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IMPACT OF PULMONARY HYPERTENSION ON THE COURSE AND PROGNOSIS OF
PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE
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v Resume

Chronic obstructive pulmonary disease (COPD) is one of the main causes of chronic morbidity
and mortality worldwide [1,2]. The presence of pulmonary hypertension (PH) in COPD is
associated with an increase in mortality, the risk of repeated hospitalizations, and an increase in
healthcare costs for the treatment of this category of patients [3, 4]. PH in COPD is more often mild
to moderate [5,6], but some patients have severe PH that is “disproportionate” to the degree of
airflow limitation [6].

Keywords: chronic obstructive pulmonary disease, pulmonary hypertension, obstruction,
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BJUSHUE JJETOYHOM T'MIEPTEH3UA HA TEUEHUE U ITIPOTHO3 MAIIMEHTOB C
XPOHUYECKOMN OBCTPYKTUBHOM BOJIE3HBIO JIETKAX

Xonos I'A., ocypaesa H.O., Cagpaes b.b
Byxapckuii 061acTHONH MHOTONPOMHIBLHBIN KITMHHYSCKUH EHTp, Y 30eKHuCcTaH

v’ Pe3tome

Xponuueckas oocmpykmuenan oone3ns neckux (XObBJI) aenaemca 00HOU U3 OCHOGHBIX NPUUUH
Xponuueckoil 3aboneeaemocmu u cmepmnocmu 60 ecem mupe [1,2]. Hanuuue nezounoi
eunepmensuu (JII) npu XObJI accoyuupyemcs ¢ nogvluieHuem 1emaibHOCmMu, PUCKa NOBMOPHBIX
20cnumanu3ayuil, yeenuveHuem 3ampam 30paAGoOXPAHEHUA HA JedyeHue OAHHOU Kamezopuu
navyuenmog [3, 4]. JII' npu XOBJI uawie 6v16aem neckoii u ymepennou [5,6], oonaxo y nexomopuix
oonbnbix ecmpeuaemca maxcenas JII, “nenponopyuonanvhas” cmenenu ozpanuuenus
6030yuin0z20 nomoka [6].

Kniouegvle cnoea: xponuueckasa oO6Cmpykmuenan 0071€3Hb 1€2KUX, J1€20UHAA 2UNEPHEH3Usl,
odcmpyKuus, npeouKmopbl.

VIIKA TUIIEPTEH3USAACUHU CYPYHKAJIA YIIKA OBCTPYKIUSACU KACAJLIUTH
BUJIAH OFPUT'AH BEMOPJIAPJA KACAJUVIMKHUHI' KEYNIIIN

Xonoe F.A., [locypaesa H.O.,Caghaes b.B
ByXopo BHJIOST Ky TAPMOK/IN THOOUET MapKasy, Y36eKHCTOH

v’ Pe3tome

Cypynkanu ynka obcmpyxyuscu kacarnueu (CYOK) cypynxanu xacannux éa 6ymyn oynéoazu
yauma onub Keaysuu Kacauiiukiapoan oupu oynué xucoonanaou [1,2]. Yoy kacanruxnap oupza
Kenzan Xonamoa JAemaiiukK 0apaxcacu, Kaima 20CRUMAnu3ayusa xaegu owud, yuidy xonam uiy
KACALIUKHU 0A601AW2A HUCOAMAH KeMAOU2aH cap-xaparxcamaaphu owumuza oauo keaaou [3,
4]. CYOK 6a XOBJI 6upza kenzanoa, y Kyn xonnapoa enzun éxu ypmaua oapaxcaoa oynaou [5,6],
ammo aiipum Gemoprapoa CYOK nunz ozup “nomymanocué” mypu yupab, y Xa6o OKUMUHUHZ
uexnanumuza onué xKeanaou [6].

Kanum cyznap: cypynkanu ynka o0OCmMpyKuuaAcu Kacaaiuzu, YnKA 2UNEPMEH3UACH,
o6cmpyKuus, npeoukmopaap.
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Relevance

C hronic obstructive pulmonary disease (COPD) is one of the main causes of chronic morbidity and

mortality worldwide [1,2]. The presence of pulmonary hypertension (PH) in COPD is associated
with an increase in mortality, the risk of repeated hospitalizations, and an increase in healthcare
costs for the treatment of this category of patients [3, 4]. PH in COPD is more often mild to moderate
[5,6], but some patients have severe PH that is “disproportionate” to the degree of airflow limitation
[6].

The aim of this study was to study the features of the clinical course, predictors of repeated
hospitalizations and mortality in patients with COPD, depending on the presence and degree of PH.

Material and methods

The study included 88 patients with COPD (lI-1V severity according to the GOLD spirometric
classification [1]; men — 76, women — 12; mean age 59.549.27 years; smoking experience
23.1+11.42 packs /year; frequency of exacerbations during the year 2.4+0.89; BMI 27.2+£12.06
kg/m2). The criterion for PH, taking into account the parameters of Doppler echocardiography, was an
increase in systolic pressure in the pulmonary artery (SPPA) >40 mm Hg. at rest. Patients were
divided into three groups depending on the presence and degree of increase in SPPA: group 1 without
PH (SPPA <40 mm Hg, n=168), group 2 with moderate PH (SPPA 40-55 mm Hg). .st., n=101), group
3 — with severe PH (SPPA >55 mm Hg, n=19). Exclusion criteria from the study were: chronic heart
failure (with ejection fraction (EF) of the left ventricle <50%), portal hypertension, pulmonary
embolism, connective tissue disease, HIV infection.

Patients were included in the study only after signing informed consent. COPD was diagnosed
according to the GOLD guidelines [1]. All patients were assessed demographic indicators, smoking
intensity, body mass index, symptoms, data of an objective, laboratory and instrumental examination,
concomitant diseases, the number of exacerbations during the last year were determined. To assess the
nutritional status of patients, the body mass index (BMI) was used, which was calculated according to
the generally accepted formula: BMI=body weight (kg)/height (m2). A modified British Medical
Research Council (MMRC) questionnaire and a COPD Assessment Test (CAT) were used to assess
symptom severity, exercise tolerance was assessed using a 6-minute walking test (6MST) followed by
determining the severity of dyspnea on the Borg scale [1]. Pulse oximetry (SpO2) was performed
using an Onyx 9500 pulse oximeter (Nonin Nonin Medical, Inc., USA) before and after the 6-minute
walking test.

Comprehensive assessment of respiratory function (RF) included computed spirometry with
determination of forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1),
FEV1/FVC ratio; body plethysmography with determination of total lung capacity (TLC), residual
lung volume (RRL), intrathoracic volume (VGO), TRL/RTL ratio); studies of the diffusion capacity of
the lungs (DSL) by the method of a single breath, determination of the ratio LDL / alveolar ventilation
(AV). The measurements were carried out on the equipment “Master Screen Body” (Erich Jaeger,
Germany).

An echocardiographic study (EchoCG) of the heart was performed using a Philips En Visor CHD
device (Holland) using standard accesses, standard hemodynamic parameters were studied.
Assessment of diastolic ventricular function was performed using pulsed wave Doppler. The control
volume was established in the cavity of the left ventricle at the level of the ends of the mitral (MV) and
tricuspid (TC) valves. The rates of early (E) and late (A) diastolic ventricular filling and the E/A ratio
were measured. Determination of the maximum systolic pressure in the pulmonary artery (PSAP) was
carried out using continuous wave Doppler. The systolic pressure gradient between the right ventricle
(RV) and the right atrium (RA) was calculated using the Bernoulli equation using the peak flow rate of
tricuspid regurgitation. The sum of the transtricuspid gradient and RA pressure was taken equal to
SPPA (in the absence of pulmonary valve stenosis). According to the ESC/ERS (2016)
recommendations, the criterion for PH was SPPA >40 mmHg. [7].

Statistical data processing was performed using the Statistica V.7.0 software package (Statsoft Inc,
USA). For all available samples, an analysis was made of the correspondence between the type of
distribution of quantitative characteristics and the law of normal distribution using the Shapiro-Wilk
test. If the distribution of features in the groups corresponded to the normal distribution law, the
parametric Student's t-test was used to compare the group means. Otherwise, the comparative analysis
of the groups was carried out using non-parametric methods. Differences were considered statistically
significant at p<0.05. The dependence of quantitative indicators was assessed using correlation
analysis.

N

436 ISSN 2181-712X. EISSN 2181-2187 «Tubbuémoa sneu kyw» 2 (40) 2022 NN




Result and discussion
An increase in SPPA was noted in 120 patients (41.7%); moderate PH was recorded in 101 (35.1%)
patients, severe PH in 19 (6.6%) patients (Fig. 1).
Rice. 1. The prevalence of PH in patients with COPD.

% proportion

70

60 / 58,3
50 /
40

35,1 .
==@==% proportion

30 /

20 /

10

66
0 T T 1
Heavy Normal Light

The groups of patients did not differ in age, duration of the disease. However, the intensity of
smoking and the frequency of exacerbations of the disease during the year were statistically
significantly higher in patients with severe PH compared with patients without PH and moderate PH.
Severe PH was observed mainly in patients with GOLD functional grade 1V, while moderate PH was
observed in half of the cases in patients with both grade 111 and IV COPD. Depending on the degree of
COPD, the level of SPPA in the studied patients was distributed as follows: in patients with grade I,
the average SPPA was 33.5£10.37 mm Hg, with grade III — 35.8+10.23 mm Hg. ., with IV degree —
45.7£9.48 mm Hg. Complaints of coughing were noted in almost all patients of the study groups,
hemoptysis was observed only in the group of patients with severe PH. Shortness of breath of varying
severity was observed in all patients. The patients also complained of pain and discomfort, tightness in
the heart area (Table 1), decreased exercise tolerance, and edema of the lower extremities. Phenomena
of changes in the phalanges of the fingers according to the type of "drumsticks" and the chest
according to the type of emphysematous occurred in 26 (15.4%) and 52 patients (30.9%) without PH,
in 48 (47.5%) and 69 patients ( 68.3%) with moderate PH, in 19 patients (100%) with severe PH.
Swelling of the jugular veins, hepatomegaly, peripheral edema, emphasis of the Il tone on the
pulmonary artery were mainly observed in patients of the 2nd and 3rd groups. Ascites developed in 2
patients (10.5%) with severe PH.

In patients with COPD, there was a significant increase in the severity of symptoms as PH
appeared and worsened. The severity of symptoms according to the results of mMRC and the CAT
assessment test in patients without PH was 3.14+0.41 points and 27.1+6.30 points, in patients with
moderate PH - 3.32+0.49 points and 29.5 £5.62 points, in patients with severe PH — 3.940.32 points
and 33.3+4.78 points, respectively. Functional exercise tests also revealed a decrease in exercise
tolerance as PH appeared and increased in severity. The average spirometric parameters in the groups
of patients without PH and moderate PH corresponded to III (severe) severity. FVC was 66.5+17.95%
and 61.6+16.13% predicted; FEV1 — 38.7+16.89% and 32.9+£15.71% predicted; FEV1/FVC —
44.3+12.17% and 42.6+11.47%, respectively. The most significant VDF disturbances were observed
in patients with severe PH. Thus, the FVC indicator was significantly lower, on average it was
49.7+15.88% of the due values (p2-3=0.001, p1-3=0.001); FEV1 corresponded to the IV degree of
severity, averaged 27.2+13.72% of the due values (p2-3=0.05, p1-3=0.001); FEV1/FVC ratio —
46.2+13.10 (p2-3=0.23, p1-3=0.87).
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Determination of lung volumes showed a statistically significant increase in the TEL in patients
with severe PH compared with that in patients of the 1st and 2nd groups; an increase in TRL in
patients with moderate and severe PH, compared with TRL in the group of patients without PH.
Correlation analysis revealed only moderate negative correlations between the level of SPAP and FVC
(r=-0.31, p=0.05), FEV1 (r=-0.36, p=0.04), MRL (r=-0.32 , p=0.05), DSL (r=-0.34, p=0.03), AV (r=-
0.36, p=0.04); positive correlations — with REL (r=0.29, p=0.05).

The study of hemodynamics revealed an aggravation of the processes of remodeling of the right
and left parts of the heart, systolic, diastolic dysfunction of both ventricles, thickening, paradoxical
movements of the interventricular septum, the severity of tricuspid regurgitation as the severity of PH
appeared and increased. Using Cox proportional hazards regression analysis, predictors of the next
hospitalization of patients with COPD over the next 3 years and mortality were identified. The
predictors of readmissions were the level of SPPA (RR 1.24; 95% CI 1.0-1.1; p = 0.02) and the
concentration of CRP (RR 1.17; 95% CI 1.0-1.15; p =0.04). With regard to mortality in COPD
patients, the severity of COPD symptoms on the CAT scale (RR 1.36; 95% CI 1.2-1.5; p=0.001),
dyspnea on the Borg scale (RR 3.69; 95 % CI 1.1-0.9; p=0.001), exacerbation rate per year (RR 4.37;
95% CI 2.1-8.9; p=0.001), SPAP (RR 1.34; 95% CI 1.0-1.1; p=0.009), CRP concentration (RR 1.18;
95% CI 1.1-1.2; p=0.001), fibrinogen (RR 1.25; 95% CI 1, 0-1.5; p=0.009), NT-proCNP (RR 1.32;
95% CI 1.2-2.6; p=0.001) and NT-proBNP (RR 1.6; 95% CI 1, 7-6.9; p=0.001). Comparative analysis
of the frequency of repeated hospitalizations of COPD depending on the presence of PH with a follow-
up period of 3 years showed that the interval between hospitalizations in patients with PH is
statistically significantly shorter than in the group of COPD patients without PH (log-Rank=-4.55,
p=0.001).

Hospital lethality of the studied patients with COPD was 19 (6.59%) people. Analysis of the
Kaplan-Meier survival curve in COPD patients with PH showed that the survival function in patients
with moderate PH was statistically significantly higher than in the group of patients with severe PH
(log-Rank=-4.96, p2-3=0.001). moderate PH was recorded, severe PH occurred in 6.6% of patients,
which does not contradict the results of other studies [6,7]. The intensity of smoking and the frequency
of exacerbations of the disease during the year were significantly higher in patients with severe PH
compared with patients without and moderate PH. The presence of PH in COPD impairs gas
exchange, increases dyspnea, and leads to the development of pancreatic dysfunction and peripheral
edema [8]. One study showed that the reduction in the area of the capillary bed in COPD patients with
severe PH significantly limits their physical activity [9].

In our study, clinical symptoms and signs indicating the presence of PH, the severity of dyspnea
according to the results of mMMRC, the CAT assessment test, the Borg scale, decreased exercise
tolerance, blood desaturation after exercise increased as the severity of PH appeared and increased.
Other studies have shown a high incidence of PH in patients with emphysema [10]. It is believed that
the development of PH in COPD is caused by a reduction in the area of the capillary bed, which
accompanies the destruction of the lung parenchyma and is characteristic of emphysema, and
compression of the pulmonary vessels as a result of severe pulmonary hyperinflation (the effect of
creating Vesta Il zones), which is also observed in severe emphysema [9]. For COPD patients with
severe PH, the characteristic functional features were: a significant decrease in the diffusion capacity
of the lungs, severe hypoxemia without hypercapnia, and a moderate decrease in FEV1 (about 50%)
[11].

In the COPD patients with PH studied by us, a significant change in the structure of the TFR was
observed due to a pronounced increase in the TRL, a decrease in the FVC, FEV1, diffusive capacity of
the lungs and the volume of alveolar ventilation. Functional disorders of pulmonary ventilation were
more pronounced in the group of COPD patients with severe PH, which is confirmed by moderate
correlations between the parameters of the comprehensive study of respiratory function and SPPA.
Our data do not contradict the results of previous studies [11].

Remodeling of the pulmonary arteries in patients with COPD, which accompanies the development
of PH, occurs already at the early stages of the disease [12]. So, despite the fact that severe PH in the
present study was recorded mainly in patients with grade 1V GOLD, in 10.5% of cases it was observed
in patients with grade Il and in 15.8% of patients with grade 11l GOLD. Moderate PH was observed in
half of the cases in patients with both I1l and IV degrees of GOLD, in patients with 11 degree moderate
PH was observed in 4.9% of cases.

In the patients we studied, the study of central and intracardiac hemodynamics showed that
structural and functional changes in the right and left parts of the heart worsen as the disease
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progresses and PH increases. However, the revealed changes in the geometric and functional
parameters of the heart in the group of COPD patients without PH indicate that PH is not the only
cause of heart remodeling in COPD patients [13].

PH in COPD patients worsens exercise tolerance and is a predictor of hospitalization and mortality
[8, 14]. A number of authors have shown that age, presence of cor pulmonale, severe degree of
bronchial obstruction, frequent hospitalizations, and concomitant diseases are the determinants of the
risk of death in severe COPD [15]. The present study showed that pulmonary artery systolic pressure
and CRP levels are predictors of readmissions; Predictors of mortality were the severity of symptoms
on the CAT scale, dyspnea on the Borg scale, the frequency of exacerbations during the year, SPPA,
the concentration of CRP, fibrinogen, NT-proCNP and NT-proBNP. An increase in the frequency of
repeated hospitalizations in patients with COPD with PH and a significant deterioration in the survival
of patients with severe PH were revealed.

Conclusion
Thus, PH in COPD patients in most cases is moderate, increases the severity of clinical
manifestations, hemodynamic disorders, has only moderate correlations with impaired respiratory
function, increases the frequency of hospitalizations and the risk of mortality. Survival of COPD
patients with PH depends on its severity.
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