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Evaluation of right and left ventricular 
function in patients with ischemic heart disease 
complicated by mitral insufficiency

Aim	 To evaluate the right and left ventricular function and their interaction in patients with ischemic heart 
disease (IHD) complicated with mitral valve insufficiency (MVI) according to data of echocardiography 
(EchoCG) with the strain in gray scale, vector and diagram analyses.

Material and methods	 The study included 118 patients evaluated with EchoCG at the preoperative stage of treatment; 
71  of  these patients had ischemic MVI (group 1) and 47 patients had uncomplicated IHD (group 
2 or comparison group). Mean age of patients was 64±10 years. All patients underwent a surgery in an 
appropriate volume for myocardial revascularization supplemented with mitral valve plasty or rep­
lacement in patients with MVI. Standard EchoCG parameters and data obtained by postprocessing the 
EchoCG gray-scale images using the strain in gray scale, vector and diagram analyses were evaluated.

Results	 In patients with complicated IHD, both global and local left ventricular (LV) systolic function and 
the right ventricular (RV) fractional area change (FAC) were significantly decreased. At the same 
time, there were no significant differences in the tricuspid annular plane systolic excursion (TAPSE) 
measured in M-mode and in the tricuspid annular systolic wave velocity (VSta), which also characterize 
the RV systolic function. The global longitudinal strain, the velocities of LV volume change and RV area 
change, and the long axis change velocity were informative for the right and left chambers, whereas the 
velocities of LV volume and RV area changes better detected RV disorders. The Pearson’s correlation 
analysis used to identify the most significant parameters of interventricular interaction showed the 
presence of a strong inverse correlation, in the group of MVI patients, between the RV FAC and the 
degree of LV diastolic dysfunction (Е / e’) – r= –0,62; p=0.000, as well аs the degree of MVI (vena 
contracta) – r= –0.58; p=0.001. In the comparison group of IHD patients without MVI, the correlation 
of RV FAC with E / e’ was absent (r=0.28; p=0.192). The volume change velocity (dVol / dt) moderately 
correlated with the RV end-systolic and end-diastolic area in IHD patients but not in IHD patients 
with MVI. The RV area change velocity (dS / dt) evaluated during systole and diastole moderately 
significantly correlated with the LV end-diastolic volume.

Conclusion	 Additional overload of left heart chambers in ischemic MVI is a factor that influences the development 
of the systemic and pulmonary circuit disorders. Recording and evaluation of global longitudinal 
strain, LV volume change velocity, and long axis change velocity with simultaneous recording of the 
segmental myocardial displacement velocity serve as highly informative criteria for disorders of LV 
and RV function. The vector analysis allows quantitative estimation of the local segmental myocardial 
function. Decreased velocities of the free RV wall segmental displacements during systole and diastole 
are characteristic of systolic and diastolic dysfunction in patients with IHD complicated with mitral 
regurgitation.
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Introduction
In developed economies, coronary artery disease 

(CAD) has long been a major cause of mortality. In the 
Russian Federation, cardiovascular diseases now play a 
leading role in all-cause mortality trends. According to 
the 2017 Russian Demographic Yearbook, cardiovascular 

deaths amounted to more than 50 % of all-cause mortality 
[1]. In the same year, more than 6.5 million people in the 
Russian Federation had CAD, which was newly diagnosed 
in more than 1 million people [2]. Ischemic mitral valve 
insufficiency (MVI) develops in 20–25 % of patients 
following acute myocardial infarction (MI) and in more 
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than 50 % of patients with MI related heart failure (HF) 
[3, 4].

Patients with chronic MVI had more severe 
manifestations of HF and a less favorable prognosis than 
patients with uncomplicated CAD [5, 6].

Right ventricular (RV) dysfunction contributes 
substantially to the development of HF, both independently 
and in combination with left ventricular (LV) dysfunction. 
Moreover, isolated RV dysfunction has a less favorable 
prognosis than isolated LV dysfunction [7, 8]. Thus, early 
diagnosis of RV dysfunction becomes even more clinically 
relevant.

Objective
To evaluate RV and LV functions and their interaction in 

patients with CAD complicated by mitral valve dysfunction 
(MVI) using echocardiography with gray-scale strain 
imaging, vector and diagram analysis.

Material and Methods
The study included 118 patients with CAD, of whom 71 

patients were 41 to 85 years old with CAD and a history of 
Q-wave MI later complicated by MVI (Group 1), while 47 
patients were 45 to 83 years old with uncomplicated CAD 
(Group 2 or comparison group).

The study was approved by the ethics committee 
of the B. V. Petrovsky Russian Research Centre of Surgery 
(RRCS). All patients signed the informed consent to 
take part in the study, processing of the personal data 
and treatment results for further use in the prospective 
analysis.

Inclusion criteria were the following: CAD complicated 
by a history of Q-wave MI followed by moderate and severe 
MVI; CAD, uncomplicated course with hemodynamically 
significant involvement of two or more coronary arteries; 
satisfactory echolocation of the LV and RV myocardium; 
adequate frame rate in a dynamic range of ultrasound 
images (at least 50 frames per second).

Exclusion criteria were: connective tissue dysplasia 
(leaflet myxomatous degeneration, mitral valve (MV) 
prolapse, rupture of the anterior and / or posterior MV 
chordae); MC infective endocarditis; rheumatism; conco
mitant aortic valve defect; permanent and persistent atrial 
fibrillation, frequent ventricular and atrial premature beats 
and / or conduction disorders; MVI related with dilated 
cardiomyopathy due to mitral annulus ectasia; MVI 
associated with abnormal systolic motion of the anterior 
MV leaflet in hypertrophic cardiomyopathy.

The frequency of degenerative changes (mild leaflet 
thickening, fibrosis, small calcifications) in MV were nearly 
the same in both groups: 55 (78 %) patients in Group 1 and 
35 (75 %) patients in Group 2.

The characteristics of the included patients are detailed 
in Table 1.

Selective coronary angiography showed that almost 50 % 
of patients in both groups had multivessel CAD (46.8 % 
and 44.7 %, respectively). More than 50 % involvement of 
the left coronary artery was also detected in both groups 
(38.2 % and 52.5 %, respectively). The right coronary artery 
(RCA) was involved in 100 % of cases in patients with MVI. 
Q-wave MI affecting the LV posterior wall was diagnosed in 
66.3 % of cases, while 43.7 % of patients had Q-wave MI of 
the LV inferior wall.

Arterial hypertension was diagnosed in 23 (32.4 %) 
patients in Group 1 and 40 (85.1 %) patients in Group 2.

Patients with uncomplicated CAD underwent various 
myocardial revascularization procedures. Myocardial 
revascularization was combined in patients with MVI with 
the reconstruction or replacement of MV; preservation 
methods were used in 63 % of patients.

All patients underwent comprehensive transthoracic 
echocardiography prior to surgery under the protocol 
approved at the center and developed following the current 
guidelines of the Russian Society of Cardiology (RSC), 
the American Society of echocardiography (ASE) and the 
European Association of Cardiovascular Imaging (EACVI).

Echocardiography was performed using an expert-
class Vivid-E9 (GE) device following a standard 
technique with simultaneous recording of one standard 
electrocardiographic (ECG) lead. The examination was 
conducted in gray-scale M-mode and two-dimensional 
mode using constant-wave, pulse-wave and color Doppler 
modes. The functional state of the heart was assessed by 
measuring the chamber geometry and the key indicators 

Table 1. Characteristics of the included patients

Parameter CAD with MVI (n=71) CAD (n=47)
Demographics
Age, years, M (SD) 64 (9) 62 (9)
Male, n (%) 53 (75) 40 (85)
Female, n (%) 18 (25) 7 (15)

CHF FC (NYHA), n (%)
I – 6 (13)
II – 27 (57)
III 40 (56) 14 (30)
IV 31 (44) –

Mitral valve insufficiency grade, n (%)
1 – 39 (83)
2 18 (25) 8 (17)
3 44 (62) -
4 9 (13) –
CAD – coronary artery disease;  
MVI – mitral valve insufficiency;  
FC – functional class; CHF – chronic heart failure.
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of central hemodynamics: volumetric measures of the 
heart chambers, parameters of the blood flow velocity and 
pressure in the pulmonary circulation. Left ventricular 
end-systolic volume (LVESV) and end-diastolic volume 
(LVEDV), as well as left ventricular ejection fraction 
(LVEF), were obtained using the method of disks 
(modified Simpson’s rule); LV contractility was assessed 
by calculating the LV local contractility index (LCI). The 
degree of MVI was assessed by several echocardiographic 
parameters, including the radius of the proximal isovelocity 
surface area (PISA), vena contracta, volume, and fraction 
of regurgitation [9]. LV diastolic function was estimated 
following the 2016 ASE / EACVI Guideline for the 
Evaluation of Left Ventricular Diastolic Function by 
Echocardiography [10].

Left atrial volume (LAV) was measured from the apical 
four-chamber and two-chamber views at the ventricular 
end-systole. Right atrial volume (RAV) was measured from 
the apical four-chamber view at the ventricular end-systole.

Some geometric indicators were indexed to the body 
surface area (BSA) following the Russian guidelines 
for measurement of the heart chambers and taking into 
consideration the anthropometric differences within the 
sample.

Right ventricular fractional area change (RVFAC) was 
measured from the apical four-chamber view. RVFAC was 
calculated by measuring RV end-systolic are (RVESA) 
and end-diastolic area (RVEDA), for which the RV 
endocardium was mapped from the edge of the fibrous 
tricuspid annulus, along the RV free wall endocardium, 
to the apex, and back to the fibrous annulus along the 
interventricular septal (IVS) endocardium, both at end-
systole and end-diastole. Moreover, tricuspid annular 
plane systolic excursion (TAPSE) was obtained in the 
M-mode, while the fibrous tricuspid annulus systolic 
wave velocity (FTA Vs) was determined in pulsed wave 
tissue Doppler mode to assess the systolic function of 
the RV.

RV diastolic function was estimated by the peak early 
(E) and late (A) RV filling velocities when studying the TV 
flow in the pulsed wave Doppler mode; the movement of 
the fibrous tricuspid annulus (peak early diastole E’) was 
evaluated using the tissue Doppler mode [11]. The mean 
pulmonary artery pressure (mPAP) was determined by 
the systolic pulmonary artery flow times in the continuous 
wave Doppler mode (Kitabatake).

Static and dynamic images of the three cardiac cycles 
were stored in the Echopac 7 (GE) workstation. LV and 
RV strain was assessed using gray-scale strain imaging. 
Grayscale RV and LV cineloops were stored in the DICOM 
file format and exported to the database on a personal 
computer to be analyzed in a software program developed 

by the RRCS Department of Instrumental and Radiation 
Diagnosis [12, 13].

The four-chamber apical view was used for the processing 
and analysis, which allowed both ventricles to be visualized 
and analyzed simultaneously. The program allows 
simultaneously processing LV and RV findings and obtaining 
data on cardiac performance at one cardiac cycle. Thus, 
the following images were obtained in a semi-automatic 
interactive mode after ventricular endocardium mapping: 
IVS, LV lateral wall and RV free wall myocardial displacement 
velocity (Figure 1). LV was divided into 6 segments (3 lateral 
wall segments and 3 IVS segments), while RV was divided 
into 4 segments (2 free wall segments and 2 IVS segments).

Following vector analysis (one cardiac cycle), the following 
generalizing diagrams were constructed: flow-volume for LV 
that linked the volume and rate of volume change over time; 
flow-area for RV that linked area and area change over time, 
which allowed assessing the global ventricular function. The 
following parameters were calculated automatically using 
the flow-volume diagram: LVESV and LVEDV; LV volume 
change rate (dVol / dt) in systole (s) and diastole (d); LV long 
axis change rate (dLA / dt) in systole (s) and diastole (d); sum 
of normal LV myocardial displacement velocities, sum of Vn 
in systole (s) and diastole (d). The following parameters were 
derived from the flow-area diagram: RVESA; RVEDA; rate of 
RV area change (dS / dt) in systole (s) and diastole (d); rate of 
RV long axis change (dLA / dt) in systole (s) and diastole (d); 
sum of normal RV flow velocities; sum of Vn in systole (s) and 
diastole (d).

The flow-volume diagrams for LV and the flow-area 
diagrams are fully consistent with the phase structure of the 
cardiac cycle (Figure 2).

Since vector analysis allows local contractility to be 
quantified, the diagram method can be used to estimate 
global systolic and diastolic functions of RV and LV.

Statistical processing of the data obtained was perfor
med in Statistica 10.0 using commonly used statistical 
methods and the determination of the main quantitative 
characteristics: mean and standard deviation (M±SD), the 
median and interquartile range (Me [25th percentile; 75th 

percentile]). Normally distributed quantitative traits were 
compared using Student’s t-test, while Kruskal  – Wallis 
analysis of variance was used in the non-normal distribution. 
After performing correlation analysis, the bivariate Pearson 
correlation coefficients (r) were calculated to show the 
correlations between the characteristics of interest and 
the observation data. The differences were statistically 
significant with p value less than 0.05.

Results
Analysis of the key hemodynamic and echocardiographic 

parameters (Table 2) showed that patients with complicated 
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CAD had statistically significantly lower systolic and diastolic 
blood pressure (BP). As confirmed by reduced LVEF and 
increased LCI, the global decrease in local LV systolic function 
was statistically significant in such patients. Hemodynamically 
significant volume overload of the left heart ventricle in MVI is 
an additional factor for increased LV and RV volumes. LV and 
RV volumes, including those indexed to BSA, were statistically 
significantly higher in the group of patients with CAD 

complicated with MVI. Increased LA volume and elevated 
LA pressure are the direct result of chronic MVI. Increased 
LA pressure leads to pulmonary hypertension (PH) gradually 
and indirectly via the pulmonary circulation. 

Our patients with MVI had statistically significantly 
increased mPAP. PH developing in the decreased LV 
systolic function and secondary MVI increases RV afterload, 
contributing to its dysfunction of varying severity.

A – LV flow-volume diagram: horizontal axis – LV volume in milliliters, vertical axis – velocity in milliliters per second; 
B – RV flow-area diagram: horizontal velocity – RV area in square centimeters; vertical axis – velocity 
in square centimeters per second. LVESV, left ventricular end-systolic volume.

Figure 2. Left ventricular flow-volume diagram and flow-area diagram in uncomplicated coronary artery disease 

The colors of the vectors in Figure 1, A corresponds to the colors of the curves in Figure 1, B and Figure 1, C; the red vertical 
marker (B, C, D) corresponds to the phase of isovolumic contraction; the white vertical line on the diagrams (B, C) indicates 
a phase of the cardiac cycle according to the electrocardiogram (D). The other explanations are provided in the text.
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While patients with MVI have statistically significantly 

reduced RVFAC, no statistically significant differences 
have been recorded between TAPSE and FTA Vs that also 
describe the systolic RV function. Thus, it is a relevant and 
important task to search for new indicators for diagnosing 
and predicting RV dysfunction.

Pearson’s correlation analysis, which used to find the 
most significant parameters of interventricular interaction, 
showed that there was a strong two-way correlation of 
RVFAC with the degree of LV diastolic dysfunction 
(E / e’) (r=–0.62; p=0.000) and the degree of MVI (vena 
contracta) (r=–0.58; p=0.001) CAD in patients with MVI. 
There was no correlation between RVFAC and E / e’ in the 
comparison group of CAD patients without MVI (r=0.28; 
p=0.192).

A comparison of LV and RV diastolic dysfunction in the 
study samples is presented in Table 3.

Patients with uncomplicated CAD had mainly LV 
diastolic dysfunction type 1, while patients with MVI had 
mainly type 2. Although RV diastolic dysfunction type 1 
prevailed in almost the same percentage of cases in both 
groups, severe diastolic dysfunction of both ventricles was 
observed only in 3 % of patients with complicated CAD.

The results of gray-scale two-dimensional strain 
imaging used to obtain new parameters for diagnosing RV 
dysfunction and selecting additional precise assessment 
methods for interventricular interaction are presented in 
Table 4 along with vector and diagram analyses. The novel 
methods for assessing systolic and diastolic ventricular 
function detected a statistically significant deterioration 
in several parameters characterizing LV and RV in patients 
with complicated CAD. Global longitudinal strain, LV 
volume and RV area change rates, and long axis change 
rate were informative for the left and right heart ventricles; 
the segment displacement velocities detected RV 
abnormalities more accurately.

The operational diagrams resulting from the post-
processing of two-dimensional echocardiographic images 
of RV clearly show the identified differences between the 
patient groups (Figure 3).

The most significant change in the curve in diastole 
(flattening, peak smoothing) observed in one patient with 
MVI (Figure 3, A) reflects diastolic RV dysfunction; here, 
the curve in the systole is sharper and deeper than that 
obtained in a patient with CAD (Figure 3, B), which may 
be indicative the presence of severe TV regurgitation and 
RV volume overload in complicated CAD. Thus, patients 
with CAD and MVI have both RV systolic and diastolic 
dysfunction.

Vector analysis can be used to quantify the local 
function of RV segments per cardiac cycle. The diagram 
of the RV displacement velocities (Figure 4) clearly shows 

a severe decrease in the displacement velocities of the RV 
free wall segments in systole and diastole, as well as the 
mismatch of the displacement velocity peaks in systole and 
the absence of two peaks in diastole. This is indicative of 
the RV systolic and diastolic dysfunction in patients with 
CAD and MVI compared to those with uncomplicated 
CAD.

The evaluation of the interventricular interaction using 
new parameters of myocardial function and correlation 
analysis revealed the patterns shown in Table 5. Here, 
the left (GSmean) and right (LStotal) ventricular strain 
parameters were not statistically significantly correlated 

Table 2. Basic hemodynamic  
and echocardiographic parameters 
in patients with CAD complicated by MVI 
compared to patients with uncomplicated CAD

Parameter CAD with 
MVI (n=71)

CAD  
(n=47) p

Hemodynamic parameters

HR, bpm 71±14 66±9 0.173

SBP, mm Hg 112±17 136±19 <0.0001

DBP, mm Hg 71±9 80±11 0.0006

Left heart

LVEDV, mL 144±37 88±19 <0.0001

LVEDVI, mL/m2 75±17 44±8 <0.0001

LVESV, mL 80±31 32±9 <0.0001

LVEF, % 46±10 63±4 <0.0001

LCI 1.7±0.4 1.0±0 <0.0001

LA volume, mL 85±24 67±15 0.002

LAVI, mL/m2 45±14 34±7 0.001

Right heart

RVEDA, cm2 20±7 17±4 0.089

RVEDAI, cm2/m2 10±3 9±1 0.047

RVESA, cm2 13±6 11±2 0.034

RVESAI, cm2/m2 7±2 5±1 0.012

TAPSE, mm 19±4 21±2 0.137

FTA Vs, cm/s 15±2 14±2 0.327

RVFAC 35±9 40±6 0.015

RAV, mL 50±20 43±12 0.181

RAVI, mL/m2 27±12 22±6 0.120

mPAP, mm Hg 30±12 14±4 <0.0001

The data are presented as the mean and standard deviation (M±SD); 
MVI – mitral valve insufficiency; HR – heart rate; SBP – systolic 
blood pressure; DBP – diastolic blood pressure; LVEDV – left 
ventricular end-diastolic volume; LVESV – left ventricular end-
systolic volume; LVEF – left ventricular ejection fraction;  
LCI – local contractility index; LAV – left atrial volume;  
RVEDA – right ventricular end-diastolic area; RVESA – right 
ventricular end systolic area; TAPSE – tricuspid annular plane 
systolic excursion; FTA Vs – fibrous tricuspid annulus systolic wave 
velocity; RVFAC – right ventricular fractional area change;  
RAV – right atrial volume; mPAP – mean pulmonary artery pressure.
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with the geometric and functional parameters of the 
opposite ventricles.

The integral index of LV systolic and diastolic func
tions calculated as volume change rate (dVol / dt) was 
moderately correlated with the RV end-systolic and end-
diastolic areas in patients with CAD and MVI; such 
correlation was absent in the comparison group. There 
was statistically significant moderate correlation between 
RV area change rate (dS / dt) in systole and diastole and 
LVEDV in both study groups. These encouraging findings 
underline the importance of finding new parameters of 
ventricular interaction using new methods of assessing 
myocardial function.

Discussion
Evaluating the RV function is of the utmost diagnostic 

importance. A number of researchers have used 
echocardiographic evaluation of the strain to figure out the 
extent of RV myocardial involvement in a particular disease. 
According to Hutyra et al. [14], it is reasonable to use RV 
longitudinal strain (LSfr) along with data on hemodynamic 
instability and ECG when assessing RV myocardial scarring 
following acute inferior ST segment elevation MI and 
subsequent stenting of infarct-related RCA. The authors 
distinguished three groups of patients depending on the 
RV LSfr values: Group 1 – normal strain (RV LSfr < –20 %); 
Group 2  – hibernating myocardium (baseline RV LSfr > 

–20 %, on day 5 after stenting RV LSfr < –20 %); Group 3 – 
RV scarring (RV LSfr remains > –20 %). RV LSfr > –15.8 % 
showed the sensitivity of 92 % and specificity of 83 % in 
predicting RV scarring (AUC=0.93). The presence of 
myocardial scarring was verified by gadolinium-enhanced 
magnetic resonance imaging conducted one month after 
implanting a bare-metal stent. The authors also point out 
in this paper that RV LSfr is superior to TAPSE and TVI in 
detecting RV scarring. This is consistent with our findings: 
TAPSE and TVI (FTA Vs) did not reveal differences 

between the study groups. The indicators of RV myocardial 
strain presented by Hutyra et al. [14] agree with our results. 
RV LSv was less than –20 % ( – 21.8±3.5 %) in the group of 
patients with uncomplicated CAD; the strain significantly 
decreased to –15.9±6.5 % in the group of patients with 
CAD complicated with MVI. This is confirmed by the 
vector analysis conducted to estimate the function of the 
RV segments. Here, the severe decrease in the contraction 
velocities of the RV free lateral wall segments in systole and 

Table 4. Vector analysis, diagram method,  
and strain rates in patients with uncomplicated 
and complicated CAD

Parameter CAD with MVI  
(n=71) CAD (n=47) р

Left ventricle

GS4k –11.6±3.6 –17.2±2.2 <0.0001

GS2k –11.5±3.7 –17.1±2.0 <0.0001

GS mean –11.5±3.5 –17.2±1.9 <0.0001

dVol/dt (s), cm3/s 250±65 191±36 <0.0001

dVol/dt (d), cm3/s 263±80 183±28 <0.0001

dLA/dt (s), mm/s 46±14 55±11 0.016

dLA/dt (d), mm/s 48±14 55±10 0.035

Sum Vn (s), mm/s 18.2±4.9 18.7±3.3 0.616

Sum Vn (d), mm/s 19.3±6.8 18.2±3.4 0.466

Right atrium

RVLSfr –15.9±6.5 –21.8±3.5 0.0001

RVLStot –15.4±4.4 –18.6±2.3 0.002

dS/dt (s), cm2/s 26±10 32±11 0.045

dS/dt (d), cm2/s 27±13 32±8 0.112

dLA/dt (s), mm/s 71±25 79±19 0.212

dLA/dt (d), mm/s 72±27 73±24 0.872

Sum Vn (s), mm/s 8.7±5.2 14.1±5.7 0.0003

Sum Vn (d), mm/s 8.3±5.9 15.5±6.9 <0.0001

V1 (s), mm/s 30.0 [19.2; 36.7] 31.9 [22.4; 39.8] 0.191

V2 (s), mm/s 20.8 [13.7; 26.2] 24.8 [20.2; 25.4] 0.043

V3 (s), mm/s 20.4 [14.6; 26.3] 27.9 [24.0; 31.0] 0.003

V4 (s), mm/s 19.0 [14.8; 26.7] 27.3 [21.3; 32.2] 0.007

V1 (d), mm/s 27.4 [18.3; 34.5] 34.4 [25.2; 40.6] 0.034

V2 (d), mm/s 17.6 [11.3; 25.0] 28.8 [23.4; 29.5] <0.0001

V3 (d), mm/s 18.3 [14.0; 27.3] 28.1 [23.6; 30.6] 0.004

V4 (d), mm/s 18.5 [12.3; 27.5] 30.7 [26.5; 33.4] <0.0001

Normally distributed quantitative data are presented as M ± SD;  
other data are expressed as Me [25th percentile; 75th percentile].  
CAD – coronary artery disease; MVI – mitral valve insufficiency.

Table 3. Diastolic function of the left and right ventricles

Parameter CAD with MVI  
(n=71)

CAD  
(n=47)

Left ventricle, n (%)
Normal function – –
Dysfunction type 1 30 (42) 41 (87)
Dysfunction type 2 39 (55) 6 (13)
Dysfunction type 3 2 (3) –

Right ventricle, n (%)
Normal function – 2 (4)
Dysfunction type 1 40 (56) 29 (62)
Dysfunction type 2 29 (41) 16 (34)
Dysfunction type 3 2 (3) –
CAD – coronary artery disease; MVI – mitral valve insufficiency.
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diastole, dyssynchronous contraction of the segments in 
systole and absence of two peaks in diastole is indicative 
of the RV systolic and diastolic dysfunction in patients 
with CAD and MVI. This can be a sign of the pathological 
involvement of a certain segment of the RV myocardium 
and the formation of foci of fibrosis in complicated CAD, 
which is manifested later by the abnormal mechanics of RV 
contraction and relaxation.

In their study focusing on the deformation properties of 
the LV myocardium and papillary muscles in patients with 
MVI, Buziashvili et al. [15] used tissue doppler imaging 
(TDI) to study the myocardium. Longitudinal systolic strain 
of all LV walls of interest were also reduced in the group of 
CAD patients without MVI compared to normal walls, but 
to a lesser extent than in patients with MVI. This is consistent 
to our findings for the parameters of LV myocardial function 
assessed by gray-scale strain imaging and vector analysis.

Structural and functional abnormalities occur in the 
myocardium due to a variety of causes, such as direct damage 
to the myocardium and / or connective tissue structures, 
coronary artery insufficiency, volume and pressure overload, 
as well as development of hypertrophy [16]. However, it is 
important to understand that remodeling processes only 
affect LV or IVS. While RV is almost always involved, this 
is an understudied and complex diagnostic task [17]. The 
study by Loskutova et al. [18] further developed the concept 
of interventricular interaction expressed in the mutual 

influence of wall motion, ventricular preload and post-load, 
ventricular interrelation and interdependence in systole 
and diastole. Using the gray-scale two-dimensional strain 

Table 5. Results of the correlation analysis

Parameter Group RVEDAI RVESAI LVEDV

dVol/dt(s)

CAD with 
MVI

r=0.63 
p=0.000

r=0.60 
p=0.001 –

CAD r= –0.16 
p=0.46

r= –0.26 
p=0.23 –

dVol/dt(d)

CAD with 
MVI

r=0.62 
p=0.000

r=0.56 
p=0.002 –

CAD r= –0.26 
p=0.23

r= –0.34 
p=0.11 –

dS/dt(s)

CAD with 
MVI – – r=0.42 

p=0.025

CAD – – r=0.51 
p=0.014

dS/dt(d)

CAD with 
MVI – – r=0.45 

p=0.015

CAD – – r=0.46 
p=0.027

CAD – coronary artery disease; MVI – mitral valve insufficiency – 
LVEDV – left ventricular end-diastolic volume; RVEDAI – right 
ventricular end-diastolic area index; RVESAI – right ventricular 
end-systolic area index; dVol / dt – integral index of LV systolic and 
diastolic function calculated as volume change rate in systole (s) 
and diastole (d); dS / dt – RV area change rate in systole (s) and 
diastole (d). 

A – in coronary artery disease complicated with mitral valve insufficiency; B – in uncomplicated coronary artery 
disease. Horizontal axis – right ventricular area, cm2; vertical axis – area change rate, cm2/s. Above the horizontal 
axis – diastole, under the horizontal axis – systole. RVESA, right ventricular end-systolic area.

Figure 3. Right ventricular flow-area diagram
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imaging to study the involvement of RV in the pathological 
process in hypertensive heart disease (HHD), the authors 
discovered that RV free wall deformation was –28.7±5.3 % in 
healthy individuals, but lower in patients with HHD grade 3 
( – 24.5±7.9 %). However, these values were higher in both 
groups than in our patients with CAD. Coronary insufficiency 
may have a more pronounced effect on the myocardium 
and its strain. According to the authors, the IVS-mediated 
hemodynamic effect of LV in increased post-load may be 
a possible mechanism of RV dysfunction in HHD. As we 
noted earlier, the involvement of RCA is often accompanied 
by ischemic damage to RV, which worsens the prognosis in 
these patients. Thus, searching for parameters to determine 
the degree of RV damage remains a relevant cardiologic task.

The most commonly used parameters today are 
tricuspid annular plane systolic excursion (TAPSE) 
determined in the M-mode and the fibrous tricuspid 
annulus systolic wave velocity (FTA Vs) determined in 
the pulsed wave tissue Doppler mode. The values of FTA 
Vs for the diagnosis of RV dysfunction differ between 
researchers: 11.1 cm / s with the sensitivity of 86 % and 
specificity of 98 % [19]; <11.5 cm / s with the sensitivity 
of 90 % and specificity of 85 % [20]; <12 cm / s with the 
sensitivity of 81 % and specificity of 82 % [21]; 13 cm / s 
with the sensitivity of 89 % and specificity of 71 % [22]. 
However, all these values are lower than in our study (14 
cm / s). Nevertheless, it should be noted that almost all 
studies included patients who had a history of MI in the 

A – in coronary artery disease complicated with mitral valve insufficiency;  
B – in uncomplicated coronary artery disease. Colors of the curves correspond to the colors of the right ventricular segments in Figure 1.
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RCA area with the involvement of RV. Alam et al. [23] 
presented the data on RV function in patients with inferior 
MI compared to healthy individuals and patients with 
anterior MI. TAPSE was significantly lower in patients with 
history of MI than healthy individuals (20.5 mm and 25 
mm, respectively; p < 0.001). This study agrees well with 
our findings that TAPSE was decreased in patients with 
CAD (regardless of the presence or absence of a history of 
Q-wave MI) (19 mm and 21 mm, respectively; p>0.137).

Conclusion
Additional volume overload of the left heart in 

ischemic mitral valve insufficiency is a factor affecting the 
development of disorders of the systemic and pulmonary 
circulation. Registration and estimation of the global 
longitudinal strain, left ventricular volume change 
rate, as well as long axis change rate and simultaneous 
registration of the myocardial segment displacement 
velocity, are highly informative criteria for assessing the 

left and right ventricular dysfunction. Vector analysis 
allows the local function of myocardial segments to be 
quantified. Decreased displacement velocity of the free 
wall segments of the right ventricle in systole and diastole 
is characteristic of systolic and diastolic dysfunction in 
patients with coronary artery disease complicated with 
mitral regurgitation.
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