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Aim. To outline echocardiographic features and assess their prognostic significance for major cardiovascular adverse events (MACEs) within 12 months in patients with 
type 2 myocardial infarction (MI), compared to type 1 MI (T1MI). 
Material and methods. The prospective observational study included 161 MI patients who underwent coronary angiography within 24 hours of admission. Type 
2 MI (T2MI) diagnosis aligned with the Fourth Universal Definition. Echocardiography and speckle-tracking echocardiography were performed within 72 hours of 
hospitalization. MACEs encompassed cardiovascular death, non-fatal MI, non-fatal stroke, and HF-related readmissions. Logistic regression analysis was conducted 
to evaluate their associations with the outcomes.
Results. T2MI were diagnosed in 74 patients (median age, 65 years; males, 55,4%). During follow up, 18 patients for each MI type experienced at least one MACE 
event. Left ventricular (LV) systolic dysfunction (LV ejection fraction [LVEF] <50%) was observed in 41 (55.4%) T2MI patients, compared with 66 (75.9%) T1MI 
patients (p=0.014). Median LVEF and global longitudinal strain [GLS] were 47.5% and 13.4%, respectively, for T2MI, compared to 45% and 13.9%, respectively, 
for T1MI (p=0.032 and p=0.332, respectively). LV diastolic dysfunction [DD] was observed in 56 (75.7%) T2MI and 77 (88.5%) T1MI patients. Grade III was 
more frequent in T2MI in comparison with T1MI (14.9% vs 1.1%, p=0.001, respectively), whereas grade I was more common in T1MI patients (75.9% vs 43.2%, 
p=0.004, respectively). Right ventricular (RV) dysfunction was observed more frequent in T2MI patients, compared to those with 
T2MI (52.7% vs. 35.6%, p=0.025, respectively). In univariate analysis, grade III DD was significantly associated with MACEs in T2MI 
(odds ratio [OR] 5.1, 95% confidence interval [CI], 1.3–18.5, p=0.017). In multivariate analysis, GLS ≤ 9.6% (OR = 17.3, 95% CI 
3.0-99.5, p=0.001), and prior MI (OR = 16.6, 95% CI 1.7–157.6, p=0.015) were significantly associated with a heightened risk 
of MACEs in T2MI patients.
Conclusion. Patients with T2MI had high prevalence of LV and RV dysfunction. Echocardiographic assessments, particularly 
speckle-tracking echocardiography, hold promise in predicting adverse outcomes for these individuals.
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Цель. Описать эхокардиографические особенности и  оценить их прогностическую значимость в  отношении основных неблагоприятных сердечно-
сосудистых событий (major adverse cardiovascular events, MACE) в течение 12 месяцев у пациентов с инфарктом миокарда (ИМ) 2 типа, по сравнению с ИМ 
1 типа.
Материал и методы. В проспективное обсервационное исследование был включен 161 пациент с ИМ, которым в течение 24 часов после госпитализации 
была выполнена коронарография. Диагностика ИМ 2 типа проводилась согласно четвертому универсальному определению. Стандартная эхокардиография 
и спекл-трекинг эхокардиография проводились в течение 72 часов после госпитализации. MACE включали сердечно-сосудистую смерть, нефатальный ИМ, 
нефатальный инсульт и повторные госпитализации, связанные с хронической сердечной недостаточностью. Для оценки их связи с исходом был проведен 
логистический регрессионный анализ.
Результаты. ИМ 2 типа был диагностирован у 74 больных (медиана возраста 65 лет, мужчины — 55,4%). В ходе наблюдения при каждом типе ИМ 18 пациентов 
перенесли по меньшей мере одно MACE. Систолическая дисфункция левого желудочка (ЛЖ) (фракция выброса ЛЖ [ФВ ЛЖ] <50%) наблюдалась у 41 (55,4%) 
пациента ИМ 2 типа, в сравнении с 66 (75,9%) пациентами ИМ 1 типа (p=0,014). Медиана ФВ ЛЖ и глобальной продольной деформации составляли 47,5% 
и 13,4%, соответственно, для ИМ 2 типа, по сравнению с 45% и 13,9%, соответственно, для ИМ 1 типа (p=0,032 и p=0,332, соответственно). Диастолическая 
дисфункция (ДД) ЛЖ наблюдалась у 56 (75,7%) пациентов ИМ 2 типа и у 77 (88,5%) пациентов с ИМ 1 типа. ДД III степени встречалась чаще при ИМ типа, по 
сравнению с ИМ 1 типа (14,9% против 1,1%, p=0,001, соответственно), в то время как ДД I степень встречалась чаще при ИМ 1 типа  (75,9% против 43,2%, 
p=0,004, соответственно). Дисфункция ПЖ наблюдалась чаще у пациентов с ИМ 2 типа по сравнению с пациентами с ИМ 1 типа (52,7% против 35,6%, p=0,025, 
соответственно). При однофакторном анализе ДД III степени была значимо связано с MACE у пациентов с ИМ 2 типа (отношение шансов [ОШ] 5,1, 95% до-
верительный интервал [ДИ], 1,3-18,5, p=0,017). При многофакторном анализе величина глобальной продольной деформации ≤9,6% (ОШ=17,3, 95% ДИ 
3,0-99,5, p=0,001) и ИМ в анамнезе (ОШ=16,6, 95% ДИ 1,7-157,6, p=0,015) были достоверно связаны с повышенным риск MACE у пациентов с ИМ 2 типа.
Заключение. У пациентов с ИМ 2 типа отмечена высокая частота дисфункции ЛЖ и ПЖ. Эхокардиографическое исследование, особенно спекл-трекинг эхо-
кардиография, способны предсказать неблагоприятные исходы у данной категории пациентов.
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Introduction 

Myocardial infarction (MI) is widely acknowledged 
as the most prevalent clinical manifestation of coronary 
artery disease, which remains the primary cause 
of cardiovascular mortality worldwide and leads to 
significant health implications [1].  According to Fourth 
Universal Definition, MI is classified into five distinct 
types, with type 1 and type 2 MI being the most 
commonly observed ones [1, 2]. Type 1 MI (T1MI) is 
characterized by coronary atherothrombosis resulting 
from plaque rupture, whereas type 2 MI (T2MI) occurs 
due to an imbalance between myocardial oxygen supply 
and demand unrelated to atherothrombosis. Numerous 
studies have shown that T2MI is associated with poorer 
short- and long-term outcomes compared to T1MI 
[3-5]. However, currently, there are no established 
guidelines for the diagnosis, management, and risk 
stratification specifically developed for this group of 
patients.

Echocardiography plays an important role in 
diagnosis, treatment, and assessment of cardiovascular 
risk in patients with MI. Clinical outcomes after MI are 
determined by the initial structural and functional 
changes resulting from myocardial necrosis, therefore 
assessment of echocardiographic parameters is of 
paramount importance in the management of these 
patients [6-8]. Left ventricular (LV) systolic dysfunction 
is a  common and serious complication of MI, 
characterized by a  decrease in LV ejection fraction (EF) 
[9]. Additionally, similar to most other heart diseases, 
MI leads to LV diastolic dysfunction [10, 11] and right 
ventricular (RV) dysfunction [12, 13]. The presence of 
LV diastolic dysfunction and RV involvement after MI is 
associated with unfavorable in-hospital and long-term 
prognoses [12-14]. In addition, number of studies 
with comprehensive assessment of echocardiographic 
parameters and their relationship with prognosis among 
T2MI patients are limited [15-18]. Therefore, the aim of 
this study were to (1) characterize echocardiographic 
features and (2) investigate prognostic value of these 
parameters for clinical outcomes in patients with T2MI, 
compared to T1MI. 

Material and methods 

Study design and participants
This single-center prospective observational 

cohort study included patients aged >18 years, 
presenting to the Intensive Care Unit at Vinogradov 
City Clinical Hospital in Moscow, with acute MI, who 
underwent coronary angiography <24 hours after 
symptom onset from January 1, 2017, to December 
31, 2018. Exclusion criteria were patients diagnosed 
with type 3, 4, and type 5 MI, as well as those who 
developed MI during hospitalization. Detailed data on 
demographic and clinical characteristics, medications, 
as well as laboratory, electrocardiography (ECG), 
echocardiography, coronary angiography parameters, 
and clinical complications were collected during the 
index hospitalization. The study complies with the 
guidelines of the Declaration of Helsinki and was 
independently approved by the local Ethics Committee of 
the Institute of Medicine, Peoples’ Friendship University 
of Russia. All patients provided written informed consent.

Definition of MI
Myocardial infarction is defined as acute myocardial 

injury detected by a  rise and/or fall of cardiac troponin 
values, with at least 1 value above the 99th percentile 
upper reference limit in a clinical setting consistent with 
acute myocardial ischemia [1]. 

Adjudication of MI types
For each case, a  consensus was reached by 

two general cardiologists and two board-certified 
interventional cardiologists. Two general cardiologists 
assigned the cause of T2MI, while two inter
ventional cardiologists assigned the coronary invol
vement on all coronary angiography images. T2MI 
was diagnosed in those with acute myocardial injury 
and symptoms or signs of myocardial ischemia on the 
electrocardiography/echocardiography when there 
was objective evidence of myocardial oxygen supply 
or demand mismatch, and atherothrombosis was 
ruled out upon review of coronary angiography. Signs 
of atherothrombosis [19, 20] and clinical criteria of 
myocardial oxygen demand and supply imbalance 
used in the present study were described in previous 
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studies [16, 21, 22] (Table 1). We excluded triggers 
such as hypotension, respiratory failure, and shock due 
to uncertainty in the pathogenesis of MI development. 
Since respiratory failure and shock can develop due to MI 
complications, for example, on the background of acute 
HF or within the framework of cardiogenic shock, they 
are often recorded in ST-segment elevation MI [23].

Echocardiography
All patients underwent an echocardiographic 

examination using the Vivid 7 ultrasound system 
(General Electric Healthcare, USA) within 72 hours 
after hospitalization. The reference limits for all echo
cardiographic parameters were determined in accor
dance with American Society of Echocardiography 
(ASE) guidelines [24]. LV ejection fraction (EF) was 
determined by the modified biplane Simpson method 
[24]. LV diastolic dysfunction was determined in 
accordance with current guidelines [25]. Grade I diastolic 
dysfunction (impaired relaxation) was established 
at an E/A ratio ≤0.8 and a  peak E-wave velocity ≤0.5 
cm/s. Grade II (pseudonormal) diastolic dysfunction 
at an E/A ratio of 0.8 to 2.0 (or an E/A ratio ≤0.8 
with a  peak E-wave velocity > 0.5 cm/s), with two of 
the following indicators: left atrial volume index (LAVi) 
>34 ml/m2, tricuspid regurgitation (TR) velocity > 2.8 
m/s, or average E/e’ ratio > 14. Grade III (restrictive) 
diastolic dysfunction was defined as an E/A ratio ≥2.0. 
Patients without criteria for grade III diastolic dysfunction 
were classified as "undefined " (when only two of the 
three criteria among LAVi, TR velocity, and E/e’ were 
available, or one was positive, and one was negative). 
RV systolic function was evaluated by 3 following 
parameters: tricuspid annular plane systolic excursion 
(TAPSE), RV fractional area change (FAC), and peak 
tricuspid annular systolic velocity by pulsed-wave tissue 
Doppler imaging (S’) in accordance with ASE guidelines 
[24]. RV systolic dysfunction was established at RV 

FAC < 35% or S’ <9.5 cm/s or TAPSE < 17 mm [24]. 
TR velocity was recorded, and pulmonary artery systolic 
pressure (PASP) was calculated as follows: 4 × (peak TR 
velocity)2 + 5. Speckle-tracking echocardiography was 
used to evaluate LV global longitudinal strain (GLS) using 
the Automatic Functional Imaging (AFI) software. GLS 
was automatically calculated based on data from the 
apical four-, two-, and three-chamber views using the 
AFI software. LV systolic function was assessed based 
on LVEF and GLS. LV systolic function was considered 
reduced when LVEF <50% [24]. A  GLS >20% was 
considered indicative of preserved global longitudinal 
LV function [26]. Echocardiography was performed 
by two experienced sonographers, accredited at the 
expert level in echocardiography. Intraclass correlation 
coefficient was used for assessment of intra-observer 
and inter-observer variability. The inter- and intra-
observer coefficients of variation were below 4% and 
5%, respectively for all echocardiographic parameters.

Follow-up
The primary outcome was the composite of major 

cardiovascular adverse events (MACEs) at 1 year that 
included cardiovascular death, non-fatal MI, non-
fatal stroke, and HF-related readmissions.  Cause of 
death was ascertained from hospital records and death 
registry. Information on HF-related hospitalization was 
obtained from hospital records, primary care physicians 
in the outpatient department and telephone contact 
with the patients or family members and by the HF case 
managers. HF-related readmissions were defined as 
admission because of dyspnea with objective signs of 
pulmonary congestion and treatment with intravenous 
diuretic agents. All follow-up data for all patients were 
available until this time.

Statistical analysis
Statistical analysis was performed using IBM SPSS 

Statistics 25.0 (SPSS Inc., Chicago, IL, USA) and 

Table 1. Clinical criteria of type 2 myocardial infarction

Atherothrombosis signs on 
coronary angiography

Defined as exhibiting any of the following features: (1) an intraluminal filling defect consistent with thrombus, 
defined as an abrupt vessel cutoff with persistence of contrast, or an intraluminal filling defect in a patent vessel 
within or next to a stenotic region with surrounding homogeneous contrast opacity; (2) plaque ulceration, defined 
as contrast and hazy contours beyond the vessel lumen; and (3) plaque irregularity, defined by irregular margins or 
overhanging edges, and impaired flow [19, 20];

Clinical evidence of myocar-
dial oxygen supply-demand 
mismatch

(1) Anemia, defined as hemoglobin ≤ 88.6 g/L for males or ≤80.6 g/L for females (in accordance with previous 
studies of type 2 myocardial infarction [16, 42]), or acute gastrointestinal bleeding, or red blood cell transfusion 
prior to or within 24 hours following the peak serum troponin; 
(2) Severe hypertension, defined as systolic blood pressure (SBP) >180 mm Hg or SBP >160 mm Hg with concom-
itant progressive retinopathy and/or encephalopathy and/or pulmonary edema requiring treatment with nitrates or 
diuretics [16, 25, 42];
(3) Tachyarrhythmia, defined as any rhythm disturbance with a ventricular rate >150 bpm, excluding sinus tachy-
cardia. This encompasses ventricular tachyarrhythmia lasting for 20 minutes, or supraventricular tachyarrhythmia 
lasting 20 minutes with a ventricular rate exceeding 150 bpm [16, 42];
(4) Bradyarrhythmia requiring medical treatment or cardiac pacing [16, 25, 42];
(5) Respiratory infection determined by clinical signs (flu-like illness with fever, cough, and sore throat) and labo-
ratory tests (increased markers of inflammation) with abnormalities in the physical examination of the respiratory 
system [22].

Abbreviations: SBP — systolic blood pressure.
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MedCalc Statistical Software version 20.2 (MedCalc 
Software Ltd, Ostend, Belgium). Quantitative 
variables are presented as mean ± standard 
deviation (SD) in normal distribution or median 
(Me) and interquartile range (IQR) in non-normal 
distribution. Qualitative variables are presented as 
frequency and percentage. Data distribution was 
verified by Kolmogorov-Smirnov and Shapiro-Wilk 
tests. Comparisons of categorical variables were 
performed by chi-squared and Fisher’s exact tests. 
Continuous variables were assessed using paired or 
unpaired Student’s t test or the Mann-Whitney U 

test. Univariate logistic regression analysis was used 
to identify associations with MACEs, generating odds 
ratios (OR) and their 95% confidence intervals (CIs). 
To assess prediction ability of continuous variables, 
receiver operating characteristic (ROC) curve analysis 
was performed with determining area under the 
curves (AUCs), their 95% CI, sensitivity, specificity 
and cut-off value for logistic regression analysis. All 
factors associated with MACEs then were entered to 
multivariate logistic regression analysis by stepwise 
method. All analyses with P values <0.05 were 
considered significant. 

Table 2. Baseline patient Characteristics 

Variables All patients T1MI T2MI P
Number of patients 161 87 74
Age, years, Me (IQR) 63 (55; 69.5) 60 (53; 68) 65 (57; 70) 0.039
Men, n (%) 102 (63.4) 61 (70.1) 41 (55.4) 0.071
ST elevation, n (%) 67 (41.6) 61 (70.1) 6 (8.1) <0.001
Hypertension, n (%) 141 (87.6) 71 (81.6) 70 (94.6) 0.016
Prior myocardial infarction, n (%) 23 (14.3) 8 (9.2) 15 (20.3) 0.069
Prior revascularization, n (%) 12 (7.5) 6 (6.9) 6 (8.1) 0.774
Chronic heart failure, n (%) 15 (9.3) 4 (4.6) 11 (14.9) 0.031
Diabetes mellitus, n (%) 23 (14.3) 10 (11.5) 13 (17.6) 0.367
Prior stroke/TIA, n (%) 12 (5.5) 7 (8.0) 5 (6.8) 1.0
Atrial fibrillation, n (%) 10 (6.2) 2 (2.3) 8 (10.8) 0.045
Chronic kidney disease, n (%) 5 (3.1) 2 (2.3) 3 (4.1) 0.662
Peripheral artery disease, n (%) 1 (0.6) 0 (0) 1 (1.4) 0.460
Chronic obstructive pulmonary disease, n (%) 20 (13.4) 10 (11.5) 10 (13.5) 0.812
Systolic BP, mm Hg, Me (IQR) 140 (120, 166.5) 130 (115, 140) 170 (145, 180) <0.001
Heart rate, bpm, Me (IQR) 80 (68, 92.5) 76 (68, 88) 85 (74, 100) 0.005
Troponin, ng/mL, Me (IQR) 0.58 (0.1; 3.91) 1.78 (0.1; 17.1) 0.26 (0.09; 1.11) <0.001
Hemoglobin, g/L, Me (IQR) 141 (129; 149.5) 143 (134; 153) 135.5 (120.7; 140) <0.001
Creatinine, µmol/L Me (IQR) 97 (86; 112) 96 (85; 108) 98 (86; 118.5) 0.317
Non-obstructive coronary artery disease, n (%) 32 (19.9) 0 (0) 32 (43.2) <0.001
Obstructive coronary artery disease, n (%) 129 (80.1) 87 (100) 42 (56.7) <0.001
1 vessel, n (%) 29 (18) 21 (24.1) 8 (10.8) 0.039
2 vessels, n (%) 30 (18.6) 18 (20.7) 12 (16.2) 0.545
3 vessels, n (%) 70 (43.5) 48 (55.2) 22 (29.7) 0.001
Percutaneous coronary intervention, n (%) 120 (74.5) 86 (98.9) 34 (45.9) <0.001
Beta-blockers, n (%) 150 (93.2) 82 (94.3) 68 (91.9) 0.756
ACEi/ARBs, n (%) 144 (89.4) 78 (89.7) 66 (89.2) 1.0
Aspirin, n (%) 147 (91.3) 87 (100) 60 (81.1) <0.001
P2Y12 inhibitors, n (%) 158 (98.1) 87 (100) 71 (95.9) 0.095
Statins, n (%) 158 (98.1) 87 (100) 71 (95.9) 0.095
Anticoagulants, n (%) 18 (11.2) 3 (3.4) 15 (20.3) 0.001
Primary cause of supply-demand imbalance
Coronary vasospasm, n (%) - - 4 (5.4) -
Anemia, n (%) - - 11 (14.9) -
Severe hypertension, n (%) - - 51 (58.9) -
Respiratory infection, n (%) - - 7 (9.5) -
Tachyarrhythmia, n (%) - - 19 (25.7) -
Bradyarrhythmia, n (%) - - 4 (5.4) -
Number of supply-demand imbalance etiologies
Single, n (%) - - 56 (75.7) -
Multiple, n (%) - - 18 (24.3) -
T1MI — type 1 myocardial infarction, T2MI — type 2 myocardial infarction, ACEi — angiotensin-converting enzyme inhibitors, ARBs — angiotensin 
II receptor blockers, BP — blood pressure, IQR — interquartile range, Me — median, TIA — transient ischemic attack
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Results

Out of 241 patients with MI who underwent 
coronary angiography, 161 were included in the 
study after strict adjudication. Among them, 87 were 
classified as T1MI and 74 as T2MI. Eighty patients were 
excluded from the study as follows: 41 — due to clinical 
criteria indicating myocardial oxygen demand and 

supply imbalance in T1MI, 39 — due to the absence of 
atherothrombosis signs on coronary angiography and 
provoking conditions for T2MI. The median age of T2MI 
patients was 65 years (males, 55.4%), while 8.1% 
had ST elevation. Patient characteristics are listed in 
Table 2. In T2MI patients, hypertension was commonly 
observed, along with prior MI and diabetes mellitus 
in one-fifth of cases. T2MI patients had lower median 

Table 3. Echocardiographic data of patients with type 1 and type 2 myocardial infarction 

Variable All patients (n=161) T1MI (n=87) T2MI (n=74) P
LV systolic function

LV EF, %, Me (IQR) 45 (40; 54) 45 (40; 48) 47.5 (40; 56) 0.032
LV EF ≥50%, n (%) 54 (33.5) 21 (24.1) 33 (44.6) 0.014
41-49%, n (%) 64 (39.8) 42 (48.3) 22 (29.7)
≤40%, n (%) 43 (26.7) 24 (27.6) 19 (25.7)
GLS, %, Me (IQR) 13.9 (11.1; 17.1) 13.9 (11.4; 17.1) 13.4 (10.1; 16.8) 0.332
Hypo-/akinesia, n (%) 100 (62.1) 66 (75.9) 34 (45.9) <0.001
Dyskinesia, n (%) 16 (9.9) 13 (14.9) 3 (4.1) 0.032

LV diastolic function
E-wave, cm/sec, Me (IQR) 70.7 (55.3; 83) 70.9 (52.8; 82) 69.3 (56.7; 83.1) 0.908
A-wave, cm/sec, Me (IQR) 74.4 (60.9; 88) 71 (61; 86) 75.2 (56.8; 89.8) 0.957
E/A ratio, Me (IQR) 0.86 (0.71; 1.29) 0.87 (0.73; 1.19) 0.86 (0.67; 1.42) 0.769
E/A ≤0,8, n (%) 71 (44.1) 39 (44.8) 32 (43.2) 0.874
E/A >0,8 и <2, n (%) 78 (48.4) 47 (54.0) 31 (41.9) 0.155
E/A ≥2, n (%) 12 (7.5) 1 (1.1) 11 (14.9) 0.001
TDI septal e’ (cm/sec), Me (IQR) 6.4 (4; 8.9) 7 (5.2; 9.5) 6.1 (4; 9) 0.005
TDI lateral e’ (cm/sec), Me (IQR) 8.7 (6; 10.9) 9 (7.7; 11) 8 (5; 10) 0.002
E/e’ average, Me (IQR) 7.75 (5.94; 11.5) 7.15 (5.64; 9.21) 8.5 (6.37; 14.5) 0.006
E/e’ average >14, n (%) 29 (18.0) 7 (8.0) 22 (29.7) <0.001
E/e’ average <10, n (%) 112 (69.6) 70 (80.5) 42 (56.8) 0.002
E/e’ average ≥10 и ≤14, n (%) 20 (12.4) 10 (11.5) 10 (13.5) 0.812
DT, msec, Me (IQR) 176 (144; 237) 155 (136; 206) 187.5 (153.5; 233) 0.037

Diastolic dysfunction grade
Normal, n (%) 32 (18.8) 10 (11.5) 18 (24.3)
Grade I, n (%) 95 (59) 66 (75.9) 32 (43.2) 0.004
Grade II, n (%) 22 (13.7) 10 (11.5) 13 (17.6) 0.774
Grade III, n (%) 12 (7.5) 1 (1.1) 11 (14.9) 0.001

LA size
LAVi, ml/m2, Me (IQR) 32.9 (24.7; 41.5) 31.9 (25; 38.5) 34.2 (24.3; 45.5) 0.244
LAVi >34 ml/m2, n (%) 78 (48.1) 37 (42.5) 41 (55.4) 0.116

RV systolic function
TR velocity, m/sec, Me (IQR) 2.26 (158; 271) 1.52 (2.22; 2.70) 2.29 (1.59; 2.72) 0.105
TR velocity >2.8 m/sec, n (%) 32 (19.9) 17 (19.5) 15 (20.3) 1.0
PASP, mm Hg, Me (IQR) 26 (16; 35) 24.5 (15.8; 33.2) 26 (16; 35) 0.623
TAPSE, mm, Me (IQR) 20.5 (17; 23) 21 (18; 23) 20 (16; 24) 0.431
TAPSE/PASP, mm Hg, Me (IQR) 0.85 (0.57; 1.3) 0.89 (0.57; 1.3) 0.81 (0.51; 1.29) 0.393
RV FAC, %, Me (IQR) 46 (33; 56) 46 (36.2; 54.4) 45 (32.1; 54.8) 0.618
S’, mm, Me (IQR) 12.9 (11; 14.9) 13 (11.4; 14.9) 12.6 (9; 15.4) 0.089
RV systolic dysfunction, n (%) 70 (43.5) 31 (35.6) 39 (52.7) 0.025
TAPSE <17 mm, n (%) 33 (20.5) 12 (13.8) 21 (28.4) 0.03
RV FAC <35%, n (%) 42 (26.1) 20 (23) 22 (29.7) 0.367
S’ velocity <9.5 cm/sec, n (%) 23 (14.3) 4 (4.6) 19 (25.7) <0.001

Valvular disease
Aortic stenosis, n (%) 10 (6.2) 1 (1.2) 9 (12.2) 0.006
Mitral stenosis, n (%) 1 (0.6) 0 (0) 1 (1.4) 0.462
T1MI — type 1 myocardial infarction, T2MI — type 2 myocardial infarction, EF — ejection fraction, FAC — fractional area change, GLS — global 
longitudinal strain, IQR — interquartile range, LAVi — left atrial volume index, LV — left ventricle, PASP — pulmonary arterial systolic pressure,  
RV — right ventricle, TAPSE — tricuspid annular plane systolic excursion, TDI — tissue doppler imaging, TR — tricuspid regurgitation
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serum troponin and hemoglobin levels compared to 
T1MI patients. Among the T2MI patients, 56.7% (42 
of 74) had obstructive coronary artery disease, and 
29.7% (22 patients) of them had three-vessel disease. 
PCI was indicated in 45.9% of T2MI patients. T2MI 
patients received evidence-based therapy, including 
beta-blockers, aspirin/clopidogrel, statins, and either 
angiotensin-converting enzyme inhibitors or angiotensin 
receptor blockers (ACEIs/ARBs) in over 90% of cases. 
The most common causes of supply-demand mismatch 
were severe hypertension (58.9% [51 of 74]), followed 
by tachyarrhythmia (32% [30 of 93]) and anemia 
(14.9% [11 of 74]).

LV systolic function
Among T2MI patients, the median LVEF was 47.5% 

(IQR: 40-56%), with 55.4% showing reduced EF (LVEF 

<50%), while the median LVEF for T1MI patients was 
45% (IQR: 40-48%), with reduced EF in 75.9% of 
cases (Table 3). The proportion of patients with LVEF 
≤40% was similar between T1MI and T2MI, accounting 
for one-fourth of each. The median GLS was 13.4% for 
type 2 MI patients and 13.9% for type 1 MI patients, 
with no significant difference observed.

LV diastolic function.
Left atrial enlargement was noted in 55.4% of 

patients with T2MI and 42.5% of patients with T1MI, 
with no significant difference between the groups. 
Diastolic dysfunction was present in 75.7% of T2MI 
patients, with 32.5% having moderate or severe 
dysfunction. Elevated LV filling pressure, defined by an 
average E/e′ ratio ≥14, was observed in 29.7% of T2MI 
patients compared to 8.0% in T1MI patients (p<0.001).

The median TR velocity was 2.29 m/s, and a velocity 
>2.8 m/s was found in 20.3% of T2MI patients (see 
Table  3). RV systolic dysfunction was more frequent 
in T2MI patients compared to T1MI patients (52.7% 
vs. 35.6%, p=0.025). Reduced RV FAC was present 
in 29.7%, and abnormal TAPSE was noted in 28.4% 
among T2MI patients.

Mitral and Aortic Valve Disease
Aortic stenosis was more frequent in T2MI patients 

compared to T1MI patients (12.2% vs 1.2%, p=0.006). 
Mitral stenosis was rare in both type 1 and type 2 MI, 
noted in only 1.4% of type 2 MI cases.

Factors associated with MACE during follow-up
There were 36 MACEs (including 3 deaths, 5 MIs, 

2 strokes, and 26 HF-related readmissions) within 12 
months, with 18 events for each MI type. Among T2MI 
patients, the echocardiographic factors associated with 
MACEs in the univariate analysis were GLS, e’, E/e’ ratio, 
PASP, TAPSE, TAPSE/PASP ratio, and E/A ratio (Table 4).

In the multivariate analysis, after adjusting for age, 
sex, and prior MI, GLS ≤9.6% (OR=17.3, 95% CI 3.0-
99.5, p=0.001) and prior MI (OR=16.6, 95% CI 1.7-
157.6, p=0.015) remained significantly associated with 
a  heightened risk of MACEs. The ROC curve analysis 
demonstrated that GLS exhibited good discrimination in 
predicting MACEs among T2MI patients (AUC=0.815, 
95% CI 0.706-0.896, p<0.0001, cut-off value =9.6%, 
sensitivity 61.1%, specificity 90.9%) (Fig. 1).

Table 4. Prognostic performance of echocardiographic parameters in patients with type 2 myocardial infarction

Variables Univariate Analysis, 
Odds ratio (95%CI)

P Multivariate Analysis,  
Odds ratio (95%CI)

P

Prior myocardial infarction 3.8 (1.1-12.8) 0.03 16.6 (1.7-157.6) 0.015
GLS ≤9.6% 15.7 (4.2-58.8) <0.001 17.3 (3.0-99.5) 0.001
e’ average ≤5 cm/sec 5.1 (1.6-16.0) 0.005 11.2 (1.0-139.5) 0.06
E/e’ average >11.59 5.5 (1.7-17.2) 0.004 1.4 (0.1-19.3) 0.822
PASP > 25 mm Hg 3.7 (1.1-12.9) 0.036 2.0 (0.2-23.9) 0.595
TAPSE/PASP ≤0.8 5.0 (1.4-17.4) 0.011 4.5 (0.4-51.5) 0.229
E/A ≥2 5.1 (1.3-19.5) 0.017 1.4 (0.1-17.0) 0.768
LV EF 0.944 (0.888-1.005) 0.069 1.019 (0.934-1.111) 0.674
CI — confidence interval, EF — ejection fraction, GLS — global longitudinal strain, LV — left ventricle, PASP — pulmonary artery systolic pressure, 
TAPSE — tricuspid annular plane systolic excursion

Figure 1. �Receiver operating characteristic curve depicting 

the performance of global longitudinal strain  

in prediction of major adverse cardiovascular events 

in patients with type 2 myocardial infarction

AUC — area under the curves, CI — confidence interval, GLS — 
global longitudinal strain
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Furthermore, when normal diastolic function was 
used as the reference, restrictive diastolic dysfunction 
grade was found to be significantly associated with an 
increased risk of MACEs in T2MI patients (OR=5.1, 
95% CI, 1.3-18.5, p=0.017) (Table 5).

Discussion

In this study, we initially performed echocardio
graphic examinations to assess the prognostic value 
in patients with T2MI. Our findings revealed that T2MI 
patients had a higher LVEF compared to T1MI patients, 
and the proportion of patients with LVEF <50% was 
lower in the T2MI group. This observation could be 
attributed to the relatively low occurrence of new 
regional wall abnormalities in T2MI patients. In contrast, 
some previous studies reported lower LVEF in patients 
with T2MI, with values around 40-45% compared to 
50% in T1MI patients [15-18]. However, another study 
showed no significant difference in LVEF between the 
two groups (LVEF of 54% for T2MI and 56% for T1MI, 
p=0.172) [18].

Using speckle-tracking echocardiography, we 
assessed global longitudinal LV systolic strain in T2MI 
patients, which was found to be 95.9% with a median 
GLS of 13.4%. GLS decrease was associated with an 
increased probability of MACEs during the 1-year 
follow-up, aligning with previously published studies 
[27-29]. This study is the first to demonstrate the clinical 
value of GLS in risk stratification among T2MI patients. 
For instance, Ersbøll et al. [29] studied 849 patients 
hospitalized with MI and LVEF >40% and found that 
GLS < 14% was associated with a  three-fold increased 
risk of all-cause mortality and re-hospitalization for 
decompensated heart failure (Hazard ratio [HR] 3.21, 
95% CI: 1.82-5.67, p <0.001) within 2.5 years 
compared to the group with GLS ≥14%. Moreover, GLS 
<14% was significantly associated with cardiovascular 
mortality (HR 12.7, 95% CI: 3.0-54.6, p<0.001).

In this study, we identified LV diastolic dysfunction 
in 75.7% of patients with T2MI and 88.1% of patients 
with T1MI, which aligns with the literature data for 
MI [30, 31]. Notably, T2MI patients showed a  higher 
occurrence of grade II and III LV diastolic dysfunction 
(32.5% vs 12.6%), leading to significant differences in 
echocardiographic parameters between T2MI and T1MI. 

This could be attributed to higher rates of E/A ratio >2 
and E/e’ ratio >14 in T2MI, characteristic of the restrictive 
LV diastolic dysfunction. Severe LV diastolic dysfunction in 
our study was associated with an increased risk of MACEs, 
consistent with previous studies [32-34]. For instance, 
Pozzoli et al. [35] demonstrated that early (3-12 weeks) 
LV diastolic dysfunction (E/A ratio >1) after MI in patients 
with EF <40% (n=107) was associated with a higher risk 
of death, heart transplantation, and re-hospitalization 
for heart failure (HR 4.1, 95% CI 1.9-9.9, p=0.0017) 
during 2 years of follow-up.

The predominance of restrictive LV diastolic dys
function in T2MI in our study could be attributed 
to markedly increased LV filling pressure, leading to 
increased left atrial pressure and eventually resulting in 
pulmonary hypertension. These findings are in the line 
with previously published data [36, 37]. Both Pozzoli et 
al. [37] and Giannuzzi et al. [36] established a  strong 
association between restrictive filling and pulmonary 
capillary wedge pressure in MI patients (r=0.83, 
p<0.001).

Limited data were available on the echocardiographic 
characteristics of patients with T2MI. López-Cuenca 
et al. [18] conducted a  study with 707 patients with 
T1MI and 117 patients with T2MI, revealing higher 
rates of aortic stenosis (24% vs. 5%, p <0.001) and 
mitral regurgitation (20% vs. 10%, p=0.001) in 
the T2MI group compared to T1MI. However, there 
were no significant differences in aortic and tricuspid 
regurgitation between the two groups. Aortic stenosis 
has been considered a clinical condition associated with 
myocardial oxygen demand and supply imbalance, 
leading to adjustments in T2MI diagnosis in some 
studies [17, 38-41]. For instance, Stein et al. [17] 
detected aortic stenosis in 10 (8%) of 127 patients with 
T2MI in their study. In a  multicenter population-based 
prospective study with 4572 MI patients admitted to the 
intensive care unit, 862 (19%) cases were diagnosed 
with T2MI, and aortic stenosis was detected in 10% of 
these patients, consistent with our findings [39].

In our study, clinical conditions such as severe 
hypertension (58.9%), tachyarrhythmia (25.7%), 
anemia (14.9%), and respiratory infection (9.5%) 
were significant contributors to T2MI. However, 
in multivariate analysis, we did not find significant 
evidence of these factors increasing the risk of MACEs 
within 12 months. The role of these factors have 

Table 5. �Association between diastolic dysfunction grade and major adverse cardiovascular events in patients with type 1 
and type 2 myocardial infarction

Diastolic dysfunction grade Type 1 myocardial infarction P Type 2 myocardial infarction P 
Odds ratio (95%CI) Odds ratio (95%CI)

I 6.9 (0.8-55.7) 0.068 2.2 (0.7-7.7) 0.1134
II 2.5 (0.3-21.6) 0.390 1.5 (0.4-5.6) 0.553

III - - 5.1 (1.3-19.5) 0.017 
CI — confidence interval
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been demonstrated in previous studies, including 
anemia [42, 43], infections [43, 44], and provoking 
conditions [45]. This lack of significance may be 
attributed to the relatively small size of the type 2 
MI cases in our study, which could have hindered to 
detect these associations. 

With expanded echocardiography in these patients, 
we have contributed new data on the assessment of LV 
and RV function, as well as the risk stratification value 
of LV GLS. Our study has opened up new possibilities for 
using echocardiography, particularly the assessment of 
LV GLS, as a predictor of major adverse outcomes within 
12 months (including death, recurrent MI, stroke, and 
HF-related rehospitalization). Additionally, our findings 
on the prevalence of restrictive LV diastolic dysfunction 
among T2MI patients and its related outcomes prompt 
further research. 

The present study had several limitations. Firstly, 
the sample size was relatively small, and patient 
enrollment was restricted to the intensive care unit, 
making it difficult to generalize the results to the entire 
T2MI population. Some T2MI patients may have been 
hospitalized in other departments with comorbidities, 
potentially affecting echocardiography results. Additio
nally, not using tagged magnetic resonance imaging as 

a reference method for evaluating GLS was a drawback. 
Furthermore, the study lacked the use of intravascular 
ultrasound or optical coherence tomography angio
graphy to detect acute atherosclerotic plaque disruption 
or atherothrombosis, which could have aided in 
establishing MI type diagnosis and potentially introduced 
patient selection bias.

Conclusions

Among patients with T2MI, there were notable 
occurrences of both LV and RV dysfunctions. Echo
cardiographic evaluations, including speckle-tracking 
echocardiography, hold promise in predicting adverse 
outcomes for these individuals. Moreover, the significant 
association between grade III LV diastolic dysfunction 
and adverse outcomes highlights the potential of 
echocardiography in guiding management strategies for 
this high-risk patient group.
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