
КЛИНИЧЕСКИЕ ИССЛЕДОВАНИЯ / CLINICAL  INVESTIGATIONS

			   105

https://doi.org/10.29001/2073-8552-2025-40-3-105-113
УДК 616.712-002-047.44-073.7

Predictors of a true-positive stress echocardiography 
result for optimization of diagnostic algorithm in low- to 
intermediate-risk patients with acute chest pain
Abramenko E.E.1, 2, Ryabova T.R.1, 2, Yolgin I.I.1, Ryabov V.V.1, 2

1 Cardiology Research Institute, Tomsk National Research Medical Center of the Russian Academy of Sciences  
(Cardiology Research Institute, Tomsk NRMC), 111a, Kievskaya str., Tomsk, 634012, Russian Federation
2 Siberian State Medical University (SSMU), 2, Moskovsky Trakt, Tomsk, 634050, Russian Federation

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 (AI). TC, non-HDL-C, and AI 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 AI (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 AI. 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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Аннотация
Обоснование. Клиническое подозрение на нестабильную стенокардию у пациентов с острой болью в груди низкого риска 
и ранее неверифицированной коронарной болезнью сердца (КБС) имеет ограниченную точность при принятии решения о 
необходимости инвазивной коронарной ангиографии. Подход к выбору оптимального неинвазивного диагностического теста, 
основанный на вероятности наличия у пациента обструктивного атеросклероза дает явные клинические преимущества, но 
точки принятия решения о неинвазивной ангиографии или функциональном тестировании для пациентов с острой болью в 
груди низкого и умеренного риска с ранее неверифицированной КБС не определены.
Цель. Мы провели небольшое поисковое исследование, чтобы найти точки принятия решения в пользу выбора стресс-эхо-
кардиографии (стресс-ЭхоКГ) в качестве предпочтительного стартового теста у пациентов с острой болью в груди низкого и 
умеренного риска с ранее неверифицированной КБС.
Методы. В исследование включено 129 пациентов, возрастом 56 ± 11 лет, мужчин – 83 (64%), 97 (75%) пациентов имели  
≥ 3 факторов риска ишемической болезни сердца (ИБС). Им проводилась стресс-ЭхоКГ с физической нагрузкой. С помощью 
инвазивной или неинвазивной коронарной ангиографии выявлялись истинно-положительные результаты стресс-ЭхоКГ. Вы-
сокая вероятность истинно-положительной стресс-ЭхоКГ была определена как аргумент в пользу выбора данной методики в 
качестве предпочтительного стартового теста. С помощью кластерного анализа все пациенты были разделены на группы на 
основании различий в сывороточных уровнях триглицеридов (ТГ), общего холестерина (ОХ), холестерина липопротеинов вы-
сокой плотности (ХС ЛПВП) и индекса атерогенности (ИА). Оценивались пороговые значения ТГ, ХС не-ЛПВП и ИА для опре-
деления принадлежности пациентов к группе, в которой вероятность истинно-положительной стресс-ЭхоКГ была высокой.
Результаты. Частота истинно-положительной стресс-ЭхоКГ составила 8%. У пациентов с истинно-положительной стресс-Э-
хоКГ были выше уровни ХС не-ЛПВП (p = 0,001) и ИА (p = 0,066) по сравнению с остальными пациентами. По результатам 
кластеризации среди всех пациентов были выделены 2 группы, объединившие 36% пациентов с наиболее высокими уров-
нями ХС не-ЛПНП и ИА. Отношение шансов для истинно-положительной стресс-ЭхоКГ в объединенной группе составило 
7,2 (1,4–36,6). Уровень ХС не-ЛПНП > 4,42 ммоль/л определял принадлежность к объединенной группе с чувствительностью 
0,91, специфичностью 0,88 и площадью под ROC-кривой 0,97.
Выводы. У пациентов с острой болью в груди низкого и умеренного риска с ранее неверифицированной КБС уровень  
ХС не-ЛПВП > 4,42 ммоль/л может рассматриваться в качестве критерия для выполнения стресс-ЭхоКГ в качестве стартового 
теста.

Ключевые слова: боль в груди; острый коронарный синдром; стресс-эхокардиография; холестерин; коро-
нарная болезнь сердца.

Финансирование: исследование выполнено без финансовой поддержки грантов, общественных, некоммер-
ческих, коммерческих организаций и структур.

Соответствие принципам 
этики:

исследование было выполнено в соответствии со стандартами надлежащей клинической 
практики и принципами Хельсинской декларации, одобрено этическим комитетом НИИ 
Кардиологии Томского НИМЦ (протокол №222 от 21.12.2021). Всеми пациентами подпи-
сано информированное согласие на участие в исследовании.
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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 pain is 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 № 222 from 21.12.2021). All patients 
signed written informed consent prior to enrollment.

Study patients
We prospectively enrolled consecutive patients aged 

≥18 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 I (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 ≥120 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 ≥2 adjacent segments in a 
16-segment left ventricular myocardial model, ST-segment 
depression ≥2 mm in absence of RWMA, serious arrhythmias 
(ventricular tachycardia, sustained ventricular allorhythmia 
or hemodynamically unstable supraventricular tachycardia), 
excessive blood pressure increase (systolic ≥230 mmHg 
and/or diastolic ≥120 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 ≥50% luminal diameter stenosis of ≥1 
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 ≥10 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 (AI), 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 
χ2 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 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 ≥70% 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 
≥85% (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 AI (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 AI 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 AI 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 AI (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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Table 1. Baseline characteristics of the study population
Таблица 1. Основные характеристики пациентов

Variable All patients, n = 129

Age, years 56±11
Male, n (%) 83 (64%)

Risk factors, n (%)
Overweight / obesity, n (%) 58 (45%) / 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%)
≥3 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/m2 50±7
End-systolic volume index, ml/m2 17 (15; 20)
Left ventricular mass index, g/m2 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 ≥25%; CAD – coronary artery disease; CCTA – coronary 
computed tomography angiography; GRACE – Global Registry of Acute 
Coronary Events; ICA – invasive coronary angiography.

Fig. 1. Study enrollment 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.
Рис. 1. Схема отбора пациентов
Примечание: CAD – коронарная болезнь сердца; ECG – электрокардиограмма; HDL-C – холестерин липопротеинов высокой плотности; hs-Tn – 
высокочувствительный тропонин; RWMA – нарушение локальной сократимости; SE – стресс-эхокардиография.

Table 2. Performance analysis of the SE in identifying obstructive coronary 
artery disease
Таблица 2. Оценка диагностической точности стресс-ЭхоКГ для выявле-
ния обструктивной коронарной болезни сердца

Stress 
echocardiography

Coronary angiography
Total

≥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%)

the chi-square criterion was χ2 = 7.48, df = 1, OR was 7.2 
(1.4–36.6), р = 0.006.

TC, non-LDL and AI 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
Таблица 3. Сравнительная характеристика пациентов с истинно-положи-
тельным результатом стресс-ЭхоКГ

Variable
TP SE, 
n = 9

Other, 
n = 105

Undetermined,
n = 15 р

1 2 3
Baseline characteristics

Age, years 56±11 56±11 54±14 0.844

Male, n (%) 7 (78%) 67 (64%) 9 (60%) 0.656
BMI, kg/m2 27.5±3.8 28.4±4.3 27.3±3.5 0.542
Current and 
former* smokers, 
n (%)

4 (44%) 62 (59%) 5 (33%) 0.139

Diabetes 
mellitus, n (%) 2 (22%) 10 (10%) 0 0.190

Hypertension, 
n (%) 7 (78%) 95 (90%) 13 (87%) 0.475

Carotid 
atherosclerosis†, 
n (%)

4 (44%) 26 (25%) 1 (7%) 0.039

GRACE score 86±19 87 (69; 108) 82±20 0.694

Dyslipidaemia, 
n (%) 8 (89%) 89 (86%) 11 (69%) 0.485

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

TG, mmol/l 1.3  
(1.1; 2.6)

1.5  
(1.0; 2.3) 1.5±0.7 0.667

HDL-C, mmol/l 1.1  
(1.0; 1.5)

1.3  
(1.1; 1.5) 1.4±0.3 0.373

Non-HDL-C, 
mmol/l 5.5±1.62 4.0±1.11 4.1±1.5 0.001

AI 4.6±1.8 3.0  
(2.3; 4.0) 3.1±1.6 0.038

AIP 0.11±0.42 0.07  
(-0.18; 0.28) -0.04±0.29 0.434

TyG 0.28±0.57 0.24  
(-0.19; 0.62) 0.11±0.55 0.741

Note: * – stopped smoking less than 5 years ago; † – narrowing ≥25%; 
AI – 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 
≥50% 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. 62±9 
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 AI compared with the others. Previously, Geltser BI et 
al. showed an increase in low-density lipoprotein cholesterol 
>3.5 mmol/l with an OR 2.1 (1.4–3.1) and AI ≥3.4 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 AI, 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 AI. 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].

https://doi.org/10.29001/2073-8552-2025-40-3-105-113



111

Fig. 2. Values of TC (mmol/l), HDL-C (mmol/l), TG (mmol/l), and AI in the phenogroups of patients allocated by clustering
Рис. 2. Значения ТГ, ХС, ХС ЛВП и ИА в группах пациентов, выделенных в результате кластеризации

Table 4. Characteristics of phenogroups resulting from clustering based on TG, TC, HDL-C, and AI levels
Таблица 4. Характеристики групп пациентов, полученных в результате кластерного анализа на основании уровней ТГ, ХС, ХС ЛВП и ИА

Variable Phenogroup 1 
(n = 8)

Phenogroup 2  
(n = 38)

Phenogroup 3  
(n = 57)

Phenogroup 4  
(n = 26) p

Biochemical characteristics
TC, mmol/l 6.1±0.63,4 6.4 (5.8; 7.0)3,4 5.4±0.71,2,4 3.8±0.61,2,3 <0.001
TG, mmol/l 7.1±2.12,3,4 2.0±1.01,3,4 1.3 (1,0; 1,7)1,2 1.3 (0.8; 2.1)1,2 <0.001
HDL-C, mmol/l 0.8±0.12,3,4 1.2 (1.1; 1.4)1,3 1.5 (1.2; 1.7)1,2 1.4±0.51 <0.001
Non-HDL-C, mmol/l 5.3±0.73,4 5.1 (4.7; 5.4)3,4 3.8 (3.6; 4.3)1,2,4 2.4±0.51,2,3 <0.001
AI 6.6±1.52,3,4 4.2 (3.9; 4.6)1,3,4 2.8±0.71,2,4 2.0±0.71,2,3 <0.001
AIP 0.92±0.152,3,4 0.18 (0.07; 0.35)1,3 -0.06±0.251,2 -0.02±0.331 <0.001
TyG 1.68±0.382,3,4 0.36±0.561,4 0.13±0.461 0.00±0.511,2 <0.001
Statin use, n (%) 1 (13%) 1 (3%)4 04 8 (31%)2,3 <0.001

Baseline characteristics
Age, years 47±7 56±11 56 (47; 66)1 57±12 0.149
Male, n (%) 7 (88%) 28 (74%) 34 (60%) 14 (54%) 0.164
BMI, kg/m2 30.1±2.6 27.9±3.5 27.7±4.6 29.2±4.5 0.252
Dyslipidaemia, n (%) 8 (100%) 38 (100%)4 49 (86%)4 13 (50%)2,3 <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 atherosclerosis†, n (%) 4 (50%) 10 (26%) 12 (21%) 6 (23%) 0,287

Stress echocardiography
True positive 1 (13%) 6 (16%)3 2 (4%)2 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)3 2.8 (0; 6.0)2 2.8 (0; 11.3) 0.041

Note: * – stopped smoking less than 5 years ago; † – narrowing ≥25%; AI – 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
Таблица 5. Показатели прогностического качества моделей однофакторной логистической регрессии для отнесения пациентов к объединенной 
феногруппе 1+2

№ Model Ac Se Sp AUC p

1 Total cholesterol > 5.61 mmol/l 0.78 0.82 0.78 0.89 <0.001
2 Atherogenic index > 3.43 0.88 0.88 0.87 0.95 <0.001
3 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, AI, and non-HDL-C to determine phenogroup 1+2 membership
Note: HDL-C – high-density lipoprotein cholesterol.
Рис. 3. ROC-кривые моделей, предсказывающих принадлежность к феногруппе 1+2 по ОХ, ХС не ЛПВП и ИА
Примечание: HDL-C – холестерол липопротеинов высокой плотности.

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 AI. Non-HDL-C > 4.42 mmol/l 
may be considered in this cohort as a criterion for using SE 
as a starting test.

References
1.	 Durand E., Bauer F., Mansencal N., Azarine A., Diebold B.,  

Hagege A. et al. Head-to-head comparison of the diagnostic performance 
of coronary computed tomography angiography and dobutamine-stress 
echocardiography in the evaluation of acute chest pain with normal 
ECG findings and negative troponin tests: A prospective multicenter 
study. Int. J. Cardiol. 2017;241:463–469. https://doi.org/10.1016/j.
ijcard.2017.02.129.

2.	 Hsia R.Y., Hale Z., Tabas J.A. A national study of the prevalence 
of life-threatening diagnoses in patients with chest pain. JAMA 
Intern. Med. 2016;176(7):1029–1032. https://doi.org/10.1001/
jamainternmed.2016.2498.

3.	 Alekyan B.G., Boytsov S.A., Manoshkina E.M., Ganyukov V.I. Myocardial 
revascularization in Russian Federation for acute coronary syndrome in 
2016-2020. Kardiologiia. 2021;61(12):4–15. https://doi.org/10.18087/
cardio.2021.12.n1879.

4.	 de Knegt M.C., Linde J.J., Fuchs A., Pham M.H.C., Jensen A.K., 
Nordestgaard B.G. et al. Relationship between patient presentation 
and morphology of coronary atherosclerosis by quantitative 
multidetector computed tomography. Eur. Heart J. Cardiovasc. Imaging. 
2019;20(11):1221–1230. https://doi.org/10.1093/ehjci/jey146.

5.	 Byrne R.A., Rossello X., Coughlan J.J., Barbato E., Berry C.,  
Chieffo A. et al. 2023 ESC Guidelines for the management of acute 
coronary syndromes. Eur. Heart J. 2023;44(38):3720–3826. https://doi.
org/10.1093/eurheartj/ehad191.

6.	 Barbarash O.L., Duplyakov D.V., Zateischikov D.A., Panchenko E.P., 

Shakhnovich R.M., Yavelov I.S. et al. 2020 Clinical practice guidelines 
for Acute coronary syndrome without ST segment elevation. Russian 
Journal of Cardiology. 2021;26(4):4449. https://doi.org/10.15829/1560-
4071-2021-4449.

7.	 Gulati M., Levy P.D., Mukherjee D., Amsterdam E., Bhatt D.L., 
Birtcher K.K. et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR 
Guideline for the Evaluation and Diagnosis of Chest Pain: Executive 
Summary: A Report of the American College of Cardiology/American 
Heart Association Joint Committee on Clinical Practice Guidelines. 
Circulation 2021;144(22):e368–e454. https://doi.org/10.1161/
CIR.0000000000001030.

8.	 Oikonomou E.K., Van Dijk D., Parise H., Suchard M.A., de Lemos J., 
Antoniades C. et al. A phenomapping-derived tool to personalize the 
selection of anatomical vs. functional testing in evaluating chest pain 
(ASSIST). Eur. Heart J. 2021;42(26):2536–2548. https://doi.org/10.1093/
eurheartj/ehab223.

9.	 Pellikka P.A., Arruda-Olson A., Chaudhry F.A., Chen M.H.,  
Marshall J.E., Porter T.R. et al. Guidelines for Performance, 
Interpretation, and Application of Stress Echocardiography in Ischemic 
Heart Disease: From the American Society of Echocardiography. J. 
Am. Soc. Echocardiogr. 2020;33(1):1–41.e8. https://doi.org/10.1016/j.
echo.2019.07.001.

10.	 Rampidis G.P., Benetos G., Benz D.C., Giannopoulos A.A., Buechel R.R. 
A guide for Gensini Score calculation. Atherosclerosis. 2019;287:181–
183. https://doi.org/10.1016/j.atherosclerosis.2019.05.012.

11.	 Kuznetsova K.V., Bikbaeva G.R., Sukhinina E.M., Taumova G.Kh., 
Benyan A.S., Duplyakov D.V. et al. Computed tomography angiography 
or invasive coronary angiography in patients with lowto intermediate risk 
acute coronary syndrome – a single-center study. Russian Journal of 
Cardiology. 2024;29(1S):5702. https://doi.org/10.15829/1560-4071-
2024-5702.

12.	 Levsky J.M., Haramati L.B., Spevack D.M., Menegus M.A., Chen T., 
Mizrachi S. et al. Coronary computed tomography angiography versus 
stress echocardiography in acute chest pain: a randomized controlled 
trial. JACC Cardiovasc. Imaging. 2018;11(9):1288–1297. https://doi.
org/10.1016/j.jcmg.2018.03.024.

13.	 Alekhin M.N., Ivanov S.I., Radova N.F. Indicators of global myocardial 
work of the left ventricle during exercise stress echocardiography in the 

https://doi.org/10.29001/2073-8552-2025-40-3-105-113



113

diagnosis of stable coronary heart disease. Siberian Journal of Clinical 
and Experimental Medicine. 2023;38(3):75–85. (In Russ.). https://doi.
org/10.29001/2073-8552-2023-39-3-75-85.

14.	 Stone G.W., Maehara A., Lansky A.J., de Bruyne B., Cristea E., 
Mintz G.S. et al. A prospective natural-history study of coronary 
atherosclerosis. N. Engl. J. Med. 2011;364(3):226–235. https://doi.
org/10.1056/NEJMoa1002358.

15.	 Heitner J.F., Klem I., Rasheed D., Chandra A., Kim H.W.,  
Van Assche L.M. et al. Stress cardiac MR imaging compared with stress 
echocardiography in the early evaluation of patients who present to the 
emergency department with intermediate-risk chest pain. Radiology. 
2014;271(1):56–64. https://doi.org/10.1148/radiol.13130557.

16.	 Geltser B.I., Tsivanyuk M.M., Shakhgeldyan K.I., Emtseva E.D., 
Vishnevskiy A.A. Cardiometabolic risk factors in predicting obstructive 
coronary artery disease in patients with non-ST-segment elevation acute 
coronary syndrome. Russian Journal of Cardiology. 2021;26(11):4494. 
https://doi.org/10.15829/1560-4071-2021-4494.

17.	 Özen Y., Bilal Özbay M., Yakut I., Kanal Y., Abdelmottelaeb W.,  
Nriagu B.N. et al. Atherogenic index of plasma and triglyceride-glucose 
index to predict more advanced coronary artery diseases in patients 
with the first diagnosis of acute coronary syndrome. Eur. Rev. Med. 
Pharmacol. Sci. 2023;27(9):3993–4005. https://doi.org/10.26355/
eurrev_202305_32305.

18.	 Linde J.J., Kelbæk H., Hansen T.F., Sigvardsen P.E.,  
Torp-Pedersen C., Bech J. et al. Coronary CT angiography in patients 
with non-ST-segment elevation acute coronary syndrome. J. Am. Coll. 
Cardiol. 2020;75(5):453–463. https://doi.org/10.1016/j.jacc.2019.12.012.

19.	 Knuuti J., Ballo H., Juarez-Orozco L.E., Saraste A., Kolh P.,  
Rutjes A.W.S. et al. The performance of non-invasive tests to rule-in 
and rule-out significant coronary artery stenosis in patients with stable 
angina: a meta-analysis focused on post-test disease probability. Eur. 
Heart J. 2018;39(35):3322–3330. https://doi.org/10.1093/eurheartj/
ehy267.

Конфликт интересов: авторы заявляют об отсутствии конфликта ин-
тересов.

Conflict of interest: the authors declare no conflict of interest.

Информация о вкладе авторов
Рябов В.В. предложил концепцию исследования; Абраменко Е.Е., 

Рябова Т.Р. и Ёлгин И.И. собрали и проанализировали данные, вклю-
чая формирование выборки пациентов, проведение стресс-эхокардио-
графии, ведение базы данных, статистическую обработку результатов; 
Абраменко Е.Е. написала исходный вариант рукописи, Рябова Т.Р., Ёлгин 
И.И. и Рябов В.В. внесли вклад в его доработку. Все авторы дали со-
гласие на подачу рукописи и согласились нести ответственность за все 
аспекты работы.

Information on author contributions
Ryabov V.V. proposed study concept. Abramenko E.E., Ryabova T.R., 

and Yolgin I.I. collected and analyzed the data, including the selection of 
patients, stress echocardiography, database maintenance, and statistical 
processing of the results. Abramenko E.E. wrote the initial version of the 
manuscript, Ryabova T.R., Yolgin I.I., and Ryabov V.V. contributed to its 
finalization. All authors gave final consent to the submission of the manuscript 
and agreed to be responsible for all aspects of the work.

Information about the authors

Elena E. Abramenko, Junior Research Scientist, Department of 
Emergency Cardiology, Cardiology Research Institute, Tomsk NRMC, Tomsk, 
Russia, e-mail: eae@cardio-tomsk.ru; https://doi.org/0000-0003-3763-945X. 

Tamara R. Ryabova, Cand. Sci. (Med.), Senior Research Scientist, 
Department of Functional Diagnostics and Ultrasound, Cardiology Research 
Institute, Tomsk NRMC, Tomsk, Russia, e-mail: rtr@cardio-tomsk.ru; https://
doi.org/0000-0001-8573-5695.

Ivan I. Yolgin, Doctor, Department of Cardiology No. 1; Junior Research 
Scientist, Laboratory of Infarction-Associated Shock, Cardiology Research 
Institute, Tomsk NRMC, Tomsk, Russia, e-mail: iyo@cardio-tomsk.ru; https://
doi.org/0009-0006-6793-9831. 

Vyacheslav V. Ryabov, Dr. Sci. (Med.), Professor, Corresponding 
Member of the Russian Academy of Sciences, Deputy Director for Scientific 
and Medical Work, Cardiology Research Institute, Tomsk NRMC, Tomsk, 
Russia; Head of the Department of Cardiology, SSMU, Tomsk, Russi, e-mail: 
rvvt@cardio-tomsk.ru; https://doi.org/0000-0002-4358-7329. 

Received 24.04.2025; 
review received 21.07.2025;  

accepted for publication 27.08.2025

Сведения об авторах

Абраменко Елена Евгеньевна, младший научный сотрудник от-
деления неотложной кардиологии, НИИ кардиологии Томского НИМЦ, 
Томск, Россия, e-mail: eae@cardio-tomsk.ru; https://doi.org/0000-0003-
3763-945X. 

Рябова Тамара Ростиславовна, канд. мед. наук, старший научный 
сотрудник лаборатории ультразвуковых и функциональных методов ис-
следования, НИИ кардиологии Томского НИМЦ, Томск, Россия, e-mail: 
rtr@cardio-tomsk.ru; https://doi.org/0000-0001-8573-5695.

Ёлгин Иван Игоревич, врач функциональной диагностики кардио-
логического отделения №1, младший научный сотрудник лаборатории 
инфаркт-ассоциированного шока, НИИ кардиологии Томского НИМЦ, 
Томск, Россия, e-mail: iyo@cardio-tomsk.ru; https://doi.org/0009-0006-6793-
9831. 

Рябов Вячеслав Валерьевич, д-р мед. наук, профессор, чл.-корр. 
РАН, заместитель директора по научной и лечебной работе, НИИ кар-
диологии Томского НИМЦ, Томск, Россия; заведующий кафедрой карди-
ологии, СибГМУ Минздрава России, Томск, Россия, e-mail: rvvt@cardio-
tomsk.ru; https://doi.org/0000-0002-4358-7329.

Поступила 24.04.2025; 
рецензия получена 21.07.2025;  

принята к публикации 27.08.2025. 

Abramenko E.E., Ryabova T.R., Yolgin I.I. и др.  
Predictors of a true-positive stress echocardiography result for optimization of diagnostic algorithm in low- to intermediate-risk


	Страница 1

