 (25%) 1(7%) 0.039
n (%)
GRACE score 86+19 87 (69; 108) 82120 0.694
E‘ét?/")‘"daem'a’ 8(89%) | 89 (86%) 11 (69%) 0.485
0
Statin use, n (%) 0 9 (9%) 1(6%) 0.623
Biochemical characteristics
TC, mmol/l 6.8+1.8 5.4+1.2 5.5+1.3 0.076
1.3 1.5
TG, mmol/l (1.1: 2.6) (1.0, 2.3) 1.5£0.7 0.667
HDL-C, mmol/ 1.1 13 14203 0.373
' (1.0;1.5) | (1.1;1.5) A :
Non-HDL-C, 55416 | 4.0£1.1' 41415 0.001
mmol/l
Al 4.6+1.8 3.0 3.1£1.6 0.038
.6+1. (2.3,4.0) A1 .
AIP 0.11£0.42 0.07 -0.04+0.29 0.434
T (-0.18; 0.28) T ’
TyG 0.28+0.57 0.24 0.11£0.55 0.741
U (-0.19; 0.62) T :

Note: * — stopped smoking less than 5 years ago; T — narrowing 225%;
Al — atherogenic index; AIP — atherogenic index of plasma; BMI — body
mass index; GRACE - Global Registry of Acute Coronary Events;
HDL-C - high-density lipoprotein cholesterol; TC — total cholesterol;
TG - triglycerides; TyG — triglyceride-glucose index; TP — true positive; SE
— stress echocardiography; a the superscript indicates the number of the
group against which the difference (p < 0.05), was observed.

our study the incidence obstructive CAD was 28%, and the
frequency of revascularization — 9%.

A comparative randomized controlled trial of CCTA and
SE efficacy in this clinical setting showed no differences in the
incidence of major adverse cardiovascular events, ICA and
PCI at 2-year follow-up, but more often initiated or intensified
lipid-lowering therapy in patients in the CCTA group [12, 13].
This could be explained by the likelihood of the patient having
obstructive CAD even with a negative stress test result, which,
in addition, determines residual ischemic risk in patients after
myocardial infarction or unstable angina [14]. The prognostic
value of a negative SE result for detecting coronary stenoses
250% in our study was 80%; in similar studies including
patients with esteblished CAD, it ranged from 52 to 94% [1,
15]. This fact and the low frequency of obstructive CAD in
this category of patients in general determine CCTA as a
more suitable initial diagnostic modality for this category of
patients.

However, for a number of patients, assessment of the
functional significance of coronary stenoses and selection of

the artery associated with ischemia remain critical. Initiating
the diagnostic workup with a SE in patients with a high
probability of CAD and subsequent referral for ICA if the
test is positive will prevent the excessive radiation exposure
associated with prior CCTA and reduce the time spent for
initial evaluation. The American Societies of Cardiology
guidelines for the evaluation and diagnosis of chest pain
identify age >65 years and a high clinical suspicion for CAD
as decision-making points for functional imaging [7]. But
patients with previously unverified CAD are often younger: in
our study, only 25% of patients reached the age of 65 years;
the age of patients in the Levsky JM et al. and Heitner JF et al.
studies was 55 + 10 years, and Kuznetsova K.V. et al. 6219
years [11, 12, 15]. Clinical suspicion of CAD for all patients
in our study “equaled” the emergency physician's decision to
admit them to the PCI center after initial evaluation and the
absence of a history of proven CAD.

We used true positive SE result, associated with higher
severity of CAD, as the target outcome to find decision-
making points in favor of SE as a starting test in these
patients. Patients with TP SE had higher levels of non-HDL-C
and Al compared with the others. Previously, Geltser Bl et
al. showed an increase in low-density lipoprotein cholesterol
>3.5 mmol/l with an OR 2.1 (1.4-3.1) and Al 23.4 with an
OR 2.0 (1.3-3.1) as predictors of obstructive CAD without
adjusting for the location of stenosis in the coronary bed [16].
In smaller study by Heitner JF et al., only a tendency (p =
0.08) to a decrease in HDL-C, which is used to calculate non-
HDL-C and Al, was observed in patients with CAD [15].

We identified and analyzed four profiles of serum lipid
changes in patients with low- and intermediate-risk acute
chest pain. Two profiles (phenogroup 1 and 2 in our study)
were characterized by elevated non-high-density lipoprotein
cholesterol and were associated with increased odds of TP
SE. They were observed in 46 (36%) patients. These patients
also had higher AIP and TyG, both associated with a higher
incidence of multivessel CAD and higher SYNTAX CAD
complexity in ACS patients with previously unverified CAD
[17]. The likelihood of TP SE outcome in the united group
was higher than in patients with lower levels of TC, non-LDL,
and Al. This suggests that SE as a starting test in low- and
intermediate-risk acute chest pain patients with previously
unverified CAD is more preferable in patients with higher
levels of more atherogenic serum lipid fractions, namely non-
HDL-C levels >4.42 mmol/L. The following larger studies are
needed to prove this concept.

Limitations

The study has a number of limitations. The low rate
of positive SE characteristic for patients with previously
unverified CAD limits the statistical power, so validation of
the results on a larger sample is required, which was not
performed in this study. The GS was based on the results
of ICA and CCTA, which were assumed to be equivalent.
However, in accordance with the large-scale VERDICT trial,
where ICA was a reference method to assess the presence
and severity of a luminal obstruction, the CCTA specificity in
identifying coronary stenoses =50% was 0.72 (0.67-0.77),
as determined by the proportion of FP CCTA results [18].
This may be the reason for GS calculated from CCTA data
to be overestimated. The study findings are relevant to the
screening of patients for SE and may be of limited applicability
to other functional imaging modalities that differ in diagnostic
performance [19].
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Fig. 2. Values of TC (mmol/l), HDL-C (mmol/l), TG (mmol/l), and Al in the phenogroups of patients allocated by clustering
Puc. 2. 3Hauenus TI, XC, XC J1BIM n WA B rpynnax nauneHToB, BbiAeNEHHbIX B pe3ynbTate knactepusaumm

Table 4. Characteristics of phenogroups resulting from clustering based on TG, TC, HDL-C, and Al levels

Tabnuua 4. XapaktepucTVK1 rpynn NnaumMeHToB, NOMy4YeHHbIX B pesynbTaTe KnacTepHOro aHanusa Ha ocHoBaHun yposHen TI, XC, XC NBM n NA

Variable Phe:nogrg;lp 1 Phiso:gg%l.;p 2 Ph?rr:ozg;o;;p 3 Ph?lr:c;g;oeL;p 4 P
el e S S
TC, mmol/l 6.1£0.6%4 6.4 (5.8;7.0)%4 5.4+0.7124 3.8+0.6'2° <0.001
TG, mmol/l 7.142.1234 2.0+1.0"34 1.3(1,0; 1,7)'2 1.3(0.8; 2.1)'? <0.001
HDL-C, mmol/l 0.8+0.1234 1.2(1.1;1.4)'3 1.5(1.2;1.7)"? 1.4+0.5 <0.001
Non-HDL-C, mmol/l 5.3+0.7%4 5.1 (4.7;5.4)%* 3.8 (3.6;4.3)"24 2.4+0.5"23 <0.001
Al 6.6+1.5234 4.2 (3.9;4.6)"34 2.8+0.7"24 2.040.712° <0.001
AIP 0.92+0.152%4 0.18 (0.07; 0.35)'® -0.06+0.25"2 -0.02+0.33" <0.001
TyG 1.68+0.38234 0.36+0.56"4 0.13+0.46" 0.00+0.51"2 <0.001
Statin use, n (%) 1(13%) 1(3%)* 04 8 (31%)%® <0.001
Baseline characteristics
Age, years 477 56+11 56 (47; 66)" 57+12 0.149
Male, n (%) 7 (88%) 28 (74%) 34 (60%) 14 (54%) 0.164
BMI, kg/m? 30.1+2.6 27.9+3.5 27.7+4.6 29.2+4.5 0.252
Dyslipidaemia, n (%) 8 (100%) 38 (100%)* 49 (86%)* 13 (50%)%3 <0.001
Current and former* smokers, n (%) 6 (75%) 21 (55%) 29 (51%) 15 (58%) 0.623
Diabetes mellitus, n (%) 1(13%) 3 (8%) 3 (5%) 5 (19%) 0.228
Hypertension, n (%) 7 (88%) 32 (84%) 50 (88%) 23 (88%) 0.338
Carotid atherosclerosist, n (%) 4 (50%) 10 (26%) 12 (21%) 6 (23%) 0,287
Stress echocardiography
True positive 1 (13%) | 6(16%) 2 (4%)? 0 \ 0.049
Coronary atherosclerosis
Coronary angiography, n (%) 8 (100%) 33 (87%) 52 (91%) 20 (77%) -
Obstructive CAD, n (%) 2 (25%) 12 (36%) 12 (23%) 6 (30%) 0.609
>70% stenosis, n (%) 2 (25%) 8 (24%) 4 (8%) 2 (9%) 0.029
GS 7.8 (1.5; 20.0) 9.0 (1.0; 18.0)° 2.8 (0; 6.0) 2.8 (0; 11.3) 0.041

Note: * — stopped smoking less than 5 years ago; t — narrowing 225%; Al — atherogenic index; AIP — atherogenic index of plasma; BMI — body mass index;
CAD - coronary artery disease; GRACE — Global Registry of Acute Coronary Events; GS — Gensini score; HDL-C — high-density lipoprotein cholesterol;
TC - total cholesterol; TG — triglycerides; TyG — triglyceride-glucose index; TP — true positive; SE — stress echocardiography; a superscript indicates the

number of the group with significant differences, p < 0.05.
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Table 5. Evaluation of the predictive performance of univariate logistic regression models for classifying patients into the combined phenogroup 1+2

Ta6nuua 5. [Noka3aTeny NporHOCTUYECKOro KadyecTsa Mogenen ogHoakTOPHOWM NOrMCTUYECKON perpeccun Ans OTHECEHUSt NaUMEHTOB K 00beanHEHHON

deHorpynne 1+2

Ne Model Ac Se Sp AUC P
SRPUAE B e s e R R R R R See T e
Atherogenic index > 3.43 0.88 0.88 0.87 0.95 <0.001
Non-HDL-C > 4.42 mmol/l 0.89 0.91 0.88 0.97 <0.001

Note: Ac — accuracy; AUC — area under curve; HDL-C — high-density lipoprotein cholesterol; Se — sensitivity; Sp — specificity.

Fig. 3: ROC curves of the diagnostic accuracy of TC, Al, and non-HDL-C to determine phenogroup 1+2 membership

Note: HDL-C — high-density lipoprotein cholesterol.

Puc. 3. ROC-kpuBble Mofenei, npeackasblBaloLLMX NPUHAANEXHOCTb K deHorpynne 1+2 no OX, XC we NMBIM n A

Mpumevanune: HDL-C — xonecTtepon nMnonpoTEMHOB BbICOKOW MIOTHOCTY.

Conclusion

The prevalence of true positive SE among low to

intermediate-risk acute chest pain patients with previously
unverified CAD is 8%. Patients with true positive SE have a
higher severity of CAD as assessed by the Gensini score and
higher serum non-HDL-C, and Al. Non-HDL-C > 4.42 mmol/l
may be considered in this cohort as a criterion for using SE
as a starting test.
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