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The aim of the article was the evaluation of structural and functional indicators that reflect 
the nature of right heart remodeling in patients with chronic obstructive pulmonary disease 
(COPD) in order to identify the most informative indicators of right ventricular heart dys-
function. The study included 60 patients, who were on inpatient treatment. Patients were di-
vided into two groups: I — study group with COPD (n = 30), and II — control group — pa-
tients of comparable age without COPD (n = 30). During hospitalization, all patients under-
went ECHO-KG with an emphasis on evaluating the systolic-diastolic parameters of the right 
ventricle. Criteria for inclusion in the study: age over 50 years, presence of COPD, signed in-
formed consent when reading the terms of the study. Exclusion criteria: history/course of neo-
plastic or hematological disease, systemic connective tissue diseases, documented ischemic 
disease, valvular heart disease, interstitial lung disease, bronchial asthma. When comparing 
echocardiographic indicators of right ventricular (RV) function detected significant decrease 
of systolic function the RV — TAPSE (16.64 ± 4.0 vs 23.21 ± 2.31; p = 0.043), S’(12.57 ± 1.87 vs. 
14.96 ± 1.09; p = 0.026), estimated RV EF (49.27 ± 9.23  vs 66.12 ± 7.42; p = 0.021), EFSRV 
(55.58 ± 7.16  vs 72.4 ± 13.06; p = 0.01)  and higher rates SDLA (49.55 ± 6.0  vs 27.1 ± 5.29; 
p = 0.023) in the study group 1. Measure of right ventricular arterial pairing TAPSE/SDLA was 
significantly reduced compared with the control group (0.36 ± 0.05 vs 0.86 ± 0.14; p = 0.01). In 
the main 1 group of patients with COPD, there was a tendency increase of the myocardial per-
formance index (TEI index) (0.76 ± 0.42 vs 0.59 ± 0.22; p = 0.43), which is probably associated 
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with a violation of the relaxation of the right ventricle. To confirm the presence of diastolic 
RV dysfunction in patients with COPD (in comparison with the control group) revealed sig-
nificant changes in the indicators obtained from transtricuspid flow — E/Atk (0.67 ± 0.02 vs 
1.5 ± 0.38; p = 0.016). The dynamics of the degree of severity of right ventricular dysfunction, 
estimated using the proposed indicators, may be another additional characteristic of the suc-
cess of therapy to achieve disease control in patients with COPD.
Keywords: right ventricle of the heart; echocardiography; systolic-diastolic indicators; chronic 
obstructive pulmonary disease.

Introduction 

Left chambers of heart, especially left ventricle of heart (LV), were always in the spot-
light of cardiologists attention. The reason of such interest were conditioned of mostly 
frequent involvement of these heart chambers in pathogenetic circles of cardiac pathol-
ogy . It is well known, that LV is the main field, involved in case of myocardial infarction 
development, which is the main reason of high disease level and death rate. Besides, the 
image of LV was considerably easier to “withdraw” and to estimate. On the other hand, 
right ventricle of heart (RV) was often called “forgot” or even “poor relation” of the left 
one, that was related with its insufficient state of knowledge. Recently, due to technical 
improvement of ultrasonic recording instruments and desire to comprehensively estimate 
functional opportunities of cardiac muscle, ever-greater interest is directed on right heart 
parts visualization, especially on RV [1–3]. A lot of program versions were developed 
to estimate structure and function of LV, otherwise there was no separate program for 
RV study, that is why for a long time specialists of functional diagnostics in the field of 
echocardiography (EC) tried to apply to estimate this part of the heart chamber methods 
similar to thous, which are used to estimate LV [2; 4].

Unquestionable the fact, that recently magnetic resonance imaging is a golden stand-
ard for RV estimate, but being easily accessible and relatively inexpensive by costs, EC still 
remains a standard instrument for RV visualization [3; 5; 6]. 

RV anatomy. The right and the left heart ventricles considerably differs by many pa-
rameters, nevertheless they posses a number of uniting features. Interventricular interac-
tion is expressed in the influence of contractility, post- and overloading of both ventric-
ules, their interdependency during systole and diastole phases in normal condition and 
in case of myocardial lesion as well [4]. RV consists of three anatomic regions: inflow 
tract (sinus), vertex and outflow tract. Because RV does not corresponds to conventional 
symmetrical ellipsoidal form, its volume (RV) defies adequate estimation. RV’s cavity is 
formed, from the medial side, by interventricular septum and free wall, which, in its turn, 
may be divided in 3 parts — front, side and lower wall. Each of them has 3 segments — 
basal, middle and apical. Muscle layer of RV is considerably finer than myocardium of 
LV. At an everage thickness of healthy myocardium constitutes 3–5 mm, excluding trab-
ecule thickness. But in the zone of RV vertex myocardium thickness often slightly exceeds 
1 mm. The wall movement is difficult to estimate due to combination radial, longitudinal 
and circular contractions. It is associated with small mass of RV myocardium, as well as 
with it abnormal form and with low visualization quality of right heart divisions [3; 7].

Peculiarities of RV functioning. Morphological peculiarities of RV and LV are stipu-
lated by different conditions, in which they are functioning. Due to different myocyte al-
location and relatively thin myocardium, mechanics of RV contraction does not repeat the 
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process of LV contraction. The main RV contraction take place in longitudinal direction, 
beginning from inflow tract, RV vortex, and propagates in direction to outflow tract. RV 
differently reacts to the changes of pressure and volume. RV in pathological states tolerates 
overloading by volume quit well, primarily changing its geometry, but not the function. 
Physiological increase of pre-loading even increases RV ejection. But in case of prolonged 
and pathological overloading by volume RV ejection decreases. RV considerably more 
sensitive to post-loading variations and reacts swiftly. Possibilities for adaptation to over-
load by pressure are less, and this rapidly leads to minute volume decrease [3; 7]. 

Difficulties of RV estimation. Estimate of RV condition by echocardiogram has the 
following restrictions:

 — nonoptimal visualozation due to its substernal localization;
 — impossibility of RV cavity overview as a whole because of its crescentic form and 
location of inflow and outflow tracts in different planes;

 — absence of adequate geometrical echocardiogram model; difficulties in shaping en-
docardial RV surface due to inadequate visualization and expressed trabecularity;

 — regional heterogeneity of RV contraction and relaxation;
 — considerable RV dependence on pre- and post-loading, as well as on pressure in 
left departments of the heart [4; 8; 9].

Actual methods of RV function estimate using echocardiogram. Over many years, as a 
rule, only qualitative ultrasonic estimates of RV condition were carried out. Qualitative 
estimation predominantly was characterized by determination of RV anteroposterior size 
in parasternal position by axis length of LV. For today this index presents rather historical 
interest, because it was proved, that skew projections of ultrasonic scanning may errone-
ously increase and decrease RV cavity [4].

Two-dimensional (2D) RV estimate. Ever growing significance acquire quantitative 
methods of estimation. These measurements include determination of tricuspid annular 
plane systolic excursion (TAPSE), RV fractional area (FAC), peak systolic motion velocity 
of tricuspid valve (S’) and RV myocardial performance index (Tei index) [10].

TAPSE is measured by means of echocardiogram in М-mode. That index direct-
ly measure displacement of tricuspid valve side ring during heart cycle. In 2015  value 
< 17 mm was designated as lower border of reference values, but this method possesses 
some restrictions [3].

Functional RV area (FAC) in estimated using the formula: FAC = (SED – SES)/
SED × 100 %, where SED — enddiastolic RV area, SES — endsystolic RV area. FAC index is 
recommended for quantitative estimation of RV function, thereat lower border of normal 
condition constitutes 35 %. Determination of FAC is restricted by visualization quality. So, 
for patients, whose endocardium is not clearly visualized, this method can not be used. 
Peak systolic motion velocity of tricuspid valve (S’), which is measured by displacement of 
RV basal free wall tissues during heart cycle, was recognized as accurate and reproducible. 
Value <9.5 cm was set as a lower border of normal state. Presented method characterizes 
only smal portion of RV, that is why it can’t be used for patients with regional anomalies 
of the wall motion [3].

Myocardial performance index of RV (Tei index) provides information about systolic 
and diastolic function of RV. This index is calculated on the base of tissues Doppler veloci-
ties estimate or pulse wave velocities from RV: (calculated as a ratio of the sum between 
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the time of isovolumic relaxation and the time of isovolumic contraction to duration of 
RV ejection). These variable values are measured during the flow and does not require 
RV visualization. Application of Tei index is restricted for patients with non-regular fre-
quency of heart contractions and with increased pressure in right atrium (RA), because 
it influence on the time of iso-volumetric relaxation. Increase of this index ascertain at 
values exceeding 0.43 if using pulse wave Doppler method or at values exceeding 0.54 if 
using tissue Doppler imaging. Despite the fact that there exists established threshold of 
exceedance, rate gradation of that exceedance does not exist [2; 3].

When using pulse wave Doppler and tissue Doppler echocardiography it is possible 
to estimate diastolic function of RV. It is possible to do due to combined estimation of a 
number of indices (ratio of earlier (Е) and later (A) transtricuspidal blood flow velocities 
(Е/АTB), earlier rising of RV base in the mode of tissue Doppler (E’) and ratio Е/Е’TB [11].

It is commonly accepted to divide diastolic RV disfunction on the following types: 

 — E/A < 0.8 customary for diastolic disfunction by the type of late relaxation;
 — E/A from 0.8 to 2.1 and Е/E’ > 6 or predominance of diastolic phase of blood flow 
in hepatic veins — by the type of pseudo-normalization;

 — E/A > 2.1 and deceleration time of blood flow (DT) < 120 msс — by restrictive type 
(similar to the case of late diastolic antegrade of blood flow in LV [10; 12].

3D methods: Direct measurement of RV volume by means 3D echocardiography 
enables to provide the most accurate data. That is why 3D visualization most likely will 
become the best instrument for RV estimation in the future [3; 9].

Innovative and most perspective instrument of complex regional and global RV me-
chanics is speckle-tracking echocardiography. It was initially developed for LV function 
estimation, but lately was used for estimation of RV work efficiency. Many investigators 
showed, that free wall as well as 6-segmental longitudinal deformation of RV, permits to 
provide stronger correlation with the fraction of RV ejection, that ordinary parameters, 
and, likely, would more sensitive to detection of RV myocardium disfunction at earlier, 
subclinical stage [3; 9]. 

RV investigation includes estimation of pulmonary hypertension severity — calcula-
tions of systolic and average pressure in pulmonary artery. It is recommended to estimate 
systolic pressure in pulmonary artery (SPPA) by velocity of tricuspid regurgitation and 
by systolic gradient with pressure addition into the right atrium (RA) [4; 5]. That method 
enables to estimate the value of afterload on RV.

In estimating RV function it is also necessary to account its coupling with pulmonary 
circuit, i.е. to considerRV indices together with pulmonary artery characteristics — as a 
united cardiopulmonary system [5; 12]. The most simple and practical echo-cardiography 
index of RV arterial coupling (RVАС) is a rario TAPSE to SPPA. Tgat index is consid-
ered to be valid and independent predictor of patiets mortality with circulatory deficiency, 
prognostic role of which does not depend on genesis and type of chronic heart failure 
(CHF) (systolic or diastolic) [8].

It is necessary to stress again that recently for RV function estimate, simultaneous 
application of at least two methods is recommended due to theirimperfection. The most 
reproducible parameters are TAPSE and S’. In multiple of investigation their correlation 
with RV EF and with each other was proved as well as their prognostic role. For example, 
reduction of specified indices values is associated with high probability of unfavorable 
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outcomes development (death or urgent translantation) in case of CHF with decreased or 
even preserved RV EF [2; 4].

Considering the foregoing, the results of our own investigation devoted to estimation of 
RV disfunction in patients with COPD with application of modern cardiography methods.

Purpose of investigation was The estimate of structural-functional indices, reflect-
ing the character of respiratory heart remodeling in patient with chronic obstructive 
pulmonary disease (COPD) for revealing the most informative indices of right ventricle 
failure. 

Material and methods
Investigation was carried out with 60 patients (Table 1), undergoing inpatient treat-

ment in 1st clinic (therapy of advanced medical education) of Military Medical Academy 
named after S. М. Kirov in the period from September 2019 till the March 2020. Patients 
were devided in two groups: I — investigated group of patients with COPD (n = 30), and II — 
control one — patients, comparable by their age without COPD (n = 30). Patients with COPD 
were with different severity (low (n = 6), middle (n = 12), high (n = 9), extrimely high (n = 3)), 
avearage score by mMRC scale — 2.25 ± 0.5, by CAT test — 22 ± 2.9. 

Table 1. Clinical characteristics of examined patients

Index Main group Control group p < 0.05

Men/women 30/0 30/8 –

Age (years) 67.37 ± 4.4 61.5 ± 7.7 0.68

BMI (kg/m2) 25.0 ± 2.33 27.95 ± 6.95 0.47

Charlson comorbidity index (scores) 4.1 ± 2.07 3.1 ± 0.74 0.32

Systolic arterial pressure, mm of Mercury 136.04 ± 16.21 134.58 ± 14.44 0.66

Diastolic arterial pressure, mm of Mercury 82.12 ± 6.67 81.84 ± 7.59 1.0

HR, bpm 76.5 ± 8.45 72.31 ± 7.24 0.097

Total cholesterol, millimole/litre 4.8 ± 1.2 5.01 ± 0.9 0.36

Low density lipoprotein cholesterol, millimole/litre 0.95 ± 0.22 1.23 ± 0.57 0.74

Low density lipoprotein cholesterol, millimole/litre 1.27 ± 0.32 1.36 ± 0.45 0.92

Low density lipoprotein cholesterol, millimole/litre 2.48 ± 1.48 3.05 ± 0.94 0.86

Smoker index  (pack of cigarettes/years) 41.4 ± 9.5 14.87 ± 4.8 0.02

mMRС scale (scores) 2.25 ± 0.5 – –

CAT-test (scores) 22 ± 2.9 – –

Distance in six-minute walk test (m) 371 ± 11 486 ± 27 0.03

Distance in six-minute walk test required (m) 537.27 ± 40.7 514.13 ± 40.3 0.1

Note: Abbreviations see on page 122. 



120 Вестник СПбГУ. Медицина. 2020. Т. 15. Вып. 2

In course of hospitalization all the patient underwent the following investigations: 
Echocardiogram with a focus on estimation of RV systolic-diastolic indices — tricuspidal 
annular plane systolic excursion (TAPSE) in M mode, peak systolic velocity of tricuspidal 
valve motion (S’), fraction of RV area ejection (FRVAE) was determined by Kaul method 
(FRVAE = 3.2 × ТAPSE), index of RV myocardial performance (Tei index) was estimated 
in the mode of pulse Doppler scationg by formula (Tei index = (a – b/b = (IVCT + IVRT)/
ET), fraction of RV ejection was calculated by the method proposed by Sokolov А. А. et al. 
[13], maximal SPPA, ratio of systolic tricuspidal annular plane systolic excursion of RV to 
SPPA (TAPSE/SPPA), ratio of peak velocities of earlier and later diastolic filling of tricus-
pidal blood flow in pulse-wave mode (PW) of standard echocardiogram (E/ATB), ratio of 
peak velocity of earlier diastolic filling of tricuspidal blood flow to earlier diastolic rise of 
RV base (E/E’TB). Obtained results were processed by means of statistical programs “Sta-
tistica 10”. For comparison of quantitative indices between the groups non-parametrical 
statistics module was used (non-parametrical U-test Mann-Whitney). Level of statistical 
significance was accept at error probability < 0.05. 

Results and discussions

It is important to reveal in patients with COPD structural-functional heart changes 
starting from earlier stages of disease. There is no single generally accepted index, ideally 
characterizing RV, that is why application of the proposed list of echocardiogram methods, 
to our mind, will enable charecterize fuctional state of RV at the mosty high level of qualiy. 
By comparising echocardiological indices, reflecting RV function, considerable decreasing 
of systolic RV function — TAPSE (16.64 ± 4.0 vs 23.21 mm; p = 0.043) was detected, as well 
as high SPPA indices (49.55 ± 6.0 mm of Mercury; p = 0.023) in the studied group (group 
no. 1) (Table 2). Index, characterizing arterial RV coupling — TAPSE/SPPA appeared to be 
reliably decrease in comparison with control group (0.36 ± 0.05 vs 0.86 ± 0.14; p = 0,01). 

S’ index has a reliable tendency for registration in lower values (12.57 ± 1.87  vs 
14.96 ± 1.09; p = 0.026). 

Calculated indices RV FB (49.27 ± 9.23  vs 66.12 ± 7.42; p = 0.021) and EFRAA 
(55.58 ± 7.16  vs 72.4 ± 13.06; p = 0.01)  in first group of examined patients, also showed 
reliable decrease in comparison with control group. 

Similar results, demonstrating decrease of systolic RV function indices at COPD de-
velopment, were presented in the works of Zhuk О. А. et al. [14].

In the main (first) group of patients with COPD disease a tendency to myocardial 
performance index increase of RV was detected (Тei index) (0.76 ± 0.42  vs 0.59 ± 0.22; 
p = 0.43). Higher Тei index, to our mind, was verified due to increase of isovolumetric 
relaxation period, that is related with decreasing velocity of RV relaxation and slowed 
pressure decreasing in it, in other words, due to RV relaxation abnormality.

In support to the presence of diastolic disfunction in RV in the group of COPD 
diseased patients (as compared with control group), considerable changes of indices, 
obtained in estimate of transtricuspidal flow  — ratio of earlier (Е) and later (A) ve-
locities of transtricuspidal blood flow (Е/АTF) (0.67 ± 0.02 vs 1.5 ± 0.38; p = 0.016) were 
revealed. 

Comparable results in diastolic RV function in patients with COPD, were obtained in 
the works of other authors [11]. 
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Table 2. Echocardiological indices

Index Main group (n = 30) Control group (n = 30) p < 0.05

LV

EF, % 56.84 ± 7.76 64.15 ± 5.53 0.4

E/A тк 1.1 ± 0.33 1.04 ± 0.31 1.0

RV

Systolic indices

EFest., % 49.27 ± 9.23 66.12 ± 7.42 0.021

EFRAA, % 55.58 ± 7.16 72.4 ± 13.06 0.01

TAPSE, mm 16.64 ± 4.00 23.21 ± 2.31 0.043

S’, cm/s 12.57 ± 1.87 14.96 ± 1.09 0.026

Diastolic indices

E/A тк 0.67 ± 0.02 1.50 ± 0.38 0.016

E/E’ TB 7.84 ± 4.38 5.01 ± 1.53 0.17

Systolic-diastolic index

Тei index 0.76 ± 0.42 0.59 ± 0.22 0.43

Index of pulmonary hypertension

SPPA, mm of Mercury 49.55 ± 6.00 27.1 ± 5.29 0.023

Index of RV arterial coupling

TAPSE/SPPA 0.36 ± 0.05 0.86 ± 0.14 0. 01

It should be noted, that expressivity of diastolic RV function was more considerable 
than systolic disfunction. Estimated by means of proposed indices dynamics of RV dis-
function severity, may, probably be another additional characteristic of ongoing therapy 
efficiency for attaining control over disease in patients with COPD.

Conclusions

RV systolic-diastolic disfunction detected in patients with COPD of different severity, 
with prevailing RV diastole obstruction, while mostly informative indices of its verifica-
tion were:

 — tricuspid annular plane systolic excursion;
 — systolic velocity peak of transtricuspid valve movement;
 — calculated indices of RV fraction ejection;
 — ratio of tricuspid annular plane systolic excursion to systolic pressure in pulmo-
nary artery;
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 — ratio of peak velocities of earlier and later diastolic filling of tricuspidal blood flow 
in pulse-wave mode.
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Abbreviations: 

BMI  — bodymass index
Tei index  — index of myocardial performance
LV  — left ventricle of heart
RV  — right ventricle of heart
RVAC  — RV arterial coupling
RA  — right atrium
SPPA  — systolic pressure in pulmonary artery
ТG  — triglycerides
EFest.  — estimated ejection fraction
EFRAA  — ejection fraction of RA area
COPD  — chronic obstructive pulmonary disease
HDLPC  — high density lipoprotein cholesterol
LDLPC  — low density lipoprotein cholesterol
САТ test  — COPD assessment test
EC   — echocardiography
E/A тк   — ratio of earlier (Е) to later (A) velocities of transtricuspidal blood flow
E/E’ тк      — ratio of earlier (Е) velocity of transtricuspidal blood flow to earlier diastolic uprising of RV
                        basement in the mode of tissue Doppler imaging
FAC   — RV fractional area change
mMRС     — the Modified Medical Research Council Dyspnea Scale
S’   — systolic velocity peak of transtricuspid valve movement
TAPSE   — tricuspid annular plane systolic excursion
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