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ABSTRACT

Chronic obstructive lung disease is the main reason for the development of chronic cor pulmonale.
Comorbidity of this disease with cardiovascular pathology is the most important, reflecting the unity
of cardiorespiratory system, becoming a summary integral factor of a negative prognosis: chronic
obstructive lung disease and cardiovascular diseases are considered as “criminal partners”.

The aim of the study was to investigate the functional state of left ventricular myocardium in pa-
tients with chronic cor pulmonale of bronchopulmonary genesis combined with hypertensive disease.

Objects of the study were 96 patients with chronic cor pulmonale in combination with hyper-
tensive disease depending on the disease severity. Among them 32 patients were without signs
of circulatory insufficiency — compensation stage, and 64 were with signs of circulatory insuf-
ficiency of 2™ stage - decompensation stage — forming the main group. The comparative group
included 64 patients with chronic cor pulmonale without hypertensive disease, among whom 32
patients without signs of circulatory insufficiency and 32 patients with signs of circulatory insuf-
ficiency of 2" stage. The control group was consisted of 15 practically healthy individuals. All
groups were of the same sex and age.

It was established the systolic dysfunction of the left ventricle worsens in case of adding of hy-
pertensive disease to chronic cor pulmonale. Revealed significant decrease of the stroke and car-
diac indices, acceleration of blood flow through aortic valve, that resulted in decrease of ejection
fraction, testifies about it. These differences were the most evident in patients of decompensation
stage, when also increased hypertrophy of the left ventricular posterior wall and, particularly,
interventricular septum was revealed.

Diastolic dysfunction appears already on the background of chronic cor pulmonale formation
in patients with chronic obstructive pulmonary disease and intensifies significantly in case of
adding of hypertensive disease, in development of circulatory insufficiency particularly. It was
confirmed by revealed changes of the left ventricular diastolic function of relaxation type among
all the patients. They were reflected in diminishing of early diastolic filling velocity, ratio of early
to late filling velocity, increase of isovolumic relaxation time, particularly in presence of hyper-
tensive disease and signs of circulatory insufficiency. Significant thickening of interventricular
septum also testifies about forming of left ventricular diastolic dysfunction.
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INTRODUCTION

Diseases of respiratory organs have a great per-
centage, and morbidity remains high despite the de-
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veloped therapeutic complexes [Gavrysiuk V, Fesh-
chenko Yu, 2011]. Chronic cor pulmonale is a wide-
spread pathology in the practice of therapeutist, geri-
atrician, cardiologist. According to the definition of
Ukrainian Association of Phthisiatricians and Pulmo-
nologists [Gavrysiuk V, Merenkova Ye, 2014], chronic
cor pulmonale is a syndrome of circulatory insuffi-
ciency with development of peripheral edemas that
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complicates the course of many diseases with lesion
of lung’s structure or function itself. In the most fre-
guent cases chronic cor pulmonale is a result of form-
ing and steady progressing of chronic obstructive
lung disease, particularly among elderly and old peo-
ple. The rate of increase of chronic obstructive lung
disease is worthy of a peculiar note. So, in 1990
chronic obstructive lung disease took the 12" place in
the structure of morbidity, according to experts of
WHO prognosis it will have entered into the first five
pathologies (after ischemic heart disease, depression,
traumas which are results of accidents and diseases
of cerebral vessels) by 2020. Moreover, chronic ob-
structive lung disease took the 4™ place among ten
leading causes of death in 2008, but this disease will
be shifted to the 3" place by 2020. It can cause 6 mil-
lion deaths [GOLD, 2011; Gibson G et al., 2013].
Every year 5-7 new cases are diagnosed among 30-45
cases of obstructive disease [Shmelev Ye, 2003].
Thereby, morbidity in absolute figures makes ap-
proximately 100 million per year. Annually 3 million
people die from chronic obstructive lung disease
[Feshchenko Yu, 2012]. Unfavorable prognoses con-
cerning the increase in frequency of chronic obstruc-
tive lung disease are based both on the researches in
Europe and in the regions of the American continent
[Vestbo J et al., 2013; Yakovieva O, Masloyed T,
2014], different variants of phenotypes are taken into
account. Problem becomes complicated in condition
of comorbidity of chronic obstructive lung disease
[Nesen A et al., 2015]. The amount of patients with
chronic cor pulmonale as a result of complicated
chronic obstructive lung disease has increased. Le-
thality among them takes the 3" place after arterial
hypertension and ischemic heart disease, particularly
among causes of death of individuals over 50 years
[Konoplyova L, Rudenko Yu, 2009].

Today chronic obstructive lung disease is con-
sidered as a multidisciplinary problem [Avdeyev S,
Baymakanova G, 2008; Cavailles A et al., 2013]
owing to its frequent combination with obesity,
metabolic disorders, cachexia, dementia. But it is
comorbidity of this disease with cardiovascular
pathology, which is the most important, it reflects
the unity of cardiorespiratory system, becoming a

summary integral factor of a negative prognosis:
chronic obstructive lung disease and cardiovascu-
lar diseases are considered as “criminal partners”.
Comorbidity often remains the first among the risk
factors of frequent exacerbations of chronic ob-
structive lung disease, and every exacerbation ap-
proximates the irreversible outcome. So, combina-
tion of bronchitis with ischemic heart disease in-
creases death risk by 50%, moreover, the decrease
of forced expiratory volume per 1 second by every
10% causes the growth of death risk by 14 % or
cardiac death by 28% [Cavailles A et al., 2013].

The major epidemiological research Lung Health
Study established that cardiovascular diseases are
the main reasons for the hospitalization of patients
with obstructive disease in 42% cases, whereas re-
spiratory complications are only in 14%.

According to the data of N.A.Karoli and A.P.
Rebrov (2005), the pathology of cardiovascular
system is revealed in 61,8% patients with chronic
obstructive pulmonary disease, besides frequency
of arterial hypertension varies in a wide diapason
— from 6.8 to 76.3%, on average making 34.3%.
Other authors inform that prevalence of combina-
tion of chronic obstructive lung disease and arte-
rial hypertension makes 28% [Mannino D et al.,
2008; Yachnik A, 2009]. It is considered that
chronic hypoxia, caused by chronic obstructive
lung disease, promotes to elevation of blood pres-
sure by means of worsening of endothelium-de-
pendent vasodilating mechanisms [Chuchalin A,
2010]. In case of variation in intrathoracic pressure
which appears during episodes of
bronchial obstruction, sympathetic
nervous system activates and vaso-
constriction develops. It is accom-
panied by elevation of blood pres-
sure.

The formation of chronic cor
pulmonale in patients with chronic
obstructive lung disease is an un-
favorable factor for prognosis

To overcome it

is possible, due to the

uniting the knowledge and

will of all doctors in the world
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[Rakhimova D, 2012]; myocardial lesion devel-
ops as result of hypoxia, intoxication, pulmonary
hypertension’s development, that causes disorder
of its contractile ability [Adamyan K et al., 2013].
Even insignificantly expressed pulmonary hyper-
tension is additional pathogenic factor of myocar-
dial pump function’s disorders rise. Adding of
hypertensive disease provokes progressing of dis-
orders in pulmonary circulation, promotes to
worsening of bronchial patency and development
of chronic heart failure.

Thus, significant prevalence, frequent exacer-
bations and involvement into pathological process
of adjacent organs determine the actuality of study-
ing the problem of the development of chronic cor
pulmonale of bronchopulmonary genesis. Combi-
nation of chronic cor pulmonale in patients with
chronic obstructive lung disease and hypertensive
disease causes peculiar clinical interest.

The aim of the study was to investigate the
functional state of the left ventricular myocardium
in patients with chronic cor pulmonale of broncho-
pulmonary genesis combined with hypertensive
disease.

MATERIAL AND METHODS

For the solution of this question systolic and
diastolic functions of the left ventricular myocar-
dium were studied in 96 patients with chronic cor
pulmonale combined with hypertensive disease
depending on the disease severity, among them 32
patients (33.3%) without signs of circulatory in-
sufficiency — compensation stage (1% group), 64
(66.7%) — with signs of circulatory insufficiency
of 2" stage — decompensation stage (2" group).
The number of males was 58 (60.4%) and females
- 38 (39.6%), the mean age was 55.6+2.2 years.
These patients formed the main group. Obtained
results were compared with identical group of pa-
tients with chronic cor pulmonale without hyper-
tensive disease, among whom 32 (50.0%) patients
without signs of circulatory insufficiency — com-
pensation stage (3 group), 32 (50.0%) patients
with signs of circulatory insufficiency of 2" stage
— decompensation stage (4™ group). There were 40

males (62.0%) and 24 females (38.0%) with the
mean age of 53.5+1.2 years. These patients formed
the comparative group. The control group was
consisted of 15 practically healthy individuals. All
groups were of the same sex and age.

Diagnosis of chronic cor pulmonale was estab-
lished based on clinical and instrumental signs of
right ventricular hypertrophy and/or dilatation of
right ventricular cavity and right atrium [Roytberg
G, Strutynsky A, 2003; Gavrysiuk V, 2007].

Estimation of morphological changes and func-
tional condition of left parts of the heart was car-
ried out by means of two-dimensional echocar-
diography by apparatus Toschiba SSA, 380A Pow-
erwission (Japan) with determination of common
indices characterizing systolic and diastolic func-
tion of left ventricle. The following indices of dia-
stolic function of left ventricle were estimated:
early diastolic filling velocity (E) and late diastolic
filling velocity (A), ratio E/A, isovolumic relax-
ation time by indices of transmitral blood flow.

Diameter of the left atrium, cardiac index,
stroke index, thickness of left ventricular posterior
wall, ejection fraction were determined with the
aim of estimation of systolic function of the left
ventricle [Kazakov YuM, et al., 2016].

The classification of the work group of Ukrai-
nian Association of Phthisiatricians, Pulmonolo-
gists and Cardiologists was used for the estimation
of circulatory insufficiency in patients with chronic
cor pulmonale [Gavrysiuk V, Yachnik A, 2005].

Parameters of systolic and diastolic blood pres-
sure were measured by Korotkov’s method; the
value of arterial hypertension was estimated accord-
ing to the classification of hypertensive disease ac-
cepted in Ukraine in 1992 (the order of Ministry of
Health of Ukraine, No 206 from 30.12.92). In-
formed consent for participation in the research
signed by the patient was the obligatory condition in
order to let the patient take part in the research.

Statistical analysis of the results was carried out
by parametric statistics. Student’s t-test was used
to estimate the significance of differences. The dif-
ference of indices was significant in case of p<0.05,
and also by means of nonparametric Kolmogorov-
Smirnov test.
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Indices of systolic and diastolic function of the left ventricle

in examined patients and healthy individuals

TABLE

Sl gl}\ﬁlglljr; Comparative group
Indices group
(n=15) 1t 2 Bl 4t
(n=32) (n=64) (n=32) (n=32)
Systolic blood pressure (mm Hg) 130.0+1.5 145.0+1,5* 160.0+2.5* 120.0£2.0 120.0+2.0
Diastolic blood pressure (mm Hg) 80.0+1,0 90.0+1.2 95.0+1.3 85.0+2.0  80.0%2.0
Heart rate per 1 min 72.1+1.9 88.0+x1.5* 95.0£3.0* 78.0£2.0 80.0+2.0
Stroke index (ml/m?) 43.7£1.9 36.5+1.2* 30.0£1.4* 42.0£1.3 40.0%£1.2
Cardiac index (I/min/m?) 3.1+0.1 2.4+0.4 2.1+0.6 3.0+0.3 2.8+0.2
Ejection fraction ( %) 65.7£0.6 50.0£2.5* 40.5£1.0* 63.4+£1.2 58.5%£2.0
Thickness of left ventricular posterior wall (mm)  9.1+0.2 9.6+0.4 9.8+0.3* 8.2+0.4 8.7+0.3
Interventricular septum (mm) 8.910.2 10.4+0.6  11.5+0.5* 8.0£0.3 9.240.3
V. . (m/sec) 1.2+#0.03 0.8+0.002 0.5+0.003* 1.0£0.02 0.9+0.003
‘&f/"s‘;lcej)aﬁon of blood flow through aortic valve, 157,99 g2:03* 75:0.2¢ 16.8:0.4 14.2:0.2
Diameter of the left atrium (mm) 28.1+0.7 34.0+0.8 37.0£1.2* 29.0+1.0 32.0+0.9
E (m/sec) 0.84+0.04 0.6+0.002 0.4+0.001* 0.8+0.003 0.7+0.002
A (m/sec) 0.5+0.04 0.4+0.001 0.3+0.002* 0.5+0.002 0.5+0.003
E/A (c.u.) 1.74+0.06 1.5+0.02  1.3+0.03  1.6+0.02  1.4+0.01

Isovolumic relaxation time (sec)

0.07+0.001 0.13+0.002* 0.16+0.004* 0.09+0.001 0.11+0.002

Nore: * - significance of differences of indices among patients of I*, 3" groups in compensation stage and 2™,

4™ groups in decompensation stage; p <0.05.

RESULTS AND DISCUSSION

The indices of left ventricular myocardium ob-
tained during echocardiographic study in patients
with chronic cor pulmonale combined with hyper-
tensive disease and without hypertensive disease
are shown in table.

The table demonstrates that significant decrease
of the stroke and cardiac indices, acceleration of
blood flow through aortic valve were revealed in
patients with chronic cor pulmonale combined with
hypertensive disease even during compensation
stage (p<0.05). It resulted in decrease of ejection
fraction in 1.3 times in comparison with healthy in-
dividuals, but this index was within limits of normal
value (50.0+2.5%). These changes indicate addi-
tional contribution of hypertensive disease to devel-
opment of systolic function’s decrease on the back-

ground of hypoxia, toxic-infectious and metabolic
influences of chronic obstructive lung disease.
These differences are more evident in patients of 2"
group, that was reflected in the figures 1. All indices
(stroke and cardiac indices, V__, acceleration of
blood flow through aortic valve, diameter of the left
atrium) were changed significantly. It resulted in
decrease of ejection fraction to 40.5+1.0%. Increas-
ing hypertrophy of the left ventricular posterior wall
and interventricular septum, particularly, were re-
vealed. But they didn’t reach values, which are typ-
ical of isolated hypertensive disease. Pathogenesis
of these changes can be explained by diminishing of
blood flow to the left part of the heart due to in-
crease of total pulmonary resistance, pulmonary hy-
pertension in pulmonary circulation and right ven-
tricular failure.
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Figure 1. Cardiac index (A), Ejection fraction (B) and
Diameter of the left atrium (C) in healthy individuals
and patients with chronic cor pulmonale (during de-
compensation stage) depending on presence of hyper-
tensive disease.

Nortes: 1 - healthy individuals, 2- chronic cor pulmonale
without hypertensive disease (IV gr.), 3- chronic cor pul-
monale combined with hypertensive disease (11 gr.)

Changes of the left ventricular diastolic func-
tion by a relaxation type were revealed in 100%
patients. They were reflected in diminishing of
early diastolic filling velocity (E), ratio of early to

REFERENCES

1. Adamyan KG, Tumasyan LR, Chilingaryan
AL. [Prognostic value of functional parameters
of the right heart parts in patients with severe
chronic heart failure and preserved left ventric-
ular systolic function] [Published in Russian].
Profilakticheskaya meditsina.2013; 1: 25-29

late filling velocity (E/A), particularly among the
patients of 2" group. The difference of indices
was, correspondingly, 0.3£0,001 m/sec (p <0.05)
and 0.1+0.001 c.u. in comparison with 4" group of
patients. Index of isovolumic relaxation time in-
creased from 0.11+0.002 sec in patients of 4t
group to 0.16+£0.04 sec in patients of 2" group
(p<0.05). Significant thickening of interventricu-
lar septum also testifies about forming of the left
ventricular diastolic dysfunction. It is necessary to
mention that disorder of left ventricle’s filling to-
gether with changes of systolic function was ac-
companied by its dilatation by 7.6%.

The obtained results testify that not only the
right ventricular myocardium’s lesion (see our pre-
ceding works [Kazakov Yu et al., 2016] but also
left ventricular myocardium’s lesion play signifi-
cant role in development of chronic cor pulmonale.
The simultaneous course of chronic obstructive
lung disease and hypertensive disease is accompa-
nied by syndrome of “mutual burden”.

Thus, the analysis of obtained results demon-
strates that systolic dysfunction of left ventricle
(like one of right ventricle) increases in case of
adding of hypertensive disease to cor pulmonale.
Not only elevated blood pressure, decreased con-
tractile ability of myocardium, but also hypoxia,
myocardial dystrophy, which are typical of the
patients with chronic obstructive lung disease,
that is confirmed by data of other scientists
[Amosova K et al., 2008], have influence on the
changes of cardiac ventricles.

Diastolic dysfunction occurs on the background
of forming of chronic cor pulmonale in patients
with chronic obstructive lung disease and signifi-
cantly intensifies in case of adding of hypertensive
disease, particularly in development of circulatory
insufficiency.

2. Amosova KM, Konoplyova LF, Sichinava DS,
Krychynska IV. [Ischemic heart disease in pa-
tients with chronic obstructive lung disease: some
peculiarities of clinical picture and morphofunc-
tional state of myocardium according to data of
retrospective analysis] [Published in Ukrainian].
Ukrainian Pulmonology Journal. 2008; 1: 9-12

77



OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

Treumova S.1. et al.

THE NEw ARMENIAN MEDICAL Journat, VOI.14 (2020), No 2, p. 73-78

10.

11.

12.

13.

14.

Avdeyev SN, Baimakanova GYe, [COLD and
cardiovascular diseases: mechanisms of asso-
ciation] [Published in Russian]. Pulmanolo-
gya. 2008; 1: 5-13

Cavailles A, Brinchault-Rabin G, Dix-
mier A., et al. Comorbidities of COPD.
Eur Respir Rev. 2013; 22: 454-475. DOI:
10.1183/09059180.00008612

Chuchalin AG. [Advances in treatment of
asthma in Russia at the first decade of new mil-
lennium] [Published in Russian]. Consilium
Medicum. Extravypusk. 2010: 11-12

Feshchenko Yul.[Chronic obstructive lung dis-
ease — actual medico-social problem] [Pub-
lished in Russian]. Ukrainian Pulmonology
Journal. 2011; 2: 6

Feshchenko Yul. [New redaction of global initia-
tive concerning COLD] [Published in Russian].
Ukrainian Pulmonology Journal. 2012; 2: 6-8

Gavrysiuk VK. [Chronic cor pulmonale: mech-
anisms of pathogenesis and principles of the
therapy] [Published in Russian]. Ukrainian
Pulmonology Journal. 2007; 1: 9-10.

Gavrysiuk VK. [Principles of therapy of the
patients with COPD complications] [Published
in Russian]. Ukrainian Pulmonology Journal.
2011; 2: 10-12

Gavrysiuk VK, Merenkova YeA. [Chronic cor
pulmonale: myths and reality] [Published in
Russian]. Zdorov’ye Ukrainy.2014; 1: 3-4

Gavrysiuk VK, Yachnik Al. [The questions of
practical using of circulatory insufficiency
classification in pulmonary diseases] [Pub-
lished in Russian]. Ukrainian Journal of Cardi-
ology. 2005; 1: 9-13

Gibson GJ, Loddenkemper R, Lundback B, Si-
bille J. Respiratory health and disease in Eu-
rope: the new European Lung White Book.
Eur Respir J. 2013; 42 (3): 559-563. DOI:
10.1183/09031936.00105513

Global Initiative for Chronic Obstructive Lung
Disease (GOLD). Pocked guide to COPD di-
agnosis, management and prevention. 2011.
Available from: http://www.goldcopd/org/up-
loads/users/files/COLD_Posket 2014 Junell.
pdf [Last accessed: July 2014].

Karoli NA, Rebrov AP. [Some pathogenic mech-
anisms of development of endothelial dysfunc-
tion and its clinical importance in patients with

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

COPD (review of literature)] [Published in Rus-
sian].Clinicheskaya meditsina. 2005; 9: 10-16

Kazakov YuM, Treumova SI, Petrov YeYe., et al.
Estimation of systolic and diastolic function of
the right ventricular myocardium among pa-
tients with chronic cor pulmonale of broncho-
pulmonary genesis in combination with hyper-
tensive disease. The New Armenian Medical
Journal. 2016; 2: 60-66

Konoplyova LF, Rudenko YuV. [Chronic Cor
pulmonale] [Published in Ukrainian] In:
Amosova KM. (edit.). Internal medicine:
Handbook. Kyiv: Medicine; 2009; 2: 158-178

Mannino DM, Thorn D, Swensen A, Holguin F.
Prevalence and outcomes of diabetes, hyper-
tension and cardiovascular disease in COPD.
Eur Respir J. 2008; 32(4): 962-969. DOI:
10.1183/09031936.00012408

Nesen AO, Chernyshov VA, Grunchenko MM., et
al. [Comorbidity in case of chronic noninfectious
diseases among stationary patients with high
cardiovascular risk] [Published in Ukrainian].
Ukrainian Therapeutic Journal. 2015; 4: 47-55

Rakhimova DA. [Life quality of the patients
with chronic cor pulmonale: dependence on
cardiorespiratory parameters] [Published in
Russian]. Ukrainian Therapeutic Journal.
2012; 1: 52-55

Roytberg GY, Strutyncky AV. [Internal diseases.
Cardiovascular system] [Published in Rus-
sian]. Moscow: Binom; 2003. 865p

Shmelev YI. [Chronic obstructive lung disease]
[Published in Russian]. Moscow: Servier.
2003.112p

Vestbo J, Hurd SS, Agust AG, et al. Global
strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary
disease: GOLD executive summary. Am. J.
Respir. Crit. Care Med. 2013; 187:347-365.
DOI: 10.1164/rccm.201204-0596PP

Yachnik Al. [COPD and arterial hypertension]
[Published in Ukrainian]. Ukrainian Pulmono-
logical Journal.2009; 2: 9-10

Yakovieva OA, Masloyed TN. Association of smok-
ing with complex basic and hypotensive therapy in
case of comorbidity of chronic obstructive lung dis-
ease and hypertensive disease] [Published in Rus-
sian]. Ukrainian Therapeutic Journal. 2014; 1: 28-32

78



