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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ELECTROCARDIOGRAPHY CHARACTERISTICS OF THE PATIENTS WITH NON-ST-
ELEVATION MYOCARDIAL INFARCTION (NSTEMI)

Khalilov Sh. Dzh.
Republican Medical-Diagnostic Center, Baku Azerbaijan.

Abstract.
Objective: To assess ECG changes in patients with non-ST-

elevation myocardial infarction.
Materials and Methods: A total of 200 patients with NSTEMI 

were examined, including 164 men (82%) and 36 women 
(18%), aged 33 to 86 years, with a mean age of 62.21 ± 9.38 
years. Patients underwent clinical examination and standard 
12-lead ECG, GRACE risk assessment and Killip heart failure 
severity score. Patients were divided into two groups: group I 
(n = 94): NSTEMI without CAD; group II (n = 106): NSTEMI 
with CAD, including recent NSTEMI without ST elevation.

Results: In patients in group II, ECG changes were more 
pronounced and diffuse: the frequency of ST depression, T wave 
inversion, pathological Q wave and conduction disturbances 
was higher than in group I (p < 0.05). The incidence of ST 
depression of 77.4% in group II is high for NSTEMI and reflects 
the more severe risk profile of the cohort (CAD/AMI, GRACE, 
Killip).

Conclusion: Pathological Q-waves are associated with more 
extensive lesions and a worse clinical profile (higher GRACE 
and Killip II–III), confirming their poor prognostic value. The 
overall picture (ST depression ± Q waves) strengthens the 
rationale for an early invasive strategy and intensification of 
therapy in high-risk NSTEMI in accordance with current ESC/
ACC/AHA guidelines.

Key words. Non-ST-elevation myocardial infarction, 
multivessel disease, coronary artery disease, electrocardiography.
Introduction.

Non-ST-elevation myocardial infarction (NSTEMI) is a 
significant condition among acute coronary syndromes and differ 
with the high risk of complications and lethality. According to 
current studies, NSTEMI occurs in 60–70% of patients with 
acute coronary syndrome and is characterized by the absence of 
persistent ST-segment elevation, making early risk stratification 
more difficult [1]. Electrocardiography (ECG) remains one of 
the most important diagnostic tools in evaluating patients with 
acute coronary syndrome. This is particularly true for NSTEMI, 
the diagnosis of which requires careful interpretation of ECG 
changes in combination with clinical and laboratory findings. 

NSTEMI is characterized by considerable clinical and 
pathophysiological variability. ECG findings and the extent of 
coronary artery disease play a crucial role in risk assessment and 
treatment planning. In NSTEMI, ECG often shows ST-segment 
depression, T-wave inversion, or other nonspecific changes [2]. 

In NSTEMI, the severity of coronary artery involvement can 
influence the clinical presentation and diagnostic findings. 
Patients with more severe lesions may experience more intense 
chest pain, shortness of breath, and other symptoms, as well 

as more significant ECG changes and higher levels of cardiac 
biomarkers such as troponin. Diagnosis and risk stratification 
in these patients are based on a combination of ECG findings, 
laboratory markers of myocardial necrosis, and imaging of the 
coronary arteries. ECG should be performed at the first stage of 
the examination for all patients and should not be delayed for 
history-taking, physical examination, or other tests [3]. 

Dynamic changes on the ECG, particularly in the ST segment 
and T wave, may reflect the degree and extent of ischemia, and 
also correlate with angiographically confirmed coronary artery 
lesions. Studying these changes is important for prognosis of 
assessment and treatment strategy selection. 

Objective of the study – to evaluate ECG changes in patients 
with non–ST-segment elevation myocardial infarction 
(NSTEMI).
Materials and Methods of the Investigation.

Two hundred patients with NSTEMI were examined, including 
164 men (82%) and 36 women (18%). The age range included 
patients from 33 to 86 years. All patients who participated in the 
study gave written informed consent. Inclusion criteria were: 
patients with a diagnosis of NSTEMI confirmed by clinical, 
laboratory, and instrumental methods, aged 33–86 years, after 
revascularization, after initial in-hospital assessment, with 
possible concomitant diagnosis of coronary artery disease. 
Exclusion criteria included: prior ST-elevation myocardial 
infarction (STEMI), cardiomyopathies, and valvular heart 
diseases. The study was conducted in accordance with the 
principles of the Helsinki Declaration. 

Patients were divided into two groups: group I (n = 94): 
NSTEMI without CAD; group II (n = 106): NSTEMI with 
CAD, including recent NSTEMI without ST elevation.

A medical history was collected from all patients. All patients 
underwent clinical examination and a standard 12-lead ECG. 
Changes in the ST segment, T wave, presence of pathological 
Q waves, as well as rhythm and conduction disturbances were 
assessed. Upon admission, the risk was calculated for all patients 
using the GRACE score (Global Registry of Acute Coronary 
Events - Глобальный регистр острых коронарных событий). 
The Killip classification was used to evaluate the severity of 
heart failure. 

Statistical analysis was performed using the Statistica 16 
software (StatSoft, USA). The statistical analysis of the results 
included calculation of mean values, standard deviation, 
minimum and maximum values. Data were presented as 
absolute numbers and percentages. The t-test and χ² test with 
Yates correction were used to compare data between groups. A 
p-value of ≤0.05 was considered statistically significant.
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Results and Discussion.
The average age of patients was 62.21 ± 9.38 years. There 

were 3 (1.5%) patients aged 33 to 40 years, 17 (8.5%) aged 41–
50 years, 59 (29.5%) aged 51–60 years, 85 (42.5%) aged 61–70 
years, 29 (14.5%) aged 71–80 years, and 7 (3.5%) aged 81–86 
years. No statistically significant differences were found in the 
distribution of patients by age groups between men and women 
(in all cases p > 0.05). 

Baseline clinical and anamnestic characteristics of patients 
with NSTEMI are presented in Table 1.

Table 1. Baseline Characteristics of Examined Patients.

Parameter NSTEMI Patient 
Group (n=200)

Chest pain, n (%) 194 (97,0)
Mean Troponin T, ng/mL  0,812±0,304
Diabetes mellitus, n (%) 52 (26,0)
Arterial hypertension, n (%) 143 (71,5)
Mean body mass index (BMI), kg/m² 28,7±4,3
Active smoking, n (%) 89 (44,5)
Duration of ischemic heart disease (IHD), years 6,2±3,6
Previous myocardial infarction (MI), n (%) 39 (19,5)
Family history of IHD, n (%) 24 (12,0)
History of coronary revascularization, n (%) 31 (15,0)
Systolic blood pressure (SBP), mmHg 131,6±18,2
Diastolic blood pressure (DBP), mmHg 82,4±11,7

Based on the data in Table 1, it can be noted that the vast 
majority of patients suffered from arterial hypertension and 
excess body weight; nearly half were active smokers, and one 
in four had concomitant diabetes mellitus. The high troponin 
levels confirm acute myocardial injury in all patients included 
in the study. 

Thus, patients with NSTEMI are characterized by multiple 
traditional cardiovascular risk factors and a typical clinical 
presentation, highlighting the need for a comprehensive 
approach to their assessment and treatment. Analysis of these 
data allows for evaluation of cardiovascular risk levels as well 
as the prevalence of comorbid conditions in this sample. 

In most patients — 168 (84%) — the clinical condition at 
admission was assessed as satisfactory. However, 28 patients 
(14%) showed signs of left ventricular failure (Killip class II), 
and 4 patients (2%) were diagnosed with cardiogenic shock 
(Killip class IV). These data indicate the presence of severe 
forms of NSTEMI in some cases. 

Among comorbidities, the most frequently recorded were 
chronic heart failure (CHF) — in 49 patients (24.5%), 
chronic kidney disease (CKD) — in 17 patients (8.5%), and 
atrial fibrillation — in 22 patients (11%). Dyslipidemia was 
diagnosed in 138 patients (69%), of whom 31% were aware of 
their diagnosis before hospitalization and received appropriate 
treatment. 

Before hospital admission, 76 patients (38%) were taking 
acetylsalicylic acid, 71 (35.5%) beta-blockers, 59 (29.5%) statins, 
44 (22%) ACE inhibitors or angiotensin II receptor blockers, 
and 9 (4.5%) oral anticoagulants (due to atrial fibrillation or 
valve replacement). Thus, a significant portion of patients were 

already receiving medical prevention of cardiovascular events; 
however, this did not prevent the development of NSTEMI. 

Upon admission, the GRACE risk score was calculated for all 
patients, with a mean value of 132 ± 25 points, corresponding 
to a moderate risk of adverse outcomes. In 46 patients (23.0%), 
the GRACE score exceeded 140, which allows refer them as 
high risk for complications and mortality. These data highlight 
the need for an early invasive approach in managing this patient 
group. 

Thus, the patients with NSTEMI included in the study were 
characterized by a typical clinical and demographic profile for 
this pathology—predominantly older men, a high prevalence of 
arterial hypertension, obesity, diabetes mellitus, and other risk 
factors. Stratification by condition at admission revealed severe 
forms of the disease in some patients. A considerable proportion 
had comorbidities and were receiving cardiotropic therapy 
prior to hospitalization. Comprehensive clinical evaluation and 
prognostic scoring confirm the need for an active management 
strategy for this population, including early angiography and 
revascularization. 

Upon admission, ST-segment depression ≥ 0.5 mm was 
observed in 139 out of 200 patients, most often in leads V4–V6, 
pathological Q waves were noted in 9% of cases (n = 18), and 
rhythm and conduction disturbances were found in 17.5% of 
cases (n = 35). 

We analyzed ECG changes in patients with NSTEMI 
depending on the presence of ischemic heart disease (IHD) and 
concomitant acute myocardial infarction. Accordingly, patients 
were divided into three groups: Group I included 94 patients 
with NSTEMI without concomitant IHD; Group II included 99 
patients with NSTEMI against the background of established 
IHD; and Group III included 7 patients with NSTEMI, IHD, and 
simultaneously diagnosed acute myocardial infarction (AMI). 

In the 94 patients of Group I, the following ECG changes 
were detected: ST-segment depression in 57 (60.6%), T-wave 
inversion in 46 (48.9%), and conduction disturbances in 11 
(11.7%) patients. ST-segment depression was predominantly 
found in leads V4–V6. Pathological Q waves were absent in 
all cases. Conduction disturbances most often manifested as 
intraventricular conduction delay. Heart rate ranged from 68 
to 104 beats per minute, with an average of 83 ± 9 beats per 
minute. 

Patients in Group I ranged in age from 33 to 86 years, with 
a mean age of 62.35 ± 10.33 years; men comprised 78.7% (n 
= 74), and women 21.3% (n = 20). There were no statistically 
significant differences in the age distribution between men and 
women in Group I (p > 0.05). 

In Group I patients with NSTEMI without signs of IHD (n 
= 94), men predominated (78.7%). The most numerous age 
category among men was 61–70 years (41.9%), while the same 
age group (40.0%) also dominated among women. 

Despite quantitative differences in age distribution between 
men and women, no statistically significant differences were 
found in any age subgroup (p > 0.05). The greatest tendency 
toward difference was observed in the 71-80-year age group (χ² 
= 3.030; p = 0.082), but statistical significance was not reached. 

Thus, gender and age in Group I patients did not show a 
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significant associative distribution, as confirmed by the χ² test 
results. 

In Group I, patients more frequently reported chest pain 
(93.6%) and excess body weight (45.7%). 

ECG in Group II patients with concomitant IHD revealed more 
pronounced changes: ST-segment depression was present in 82 
(77.4%) patients, T-wave inversion in 74 (68.9%), pathological 
Q waves in 18 (17.0%), and conduction disturbances, including 
left anterior fascicular block and intraventricular block, in 24 
(22.6%) patients. ST-segment depression was predominantly 
found in the anterolateral leads (I, aVL, V5–V6). Signs of left 
ventricular hypertrophy were observed in 9 patients (9.1%). The 
average heart rate was 80 ± 11 beats per minute. 

Patients of Group II were aged from 35 to 82 years, with a 
mean age of 62.06 ± 8.44 years; males accounted for 84.9% (n 
= 90), females – 15.1% (n = 16). In Group II, which included 99 
patients with NSTEMI and concomitant coronary artery disease 
(CAD), there was also a predominance of males (84 patients, 
84.8%) over females (15 patients, 15.2%). 

The most representative age category among men was the 
61–70 years group (40.5%), and among women it was also 
61–70 years (53.3%). This indicates similar age trends in the 
development of NSTEMI against the background of CAD in 
both sexes.

Statistical analysis using the χ² test did not reveal significant 
differences in age distribution between males and females 
across all age intervals (p > 0.05). The most pronounced 
(though statistically insignificant) differences were observed in 
the 61–70 years group (χ² = 0.861; p = 0.354) and in the younger 
age categories, where women were practically not represented. 

Thus, no statistically significant differences were found in the 
age distribution of Group II patients by sex, which is consistent 
with the results obtained in Group I. All patients in Group II 
reported chest pain and arterial hypertension, and 83.0% of 
patients were overweight. A history of myocardial infarction and 
coronary revascularization were noted in 6 (5.7%) and 4 (3.8%) 
patients, respectively. Analysis of ECG data demonstrated 
that in patients with NSTEMI against the background of 
coronary heart disease, and especially in 7 (6.6%) patients in 
combination with acute MI, electrocardiographic changes were 
more pronounced and diffuse. This was manifested by a higher 
frequency of ST segment depression, T wave inversion, as well 
as the appearance of pathological Q waves and conduction 
disturbances (Table 2).

Table 2. Comparative analysis of ECG changes between groups.
Parameter Group I 

(n=94)
Group II 
(n=106)

χ2 P

ST depression, n (%) 57 (60.6) 82 (77.4) 5.805 0.016
T-wave inversion, n (%) 46 (48.9) 74 (69.8) 8.197 0.005
Pathological Q wave, n (%) 0 18 (17.0) 15.52 <0.001
Conduction disturbances, 
n (%)

11 (11.7) 24 (22.6) 3.407 0.065

Bradycardia, n (%) 0 2 (1.9) 0.393 0.531
Note: p – statistical significance of differences in indicators between groups.

The conducted comparative analysis demonstrates a 
statistically significant frequency of ST depression in patients 

of group II compared to group I (p=0.016). A similar pattern 
was observed with respect to T wave inversion. Compared 
with the frequency of T wave inversion in group I, in group II 
the frequency increased by 35.21% (p=0.005). Pathological Q 
wave was not detected in patients with NSTEMI (group I), but 
in NSTEMI with concomitant coronary artery disease (group 
II) it was observed in 17.0% of cases (p<0/001). Pathological 
Q waves were defined as specific ECG characteristics, with 
a duration exceeding 0.04 seconds, depth greater than 0.1 
mV (or more than 25% of the amplitude of the R wave), and 
were identified in leads corresponding to the infarct zone — 
predominantly in V1–V4 for anterior localization, II, III, aVF 
for inferior, and I and aVL for lateral. 

The largest number of cases with impaired conduction was 
detected in group II, but compared to group I, the difference was 
insignificant (p=0.065). A heart rate below 60 beats per minute 
was observed only in 2 (1.9%) patients in group II. 

In group I, 93 (98.9%) patients had Killip class I and only 1 
(1.1%) patient had class II. In group II, class I was found in 
74 (69.8%), class II in 20 (18.9%), class III in 8 (7.5%), and 
class IV in 4 (3.8%) patients. As can be seen, Killip classes 
II–IV were found predominantly in group II, which reflects the 
presence of severe forms of NSTEMI.

The average value of the GRACE scale in group I was 129±13 
points, in group II 140±22 points, with 141±17 points noted in 
43.4% of patients.

Thus, the obtained data confirm that the severity of ECG 
changes in patients with NSTEMI depends on the presence of 
pre-existing coronary artery disease (CAD) and concomitant 
acute myocardial infarction (AMI). In patients with isolated 
NSTEMI, the changes were local and moderate in nature, 
whereas with the combination of CAD and AMI, diffuse and 
more severe electrocardiographic manifestations were observed, 
indicating more pronounced ischemic myocardial injury. 

In patients with NSTEMI and multivessel disease, the ECG 
may show various changes, including ST-segment depression, 
T-wave inversion, or even transient ST-segment elevation. 
These changes, together with elevated cardiac biomarkers, 
help differentiate NSTEMI from unstable angina. Although in 
some cases the ECG may be normal, the presence of abnormal 
ECG results, particularly ST-segment depression or T-wave 
inversion, may indicate ischemia and guide treatment decisions 
[4]. 

Our study data showed that ST segment depression was 
recorded in 77.4% of patients in group II, which can be regarded 
as a high figure compared to the data of most studies. According 
to large cohorts and registries, the prevalence of ST depression 
in NSTE-ACS/NSTEMI varies significantly depending on the 
sample composition and inclusion criteria: from ~20–35% in 
non-risk-concentrated samples to significantly higher values in 
high-risk cohorts and in multifocal ischemia (35% at admission 
in the JAMA ACS study; 27.6% in the clinic; the severity of ST 
depression is a strong prognostic sign) [5-7]. Considering that 
our group II had a higher incidence of prior CAD/concomitant 
AMI, higher GRACE and Killip classes II–III, the rate of 77.4% 
should be interpreted as high and consistent with a cohort with 
increased risk [5-8]. 
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Pathological Q waves indicate more extensive/transmural 
injury and are associated with an unfavorable profile: higher 
GRACE values, more frequent Killip classes II–III, and worse 
outcomes compared to patients without Q [9]. Even “small” 
new Q-waves after NSTE-ACS increase the risk of adverse 
events and virtually confirm infarction [9]. These observations 
are consistent with our results and explain the concentration 
of Q waves in the heavier groups. Both ST depression and 
abnormal Q waves are independent markers of high risk: the 
degree/extent of ST depression correlates with 30-day mortality 
and the severity of coronary atherosclerosis, including three-
vessel/main stem disease [7]. In combination with clinical 
scales (GRACE includes Killip, HR, BP, creatinine, etc.), this 
strengthens the case for an early invasive strategy in high-risk 
patients (dynamic ischemic changes on ECG, elevated troponin, 
GRACE >140, etc.), as recommended by current ESC/ACC/
AHA guidelines [10-12]. Therefore, in the presence of severe 
ST depression and/or Q waves, it is reasonable to expedite 
coronary angiography and consider immediate percutaneous 
coronary intervention (PCI) (as part of early invasive tactics); 
intensify antithrombotic therapy in accordance with guidelines; 
more strictly control risk factors and hemodynamics.
Conclusion.

1. The incidence of ST depression of 77.4% in group II is high 
for NSTEMI and reflects the more severe risk profile of the 
cohort (CAD/AMI, GRACE, Killip).

2. Pathological Q-waves are associated with more extensive 
lesions and a worse clinical profile (higher GRACE and Killip 
II–III), confirming their poor prognostic value.

3. The overall picture (ST depression ± Q waves) strengthens 
the rationale for an early invasive strategy and intensification of 
therapy in high-risk NSTEMI in accordance with current ESC/
ACC/AHA guidelines.
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