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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 (ASRV) 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 (» = 53) prognosis.

Results. A significant relationship between AHI and ASRV, RVSWI, NT-proBNP, and 6MWT was revealed.
Based on the results of one-way correlation analysis, it was found that ASRV (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 (ASRV) 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 (ASRV) and
laboratory (NT-proBNP) markers can improve risk stratification of CHF progression.

Key words: obstructive sleep apnea syndrome, chronic heart failure with preserved ejection fraction, right
ventricular dysfunction, pulmonary hypertension.
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PE3IOME

Heaw. 3yunTh B3aMMOCBsI3b OOCTPYKTHBHBIX HAPYIICHUH JbIXaHHs BO CHE C Pa3sBUTHEM TUCHYHKIIMH IPaBOTO
xenynouka (1K) u jerouHoii rumepTeH3 u, a TAKKE C PUCKOM HEQIArONPUSATHOTO TEYEHHST XPOHUIECKOH cepaey-
Holi HenocTatouHocTd (XCH) ¢ coxpaneHHOM ¢pakiiel BeIOpoca aeBoro xenyaouka (@B JIXK).

Marepuabl 1 MeTOABI. B nccinenoBanme BKIIOYEHB 86 MY)KYHH CO CPEAHETSKEIION U TsDKENoH (hopMaMu CHH-
npoma obctpykruBHOTO armHod Bo cHe (COAC) (¢ maaexcom anmHod/runonHod (MAT) 6onee 15 B vac). Bee manu-
€HTHI UMeJTH a0JOMHHAIBHOE OXKHUPEHHE U apTePHANBHYIO THIIEPTEH3HIO0. [Ipy BKIIIOYEHHHN B HCCIIEJOBAaHUE BCEM
GOJIBHBIM BBITIOTHEHO ITOJIMCOMHOTPa(UIECKOe HCCIIeIOBAHNE, a TAKXKE IXOKAPIHOTpadHs [0 CTAHAAPTHOMY ITPO-
TOKOJTY C JIOTIOTHUTEIBbHOH OIEHKOH (hpaKIIMOHHOTO N3MEHEHUS TUIOMAAN M MHAEKCa paboThl MHOKap/a MpaBoro
xkenynouka (ASIDK u UPMIDX), onpenenerno conepkaHue MpenIeCTBEHHNKA MO3TOBOTO HATPHIYPETHIECKOTO
nentuaa (NT-proBNP) B CBIBOPOTKE KPOBH METOJOM UMMYHO(PEPMEHTHOTO aHanu3a. TecT 6-MHHYTHON XOAbOBI
(TLLX) BBIMONHSIIM TOCIIE BKIIOYEHHS B MICCIIEIOBaHME U yepe3 12 Mec HaOmoaeHus. B 3aBucuMocTr OT Xapak-
tepa teueHnss XCH 3a mepuox HaOIOAeHNS, PETPOCIEKTHBHO, ITAIIUEHTH! OBUIM pa3JieleHbl Ha ABE TPYIIBL: C
HeOIaronpusaTHEIM (72 = 33) 1 GaronpusTHEIM (1 = 53) IPOTHO30M.

Pe3yabTaTthl. Brissiena 3sHaunMas B3anMocBs3b Mexay UAT u ASIDK, UPMIDXK, TIIX, yposaem NT-proBNP.
Ha ocHoBanuu pe3yiapTaToB OOHO(PAKTOPHOTO KOPPEISAIIMOHHOTO aHaIM3a ycTaHOBIEHO, uTo ASIIK (oTHOmEHNE
mrancoB (OLI) 2,51; 95%-it noBeputensublii uaTepBai (AN) 2,42-3,24; p = 0,0009), NT-proBNP 1,92; 95%-ii I
1,32-2,78; p = 0,003), UAT (OLL 3,93; 95%-it AU 2,87-4,11; p = 0,018) Obutn mpearKTOpaMu HEOJIATONIPHATHO-
ro teuenuss XCH. IIpu npoBeseHNH MHOrO(aKTOPHOTO aHANN3a YCTAHOBICHO, YTO HE3aBUCHMbBIM IIPEIUKTOPOM
HebaronpusTHoro Tedenus XCH ssmsncs AT (OLL 3,49; 95%-it 1N 2,17-11,73; p = 0,0008), mpu 3T0M 106aB-
nenne NT-proBNP ymyumano crpatudukanuo pucka nebnaronpustHoro teuerns XCH (OLL 4,66; 95%-i 11
3,87-13,11; p <0,0001).

3akaouenue. OpaxironHoe n3meHenue miomaau [DK ASTIK MoxxHO paccMaTpuBaTh B KaueCTBE HEMHBA3UBHO-
ro MapKepa JIs onpezieneHus HOpMUPYIOIIEHCS TPaBOKETyI0YKOBOI TUCHYHKIMU U TPOTHO3UPOBAHUS Heb1aro-
HPUSTHBIX CEPACYHO-COCYUCTHIX COOBITHI Y 60nbHBIX ¢ coxpaneHHod @B JIXK n COAC. IIpu sTOM KOMOUHMpO-
BaHHOE HCIONb30BaHue 3xokaparorpaduueckoro (ASITXK) u madoparoproro (NT-proBNP) mapkepoB mo3BosisieT
YIIYYIIUTh CTpaTH(UKALUIO prucka nporpeccuposanus XCH.

Kiro4eBble ¢10Ba: CHHAPOM 0OCTPYKTUBHOI'O alTHO BO CHE, XPOHMYECKas Cep/ieuHast HeJJ0CTaTOYHOCTh € COXpa-
HEHHOI! (pakimeil BHIOpoca, MpaBoKeTyJ0UKoBast TUCHYHKIINS, JI€TOYHAs THIIEPTEH3HS.
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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

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 6 MWT). 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 / m?.

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 / m?) 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 (SPO,av.),
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 ASRV =100 x (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 [Q,; O..]. Qualitative data
were presented as percentages and absolute values.
For analysis of qualitative features, contingency ta-
bles were used with calculation of Pearson’s ¥ crite-
rion. If there were cells with an expected frequency
of less than 5, the two-sided Fisher’s exact test was
applied.

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

Age, years, Me [0, ; O.] 52 [33;71] 50[31; 78] 0.717
Body mass index, kg / m?, Me [Q,.; O..] 36.1 [30.1; 74.8] 36.8 [30.06; 77.2] 0.268
AHI, per hour, Me [Q,; O..] 46.0 [20.6; 85] 27.0 [14.0; 98.0] 0.0001
SPO,av., %, Me [Q,; O] 92 [83;95.5] 93 [76; 96] 0.148
Desaturation index, Me [Q,; O] 44.8 [13.0; 85] 27.5[4; 78] 0.0005
FC I CHF (NYHA), n (%) 8(24.2) 21 (39.6) 0.142
FCII CHF (NYHA), n (%) 15 (45.5) 19 (35.8) 0.069
NT-proBNP, pg/ml 338 [168; 678] 278 [177; 815] 0.024
According to WHO:

FC PAH of the 1st degree, n (%) 12 (36.4) 29 (54.7) 0.097

FC PAH of the 2nd degree, n (%) 11 (33.3) 18 (33.9) 0.058

FC PAH of the 3rd degree, n (%) 1(3.0) 4(7.5) 0.105
6-minute walk test, m, Me [Q,; O..] 416 [318; 634] 527 [318; 640] 0.014
SBPav., mm Hg, Me [Q,.; O..] 132 [128; 138] 134 [128; 136] 0.376
DBPav., mm Hg, Me [Q,.; O..] 88 [75; 94] 88 [78; 95] 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, 7 (%) 6(18.2) 9(17.0) 0.120
VPB (Lown’s grade II-11I), 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), SPO,av. — 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 (» = 0.570;
p <0.00001), ASRV (r=-0.527; p <0.00001), RVS-
WI (r =-0.377; p = 0.0003), NT-proBNP (= 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 — ASRV (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).

Table 2
Echocardiographic characteristics of the patients at the time of inclusion in the study
Parameter Group 1, n =33 Group 2, n =53 p
Left atrium, mm, Me [Q,; O..] 58 [55; 66] 5.5[5.3; 6.0] 0.051
LVEF, %, Me [Q,; O.] 58 [51; 66] 58 [52; 62] 0.902
LV EDD, mm, Me [Q,;; O..] 62 [56; 69] 58 [55; 63] 0.051
Interventricular septum, mm, Me [Q,; O, ] 13 [12; 14] 12 [11; 14] 0.195
Posterior wall of LV, mm, Me [Q,; O..] 11[10; 12] 11[10; 12] 0.330
LV myocardial mass index, g/ m*, Me [Q,.; O..] 114 [91.5; 134.5] 113 [98; 139] 0.811
Diastolic dysfunction, n (%) 17 (51.5) 18 (34.0) 0.107
Left atrial volume, cm?, Me [Q,.; O..] 20.8 [18.8; 22.8] 18.416.2; 22.6] 0.057
ASRYV, %, Me [Q,; O..] 40 [35; 47] 44 [40; 47] 0.031
RVSWI, Me [0, ; O..] 0.250.22; 0.25] 0.2510.24; 0.26] 0.022
RVSP, mm Hg, Me [Q,; O..] 30 [24; 41] 28 [21; 37] 0.321
RV anterior wall thickness, mm, Me [Q,; O..] 5.0 [4.0; 6.0] 4.0 [4.0; 5.0] 0.186
RV EDD, mm, Me [Q,; O] 26 [21; 36] 29 [20; 33] 0.608

Note. LV — left ventricle, RV — right ventricle, LVEF — left ventricular ejection fraction, EDD — end-diastolic dimension,
ASRYV — fractional area change of the right ventricle, RVSWI — right ventricular myocardial stroke work index, RVSP — sys-

tolic pressure in the right ventricle.

Table 3

Therapy received by patients at the time of inclusion
in the study, n (%)

Group of drugs Gnro:ug 31’ Gnro:u15332, p
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
AT?-receptor antagonists 17 (51.5%) 25 (47.2%) 0.678

Note. ACE — angiotensin-converting enzyme.

According to the univariate analysis, ASRV (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),
ASRYV > 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
ASRV (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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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).
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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, ASRV — 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 (ASRV, 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 (SPO,av.) 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 (SPO,av.) 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 ASRV 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 (ASRV) 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.
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