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SUMMАRY
Aim. To study the arterial hypotension influence to the progress 

of combined inferior and right ventricle myocardial infarction. 
Material and methods. There were studied 66 patients with the 

primary inferior and right ventricle myocardial infarction. Patients 
were divided into 2 groups: 1st group – patients with inferior and 
right ventricle myocardial infarction with stable hemodynamics 
(n=34); 2nd group – patients with inferior and right ventricle 
myocardial infarction complicated by arterial hypotension in early 
period (n=32). Electrocardiography (ECG) and echocardiography 
(EchoCG) were performed in patients 1, 3, 30 days and 6 months 
after.

Results. On the 6th month of the disease, despite adequate 
conservative therapy, there was a significant increase of LV volume 
index in patients from the 2nd group, thus EDV LV was 164.2±4.2 
ml3, ESV 94.1±2.8 ml3 (p<0.028). It was positive dynamics in 
rehabilitationof systolic function of RV in two groups. Thus EDS RV 

in patients from the 2nd group was 31.4±2.0 sm3, and in patients 
from the 1st group 25.1±2.2 cm3 (p<0.05), ESS RV in 2nd group 
became 19.8±2.0 cm3, and in the 1st group 14.4±1.9 cm3 (p<0.05). 
To the 6th month of disease FIP LV in the 1st group 40.3±3.2%, in 
the 2nd group 39.4% (p<0.05 in the group). To the 6th month of 
disease in the 1st group: ACS repeated episodes were in 6 patients 
(18%), 4 patients with heart failure FC III (12%), death was in 6% 
(2 patients). In the 2nd group: ACS repeated episodes were in 10 
patients (30%) (OR 2.167; 95% CI 0.674-6.967), 7 patients with 
heart failure FC III (21%), death was in 10% (3 patients) (OR 2.2; 
95% CI 0.190-25.517).

Conclusion. The patients with transitory arterial hypotension 
at the beginning of disease, have the singes of pathological LV 
remodeling, which complicate the course of disease, but the RV 
function becomes better.
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INTRODUCTION

Acute myocardial infarction (MI) remains one of the most 
urgent problems in modern cardiology. MI is associated with 
significant prevalence and high mortality rates [1-6]. For a 
long time, the involvement of the right ventricle in the process 
of acute myocardial infarction was not taken into account. The 
main interest was represented by the left ventricle, as the main 
chamber that has a leading pumping role of the heart. Studies of 
myocardial infarction of the right ventricle (PZ) refer to the 80-
ies of the last century. In 1974 Conn first described the unique 
hemodynamic consequences of myocardial infarction of the 
right ventricle [7]. Isolated myocardial infarction of the right 
ventricle is quite rare. According to the pathoanatomical study, 
it is found in 3-5% of patients with acute myocardial infarction 
[8]. Much more often myocardial infarction of the right ventricle 
is detected in combination with transmural myocardial infarction 
of the left ventricle (LV) of the lower localization [9-14]. The 
prognosis in patients with right ventricular myocardial infarction 
is unfavorable, intrahospital lethality is 30-40% [8], while in 
isolated myocardial infarction of the left ventricle of the posterior 
inferior localization – only 6% [15]. Clinical manifestations of right 
ventricular infarction vary widely: from their complete absence to 
hemodynamically severe hypotension, up to cardiogenic shock 
[16]. According to the literature, 25 to 50% of the right ventricular 
infarcts are hemodynamically significant [17, 18]. It is known that 
the development of the myocardial infarction is accompanied by a 
violation of synchronicity of contraction of various parts of the left 
ventricle, cardiac chamber, disadaptive remodeling of the left and 
right ventricles. Changes in the structure of the ventricular wall, 
the volume and shape (geometry) of the heart chambers often 
precede the clinical manifestation of heart failure syndrome, are 
precursors of cardiac decompensation and adversely affect on the 
quality of life and survival of patients [19, 20]. 

The aim of our study was to study left ventricular remodeling, 
inter- and intraventricular asynchrony in combined myocardial 
infarction of the lower wall of the left ventricle and right ventricle, 
with transient arterial hypotension.

RESEARCH MATERIAL

Prospectively, within 6 months, 66 patients with primary 
myocardial infarction of the lower wall of the left ventricle and 
right ventricle were examined. All patients included in the study 
were male and comparable in age and risk factors for coronary 
heart disease (table 1).

Acute myocardial infarction of the lower wall of the left ventricle 
and right ventricle was diagnosed in accordance with generally 
accepted criteria of the European Society of Cardiology (EOK). The 
presence of arterial hypotension was diagnosed with a decrease in 
systolic blood pressure lasting up to 30 minutes within 80-90 mm 
Hg, in the absence of clinical signs of hypoperfusion.

Criteria for inclusion in the study:
• Acute myocardial infarction of the lower wall of the left ventricle 

and right ventricle;
• Informed consent to participate in the study
Criteria for exclusion from the study:
• Cardiogenic shock;
• Patients with postinfarction cardiosclerosis, ischemic 

cardiopathy;
• Patients with previous chronic heart failure;
• Hypertrophy of the left atrium, left ventricle, right atrium, right 

ventricle;
• Blockade of the left leg of the bundle of Gies
• Blockade of the right leg of the bundle of Gies
• Accompanying severe diseases of the liver, kidneys, diabetes 

mellitus
• Congenital or acquired heart defects
• Atrioventricular blockades of I, II, III degrees, chronic.
Depending on the presence of arterial hypotension patients 

were divided into two groups. Patients with myocardial infarction 
of the left ventricular and right ventricular base without arterial 
hypotension (n=32) were included in group 1, and patients with 
myocardial infarction of the left ventricular and right ventricular 
of lower walls, complicated by arterial hypotension, were 
included in the 2nd group (n=34). Groups of patients by age and 
accompanying pathology were comparable.

Treatment. All patients received thrombolytic therapy 
(streptokinase 1.5 million IV drip for 30 minutes at the prehospital 
stage), acetylsalicylic acid (250 mg once in the prehospital stage, 
then 100 mg per day), clopidogrel (the first dose is 300 mg, then 
75 mg in day), heparin (7.5 thousand units 2 times a day – 5 days), 
bisoprolol (initial dose 1.25 mg/day, then up to 2.5 mg/day), statins 
(atorvastatin 80 mg/day ), enalapril (up to 20 mg/day). Patients of the 
second group, if necessary, received sympathomimetics (dopamine 
2-20 µg/kg/min intravenously), after stabilization of hemodynamics, 
they also got beta-blockers and inhibitor angiotensin converting 
enzyme, under the control of hemodynamics.

METHODS OF RESEARCH

ECG was recorded in 12 standard leads, as well as in RV3-RV4.
Echocardiography. The following parameters were analyzed: 

anteroposterior size of the left atrium (LA, cm) in diastole; end-
diastolic size of the left ventricle (LVEDD, cm); the final systolic 
size of the left ventricle (LVESD, cm); end-diastolic volume of 
the left ventricle (LVEDV, ml3); end-systolic volume of the left 
ventricle (LVESV, ml3); ejection fraction of the left ventricle (LVEF, 
%) (according to Simpson using bi-plane mode); end-diastolic 
area of the right ventricle (RVEDA, cm2); the end-systolic area of 
the right ventricle (RVESA, cm2); area change fraction of the right 
ventricular area (RVFAC, %), calculated by the formula: RVEDA 
– RVESA / RVEDA x 100%; TAPSE (excursion of the tricuspid 
ring, mm). Patients of both groups had hypokinesis of the basal 
lower subordinate, basal lower, middle lower subpermoral, middle 
lower, apical lower segments of the left ventricle; anterior, lateral 
and lower free walls of the right ventricle (RV). 

Left ventricular remodeling was evaluated by calculating 
geometric parameters: systolic sphericity index (SSI), calculated 

Table 1. Characteristics of patients included in the study

Indicators 1st group (n=34) 2nd group (n=32)

Age, years 55,32±6,69 55,29±2,21

Systolic blood 
pressure, mmHg 105,16±8,2 90,35±7,52*

Diastolic blood 
pressure, mmHg 67,26±8,03 58,71±6,7*

Height, cm 170,84±4,02 172,14±6,28

Body weight, kg 77,79±5,23 79,43±6,39

Total cholesterol, 
mmol/l 4,82±0,42 4,80±0,49

Note: * - p <0.001 reliability of differences between compared 
groups, blood pressure
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according to the formula: SSI = LVESD / Hs, where Hs is the height 
of the left ventricle in systole; diastolic sphericity index (DSI), 
calculated according to the formula: DSI = LVEDD / Hd, where 
Hd is the height of the left ventricle in diastole; myocardial stress 
diastolic (MSD, units), calculated according to the formula: MSD = 
0.334 x arterial pressure diastolic x LVEDD / thickness of posterior 
wall of left ventricle in diastole (LVPWTd) x (1+(LVPWTd / 
LVEDD)); the relative wall thickness of the interventricular septum 
(RWT IVS, cm), calculated by the formula: RWT IVS = 2 x WT IVSD 
/ LVEDD; relative thickness of the left ventricular posterior wall 
(RTPWLV, cm), calculated by the formula: RTPWLV = 2 x LVPWTd 
/ LVEDD; the relative thickness of the walls of the left ventricle 
(2H/D) according to A. Canauetal (1992): 2H/D = (LVPWTd + WT 
IVSD) / LVEDD.

In order to differentiate the normal and pseudonormal types of 
transmittal blood flow, a Valsalva test was used. As a result, there 
was a decrease in venous return to the heart, which translated the 
pseudo-normal type of transmittal blood flow into a type of delayed 
relaxation (the ratio E/A ˃1 before the sample is transformed at 
the height of the Valsalva test in E/A ˂1).

Definition of global intraventricular asynchrony (GVA) and 
interventricular asynchrony (IVA) (Fabian Knebel, Rona Katharine 
Reibis et al., 2004). Global intraventricular asynchrony (GVA) was 
assessed in the M-modal mode as the time difference between 
the maximal contraction of interventricular septum и posterior 
wall of left ventricle in diastole. Interventricular asynchrony was 
calculated in the Doppler mode as the difference between the pre-
injection intervals between the aortic flow (from Q on the ECG to 
the onset of the aortic flow) and pulmonary flow (from Q on the 

ECG to the onset of the pulmonary flow). 
The test with 6-minute walking was conducted with the aim 

of objectifying the functional status of the patient with chronic 
heart failure, and also for assessing the physical tolerance and 
effectiveness of the therapy. 

Statistical analysis of the results was carried out using the 
SPSS program. Intergroup variables were analyzed using the 
Independent-Samples T-test (Kolmogorov-Smirnov test) to 
determine the reliability of the differences. Intragroup variables were 
exposed to the Paired-Samples T-test to determine the reliability 
of the differences. The data are presented in the form of a normal 
distribution of the arithmetic mean and standard deviation. The level 
of statistical significance was assumed to be p <0.05.

RESULTS AND DISCUSSION

Analysis of the results of ECHO on the 3rd day of the disease 
showed that patients with combined myocardial infarction with 
unstable hemodynamics showed more pronounced signs of 
systolic dysfunction of both left ventricle and right ventricle, the 
data are presented in table 2. Thus, end-diastolic volume of left 
ventricle (LVEDV) end-systolic volume of left ventricle (LVESV) 
were more in patients of 2nd group than in patients of 1st group. 
(р˂0,0001).The size of the right ventricle in patients of the 
2nd group significantly exceeded the parameters of 1st group 
(р˂0,05), which was accompanied by a lower level of fraction area 
change of right ventricle in patients of the 2nd group (р˂0,05), 
this fact was confirmed by TAPSE indicator in patients of the 2nd 
group (p˂0.05).

Note: *р ˂0,05; ** р ˂0,001; *** р ˂0,0001 compared with the same value in the opposite group.

LA – left atrium; LVEDD – end-diastolic size of the left ventricle; LVESD – end systolic size of the left ventricle; LVEDV – end-diastolic volume of 
the left ventricle; LVESV – end-systolic volume of the left ventricle; LVEF – left ventricular ejection fraction; RVEDA – end-diastolic area of the 
right ventricle; RVESA – end-systolic area of the right ventricle; RVFAC – fraction area change of the right ventricle; TAPSE (ETR) – excursion of 
the tricuspid ring; IVS – interventricular septum; LVPWD – Left ventricular posterior wall diastole; DSI – diastolic sphericity index; SSI – systolic 
sphericity index; 2H/D – the relative wall thickness of the left ventricle; MSD – myocardial stress diastolic; RWT IVS – the relative thickness 
of the interventricular septum; RTPWLV – the relative thickness of the posterior wall of the left ventricle; EDP – end-diastolic pressure; IVA – 
interventricular asynchrony; GVA – global intraventricular asynchron; Еlv – the maximum rate of early filling of the left ventricle; Аlv – maximum 
late filling rate of the left ventricle; Е/Аlv – ratio of maximum rates of early and late filling of the left ventricle; DTlv – the deceleration time of early 
left ventricular filling; Еrv – maximal speed of early filling of the right ventricle; Аrv – maximum rate of late filling of the right ventricle; Е/А – ratio 
of maximum rates of early and late filling of the right ventricle; ЕТrv – ejection time from the right ventricle to the pulmonary artery

Table 2. Indices of systolic function of LV and RV in patients with MI on day 3 of the disease

Parameter 1 group (n=34) 2 group (n=32)

LA, сm 3,22±0,18 3,23±0,11 

LVEDD, сm 5,1±0,29 5,9±0,23* 

LVESD, сm 3,5±0,16 4,1±0,19* 

LVEDV, ml3 134,8±3,0 152,5±2,27***

LVESV, ml3 68,3±4,3 79,73±4,02***

LVEF, % 49,3±2,6 47,7±2,24 

RVEDA, сm2 29,21±1,6 33,44±1,32* 

RVESA, сm2 18,6±1,2 23,1±1,6* 

RVFAC, % 36,3±2,1 30,8±1,6* 

TAPSE (ETR), mm 15,2±1,6 10,1±1,7* 

IVS, cm 0,97±0,03 0,97±0,03 

LVPWD, сm 0,88±0,03 0,89±0,03 

DSI, units 0,51±0,02 0,59±0,02** 

SSI, units 0,50±0,02 0,51±0,03 

2H/D, units 0,36±0,02 0,31±0,02 

MSD, units 187,2±12,5 210,3±14,2*

RWT IVS, cm 0,29±0,02 0,33±0,02**

RTPWLV, cm 0,29±0,02 0,32±0,01*** 

EDP, mm Hg 14,12±0,45 18,25±0,5*** 

IVA, ms 37,4±4,2 46,1±3.7***

GVA, ms 98,55±12,4 142,6±12,4* 

Еlv, cm/s 52,6±2,4 44,5±2,8* 

Аlv, cm/s 61,3±2,2 68,2±2,4* 

Е/Аlv, units 0,85±0,03 0,65±0,03*** 

DTlv, ms 215,4±9,2 223,86±7,6

Еrv, cm/s 41,2±3,2 37,79±3,1 

Аrv, сm/s 60,1±3,4 62,9±4,01 

Е/А, units 0,68±0,04 0,60±0,04 

ЕТrv, ms 284,3±3,1 299,5±3,2* 
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In the dynamics, on the 30th day from the onset of the disease, 
a significant increase in the left ventricular end-systolic volume 
in patients of the 2nd group was found and was 86.5±3.8 ml3, 
versus 76.4±4.2 ml3, (p˂0.035 ). End-diastolic LV volume 
(LVEDV) in patients of the 2nd group did not actually change. 
There was a marked decrease in LVEF in patients of both groups: 
LVEF in patients of the 1st group was 46,4±2,7%, in patients of 
the 2nd group – 44,6±2,64% (р˂0,0001 in the dynamics within 
the group). By the 6th month of the disease, despite adequate 
conservative therapy, there was a significant increase in the 
volume of left ventricular parameters in patients of 2nd group, so 
LVEDV became 164.2±4.2 ml3, LVESV – 94.1±2.8 ml3 (p˂0.028). 
The positive dynamics in restoration of RV systolic function in 
patients of both groups was traced. For example, RVEDA in the 
patients of the 2nd group was 31.4±2.0 cm², while in the patients 
of the 1st group it was 25.1±2.2 cm² (р ˂0.05), RVESA in the 
patients of the 2nd group – 19.8±2,0 cm², in patients of the 1st 
group – 14,4±1,9 cm² (р˂0,05). By the 6th month of the disease, 
fractional area change of the right ventricle (RVFAC) in patients 
of the 1st  group was 40.3±3.2%, in patients of the 2nd group – 
39.4% (p˂0.05 within the group). 

On day 3 of the disease, a significant increase in diastolic 
spherical index was registered in patients of the 22nd group 
(p˂0.007). In patients with MI with unstable hemodynamics on 
day 30 of the disease, an increase in the diastolic and SSI was 
noted. So the DSI in patients of the 2nd group was 0.61±0.02 
compared to 0.57±0.02 in patients of the 1st group (р˂0.05). At 
6 months from the onset of the disease in patients of the 2nd 
group, signs of disadaptive remodeling with an increase DSI 
and SSI were observed: DSI – 0.68±0.03 units (р˂0.038), SSI – 
0.59±0.02 units (р˂0.038). The differences between the groups 
for the thickness of IVS and LVPW were not observed. The LVEDP 
is significantly higher in patients of 2nd group on day 3 of the 
onset of MI (p˂0.0001). 

It is known that acute myocardial infarction is the most severe 
manifestation of coronary heart disease. The defeat of a large 
area of the heart muscle and the "expansion" of the scar leads to 
a regional mechanical heterogeneity. As a result, asynchronous 
movement between the damaged and intact parts of the left 
ventricular wall arises and increases. Recently, great importance 
in the development and progression of heart failure has been 
attributed to cardiac asynchronism, which is an independent 
predictor of the development of heart failure. It is shown that in 
40% of patients with myocardial infarction, especially in case 
of conduction disorders, coordination of the reduction of the 
walls of the left ventricle is disturbed already in the first days. 
Asynchronous reduction is observed, cardiac efficiency as a pump 
worsens, heart failure develops and / or progresses [21-29]. 

As the results showed, a significant increase in both global 
intraventricular asynchrony (GVA) and interventricular asynchrony 
(IVA) was recorded in 2nd group in patients on day 3. So IVA 
in patients of the 1 group 37.4±4.2 ms versus 46.1±3.7 ms in 

patients of the 2nd group (p˂0.0001), GVA in patients of the 
1st group 98.55±12.4 ms versus 142, 6±12,4ms (р˂0,015), the 
data is in Figure 1. By 30 days from the onset of the disease, 
an increase in GVA was recorded in patients of both groups, but 
to a greater extent in patients of the 2nd group (p˂0.05). By the 
6-month period of the disease there was an increase in IVA and 
GVA in patients of the 2nd group, which is reflected in Figures 1 
and 2.We analyzed the types of transmittal Doppler flow and their 
occurrence in patients with MI. Patients in 1st group in 6 months 
of the disease had a more pronounced diastolic LV dysfunction in 
31% of cases in the form of a restrictive and pseudo normal type 
of diastolic function, with diastolic left ventricle normalization in 
20%, and in 49% of patients – relaxation disturbances persisted. 
In patients in the 2nd group in the 6th month of the disease, an 
unfavorable type of left ventricular diastolic dysfunction (restrictive 
and pseudonormal) was recorded in 44% of cases, and in the 
remaining 56% of the patients there were signs of disturbance of 
the relaxation (Fig. 3).

Patients with MI were followed up for 6 months. We evaluated the 
frequency of development of lethal outcomes, repeated episodes of 
acute coronary syndrome, repeated hospitalization, heart failure. On 
the 30th day of the disease one death was observed in patients of 
the 2 nd group, which was 3.7%; repeated cases of acute coronary 
syndrome in patients of the 1st group – one case (3.4%), in patients 
of the 2nd group – six (22.2%) (p <0.02) (OR 8, 95% CI 0.894-
71.598). Clinical signs of heart failure were noted in nine patients of 
the 2 nd group (33.3%), in two patients of the 1st group (6.8%) (OR 
6.75, 95% CI 1.304-34.943) (p<0.01). 

By the 6th month of the disease in patients of the 1st group: 
repeated episodes of acute coronary syndrome – In 6 patients 
(18%), cardiac insufficiency of FC III in 4 people (12%), lethal 
outcomes – 2 people (6%). In patients of the 2nd group: repeated 
episodes of ACS – 10 people (30%) (OR 2.167, 95% CI 0.674-
6.967), cardiac insufficiency of the FC III – 7 people (21%), lethal 
outcomes – 3 people 10%) (OR 2.2, 95% CI 0.190-25.517).

Figure 1. Dynamics of the severity of IVA, ms for 6 months in 
patients with MI, * p <0.05

Figure 2. Dynamics of the severity of GVA, ms for 6 months in 
patients with MI, * p <0.05

Figure 3. Diastolic function of the LV in patients with MI at 6th 
months of the disease
Note: NT is a normal type of diastolic function, RD is a relaxation 
disorder, RT is a restrictive type of diastolic function, PT is a 
pseudonormal type of diastolic function.
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1 st group

2 nd group

1 st group
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DISCUSSION

In our study, in an acute period of combined MI, violations of 
systolic and diastolic functions of both ventricles were revealed, 
more pronounced in patients with arterial hypotension. In the 
dynamics, there was an improvement in the systolic and diastolic 
functions of the right ventricle in both groups of patients studied on 
the background of aggravation of left ventricular dysfunction, more 
pronounced in group 2. Patients with transient arterial hypotension 
undergo pathological remodeling of the left ventricle. Clinically, 
the group with arterial hypotension also has a complicated course 
of the disease. The data obtained by us correspond to the studies 
of Klein and Garg and others [30-32], reporting a severe clinical 
course of MI of the LV in combination with MI of the RV. Clinical 
manifestations of RVI vary widely: from their complete absence 
to hemodynamically severe hypotension, up to cardiogenic shock 
[16]. Thus, arterial hypotension in patients with MI of the lower 
wall of the LV and RV is a manifestation not only of RV dysfunction, 
but also of the LV. In addition, in dynamics, the function of the 
right ventricle improves both in patients with arterial hypotension, 
and without it. This fact is also reflected in the study of Bowers 
and others, reporting restoration of right ventricular function after 
reaching reperfusion [7]. Based on the results of other studies, 
the majority of patients with acute right ventricular myocardial 
infarction experience an early improvement in hemodynamics, 
and then a recovery of the right ventricle, even in the absence 
of reperfusion of the infarction-related artery [32-34]. Further 
prognosis depends on left ventricular ischemia [35-37]. Thus, 
the complicated clinical course of the disease is associated with 
increasing left ventricular dysfunction in patients with combined 
myocardial infarction with arterial hypotension.

CONCLUSIONS

1. Patients with combined MI with arterial hypotension in the 
onset of the disease were characterized by more pronounced signs 
of pathological remodeling, diastolic LV dysfunction, inter- and 
intraventricular asynchrony, with the above changes progressing 
over time (by the 6th month of the disease). 

2. By the 6th month of the disease, improvement of the RV 
functions occurred not only in patients of 1st group, but also in 
patients of 2nd group (with arterial hypotension). 

3. Within 6 months there was a more severe clinical course in 
patients with unstable hemodynamics at the onset of the disease. 
Thus, in patients of the 1st group: repeated episodes of acute 
coronary syndrome – in 6 patients (18%), cardiac insufficiency of 
the FC III – in 4 people (12%), lethal outcomes – 2 people (6%). 
In patients of the 2nd group: repeated episodes of acute coronary 
syndrome – 10 people (30%) (OR 2.167, 95% CI 0.674-6.967), 
heart failure of FC III – 7 people (21%), deaths – 3 people 10%) 
(OR 2.2, 95% CI 0.190-25.517). 

A conflict of interests. All the authors declare no potential 
conflict of interest requiring disclosure in this article.
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