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Abstract

 The analysis of literature data indicates a high frequency of the combination of chronic ob-
structive pulmonary disease and coronary heart disease. The aim of the study is to investigate 
and analyze the peculiarities of changes in some indicators of hemostasis system, lipid metabo-
lism and endothelial function and to determine their possible role in the formation of vascular 
lesions in patients with chronic cor pulmonale of broncho-pulmonary genesis in the decompensa-
tion stage and in conditions of a comorbid course with stable coronary heart disease.

All the patients (96) were divided into 2 groups: the main group (chronic cor pulmonale com-
bined with coronary heart disease, 64 patients) and comparative group (chronic cor pulmonale, 
32 patients).  Endothelial function indicators were studied and analyzed in 32 patients of the 
main group and 10 patients of the comparative group (identical sex-age structure). The obtained 
research results in the patients of the main and comparative groups were compared between 
themselves and also with the indices of practically healthy individuals (n=15) who were of the 
same sex and age.

The analysis of the changes of the hemostasis system indices in patients with chronic cor 
pulmonale indicates the presence of an increase of coagulation potential: the most significant 
changes with suppression of fibrinolytic activity are typical of the patients with comorbid coro-
nary heart disease.  The direction of changes in lipid metabolism in patients with chronic cor 
pulmonale reflects generally their proatherogenic orientation, the changes are combined with 
significant violations of the regulatory function of the endothelium, and the greatest expressive-
ness of such changes is typical of patients with comorbid coronary heart disease.
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Introduction

During last time significant attention has been 
paid all over the world to an extremely topical 
problem, namely, the problem of chronic obstruc-
tive pulmonary disease [Feshchenko YuI et al., 
2022]. It is noted that prevalence of this pathol-
ogy is constantly and rapidly growing: according 
to the forecasts of the World Health Organization 
experts, the next decade will be marked by an in-
crease in the incidence of this disease by another 
30%, if certain preventive measures are not taken 
[Ilashchuk TO et al., 2021]. Chronic obstructive 
pulmonary disease is the leading factor in the de-
velopment of chronic cor pulmonale, and the pres-
ence of chronic cor pulmonale is a factor that deter-
mines the development of adverse consequences. 
Besides, according to mortality rates, this disease 
continues to be the third leading cause of death in 
the world [Global initiative for chronic obstructive 
lung disease (GOLD) Global Strategy for Diagno-
sis, Management and Prevention of COPD. 2020].

Comorbid pathology and, first of all, cardio-
vascular diseases adversely affect the course of 
chronic obstructive pulmonary disease. It is also 
emphasized by the works of recent years [Mor-
gan AD et al., 2018; Trinkmann F et al., 2019]. 
Besides, in almost of a quarter of cases, the fatal 
outcome in such patients is caused by cardiovascu-
lar causes [Caughey GE et al., 2010]. The analysis 
of literature data indicates a high frequency of the 
combination of chronic obstructive pulmonary dis-
ease and coronary heart disease, which, depending 
on the age and duration of the disease, varies from 
20 to 60% [Bolotnova TV et al., 2016; Ostroumova 
OD, Kochetkov AI., 2018]. The high degree of such 
comorbidity is explained, first of all, by presence 
of a number of common risk factors and patho-
genetic factors, but a certain number of them and 
possible mechanisms of “mutual burden” need to 
be clarified [Voynarovsʹka HP, Asanov EO, 2020]. 
The existing problem, thus, needs a more detailed 
study of various mechanisms involved in the for-
mation of foregoing comorbid pathology.

The importance of changes in the state of the 
hemocoagulation link of homeostasis in patients 
with chronic obstructive pulmonary disease was 
reflected in number of publications, sometimes 
contradictory in their results, as we reminded in 
one of our past works [Petrov YeYe et al., 2021]. 

The data on changes in the coagulation potential 
of blood in patients with pathology of the cardio-
vascular system, particularly coronary heart dis-
ease, are well known [Fedotova LA, 2014; Wu W 
et al., 2016; Pastushyna AI., 2021]. It was noted 
that in patients with coronary heart disease the 
presence of significant hypercoagulation was ac-
companied by depression of the fibrinolysis sys-
tem, which eventually led to the formation of an 
imbalance between these components [Fedotova 
LA et al., 2013] and significantly increased the 
risk of thrombogenic complication developing. It 
was noted that the inhibition of both enzymatic 
and non-enzymatic fibrinolysis was diagnosed in 
patients with coronary heart disease, which corre-
lated with the severity of the clinical manifestation 
of the disease [Sokolov YeI et al., 2013]. In our re-
cent work, it was shown the increase of changes 
in the indicators of the hemostasis system in pa-
tients with compensated chronic cor pulmonale of 
broncho-pulmonary genesis in the case of comor-
bidity with stable coronary heart disease [Petrov 
YeYe et al., 2023]. However, in this context, we did 
not consider the issue of patients with chronic cor 
pulmonale in the stage of decompensation.

It is known that significant disturbances in lipid 
metabolism lead to the progressive development 
of atherosclerosis, play an important role in the 
formation of coronary heart disease, which was 
reflected in numerous publications [Dalen JE et 
al., 2014; Reiner Ž, 2017]. It is also known that 
lipid metabolism disorders play a significant role 
in increasing the severity of chronic obstructive 
pulmonary disease, especially in presence of meta-
bolic syndrome [Poulain M et al., 2008; Treumova 
SI et al., 2015], including obesity when level of 
systemic inflammation increases [Savchenko L et 
al., 2018]. Significant attention is paid to the de-
velopment of endothelial dysfunction in chronic 
obstructive pulmonary disease and coronary heart 
disease [Chekalina NI et al., 2016; Medina-Leyte 
DJ et al., 2021; Theodorakopoulou MP et al., 
2021]. It is noted that endothelial dysfunction is 
present among the triggering factors on the path to 
the formation of these pathologies and contributes 
to their mutual aggravation in the case of comor-
bidity [Tudorache E et al., 2022].

Despite the fact that the combination of chronic 
obstructive pulmonary disease and coronary heart 
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disease is of great interest to a certain number of 
researches and practitioners, works on the study of 
hemostasis, lipid metabolism and endothelial func-
tion in patients with chronic cor pulmonale in the 
decompensation stage in combination with coro-
nary heart disease are not numerous. It caused car-
rying out of this research.

The aim of the study is to investigate and ana-
lyze the peculiarities of changes in some indicators 
of hemostasis system, lipid metabolism and endo-
thelial function and to determine their possible 
role in the formation of vascular lesions in patients 
with chronic cor pulmonale of broncho-pulmonary 
genesis in the decompensation stage and in condi-
tions of a comorbid course with stable coronary 
heart disease.

Material and methods

For the solution of this question, indicators of 
the hemostasis system and lipid metabolism were 
studied and analyzed in 96 patients with   chronic 
obstructive pulmonary disease and chronic cor pul-
monale in the stage of decompensation with signs 
of circulatory insufficiency of the II stage, among 
whom 64 patients have comorbid stable coronary 
heart disease (angina pectoris, functional class 
II-III, postinfarction or atherosclerotic cardiosle-
rosis). The diagnoses of chronic obstructive pul-
monary disease and stable coronary heart disease 
were made in accordance with following Interna-
tional recommendations, Ukrainian guidelines and 
orders of Ministry of Health of Ukraine:  Global 
strategy for the diagnosis, management, and pre-
vention of chronic obstructive pulmonary disease, 
2020; The order of Ministry of Health of Ukraine 
N555 dated 27.06. 2013; Adapted clinical guide-
line: chronic obstructive pulmonary disease, 2020; 
The order of Ministry of Health of Ukraine N2857 
dated 23.12.2021.

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]. 

In patients with chronic obstructive pulmonary 
disease and chronic cor pulmonale, the severity of 
circulatory insufficiency was assessed according to 
the classification of the Association of Phthisiolo-
gists and Pulmonologists of Ukraine (2003): patients 

are grouped according to the presence of insufficien-
cy manifestations only in the systemic circulation.

The number of males was 62 (64,6%) and fe-
males – 34 (35,4%), the mean age was 58,6±2,2 
years. All the patients were divided into 2 groups: 
the main group (chronic cor pulmonale combined 
with coronary heart disease) and comparative 
group (chronic cor pulmonale). The representa-
tives of the both groups were of the same sex, age 
and duration of the disease. Endothelial function 
indicators were studied and analyzed in 32 patients 
of the main group and 10 patients of the compara-
tive group (identical sex-age structure). The car-
rying out treatment of both chronic cor pulmonale 
of broncho-pulmonary genesis and coronary heart 
disease met the requirements of the protocol.

Evaluation of the vascular-platelet and plasma 
components of hemostasis was determined by the 
number of platelets, indicators of thrombin time, 
prothrombin time, antithrombin-III, tolerance 
plasma to heparin, plasmin lysis, fibrinogen, sol-
uble fibrin. 

The blood lipid spectrum was studied by total 
cholesterol, low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein (HDL) cholesterol, 
their ratio, and triglycerides.

The endothelial function was assessed by the 
spectrophotometric method based on the total 
content of nitrogen oxide  metabolites in blood 
serum (Total NO, RL-system (USA)) and endo-
thelin-1 by the immunoenzymatic method (BIG 
Endothelin-1 (HUMAN) Peninsula Laboratories 
inc. Division of Bachem).

The obtained research results in the patients of 
the main and comparative groups were compared 
between themselves and also with the indices of 
practically healthy individuals (n=15) who were of 
the same sex and age.

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

Results and discussion

The results of the carried out study revealed 
(Figure 1) changes in all analyzed indicators of 
hemostasis in patients with chronic cor pulmonale 
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of broncho-pulmonary genesis in decompensation 
stage. Thus, compared to practically healthy indi-
viduals, there was significant increase of thrombin 
time  (23.2±0.9 to 14.6±0.8 s), fibrinogen con-
tent (5.6±0.4 g/l to 2.4±0.2 g/l) (р<0,001 in both 
cases). Significant (р<0.05) increase in the con-
tent of soluble fibrin (SF) – to 1.2±0.2 conditional 
units (control group – 0.52±0.02 conditional units) 
and the number of platelets, 109/l (320.0±13.0 to 
270.0±10.0, р<0.05), significant decrease in plas-
ma tolerance to heparin (240.0±3.2 s to 360.0±12.0 
s, р<0,001) and antithrombin III  (17.2±0.5 % to 
20.9±0.4 %, р<0.001) was also observed. At the 
same time only a trend towards an increase in 
prothrombin time and plasmin lysis  was noted. 
The detected changes in the analyzed indicators 
of blood coagulation of patients with chronic cor 
pulmonale of broncho-pulmonary genesis in the 
stage of decompensation generally reflected the 
presence of a significantly increased thrombogenic 
potential of the hemostasis system.

The changes in the indicators of the hemostasis 
system in patients with chronic cor pulmonale in 
the stage of decompensation with comorbid coro-
nary heart disease were more significant. While 
among significantly increased (compared to prac-
tically healthy individuals) there were also throm-
bin time - 2.1 times (30.0±1.4 s), the content of 
fibrinogen – 3.5 times (8.4±0.6 g/l), the amount 
of platelets, 109/l  (390.0±4.0) and, in contrast to 
patients with isolated chronic cor pulmonale, plas-
min lysis (270.0±13.0 s) and prothrombin time 
(34,4±0,6 s) – 2,1 times  (р<0,001 in all cases). 
There was also a significant (by 2.1 times) de-
crease in plasma tolerance to heparin (170.0±3.0 
s) and antithrombin III (by 1.9 times - to 11.0±0.6 
%) (р<0.001 in all cases) and, at the same time, a 
fivefold increase in the content of soluble fibrin 
(2.6±0.3 conditional units, р<0,002), which indi-
cated the activation of intermediate links of throm-
bus formation. It should be emphasized that in pa-
tients with comorbid pathology in comparison with 
patients of comparative group the following indi-
cators were significantly increased: prothrombin 
time (2.0 times, р<0.001), plasmin lysis (2.0 times, 
р<0.001), platelets count (1.2 times, р<0.001), 
soluble fibrin (2.2 times, р<0.002), thrombin time 
(1.3 times, р<0.002), the content of fibrinogen (1.5 
times, р<0.002). Plasma tolerance to heparin was 

1.4 times as little as among patients of compara-
tive group (р<0.001), and antithrombin III was 1.6 
times as little as among patients of comparative 
group (р<0.001).

The obtained results indicated the presence of 
a significant increase of coagulation potential (the 
changes of indices of platelets, fibrinogen, plasma 
tolerance to heparin, antithrombin III, and SF) and 
activation of fibrinolysis system (thrombin time) 
and, simultaneous, its more pronounced depres-
sion (plasmin lysis) and increase of prothrombin 
time in case of presence of comorbid coronary 
heart disease in the patients with chronic cor pul-
monale (decompensation stage) in conditions of 
chronic inflammatory process. Comorbidity pro-
moted the formation of disbalance of systemic 
correlation hemocoagulation and fibrinolysis. 
Our results confirm to a certain extent the follow-
ing ideas of scientists: there are hypercoagulation 
and “exhaustion of the anticoagulant system po-
tential” in case of combination of coronary heart 
disease and chronic obstructive pulmonary disease 
[Malchevska TY, 2015]; hypercoagulation together 
with the oxidative stress and chronic systemic in-
flammation are general pathogenic mechanisms 
of chronic obstructive pulmonary disease and car-
diovascular diseases, particularly of the coronary 
heart disease [Austin V et al., 2016; Zirlik A et al., 
2017]. It is certainly reflected in the case of their 
comorbid course as an important component of the 
“syndrome of mutual burden”.

The results of the study showed (Figure 2) an 
increase in the content of triglycerides, to a greater 
extent – in total cholesterol, LDL cholesterol and 
LDL cholesterol/ HDL cholesterol ratio in patients 
with chronic cor pulmonale of broncho-pulmonary 
genesis in decompensation stage in comparison 
with practically healthy individuals.  But all these 
changes were not significant and had the nature of 
a trend. And only the content of HDL cholesterol 
was significantly reduced (by 1.2 times, р<0,001).

On the other hand, changes in lipid metabolism 
indicators in patients with chronic cor pulmonale 
in the stage of decompensation with comorbid 
coronary heart disease were more significant – 
the cholesterol content was 7.6±0.5 mmol/l, LDL 
cholesterol – 6.5±0.4 mmol/l. They were, accord-
ingly, 1.8 times (р<0.01) and 2.0 times (р<0,002) 
as large as among practically healthy individuals, 
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and exceeded the same indicators of comparative 
group by 1.4 (р<0.01) and 1.6 (р<0.001) times. In 
addition, in the patients of the main group there 
was a significant decrease in the content of HDL 
cholesterol (1.0±0.02 mmol/l) – 1.8 times as little 
as among practically healthy individuals (р<0.001) 
and 1.5 times as little as among comparative group 
(1.5±0.02 mmol/l, р<0.001).

In contrast to patients with decompensated 
chronic cor pulmonale of broncho-pulmonary 
genesis, whose LDL cholesterol/ HDL choles-
terol ratio (2.2±0.2) had only a tendency to in-
crease compared to practically healthy individuals 
(1.7±0.3), LDL cholesterol/ HDL cholesterol ratio 
in patients of the main group was increased by 3.8 
times (6.5±0.2) compared to control group and by 
2.5 times (р<0.001) – compared to patients of the 
comparative group. It quantitatively and qualita-
tively reflected proatherogenic direction of chang-
es in lipid metabolism. The level of triglycerides 
in patients of the main group also was significant-
ly increased in comparison with the comparative 
group (p<0.001).

As mentioned above, significant lipid metabo-
lism disorders play an important role in the de-
velopment of atherosclerosis and coronary heart 
disease. Particularly, LDL cholesterol, especially 
its oxidized forms, inhibits the expression of en-
dothelial nitroxide synthase, reducing the level of 
nitric oxide [Kazakov YuM et al., 2016]. Experi-
mental and clinical studies showed that endothe-
lial dysfunction in the presence of hyperlipidemia 
precedes the development of intimal damage, i.e. 
endothelial dysfunction occurs much earlier than 
atherosclerotic vascular damage [Kazakov YuM 
et al., 2016]. In this sense, the fact that there are 
correlations between indicators of the blood lipid 
spectrum (particularly, LDL cholesterol and total 
cholesterol) and endothelial function is also indic-
ative [Kolomiyets VV et al., 2006].

And what did the indicators of endothelial func-
tion “look like” in patients with chronic cor pul-
monale in decompensation stage, and what was the 
impact of comorbid coronary heart disease? We 
had to find out later.

Results of our subsequent study of the total con-
tent of nitroxide metabolites in the blood showed 
their significant decrease in both patients of com-
parative group (21.2±1.0 mcmol/l) and patients 

with comorbid pathology (12.2±0.8 mcmol/l) in 
comparison with practically healthy individu-
als (35.3±2.8 mcmol/l) (accordingly, р<0.01 and 
р<0.001).  Besides, the content of nitroxide in pa-
tients of the main group was 1.7 times as little as in 
patients of the comparative group (р<0.001).

On the other hand, the direction of change in 
the content of endothelin-1 was the opposite – its 
highest value was observed in patients with chron-
ic cor pulmonale of broncho-pulmonary genesis 
in the stage of decompensation with comorbid 
coronary heart disease (8.2±0.2 pmol/l), which is 
1.6 times (р<0.001) exceeded this indicator of the 
comparative group’s patients (5.2±0.3 pmol/l) and 
by 2.2 times (р<0.001)- the indicator of practically 
healthy individuals (3.8±0.5 pmol/l).

The detected changes in endothelial function 
indicators (decrease in nitrogen oxide content and 
increase in endothelin-1) in patients with decom-
pensated chronic cor pulmonale of broncho-pul-
monary genesis reflected a violation of the regu-
latory function of the endothelium and evidenced 
their greatest expressiveness in patients with a co-
morbid course of chronic cor pulmonale with coro-
nary heart disease. We would like emphasize once 
more that endothelial dysfunction is not only an 
important pathogenetic link in the development of 
coronary heart disease, but also in development of 
chronic obstructive pulmonary disease [Lemko OI, 
Vantyukh NV, 2017; Polverino F et al., 2017].

Thus, taking into account the above, the state-
ment of the greatest expressiveness of changes in 
hemostasis system and unfavourable in lipid me-
tabolism and endothelial function in patients with 
comorbid pathology, in our opinion, is fully justi-
fied. It allows us to draw the following conclusions.

Conclusion

The analysis of the changes of the hemostasis 
system indices in patients with chronic cor pulmo-
nale of broncho-pulmonary genesis in decompen-
sation stage indicates the presence of an increase of 
coagulation potential; the most significant changes 
with suppression of fibrinolytic activity are typi-
cal of the patients with comorbid coronary heart 
disease.

The direction of changes in lipid metabolism in 
patients with chronic cor pulmonale of broncho-
pulmonary genesis in stage of decompensation re-
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flects generally their proatherogenic orientation, the 
changes are combined with significant violations of 
the regulatory function of the endothelium, and the 
greatest expressiveness of such changes is typical of 
patients with comorbid coronary heart disease. 

The nature and direction of changes in the he-
mostasis system, lipid metabolism and endothe-
lial function in the patients with decompensated 
chronic cor pulmolale of broncho-pumonary gen-

esis should be considered as markers of the un-
favorable development of vascular sclerosis and 
increased risk of the thrombogenic vascular com-
plications, which must be taken into account dur-
ing forming of medical-diagnostic strategy (both 
in the isolated course of chronic cor pulmolale and 
in the conditions of comorbidity with coronary 
heart disease).
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