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Aim To compare long-term effects of different phenotypes of myocardial microvascular damage on left 
ventricular (LV) contractility by echocardiography (EchoCG) data in patients with primary ST 
segment elevation myocardial infarction (STEMI).

Material and methods This study included 60 patients with primary STEMI. On the 2nd day after acute coronary complication, 
paramagnetic contrast-enhanced magnetic resonance imaging (MRI) was performed for all patients. 
Hemorrhagic suffusion of the myocardium (HSM) was visualized as areas of low signal intensity on the 
background of the myocardium with a high T2-weighed signal intensity. Microvascular obstruction 
(MVO) was determined as an area with low signal intensity during the late phase of contrasting in an 
inversion recovery sequence. Then a standard EchoCG protocol was used for all patients on day 7 and 
at 3 months after myocardial infarction (MI).

Results According to data of contrast-enhanced MRI, patients with primary MI had various phenotypes 
of  myocardial microvascular injury, including the absence of injury (n=19), isolated MVO (n=10), 
isolated HSM (n=9), and a combination of MVO and HSM (n=22). The presence of MVO+HSM 
combination was associated with impaired LV contractility and dilation of heart chambers. Isolated МVО 
was also associated with a lower LV ejection fraction (EF) compared to patients without microvascular 
myocardial injury. Isolated HSM did not affect the LV contractility in the late postinfarction period. 
The size of MVO expressed in per cent of LV size predicted a decrease in LV EF both in the early and 
the late postinfarction period.

Conclusion The combination of MVO and HSM in primary STEMI directly correlates with the impairment 
of LV contractility at 3 months after the event. Isolated MVO was also associated with a lower LV EF 
in contrast to patients without microvascular myocardial injury; furthermore, the size of MVO directly 
correlated with the decrease in LV contractility. In isolated HSM, LV structure and function values 
were in the normal range in the late postinfarction period.
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Introduction
The treatment of patients with myocardial infarction 

(MI) is one of the best studied problems in cardiology. 
The available treatment algorithms have improved quality 
of life and prognosis for patients after MI, as well as 
significantly reducing mortality. Given this background, 
a natural question arises concerning the extent of further 
potential to limit necrosis size and improve myocardial 
function in patients during and after MI.

Despite the effectiveness of current coronary 
reperfusion techniques (primary percutaneous coronary 
intervention (PCI) and pharmacoinvasive management) 

in restoring blood flow in the epicardial artery, the 
efficacy of the procedure is significantly reduced by a 
lack of microvascular perfusion. Recent improvements 
in cardiovascular imaging technology raised the problem 
of myocardial microvascular damage in patients with ST-
segment elevation MI (STEMI), showing that it is both 
underdiagnosed and heterogeneous [1]. Numerous 
studies have showed that more than 50 % of patients with 
STEMI had myocardial microvascular damage following 
primary PCI [2, 3], which is known to be based on 
microvascular obstruction (MVO) and myocardial 
bleedinging [4, 5].
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MVO, also known as the no-reflow phenomenon, 

is the best-studied form of myocardial microvascular 
damage. According to a meta-analysis, MVO, as shown 
by magnetic resonance imaging (MRI), was detected in 
40–80 % of patients with STEMI following the successful 
revascularization of an infarct-related coronary arte-
ry. The presence of MVO, which is associated with ma-
la daptive postinfarction remodeling, is a predictor of 
cardiovascular events regardless of reducing left ventri-
cular (LV) function [6].

There has recently been a growing interest in 
the phenomenon of myocardial bleeding, which is 
reported in major studies in 40 % of STEMI patients 
following mechanical reperfusion. The prognostic role 
of myocardial bleeding has been studied extensively. 
According to a prevailing opinion, myocardial bleeding 
is associated with the more severe microvascular 
dysfunction involving a larger volume of myocardial 
damage and poorer prognosis than in MVO [3, 5]. 
Carrick et al. [7] demonstrated that the myocardial 
bleeding is a robust independent predictor of adverse LV 
remodeling. The majority of studies show that myocardial 
bleeding is found only in patients with MVOs. However, 
several trials identified a few patients who developed an 
isolated myocardial bleeding phenomenon [8, 9]. Due to 
the heterogeneity of microvascular myocardial damage 
associated with isolated MVOs or myocardial bleeding 
and their combination, the question of their impact on 
the structural and functional changes occurring in the 
myocardium in the later postinfarction period appears to 
be of relevance.

Objective
Compare the long-term effects of myocardial micro-

vascular damage of different phenotypes on the LV wall 
motion as estimated by echocardiogram in patients with 
primary STEMI.

Material and methods
From March 2018 to February 2019, 60 patients with 

primary STEMI admitted to the Institute of Cardiology 
of the Tomsk National Research Medical Center 
within 12 hours following onset were successively 
included in the study. All patients were subjected to 
emergency reperfusions of the infarct-related coronary 
artery. Coronary reperfusion was carried out using two 
methods: primary PCI (n=21) and pharmacoinvasive 
reperfusion (n=39). Reperfusion methods were 
selected before hospitalization following the ESC 
Clinical Practice Guidelines for STEMI patients [10]. 
Exclusion criteria comprised patient’s refusal, recurrent 
MI, history of coronary revascularization, unstable 

hemodynamics (Killip III–IV), acute mental disorders, 
severe comorbidities, and contraindication for heart 
MRI. All patients signed the informed consent prior 
to being included in the study. The study protocol was 
approved by the Ethics Committee of the Research 
Institute of Cardiology. The study has been registered 
with ClinicalTrials.gov under the identification number 
NCT03677466.

All subjects underwent heart MRI with paramagnetic 
enhancement performed on a Toshiba Vantage Titan 
1.5 T scanner on the second day following acute 
coronary complication. MRI was performed using 
the basic Cardiac cardiological software suite to 
view the myocardium with the ECG and respiration 
synchronization. A gadolinium chelating agent was 
used for contrast enhancement. The heart MRI 
protocol included standard impulse sequences (dark 
blood TSE T2 weighted sequence, fat suppression 
T1 weighted sequence) in a short-axis two-chamber 
view; dynamic sequences (bright blood GRE-SSFP) 
in short-axis two-chamber-, as well as long-axis two-
chamber- and four-chamber views; MRI with delayed 
enhancement in 8–15 minutes after the intravenous 
administration of a contrast enhancement agent (GRE 
IR with selectable inversion time, TSE T1) in short-
axis two-chamber-, as well as long-axis two-chamber- 
and four-chamber views.

MI was evaluated by the following criteria: focal 
increase in T2 weighted signal intensity, inversion 
recovery delayed contrast enhancement, and accumu-
la tion of a contrast-enhancement medium in the 
myocardial segments corresponding to the coronary 
sys tems. Myocardial bleeding was visualized as a low-
intensity area against the myocardium with the increase 
in T2 weighted signal intensity. MVO was defined as a 
low-intensity area in a delayed contrast enhancement 
inversion recovery.

An echocardiogram was performed in a Vivid E9 
ultrasound system (GE Healthcare, USA) in two-
dimensional mode using the standard procedure from 
the parasternal (short ventricular axis at the levels of 
the mitral annulus, papillary muscles, and top) and 
apical views (in two-chamber and four-chamber views 
and the LV long axis) using an M5S matrix sensor (1.5–
4.6 MHz). Standard echocardiography was performed 
on day 7 following MI and within 90±10 days. the 
echocardiography protocol was based on the guidelines 
of the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. LV 
end-systolic volume (LVESV), end-diastolic (LVEDV), 
and ejection fraction (LVEF) were calculated from the 
apical two-chamber- and four-chamber views usi  ng 
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Simpson’s method. When LVESV and LVEDV increa-
sed by 20 % or more in 3 months after acute MI, LV 
remodeling was assessed as unfavorable.

The statistical analysis of findings was carried out 
using the Statistica 10.0 suite. The results are presented as 
the median and interquartile range (Me [25th percentile; 
75th percentile]). The statistical significance of the 
differences between independent quantitative variables 
was assessed using the Mann–Whitney U-test. The 
significance of diffe rences in multiple comparisons was 
determined using the Kruskal-Wallis test. The statistical 
significance of differences between qualitative variables 
was evaluated using Pearson’s χ2 test and the Fisher test. 
The correlations between the signs of interest were 
evaluated using Spearman’s correlation coefficient. 
The relevance of the various factors was assessed using 
logistic regressions. The prognostic value of the logis-

tic analysis for a reduction of LV wall motion was 
estimated by the area under the ROC curve (AUC). 
The intergroup differences were statistically significant 
at p<0.05.

Results
According to the contrast-enhanced cardiac MRI, 41 

(68.3 %) patients had myocardial microvascular damage. 
Patients were divided into four groups depending on a 
phenotype of myocardial microvascular damage: Group 
1 included 19 (31.7 %) patients in whom myocardial 
microvascular damage was absent; Group 2 was formed 
by 10 (16.7 %) patients exhibiting isolated MVO pheno-
mena; Group 3 included 9 (15 %) patients with isolated 
myocardial bleeding phenomena; Group 4 comprised 
22 (36.6 %) patients with a combination of MVO and 
myocardial bleeding.

Table 1. Clinical and anamnestic characteristics of patients included  
in the study depending on phenotype of myocardial microvascular damage

Parameter

Group I  
(n=19;  

no myocardial 
microvascular  

damage)

Group 2  
(n=10;  
isolated  
MVO)

Group 3  
(n=9;  

isolated 
myocardial 
bleeding)

Group 4  
(n=22; 

a combination 
of MVO 

and myocardial 
bleeding)

Age, years 59 [49; 66] 63 [59; 67] 65 [62; 69] 62 [55; 65]
Sex, M / F 15 / 4 8 / 2 6 / 3 17 / 5
BMI, kg / m2 26 [24; 30] 34.6 [27.3; 36.3] 25.01 [21.5; 29.05] 28.23 [26.7; 31]
GRACE, % 2 [1; 3] 3 [1; 5] 4 [2; 5.5] 2 [1; 4]
Pain-to-reperfusion time, min 130 [91; 160] 205 [140; 227] 113 [100; 179] 193 [95; 400]
Reperfusion methods (pharmacoinvasive 
management / primary PCI) 14 / 5 7 / 3 5 / 4 10 / 12

Localization of MI, n (%)
• Anterior 
• Inferior

 
10 [52.6] 
9 [47.4]

 
4 [40] 
6 [60]

 
4 [44.4] 
5 [55.6]

 
16 [72.7] 
6 [27.3]

Hypertensive heart disease, n (%) 18 [94.7] 8 [80] 8 [88.9] 20 [90.9]
Diabetes mellitus, n (%) 2 [10.5] 2 [20] 2 [22.2] 7 [31.8]
Obesity, n (%) 6 [31.6] 6 [60] 9 [100] 7 [26.3]
Dyslipidemia, n (%) 18 [94.7] 9 [90] 9 [100] 21 [95.5]
Smoking 16 [84.2] 5 [50] 7 [77.8] 15 [68.2]
CPK-MB, U / L 60 [25; 77] 121 [92; 166]* 59 [30.1; 219] 138 [68; 389]†

Troponin I, ng / mL 4.66 [2.2; 34.7] 25.5 [15.2; 87.8]* 20.9 [18; 42.2] 46.5 [14.3; 96.8]†

Killip, n (%)
• I 
• II

 
15 [78.9] 
4 [21.1]

 
7 [70] 
3 [30]

 
8 [88.9] 
1 [11.1]

 
16 [72.7] 
6 [27.3]

TIMI flow ≤1 before PCI, n (%) 1 [5.5] 3 [30] 2 [22.2] 8 [36.4]
TIMI flow 3 after PCI, n (%) 18 [94.7] 9 [90] 9 [100] 17 [77.3]
One-/two-/three-vessel disease, n 3 / 7 / 9 5 / 3 / 2 0 / 4 / 5 4 / 10 / 8
No-reflow according to CAG after PCI, n (%) – – – 3 [13.6]
Volume of the damaged tissue according to MRI, % 10 [8; 18] 17.3 [12; 30] 23.2 [9; 25] 24.8 [17.5; 35]†

The data are presented as the median and interquartile range (Me [25th percentile; 75th percentile]) or the absolute number and percentage 
(n (%)). The differences are statistically significant (p<0.05) † between the group of combined MVO and myocardial bleeding and the group 
without myocardial microvascular damage; * between the group with isolated MVO and the group without myocardial microvascular damage. 
MVO – microvascular obstruction; BMI – body mass index; PCI – percutaneous coronary intervention; MI – myocardial infarction;  
CPK – creatine phosphokinase; CAG – coronary angiography; MRI – magnetic resonance imaging.
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Clinical and anamnestic characteristics of patients 

depending on the microvascular damage phenotype 
have been previously described in detail (Table 1) [9].

Since three patients were lost to follow-up by 
visit in the three months following index coronary 
complication, echocardiogram was carried out in the 
remaining 57 patients. LV structural and functional 
parameters as assessed by echocardiogram depending on 
myocardial microvascular damage phenotype in the late 
postinfarction period are described in Table 2. Regardless 
of the presence of microvascular lesions, the integrated 
echocardiogram indicators did not significantly differ 
from the normal levels. This can be explained by the 
exclusion of severe patients from the study and all 
examined patients having undergone reperfusion therapy 
early after the onset of the disease [11].

Comparative analysis of volumetric echocardio-
graphic indicators three months following MI revea led 
statistically significant differences in the MVO / myo-
cardial bleeding combination group and patients 
without myocardial microvascular damages. Patients 
with a combination of MVO and myocardial bleeding 
had the most severe LV dilatation: LVESI (29.3 [26; 
40.9] mL / m2 versus 17.7 [14.4; 24.6] mL / m2; p=0.001) 
(Figure 1) and LVEDI (68.1 [60.3; 76.3] mL / m2 
versus 61.2 [45.6; 70.7] mL / m2; p=0.08). LVESI was 
significantly higher in the group of patients with isolated 
MVO than in patients without myocardial microvascular 
damage: 26.9 [21.5; 40.2] mL / m2 versus 17.7 [14.4; 
24.6] mL / m2 (p=0.04), respectively. Comparable LV 
volumes in the group of patients with isolated myocardial 
bleeding and those without myocardial microvascular 

Table 2. Echocardiographic indicators three months after primary STEMI depending on microvascular damage in primary STEMI

Parameter All patients  
(n=57)

No myocardial  
microvascular  

damage (n=18)

Isolated MVO  
(n=10)

Isolated 
myocardial 

bleeding  
(n=9)

Combination 
of myocardial 
bleeding and 
MVO (n=20)

LVEDD, mm
baseline 48 [45; 51] 46 [45; 50] 50 [46; 53] 49 [46.5; 50.5] 48 [44; 51]
in 90 days 50 [46; 53] 47 [41; 51] 51.5 [48; 55] 47 [43; 50] 51 [46.5; 54]
Δ% in 90 days 2.12 [–3.1; 8.3] 0 [–6.6; 2.1] 0.9 [–0.5; 13.3] 1.04 [–3.5; 4.7] 2.2 [0; 13.3]
LVESD, mm
baseline 31 [30; 34] 31.5 [30; 36] 31.5 [30; 39] 30 [28; 31.5] 32 [30; 34]
in 90 days 33 [31; 36] 32.5 [23; 36] 31 [29; 39] 30 [27; 33]§§ 35 [32; 43]††

Δ% in 90 days 3.2 [–2.8; 13.4] 0 [–11.1; 3.1] –1.2 [–4.6; 3.7] 3.5 [–6; 12.3] 9.3 [3.2; 27.5]
LVEDV, mL
baseline 100 [88; 120] 95 [81; 109] 104.5 [85; 124] 99 [88.5; 105] 105 [92; 124]
in 90 days 118.5 [99; 140] 114 [93; 126] 129 [113; 144] 101.5 [87; 115]§§ 124 [109; 144]
Δ% in 90 days 8.8 [–1.73; 36.6] 0 [–5.3; 22.5] 11.1 [–0.2; 39.6] 4.08 [–8.7; 13.6] 26.2 [1.2; 42.6]
LVESV, mL
baseline 42 [35; 53] 35.5 [30; 44] 40 [36; 60] 33.5 [31; 45]§ 53 [43; 61]†

in 90 days 50 [37.5; 60] 34 [31; 41] 58 [44.5; 85.5]* 43 [28; 50]§§ 55 [50; 76]††

Δ% in 90 days 8.5 [–11.4; 37.5] 0 [–26.6; 25.5] 28.7 [0.8; 103] 5.8 [–9.1; 23.7] 4.25 [–5.4; 45.6]
LVEDI , mL/m2

baseline 53 [45.9; 58.1] 49.9 [43.5; 54.7] 53.9 [45.3; 65.7] 51.5 [45.05; 56.8] 54.3 [50; 64.9]
in 90 days 64.9 [54; 75] 61.2 [45.6; 70.7] 67 [57.4; 87.6] 54.9 [46.2; 66.7]§§ 68.1 [60.3; 76.3]
Δ% in 90 days 20.23 [0.34; 46.2] 15.1 [–10.2; 38.6] 25.5 [5.5; 45.5] 6.2 [–7.4; 17] 43.2 [2.9; 63.9]
LVESI , mL/m2

baseline 22.2 [18.6; 27.9] 18.9 [16.1; 22.7] 19.9 [18.6; 29.8] 19.1 [15.7; 24.1]§ 27.9 [24; 33.4]†

in 90 days 26.2 [19.6; 32.9] 17.7 [14.4; 24.6] 26.9 [21.5; 40.2]* 23.9 [14.2; 28.2]§§ 29.3 [26; 40.9]††

Δ% in 90 days 10.8 [–10.7; 47.3] 1.21 [–26.7; 46.9] 29.6 [2.1; 45.2] 7.4 [–8.7; 28.6] 8.2 [–6.2; 57.7]
LVEF, %
baseline 58 [51; 65] 64 [60; 68] 56 [51; 61]* 62.1 [58; 66]§ 49 [47; 56]†

in 90 days 59 [51; 66] 65 [62; 70] 55 [54; 66] 61.5 [54; 71]§§ 51 [46; 59]††

Δ% in 90 days 1.83 [–7.9; 14.7] 7.5 [0; 15] 0.94 [–7.4; 5.5] 2.3 [–7.1; 4.7] 1.9 [–4.6; 21.6]
Differences are statistically significant (p<0.05) between the group without myocardial microvascular damage and † the group of baseline 
myocardial bleeding with MVO, ††  the group of myocardial bleeding with MVO in 90 days, * the group of isolated MVO; between the group 
of the combination of myocardial bleeding with MVO and § the group of baseline isolated myocardial bleeding; §§ the group of isolated 
myocardial bleeding in 90 days. MVO – microvascular obstruction; LVEDD – left ventricular end-diastolic dimension; LVESD – left ventricular 
end-systolic dimension; LVESV – left ventricular end-systolic volume; LVEDV – left ventricular end-diastolic volume; LVEDI – left ventricular 
end-diastolic index; LVESI – left ventricular end-systolic index; LVEF – left ventricular ejection fraction.
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damage were significantly lower than in the group of 
patients having a combination of MVO and myocardial 
bleeding, in particular, LVESI was lower (23.9 [14.2; 
28 2] mL / m2 versus 29.3 [26; 40.9] mL / m2; p=0.01) 
(Table 2).

Changes in LV volumes in the early and late 
postinfarction periods are presented depending on 
myocardial microvascular damage phenotypes in Table 
2. The analysis of changes in LVESV and LVEDV of all 
included patients detected adverse LV remodeling in 19 
(33.3 %) patients. The study of the correlation between 
the development of adverse myocardial remodeling and 
different phenotypes of microvascular damage showed 
that 8 (42.1 %) patients had a combination of myocardial 
microvascular damage phenomena, 5 (26.3 %) patients 
had isolated MVO, 2 (10.5 %) patients had isolated 
myocardial bleeding, and 4 (21.1 %) patients had no 
myocardial microvascular damage. Despite the fact that 
the most widespread adverse LV remodeling occurred 
in patients with a combination of MVO and myocardial 
bleeding, the correlation between these processes was 
not statistically significant.

Figure 2 shows LVEF on day 7 after MI day and 3 
months following the index coronary complication. 
It can be seen that LV wall motion improved in all 
groups regardless of myocardial microvascular damage 
phenotype. However, LV wall motion was significantly 

lower in patients with a combination of MVO and 
myocardial bleeding than in patients with isolated 
microvascular myocardial damages or without any 
damages: 51 [46; 59] % versus 55 [54; 66] and 61.5 % 
[54; 71] % in isolated MVO and myocardial bleeding, 
respectively. 

The combination of myocardial bleeding and MVO 
was found to be an independent predictor of wall motion 
depression according to the logistic regression analysis 
in the late postinfarction period (odds ratio (OR) 0.92; 
95 % confidence interval (CI) 1.5–18.87 (p=0.01)). 
Isolated myocardial bleeding had no effect on LVEF 
(OR 1.08; 95 % CI 0.99–1.18, p=0.07). According to 
the comparative analysis, isolated MVO was statistically 
significantly correlated with decreased LVEF. However, 
the logistic regression analysis did not show such 
correlations.

MVO percentage of LV area was 1 [0.9; 3] %. This 
did not significantly vary depending on the phenotype: 
1 [0.8; 3] % in isolated MVO and 1.5 [0.7; 6.3] % in 
the combination of MVO and myocardial bleeding. 
However, there was a trend to greater MVO when it 
was combined with myocardial bleeding. Myocardial 
bleeding area percentage was comparable to MVO and 
equal to 1 [1; 3] %. There was no difference in the area of 
myocardial bleeding whether isolated or combined with 
MVO: 1 [0.7; 1.4] and 1 [0.6; 2.2] %, respectively.
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Figure 1. Comparison of the echocardiographic 
LVESI in 90 ± 10 days after acute MI depending 
on myocardial microvascular damage phenotype

LVESI – left ventricular end-systolic index;  
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The effects of MVO and myocardial bleeding areas 
on the LV wall motion were assessed in the late post-
infarction period. Correlation analysis showed moderate 
inverse correlation between the area of myocardial 
bleeding and LVEF (R=–0.43; p=0.0007), as well as 
correlation between area of MVO and LVEF (R=–
0.60; p=0.000002). According to the logistic regression 
analysis, MVO area was significantly correlated with 
decreased LV wall motion both in early (OR 1.6; 95 % 
CI 0.3–2.28; p <0.05) and late postinfarction periods 
(OR 1.6; 95 % CI 0.3–2.28; p<0.05). The ROC analysis 
showed that the MVO area is predictive of decreased 
LVEF with 91 % sensitivity and 67 % specificity (Figu-
re 3).

Discussion
In the Russian literature, there are single publications 

on the heterogeneity of myocardial microvascular 
damage in MI as shown by contrast-enhanced cardiac 
MRI [9, 12]. In previous publications, we provided 
a detailed description of the clinical and laboratory 
characteristics of patients having different phenotypes 
of myocardial microvascular damage and presented a 
comprehensive assessment of the LV wall motion in 
the early postinfarction period in cases of myocardial 
bleeding [13]. Thus, the present work is a continuation 
of an investigation into the prognostic role of different 
phenotypes of myocardial microvascular damage in 
patients with STEMI.

According to the results of this study, a combination 
of myocardial bleeding and MVO makes the most 
significant contribution to LV wall motion depression 
and subsequent adverse LV remodeling. There also 
data in the literature on the combination of myocardial 
bleeding and MVO correlating with the most unfavorable 
long-term prognosis in patients with STEMI. Mather 
et al. [14] demonstrated that LV dilation three months 
following index coronary complication in patients 
experiencing a combination of myocardial bleeding and 
MVO was mainly due to LVEDV and involved no LV 
wall motion improvements.

A less pronounced decrease in LVEF and LV dilation 
during the late postifarction period was caused by iso 
lated MVO. Here, our findings are consistent with the 
available published works. For example, Carrick et al. 
[7] reported that isolated MVO in STEMI was rarer than 
its combination with myocardial bleeding (32 and 101 
patients, respectively). The authors demonstrated the 
more significant effect of a combination of MVO and 
myocardial bleeding on wall motion and LV dimensions 
than that of isolated MVO. Reinstadler et al. [8] also 
described a trend towards a higher incidence of adverse 
outcomes in patients experiencing a combination of 
MVO and myocardial bleeding as compared to patients 
with an isolated form of MVO.

The phenomenon of isolated myocardial bleeding is 
among the least studied areas. Myocardial bleeding has 
been previously associated with the presence of MVO, 
which can be explained by the development of RBC 
extravasation in the myocardium being due to more 
severe microvascular damage [5]. However, Reinstadler 
et al. [8] showed that 2 % of patients had isolated 
myocardial bleeding. In our study, this phenotype of 
myocardial microvascular damage was detected in 15 % 
of cases. In a previous work, we demonstrated that 
isolated myocardial bleeding has no significant effect on 
the structural and functional changes in LV myocardium 
in the early postinfarction period. [13] In this work, LV 
wall motion and dimensions three months following 
index coronary complication were estimated for the 
first time in patients with isolated myocardial bleeding. 
The phenotype of isolated myocardial bleeding in the 
early and late postinfarction period does not depress 
LV wall motion or cause cardiac cavity dilatation. 
Conversely, LV structural and functional indicators in 
isolated myocardial bleeding in the late post-infarction 
period were comparable to those in patients without 
microvascular myocardial damage.

Quantification of MVO and myocardial bleeding 
demonstrated that, despite a small damaged surface, 
myocardial bleeding and MVO areas are correlated 
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Figure 3. ROC-analysis of the correlation between 
MVO area and LVEF as measured by echocardiography 
three months following acute MI (AUC = 0.82)

LVEF – left ventricular ejection fraction;  
MVO – microvascular obstruction; MI – myocardial infarction. 
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with decreased LV wall motion. The especially good 
prognostic value of MVO area makes it possible 
to predict a decrease in LVEF high sensitivity and 
specificity according to ROC-curve analysis.

On the basis of the foregoing, it may be stated that the 
assessment of microvasculature taking into account the 
presence / absence of myocardial microvascular damage 
after removing an epicardial coronary obstruction is 
one of the most promising directions in developing 
a personalized approach to patients with myocardial 
infarction.

Thus, myocardial microvascular damage after 
coronary reperfusion (MVO, especially in combination 
with myocardial bleeding) comprises an important 
pathogenic factor in the postinfarction decrease in 
LVEF and cardiac remodeling. In future, this may serve 
as an additional marker for early adverse outcome risk 
stratification and the selection of the best possible 
treatment strategy taking into account the risk of 
thrombotic and hemorrhagic complications. The study 
of myocardial microvascular damages suggests that 
their potential impact on postinfarction remodeling 
is not exhausted. Since there are no mechanisms for 
preventing myocardial microvascular damage, more than 
50 % of patients with STEMI have a worse prognosis 
due to the lack of adequate myocardial perfusion 
and the development of excessive and / or long-term 
inflammatory response in the infarcted myocardium, 
which leads to severe structural changes with reduced 
wall motion [15, 16].

Conclusions
1. The combination of microvascular obstruction with 

myocardial bleeding in patients with primary ST-segment 
elevation myocardial infarction three months following 
the index event is directly correlated with an increase in 
left ventricular volumes and a decrease in wall motion. 
This combination can also serve as a prognostic factor for 
adverse left ventricular remodeling.

2. Unlike in patients without myocardial microvascular 
damage, isolated microvascular obstruction is also 
associated with reduced left ventricular ejection 
fraction. The area of microvascular obstruction 
directly correlates with left ventricular function 
depression.

3. Structural and functional parameters of the left 
ventricle in isolated myocardial bleeding in the long-
term postinfarction period are within the normal 
range and comparable with parameters in patients 
without microvascular myocardial damage.
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