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ABSTRACT

Aim. To study the relationship of obstructive respiratory disorders during sleep with subclinical development of 
right ventricular dysfunction and pulmonary hypertension, as well as with the risk of an adverse course of chronic 
heart failure (CHF) with preserved left ventricular ejection fraction (LVEF). 

Materials and methods. The study included 86 men with moderate and severe forms of obstructive sleep apnea 
syndrome (OSAS) (with an apnea / hypopnea index (AHI) > 15 per hour). All patients had abdominal obesity and 
hypertension. Upon inclusion in the study, all patients underwent polysomnography and echocardiography accord-
ing to the standard protocol with an additional assessment of the fractional area change in the right ventricular myo-
cardium (ΔSRV) and the right ventricular stroke work index (RVSWI). Also, the content of the N-terminal brain 
natriuretic peptide precursor (NT-proBNP) in the blood serum was determined by enzyme immunoassay analysis. 
A six-minute walk test (6MWT) was performed after inclusion in the study and after 12 months of follow-up. De-
pending on the course of CHF during the follow-up, retrospectively, the patients were divided into 2 groups: with 
an unfavorable (n = 33) and favorable (n = 53) prognosis.

Results. A significant relationship between AHI and ΔSRV, RVSWI, NT-proBNP, and 6MWT was revealed. 
Based on the results of one-way correlation analysis, it was found that ΔSRV (odds ratio (OR) 2.51; 95% confi-
dence interval (CI) 2.42–3.24; p = 0.0009), NT-proBNP (OR 1.92; 95% CI 1.32–2.78; p = 0.003), and AHI (OR 
3.93; 95% CI 2.87–4.11; p = 0.018) were predictors of an adverse course of CHF. In a multivariate analysis, it 
was found that AHI was an independent predictor of an adverse course of CHF (OR 3.49; 95% CI 2.17–11.73; p 
= 0.0008), while the addition of NT-proBNP improved risk stratification of an adverse course of CHF (OR 4.66; 
95% CI 3.87–13.11; p < 0.0001). 

Conclusion. The fractional area change in the right ventricular myocardium (ΔSRV) can be considered as a non-in-
vasive marker for determining the emerging right ventricular dysfunction and predicting adverse cardiovascular 
events in patients with preserved LVEF and OSAS. Moreover, the combined use of echocardiographic (ΔSRV) and 
laboratory (NT-proBNP) markers can improve risk stratification of CHF progression.
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РЕЗЮМЕ

Цель. Изучить взаимосвязь обструктивных нарушений дыхания во сне с развитием дисфункции правого 
желудочка (ПЖ) и легочной гипертензии, а также с риском неблагоприятного течения хронической сердеч-
ной недостаточности (ХСН) с сохраненной фракцией выброса левого желудочка (ФВ ЛЖ).

Материалы и методы. В исследование включены 86 мужчин со среднетяжелой и тяжелой формами син-
дрома обструктивного апноэ во сне (СОАС) (с индексом апноэ/гипопноэ (ИАГ) более 15 в час). Все паци-
енты имели абдоминальное ожирение и артериальную гипертензию. При включении в исследование всем 
больным выполнено полисомнографическое исследование, а также эхокардиография по стандартному про-
токолу с дополнительной оценкой фракционного изменения площади и индекса работы миокарда правого 
желудочка (ΔSПЖ и ИРМПЖ), определено содержание предшественника мозгового натрийуретического 
пептида (NT-proBNP) в сыворотке крови методом иммуноферментного анализа. Тест 6-минутной ходьбы 
(ТШХ) выполняли после включения в исследование и через 12 мес наблюдения. В зависимости от харак-
тера течения ХСН за период наблюдения, ретроспективно, пациенты были разделены на две группы: с 
неблагоприятным (n = 33) и благоприятным (n = 53) прогнозом.

Результаты. Выявлена значимая взаимосвязь между ИАГ и ΔSПЖ, ИРМПЖ, ТШХ, уровнем NT-proBNP. 
На основании результатов однофакторного корреляционного анализа установлено, что ΔSПЖ (отношение 
шансов (ОШ) 2,51; 95%-й доверительный интервал (ДИ) 2,42–3,24; p = 0,0009), NT-proBNP 1,92; 95%-й ДИ 
1,32–2,78; p = 0,003), ИАГ (ОШ 3,93; 95%-й ДИ 2,87–4,11; p = 0,018) были предикторами неблагоприятно-
го течения ХСН. При проведении многофакторного анализа установлено, что независимым предиктором 
неблагоприятного течения ХСН являлся ИАГ (ОШ 3,49; 95%-й ДИ 2,17–11,73; р = 0,0008), при этом добав-
ление NT-proBNP улучшало стратификацию риска неблагоприятного течения ХСН (ОШ 4,66; 95%-й ДИ 
3,87–13,11; р < 0,0001).

Заключение. Фракционное изменение площади ПЖ ΔSПЖ можно рассматривать в качестве неинвазивно-
го маркера для определения формирующейся правожелудочковой дисфункции и прогнозирования неблаго-
приятных сердечно-сосудистых событий у больных с сохраненной ФВ ЛЖ и СОАС. При этом комбиниро-
ванное использование эхокардиографического (ΔSПЖ) и лабораторного (NT-proBNP) маркеров позволяет 
улучшить стратификацию риска прогрессирования ХСН. 

Ключевые слова: синдром обструктивного апноэ во сне, хроническая сердечная недостаточность с сохра-
ненной фракцией выброса, правожелудочковая дисфункция, легочная гипертензия.
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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is a 

metabolic disorder associated with abdominal obesity 
and an increased risk of cardiovascular complications. 
A number of large, clinically controlled, prospective 
studies have demonstrated the relationship between 
obstructive sleep apnea and arterial hypertension, heart 
rhythm and conduction disturbances, as well as an in-
creased risk of sudden cardiac death at night [1–5].

The significance of OSAS is determined by its 
wide prevalence, high frequency of severe metabolic 
and cardiopulmonary complications, and mortality [6, 
7]. Thus, in the United States, more than 40 million 
patients with sleep disorders are observed, of which 
about 10 million people suffer from OSAS [8]. In Rus-
sia, there are no accurate data on the epidemiology of 
OSAS, but given high prevalence of the main risk fac-
tors for this syndrome, such as obesity, smoking, and 
thyroid diseases, it can be assumed that this syndrome 
is characterized by quite high prevalence among the 
Russian population.

One of the important links in the pathogenesis of 
sleep apnea syndrome is overload of the right ven- 
tricle due to a periodic increase in intra-abdominal 
pressure during apnea. Another important pathogenet-
ic mechanism is development of pulmonary hyperten-
sion against the background of nocturnal intermittent 
hypoxemia, that leads to hyperactivation of the sym-
pathetic nervous system, activation of the renin-angio-
tensin-aldosterone system (RAAS), development of 
the endothelial dysfunction with increased expression 
of endothelin-1, and activation of hypoxic pulmonary 
vasoconstriction [9, 10]. 

In addition, endothelial dysfunction caused by ac-
idosis of the vascular wall is accompanied by over-
expression of vasoconstrictors (thromboxane A2, 
endothelin-1) and inhibition of the production of va-
sodilators (nitric oxide and prostacyclin) [11]. It was 
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shown that in OSAS, an episode of apnea is followed 
by a period of hyperventilation with a characteristic 
rise in the negative pressure in the chest and an in-
crease in the right ventricular inflow, which subse-
quently leads to dilatation of the inferior vena cava 
and the right atrium, right ventricular hypertrophy, 
and activation of NT-proBNP [12, 13]. It is possible 
that these factors initiate the emergence and progres-
sion of global right ventricular dysfunction and pul-
monary hypertension.

However, the complexity of interpreting right ven-
tricular dysfunction and the mechanisms of pulmo-
nary hypertension progression as prognostic factors of 
OSAS is determined by the fact that this syndrome 
is often accompanied by other risk factors for cardio-
vascular pathology, in particular, with obesity, insulin 
resistance, arterial hypertension, chronic obstructive 
pulmonary disease, and portal hypertension [14, 15]. 
Consequently, in cardiology practice, the use of mod-
ern approaches to multifactorial risk stratification of 
cardiovascular complications for selecting the optimal 
pathogen-specific therapy has significant advantages 
over assessing individual parameters, such as the func-
tional class of pulmonary arterial hypertension (PAH) 
(according to the World Health Organization (WHO), 
or 6MWT). The effect of OSAS on the cardiovascular 
system is mediated by a number of factors. Therefore, 
well-designed clinical trials are necessary to assess 
this effect in detail and develop specific approaches to 
prevention and treatment of cardiovascular complica-
tions of OSAS.

It is assumed that an increase in the activity of the 
RAAS is associated with an increased risk of adverse 
cardiovascular events, as well as with a decrease in 
renal sensitivity to atrial and cerebral natriuretic pep-
tides [3]. All these neurohumoral disorders lead to 
pathological remodeling of the pulmonary microvas-
culature, contributing to the progression of right ven-
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tricular dysfunction and pulmonary hypertension. The 
presence of the listed pathogenetic factors contributes 
to the formation of chronic cor pulmonale.

Until now, it is not completely clear what the main 
reason for the initiation and progression of pulmo-
nary hypertension in OSAS is: the actual periodic ep-
isodes of respiratory arrest during sleep or the severity 
of chronic arterial hypoxemia associated with them. 
At the same time, the assessment of subclinical right 
ventricular dysfunction and pulmonary hypertension 
seems to be an important innovative strategy for early 
personalized diagnosis, prevention, and treatment of 
various cardiovascular pathologies, as well as a use-
ful tool for assessing the effectiveness of the patho-
gen-specific therapy used [16].

The aim of the study was to assess the relationship 
of obstructive sleep breathing disorders with subclin-
ical development of right ventricular dysfunction and 
pulmonary hypertension, as well as with the risk of an 
adverse course of CHF with preserved LVEF.

MATERIALS AND METHODS
The study protocol was approved by the local Eth-

ics Committee at the Clinical Hospital “Russian Rail-
ways – Medicine” of Novosibirsk (Protocol No. 27 of 
16.04.2018). All patients signed an informed consent 
to participate in the study. The study included males 
who met the inclusion / exclusion criteria below.

Inclusion criteria: 1) moderate and severe OSAS 
(with AHI > 15 per hour); 2) arterial hypertension (in-
cluding patients with stabilization of blood pressure 
(BP) against the background of antihypertensive ther-
apy) 3) abdominal obesity, waist circumference (WC) 
≥ 92 cm, body mass index (BMI) ≥ 30 kg / m2.

Exclusion criteria: 1) primary pulmonary hyper-
tension; 2) history of pulmonary embolism with pul-
monary hypertension (systolic pressure in the right 
ventricle ≥ 45 mm Hg); 3) severe bronchial asthma, 
chronic obstructive pulmonary disease (COPD); 4) le-
sions of the cardiac valvular apparatus (insufficiency 
of the mitral, tricuspid or aortic valves ≥ II degree); 
5) hypertrophic and dilated cardiomyopathy; 6) cor-
onary artery disease (CAD); 7) chronic atrial fibril-
lation; 8) decompensated CHF with reduced LVEF;  
9) pathology of the thyroid gland, severe renal 
(Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation < 30 ml / min / m2) and liver 
failure; 8) refusal to participate in the research.

In order to diagnose OSAS, polysomnography 
of nocturnal sleep was performed in all patients us-
ing the Somnolab2PSG diagnostic system (Weine-

mann, Germany). The severity of OSAS was assessed 
by AHI; the study included patients with moderate  
(14 < AHI < 30 per hour) and severe (AHI ≥ 30 per 
hour) OSAS. Also, according to the sleep study re-
sults, the level of average night saturation (SPO2av.), 
desaturation index, and the presence of cardiac ar-
rhythmias at night were assessed. All patients includ-
ed in the study underwent 6MWT. Determination of 
the NT-proBNP content in the serum in vitro was per-
formed by enzyme-linked immunosorbent assay (ELI-
SA) using NTproBNP-ELISA-BEST reagents (VEK-
TOR-BEST, Russia) on the Multiskan FC microplate 
photometer (China).

The study included 86 males with moderate and 
severe OSAS (with AHI > 15 per hour) with the ave- 
rage age of 52 [31.0; 78.0] years. All patients includ-
ed in the study were diagnosed with abdominal obe-
sity (WC > 92 cm), BMI exceeded 30 kg / m2. In all 
cases, arterial hypertension was identified, but against 
the background of optimally selected antihypertensive 
therapy at the time of inclusion in the study, the pa-
tients achieved target BP levels. In 33.7% of the pa-
tients (n = 29), functional class (FC) I CHF (according 
to New York Heart Association (NYHA)) was diag-
nosed, in 39.5% (n = 34) – FC II CHF (according to 
NYHA), in the rest of the cases (n = 23), the 6MWT 
distance was more than 550 meters. At the same time, 
the NT-proBNP levels in all cases exceeded the refer-
ence values > 125 pg / ml. 

After 12 months of prospective follow-up, retro-
spectively, depending on the course of CHF, the pa-
tients were divided into 2 groups. Group 1 (n = 33) 
included patients with an unfavorable course of CHF, 
group 2 (n = 53) – patients with a favorable course of 
the disease. The criteria for an unfavorable course of 
CHF were hospitalization for decompensated CHF or 
progression of the pathology according to the 6MWT 
data (deterioration of the NYHA functional class).

The clinical and demographic characteristics of 
the examined patients with OSAS at the time of inclu-
sion in the study are presented in Table 1. The groups 
were comparable in terms of the main characteristics, 
however, higher AHI (p = 0.0001) and NT-proBNP  
(p = 0.024) levels were associated with an unfavorable 
course of CHF. 

Echocardiography (EchoCG) was performed in 
all patients according to the standard protocol on the 
EPIQ device (Philips Ultrasound, Inc., USA). The fol-
lowing parameters were assessed: the sizes of the left 
and right heart chambers, LVEF (according to Simp-
son method), left ventricular myocardial mass index, 
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interventricular septal thickness, wall thickness of the 
left and right ventricles, and systolic pressure in the 
pulmonary artery (determined according to the degree 
of tricuspid regurgitation using the continuous wave 
method). Evaluation of global systolic dysfunction 
of the right ventricle (RV) was also carried out by 
analyzing fractional changes in the RV area and the 
right ventricular myocardial work index. The frac-
tional change in the RV area was calculated using the 
formula ΔSRV = 100 × (EDA – ESA / EDA), where 
EDA is the end-diastolic area of ​​the RV and ESA is 
the end-systolic area of ​​the RV. The right ventricular 
stroke work index (RVSWI) (right ventricular myo-
cardial performance index) was calculated as the ratio 
of the sum of isovolumic relaxation (IVR) time and 
isovolumic contraction time (IVCT) to the ejection 

time (ET): RVSWI = (IVR + IVCT) \ ET (normal 
0.28 ± 0.04).

Statistical processing of the study results was car-
ried out using the STATISTICA 10.0 and Medcale 
11.5.0.0 software. To check the statistical hypothe-
ses when comparing 2 independent quantitative vari-
ables, the Mann – Whitney test was used, to compare 
2 dependent variables, the Wilcoxon test was applied. 
Quantitative data were presented as the median and 
the interquartile range Me [Q25; Q75]. Qualitative data 
were presented as percentages and absolute values. 
For analysis of qualitative features, contingency ta-
bles were used with calculation of Pearson’s χ2 crite-
rion. If there were cells with an expected frequency 
of less than 5,  the two-sided Fisher’s exact test was 
applied.

Bulletin of Siberian Medicine. 2021; 20 (2): 102–112

T a b l e  1

Clinical and demographic characteristics of the examined patients
Parameter Group 1, n = 33 Group 2, n = 53 р

Age, years, Me [Q25; Q75] 52 [33; 71] 50 [31; 78] 0.717
Body mass index, kg / m2, Me [Q25; Q75] 36.1 [30.1; 74.8] 36.8 [30.06; 77.2] 0.268
AHI, per hour, Me [Q25; Q75] 46.0 [20.6; 85] 27.0 [14.0; 98.0] 0.0001
SPO2av., %, Me [Q25; Q75] 92 [83; 95.5] 93 [76; 96] 0.148
Desaturation index, Me [Q25; Q75] 44.8 [13.0; 85] 27.5 [4; 78] 0.0005
FC I CHF (NYHA), n (%)
FC II CHF (NYHA), n (%)

8 (24.2)
15 (45.5)

21 (39.6)
19 (35.8)

0.142
0.069

NT-proBNP, pg/ml 338 [168; 678] 278 [177; 815] 0.024
According to WHO:

FC PAH of the 1st degree, n (%)
FC PAH of the 2nd degree, n (%)
FC PAH of the 3rd degree, n (%)

12 (36.4)
11 (33.3)
1 (3.0)

29 (54.7)
18 (33.9)
4 (7.5)

0.097
0.058
0.105

6-minute walk test, m, Me [Q25; Q75] 416 [318; 634] 527 [318; 640] 0.014
SBPav., mm Hg, Me [Q25; Q75]
DBPav., mm Hg, Me [Q25; Q75]

132 [128; 138]
88 [75; 94]

134 [128; 136]
88 [78; 95]

0.376
0.431

COPD, n (%) 9 (27.3) 13 (24.5) 0.345
Smoking, n (%) 12 (36.4) 15 (28.3) 0.877
Dyslipidemia, n (%) 17 (51.5) 23 (43.4) 0.453
Diabetes mellitus, n (%) 6 (18.2) 9 (17.0) 0.120
VPB (Lown’s grade II–III), n (%) 8 (24.2) 13 (24.5) 0.245
Atrial fibrillation, n (%) 7 (21.2) 9 (17.0) 0.654

Note . AHI – apnea / hypopnea index (according to polysomnography data), SPO2av. – average night 
saturation (according to polysomnography data), FC – functional class, CHF – chronic heart failure, 
NT-proBNP – N-terminal brain natriuretic peptide precursor, PAH – pulmonary arterial hypertension, 
SBPav. – average daily systolic blood pressure, DBPav. – average daily diastolic blood pressure, VPB – 
ventricular premature beats, COPD – chronic obstructive pulmonary disease.

Comparison of the frequencies of adverse events 
in the groups was carried out using the Kaplan – Mei-
er curves; the log-rank test was used to compare the 
two curves. To identify predictors of the development 
of unfavorable endpoints, the univariate analysis was 
used. To identify independent predictors, the method 

of multivariate analysis with calculating the odds ratio 
(OR) was applied. To determine the cutoff predictors 
of adverse cardiovascular events, the ROC analysis 
was used with the calculation of the area under the 
curve (AUC). The critical p-value significance level 
for all analyses was taken equal to 0.05.
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RESULTS
Correlation analysis at the stage of inclusion in the 

study revealed the relationship between AHI and BMI 
(r = 0.362; p = 0.0006), left atrial volume (r = 0.570;  
p < 0.00001), ΔSRV (r = –0.527; p < 0.00001), RVS-
WI (r = –0.377; p = 0.0003), NT-proBNP (r = 0.611; 
p < 0.00001), and 6MWT (r = –0.511; p < 0.00001).

The main structural and functional EchoCG pa-
rameters of the left ventricle (LV) between the groups 

were comparable. Significant associations of RV per-
formance indicators – ΔSRV (p = 0.031) and RVSWI 
(p = 0.022) – with an unfavorable clinical course of 
CHF were revealed (Table 2).

The therapy received by patients at the time of 
inclusion in the study was optimal and in line with 
current recommendations [17]. The groups were com-
parable in terms of the main groups of drugs used for 
treatment of hypertension and CHF (Table 3).

T a b l e  3
Therapy received by patients at the time of inclusion 

 in the study, n (%)

Group of drugs Group 1,  
n = 33

Group 2,  
n = 53 р

ACE inhibitors 20 (60.6%) 33 (62.3%) 0.581
Beta-blockers 22 (66.6%) 32 (60.4%) 0.472
Diuretics 16 (48.5%) 26 (49%) 0.748
Calcium antagonists 14 (42.4%) 20 (37.7%) 0.665
AT2-receptor antagonists 17 (51.5%) 25 (47.2%) 0.678

Note . ACE – angiotensin-converting enzyme.

According to the univariate analysis, ΔSRV (OR 
2.51; 95% CI 2.42–3.24; p = 0.0009), NT-proBNP 
(OR 1.92; 95% CI 1.32–2, 78; p = 0.003), and AHI 
(OR 3.93; 95% CI 2.87–4.11; p = 0.018) were pre-
dictors of an unfavorable course of CHF, while RVS-
WI (OR 2.53; 95% CI 1.98–4.08; p = 0.0009) turned 
out to be an insignificant predictor (OR 1.08; 95% CI 
0.98–1.17; p = 0.082).

According to the ROC analysis, the cutoff point 
characterizing the unfavorable course of CHF, was 
the AHI value ≥ 33.5 episodes per hour (sensitivity 

75.8%, specificity 67.9%, AUC – 0.732; p < 0.0001), 
ΔSRV ≥ 18.6% (sensitivity 75.8%, specificity 54.7%, 
AUC – 0.62; p = 0.047), and NT-proBNP ≥ 311 pg / ml  
(sensitivity 63.6%, specificity 73.6%, AUC – 0.645; 
p < 0.0001). When comparing the ROC curves, AHI 
remained the most significant predictor of CHF pro-
gression (p = 0.007), as opposed to NT-proBNP and 
ΔSRV (Fig. 1).

To identify the association of a higher AHI with 
an unfavorable course of CHF, the Kaplan – Meier 
analysis was carried out. The patients were divided 
according to the cutoff level: group A (n = 38) – less 
than 33.5, group B (n = 48) – more than 33.5. Ac-
cording to the results of the Kaplan – Meier analysis  
(Fig. 2), it was found that the frequency of the unfa-
vorable course of CHF in the groups was statistically 
significantly different (p = 0.014). It was shown that  
AHI was associated with higher frequency of CHF 
progression during 12 months of follow-up.

According to the multivariate analysis with the 
inclusion of risk factors for CHF progression (BMI, 
weight, LVEF, carbohydrate metabolism disorders, 
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T a b l e  2

Echocardiographic characteristics of the patients at the time of inclusion in the study
Parameter Group 1, n = 33 Group 2, n = 53 р

Left atrium, mm, Me [Q25; Q75] 58 [55; 66] 5.5 [5.3; 6.0] 0.051
LVEF, %, Me [Q25; Q75] 58 [51; 66] 58 [52; 62] 0.902
LV EDD, mm, Me [Q25; Q75] 62 [56; 69] 58 [55; 63] 0.051
Interventricular septum, mm, Me [Q25; Q75] 13 [12; 14] 12 [11; 14] 0.195
Posterior wall of LV, mm, Me [Q25; Q75] 11 [10; 12] 11 [10; 12] 0.330
LV myocardial mass index, g / m2, Me [Q25; Q75] 114 [91.5; 134.5] 113 [98; 139] 0.811
Diastolic dysfunction, n (%) 17 (51.5) 18 (34.0) 0.107
Left atrial volume, cm2, Me [Q25; Q75] 20.8 [18.8; 22.8] 18.4 [16.2; 22.6] 0.057
ΔSRV, %, Me [Q25; Q75] 40 [35; 47] 44 [40; 47] 0.031
RVSWI, Me [Q25; Q75] 0.25 [0.22; 0.25] 0.25 [0.24; 0.26] 0.022
RVSP, mm Hg, Me [Q25; Q75] 30 [24; 41] 28 [21; 37] 0.321
RV anterior wall thickness, mm, Me [Q25; Q75] 5.0 [4.0; 6.0] 4.0 [4.0; 5.0] 0.186
RV EDD, mm, Me [Q25; Q75] 26 [21; 36] 29 [20; 33] 0.608

Note . LV – left ventricle, RV – right ventricle, LVEF – left ventricular ejection fraction, EDD – end-diastolic dimension,  
ΔSRV – fractional area change of the right ventricle, RVSWI – right ventricular myocardial stroke work index, RVSP – sys-
tolic pressure in the right ventricle.
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NT-proBNP levels, etc.), the AHI remained an inde-
pendent predictor of an unfavorable course of CHF 
(OR 3.49; 95% CI 2.17–11.73; p = 0.0008), while the 

addition of NT-proBNP significantly improved risk 
stratification for an unfavorable course of CHF (OR 
4.66; 95% CI 3.87–13.11; p < 0.0001).

Fig. 2. Analysis of the frequency of an adverse course of  CHF depending on the apnea / hypopnea index (Kaplan – Meier)

Fig. 1. Predictors of an adverse course of chronic heart failure (ROC-analysis): AHI – the apnea / hypopnea index (according to 
polysomnography), NT-proBNP – the N-terminal brain natriuretic peptide precursor, ΔSRV – fractional area change in​ the right 

ventricle (here and in Fig. 2)
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DISCUSSION
The study revealed the presence of a relationship 

between the severity of obstructive breathing disor-
ders during sleep, assessed by AHI and echocardio-
graphic (ΔSRV, RVSWI) parameters of right ventri- 
cular dysfunction, and the level of NT-proBNP. On the 
contrary, no significant correlations of the above-men-
tioned indicators with the severity of nocturnal hypox-
emia (SPO2av.) were found. This may indicate a key 
pathogenetic role of a prolonged excessive increase 
in intra-abdominal and intra-thoracic pressure during 
repeated apnea episodes in the development of right 
ventricular dysfunction in OSAS. 

From this point of view, it is the frequency of ap-
nea episodes, and not blood oxygenation, that seems 
to be the main factor determining right ventricular 
dysfunction and the clinical course of the disease in 
general. The importance of chronic nocturnal hypo- 
xemia as a factor forming the mechanism of persistent 
pulmonary hypertension fades into the background. 
This is consistent with the data of a number of already 
published studies [18, 19].

As the analysis of the obtained data showed, the 
severity of obstructive breathing disorders during 
sleep, the main parameter of which is AHI, signifi-
cantly correlates with the unfavorable clinical course 
of CHF with preserved ejection fraction. The most un-
favorable course was observed in patients with severe 
OSAS (AHI > 33.5 per hour according to the Kaplan – 
Meier analysis). This association is probably deter-
mined by the commonality of a number of pathoge-
netic links in OSAS and the pathogenesis of the clas-
sic cardiovascular continuum: hyperactivation of the 
sympathetic nervous system, oxidative stress, and 
triggering of systemic inflammatory responses. Along 
with this, statistical analysis did not reveal significant 
correlations between the severity of nocturnal hypo- 
xemia (SPO2av.) and the course of CHF in the studied 
patients, which again may indicate a secondary role of 
nocturnal hypoxemia caused by obstructive apnea in 
the formation of right ventricular dysfunction in these 
patients.

The absence of reliable associations between the 
severity of pulmonary hypertension and the clinical 
course of the disease is worth noting. This is pos-
sibly determined by the method for assessing the 
degree of pulmonary hypertension chosen for this 
study. The assessment was carried out by calculation 
according to the degree of tricuspid regurgitation. At 
the same time, the degree of tricuspid regurgitation 
could be mediated to a certain extent with right ven-

tricular dysfunction itself, and to clarify the value of 
pulmonary hypertension as a marker of the clinical 
course of OSAS, it is necessary to consider, appa- 
rently, another, more accurate variant of assessing 
this parameter.

At the same time, the results of the study demon-
strated that the ΔSRV echocardiographic parameter 
of right ventricular dysfunction and the NT-proBNP 
laboratory marker are independent predictors of an 
unfavorable clinical course of CHF with preserved 
EF and OSAS. Considering the pathogenetic concept 
of the initial lesion of the right heart [20], which is 
currently available in the works of most researchers, 
the facts obtained in this study seem quite logical. 
The appearance of structural and functional disorders 
in the work of the right heart may indicate a previous 
pathogenetic effect of OSAS, significant in time and 
strength, and be accompanied by appropriate clinical 
presentation, or indicate its imminent emergence. In 
this case, the markers of right ventricular dysfunc-
tion can appear much earlier than the corresponding  
disorders in the left ventricle and serve as a crite- 
rion for the severity of the syndrome and an import-
ant prognostic sign.

A number of studies showed the prognostic sig-
nificance of various forms of pulmonary hyperten-
sion as a marker of an unfavorable prognosis of car-
diovascular mortality in patients with cardiovascular 
diseases, such as acquired heart defects, coronary ar-
tery disease, and CHF [20, 21]. However, at this point 
in time, the formation of chronic pulmonary hyper-
tension and right ventricular dysfunction against the 
background of OSAS, as well as the prognostic role 
of these disorders are poorly understood. Data on the 
epidemiology and prevalence of pulmonary hyper-
tension in OSAS both in Russia and in economically 
developed countries are very contradictory [18, 19, 
22, 23]. 

A number of researchers consider an increase in 
the pulmonary artery pressure in the development of 
OSAS during the rapid eye movement (REM) sleep 
phase, regardless of the degree of arterial hypoxemia, 
a proven fact [24]. In addition, some researchers be-
lieve that OSAS induces the development of pulmo-
nary hypertension mainly or exclusively in patients 
with COPD or in OSAS associated with primary pul-
monary hypertension [25–27].

In practical terms, the emergence of the markers 
of right ventricular dysfunction can be useful in choo- 
sing a treatment strategy for these patients, as a signal 
for more aggressive treatment tactics with an earlier 
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decision on starting continuous positive airway pres-
sure (CPAP) therapy. At the same time, the severity of 
nocturnal hypoxemia did not show such significant as-
sociations either with the markers of right ventricular 
dysfunction or with the clinical course of the disease. 
It is obvious that hypoxemia was mediated by OSAS 
and was secondary in nature. 

From this point of view, when determining the 
treatment strategy, the preferred choice is CPAP the- 
rapy rather than prolonged oxygen inhalation, which 
is consistent with existing clinical guidelines and con-
sensus documents [28, 29]. Undoubtedly, for clari-
fying the prognostic role of individual parameters of 
right ventricular dysfunction as well as for a more 
detailed study of the pathogenesis of cardiovascular 
complications in OSAS, it seems promising to eval-
uate these echocardiographic parameters at runtime 
with a longer follow-up period for this category of 
patients.

CONCLUSION
In the study, significant correlations between the 

severity of obstructive breathing disorders during 
sleep and echocardiographic and laboratory markers 
of developing right ventricular dysfunction in pa-
tients with OSAS were found, which may indicate 
an important pathogenetic role of these disorders in 
development of cardiovascular complications in the 
studied pathology. Evaluation of the clinical course 
of the disease revealed the relationship between the 
echocardiographic (ΔSRV) parameters of right ven-
tricular dysfunction and the laboratory (NT-proBNP) 
markers with an adverse clinical course in this catego-
ry of patients.

The data obtained make it possible to evaluate 
these markers as independent predictors of an adverse 
clinical course of the disease. In the future, they can 
be used to stratify the clinical risk of heart failure with 
preserved left ventricular ejection fraction and deter-
mine the treatment strategy in patients with OSAS.

REFERENCES
1.	 Butt M., Dwivedi G., Khair O., Lip G.Y.H. Obstructive 

sleep apnea and cardiovascular disease. Int. J. Cardiol. 
2010; 139: 7–16. DOI: 10.1016/j.ijcard.2009.05.021.

2.	 Chazova I.E., Litvin A.Yu. Obstructive sleep apnea syn-
drome and related cardiovascular complications. Cardio- 
logy. 2002; 11: 86–92 (in Russ.).

3.	 Marin J.M., Agusti A., Villar I., Forner M., Nieto D., Carri- 
zo S.J., Barbé F., Vicente E., Wei Y., Nieto F.J., Jelic S. 
Association between treated and untreated obstructive sleep 
apnea and risk of hypertension. JAMA. 2012; 307 (20): 
2169–2176. DOI: 10.1097/sa.0b013e31827f34f1.

4.	 Mentz R.J., Fiuzat M. Sleep-disordered breathing in patients 
with heart failure. Heart Fail. Clin. 2014; 10 (2): 243–250. 
DOI: 10.1016/j.hfc.2013.10.001. 

5.	 Bitter T., Westerheide N., Prinz C., Hossain M.S., Vogt 
.J, Langer C., Horstkotte D., Oldenburg O. Cheyne-stokes 
respiration and obstructive sleep apnoea are independent 
risk factors for malignant ventricular arrhythmias requiring 
appropriate cardioverter–defibrillator therapies in patients 
with congestive heart failure. Eur. Heart J. 2011; 32: 61–
74. DOI: 10.1093/eurheartj/ehq327.

6.	 Lindberg. E., Gislason T. Epidemiology of sleep-related 
obstructive breathing. Sleep Med. Rev. 2000; 4: 321–327. 
DOI: 10.1053/smrv.2000.0118.

7.	 Lindberg E. Epidemiology of OSA. Eur. Respir. Mon. 
2010; 50: 51–68. DOI: 10.1183/1025448x.00025909.

8.	 Peppard P.E., Young T., Barnet J.H., Palta M., Hagen E.W., 
Hla K.M. Increased prevalence of sleep-disordered breath-
ing in adults. Am. J. Epidemiol. 2013; 177 (9): 1006–1014. 
DOI: 10.1093/aje/kws342.

9.	 Fletcher E.C. Effect of episodic hypoxia on sympathetic ac-
tivity and blood pressure. Respir. Physiol. 2000; 119 (2–3): 
189–197. DOI: 10.1016/s0034-5687(99)00114-0.

10.	Ziegler M.G., Mills P.J., Loredo J.S. Ancoli-Israel  S., 
Dimsdale J.E. Effect of continuous positive airway pres-
sure on sympathetic nervous activity in patients with ob-
structive sleep apnea. Chest. 2001; 120 (3): 887–893. DOI: 
10.1378/chest.120.3.887.

11.	Kasai T., Bradley T.D. Obstructive sleep apnea and heart 
failure: pathophysiologic and therapeutic implications. J. 
Am. Coll. Cardiol. 2011; 57 (2): 119–127. DOI: 10.1016/j.
jacc.2010.08.627.

12.	Frantz R.P., Farber H.W., Badesch D.B., Elliott C.G.,  
Frost A.E., McGoon M.D., Zhao C., Mink D.R., Selej M., 
Benza R.L. Baseline and serial brain natriuretic peptide 
level predicts 5-year overall survival in patients with pul-
monary arterial hypertension. Chest. 2018; 154 (1): 126–
135. DOI: 10.1016/j.chest.2018.01.009.

13.	Tugcu A., Yildirimturk O., Tayyareci Y. Demiroglu C., 
Aytekin S. Evaluation of subclinical right ventricular dys-
function in obstructive sleep apnea patients using velo- 
city vector imaging. Circ. J. 2010; 74 (2): 312–319. DOI: 
10.1253/circj.cj-09-0562.

14.	Van Deursen V.M., Urso R., Laroche C., Damman K., 
Dahlström U., Tavazzi L.,. Maggioni A.P., Voors A.A. 
Comorbidities in patients with heart failure: an anal-
ysis of the European Heart Failure Pilot Survey. Eur. J. 
Heart Fail. 2014; 16 (1): 103–111. DOI: 10.1016/s0735-
1097(13)60738-x.

15.	Schulz R., Grebe M., Eisele H.J., Mayer K., Weissmen 
N. Obstructive sleep apnea-related cardiovascular di- 
sease. Med. Klin. (Munich). 2006; 101 (4): 321–327. DOI: 
10.1159/000325110.

16.	Williams B., Mancia G., Spiering W., Agabiti Rosei E., 
Azizi M., Burnier M., Clement D.L., Coca A., de Simone G., 
Dominiczak A., Kahan T., Mahfoud F., Redon J., Ruilope L.,  
Zanchetti A., Kerins M., Kjeldsen S.E., Kreutz R., Laurent S.,  
Lip G.Y.H., McManus R., Narkiewicz K., Ruschitzka .F, 
Schmieder R.E., Shlyakhto E., Tsioufis C., Aboyans V., 

Bulletin of Siberian Medicine. 2021; 20 (2): 102–112

Teplyakov A.T., Yakovlev A.V., Shilov S.N.  et al. Predictors of an adverse course of heart failure with preserved left ventricular 



111

Original articles

Desormais I. ESC scientific document group. 2018 ESC/
ESH guidelines for the management of arterial hyper-
tension. Eur. Heart J. 2018; 39 (33): 3021–3104. DOI: 
10.1093/eurheartj/ehy339.

17.	Lim H.E., Kim Y.H., Kim S.H., Kim E.J., Pak H.N.,  
Kim Y.H., Baik I., Shin C. Impact of obstructive sleep ap-
nea on the atrial electromechanical activation time. Circ. 
J. 2009; 73 (2): 249–255. DOI: 10.1253/circj.cj-08-0813.

18.	Sanner B.M., Konermann M., Sturm A., Muller H.J.,  
Zidek W. Right ventricular dysfunction in patients with 
obstructive sleep apnea syndrome. Eur. Respir. J. 1997; 10 
(9): 945–951. DOI: 10.1183/09031936.97.10092079.

19.	Romero-Corral A., Somers V.K., Pellikka P.A., Olson 
E.J., Bailey K.R., Korinek J., Orban M., Sierra-Johnson J.,  
Kato M., Amin R.S., Lopez-Jimenez F. Decreased right 
and left ventricular myocardial performance in obstruc-
tive sleep apnea Chest. 2007; 132 (6): 1863–1870. DOI: 
10.1378/chest.07-0966. 

20.	Awdish R., Cajigas H., Definition, epidemiology and regis-
tries of pulmonary hypertension. Heart Fail. Rev. 2016; 21 
(3): 223–228. DOI: 10.1007/s10741-015-9510-y.

21.	Benza R.L., Miller D.P., Gomberg-MaitlandM., Frantz 
R.P., Foreman A.J., Coffey C.S., Frost A., Barst R.J., Ba-
desch D.B., Elliott C.G., Liou T.G., McGoon M.D. Pre-
dicting survival in pulmonary arterial hypertension: in-
sights from the Registry to Evaluate Early and Long-Term 
Pulmonary Arterial Hypertension Disease Management 
(REVEAL). Circulation. 2010; 122 (2); 164–172. DOI: 
10.1161/circulationaha.109.898122.

22.	Tugcu A., Guzel D., Yildirimturk O., Aytekin S. Evalua-
tion of right ventricular systolic and diastolic function in 
patients with newly diagnosed obstructive sleep apnea syn-
drome without hypertension. Cardiology. 2009; 113 (3): 
184–192. DOI: 10.1159/000193146.

23.	Weitzenblum E., Krieger J., Apprill M., Vallée E.,  
Ehrhart M., Ratomaharo J., Oswald M., Kurtz D. Daytime 

pulmonary hypertension in patients with obstructive sleep 
apnea syndrome. Am. Rev. Respir. Dis. 1988; 138 (2): 345–
349. DOI: 10.1164/ajrccm/138.2.345.

24.	Chaouat A., Weitzenblum E., Krieger J., Oswald M., Kes-
sler R. Pulmonary hemodynamics in the obstructive sleep 
apnea syndrome: Results in 220 consecutive patients. Chest. 
1996; 109 (2): 380–386. DOI: 10.1378/chest.109.2.380.

25.	Bradley T.D., Rutherford R., Grossman R.F., Lue F., Zamel 
N., Moldofsky H., Zamel N., Phillipson E.A. Physiological 
determinants of nocturnal arterial oxygenation in patients 
with obstructive sleep apnea. J. Appl. Physiol.  1985; 59 
(5): 1364–1368. DOI: 10.1152/jappl.1985.59.5.1364.

26.	Fletcher E.C., Schaaf J.W., Miller J., Fletcher J.C. Long-
term cardiopulmonary sequelae in patients with sleep ap-
nea and chronic lung disease. Am. Rev. Respir. Dis. 1987; 
135 (3): 525–533. DOI: 10.1378/chest.92.4.604.

27.	Arias M.A., García-Río F., Alonso-Fernández A., 
Martínez I., Villamor J. Pulmonary hypertension in ob-
structive sleep apnoea: Effects of continuous positive air-
way pressure: a randomized, controlled cross-over study. 
Eur. Heart J. 2006; 27 (9): 1106–1113. DOI: 10.1093/eu-
rheartj/ehi807.

28.	Epstein L.J., Kristo D., Strollo P.J. Jr, Friedman N., Mal-
hotra A., Patil S.P., Ramar K., Rogers R., Schwab R.J., 
Weaver E.M., Weinstein M.D., Adult Obstructive Sleep 
Apnea Task Force of the American Academy of Sleep 
Medicine. Clinical guideline for the evaluation, manage-
ment and long-term care of obstructive sleep apnea in 
adults. J. Clin. Sleep Med. 2009; 5 (3): 263–276. DOI: 
10.5664/jcsm.27497.

29.	Nakamura S., Asai K., Kubota Y., Murai K., Takano H., 
Tsukada Y.T., Shimizuet W. Impact of sleep-disordered 
breathing and efficacy of positive airway pressure on mor-
tality in patients with chronic heart failure and sleepdisor-
dered breathing: a meta-analysis. Clin. Res. Cardiol. 2015; 
104 (3): 208–216. DOI: 10.1007/s00392-014-0774-3.

Бюллетень сибирской медицины. 2021; 20 (2): 102–112

__________________________

Authors contribution
Teplyakov A.T., Shilov S.N. – conception and design, critical revision of the manuscript for important intellectual content, final 

approval of the manuscript for publication. Yakovlev A.V. – conception and design, analysis and interpretation of data, critical revision 
of the manuscript for important intellectual content. Yakovleva N.F. – analysis and interpretation of data. Berezikova E.N. – conception 
and design. Grakova E.V., Mayanskaya S.D. – critical revision of the manuscript for important intellectual content, final approval of the 
manuscript for publication. Kopeva K.V. – analysis and interpretation of data.

__________________________

Authors information 
Teplyakov Alexander T., Dr. Sci. (Med.), Professor, Honored Scientist of the Russian Federation, Principal Researcher, Cardiology 

Research Institute, Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0003-0721-0038.
Yakovlev Aleksey V., Cand. Sci. (Med.), Associate Professor, Department of Therapy, Hematology and Transfusiology, NSMU, 

Novosibirsk, Russian Federation. ORCID 0000-0002-4763-0961.
Shilov Sergey N., Dr. Sci. (Med.), Associate Рrofessor, Department of Pathological Physiology and Clinical Pathophysiology, NSMU, 

Novosibirsk, Russian Federation. ORCID 0000-0002-7777-6419.
Yakovlevа Natalia F., Cand. Sci. (Med.), Assistant, Department of Outpatient Therapy and General Medical Practice, NSMU, 

Novosibirsk, Russian Federation. ORCID 0000-0002-4736-6486.



112 Bulletin of Siberian Medicine. 2021; 20 (2): 102–112

Berezikova Ekaterina N., Dr. Sci. (Med.), Associate Рrofessor, Department of Outpatient Therapy and General Medical Practice, 
NSMU, Novosibirsk, Russian Federation. ORCID 0000-0002-9630-0213.

Grakova Elena V., Dr. Sci. (Med.), Leading Researcher, Department of Myocardial Pathology, Cardiology Research Institute, Tomsk 
NRMC, Tomsk, Russian Federation. ORCID 0000-0003-4019-3735.

Kopeva Kristina V., Cand. Sci. (Med.), Researcher, Department of Myocardial Pathology, Cardiology Research Institute, Tomsk 
NRMC, Tomsk, Russian Federation. ORCID 0000-0002-2285-6438.

Mayanskaya Svetlana D., Dr. Sci. (Med.), Professor, Hospital Therapy Department, KSMU, Kazan, Russian Federation. ORCID 
0000-0001-6701-5395.

(*)  Yakovlev Aleksey V., e-mail: alex-yak-card@mail.ru.

Received 03.06.2020
Accepted 28.12.2020

Teplyakov A.T., Yakovlev A.V., Shilov S.N.  et al. Predictors of an adverse course of heart failure with preserved left ventricular 


