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Hypertensive disorders of pregnancy are increasingly recognized as multifactorial conditions involving autonomic
imbalance, endothelial dysfunction, and vitamin D deficiency. This study evaluated the effects of a comprehensive
multidisciplinary intervention — including psychological support, autonomic regulation strategies, and targeted supplementation —
on heart rate variability, endothelial markers, and vitamin D status in pregnant women with hypertensive disorders of pregnancy.
A total of 124 patients with hypertensive disorders of pregnancy and 35 healthy controls were enrolled. Compared to controls,
women with hypertensive disorders of pregnancy exhibited significantly lower heart rate variability parameters, higher levels of
N-terminal pro-brain natriuretic peptide and endothelin-1, reduced nitric oxide, and lower 25-hydroxyvitamin D concentrations.
The intervention group demonstrated significant improvements in autonomic function and endothelial biomarkers after treatment,
with increased standard deviation of NN intervals, root mean square of successive differences, percentage of successive NN
intervals differing by more than 50 milliseconds, and decreased low-frequency to high-frequency ratio. These findings support the
effectiveness of a multidisciplinary approach in mitigating autonomic and vascular dysfunction in hypertensive disorders of
pregnancy.

Key words: hypertensive disorders of pregnancy, autonomic nervous system, endothelial dysfunction, vitamin D, heart
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3B’S130K MIK IHIEKCAMUW ABTOHOMHOI PEAKTUBHOCTI TA PIBHAAMHU NT-PROBNP
Y CUPOBATIII KPOBI, MAPKEPAMM JIJUC®YHKIIII EHIOTEJIIIO TA PIBHEM 25-
I'TJPOKCIBITAMIHY D (25(OH)D) ¥ BAI'I'THUX KIHOK I3 TNNEPTEH3UBHUMMU
PO3JIAJAMMU BAT'ITHOCTI

linepTeH3uBHI po3JaM BariTHOCTI JeAali 4acTille po3nisAaloThCs SIK MyJIbTU(AKTOPHI CTaHH, Y PO3BUTKY SIKHX OepyTh
y4acTh AUCOAIaHC aBTOHOMHOI HEPBOBOI CHCTEMH, CHIOTemiabHa AUChYHKIS Ta Aedinut Bitaminy D. ¥V npoMy mocimimkeHHi
OLIIHIOBAIM BIUIMB KOMIUIEKCHOI MyNBTUAUCHUILTIHAPHO IHTEpBEHMii — IICHXOJOTiYHOi MIATPUMKH, CTpaTerii perymsmii
BEreTaTHBHOIO TOHYCY Ta IJIbOBOI HYTPUTHBHOI MiITPUMKH — Ha BapiabelbHICTh CEPLEBOTO PUTMY, MapKepH €HAOTENialIbHOT
¢yHKUii Ta piBeHs BiTaMiHy D y BariTHUX i3 rilepTeH3WBHUMHU PO3JIaJlaMU BariTHOCTI. Y mocCiipkeHHs Oyno BKiIodeHo 124
Mali€HTKH 3 TINepTeH3MBHUMHU PO3JTaaMH BariTHOCTI Ta 35 310pOBUX BariTHHX. Y TOPIBHSHHI 3 KOHTPOJEM, NMAaLi€HTKH 3
rinepTeH3UBHIUMH PO3JIafiaMH BariTHOCTI MaJld BipOTiAHO HIKYI MOKa3HUKH BapiaOelbHOCTI CEpLEBOro pUTMY, BHILI piBHI N-
TEpMiHAJIIBHOTO IPO-MO3KOBOTO HATPiilypeTHYHOrO MENTHAYy Ta EHAOTENiHy-1, 3HIKEHMH BMICT OKCHIY a30Ty Ta HIDKUY
KOHIEHTpamio 25-rinpokcuBitaminy D. Ilicns jmikyBaHHS y MHaIlieHTOK, SIKI OTPUMYBAIH JIOCHIIKYyBaHY CXEMy JiKyBaHHS,
BiZI3HAYCHO [OCTOBIpHE MOKPAILICHHS [OKAa3HHKIB BapiaOeNbHOCTI CEPLEBOrO PUTMYy Ta MapKepiB eHIoTemianbHOl (QyHKUI,
30KpeMa 3pOCTaHHS CTaHJApPTHOTO BiiXwieHHs iHTepBaiiB NN, KBagpaTHOro KOpeHs i3 CEpeIHBOro KBajapaTra pi3HHIb
MOCNITOBHUX IHTEpBAJIB, BIACOTKA MOCIHITOBHUX IHTEPBAJIB, IO BIAPI3HAIOTHCS Oinmbmne HiK Ha 50 MiNICEKyH[, Ta 3HIDKCHHS
CIIiBBIJHOLICHHS HU3bKOYACTOTHOTO Ta BUCOKOYACTOTHOTO KOMIIOHEHTiB. OTpUMaHi pe3ysbTaTH MiATBEPAXKYIOTh e()eKTHBHICTD
MYJIBTHIUCLMIUTIHAPHOTO MiIXOy AJIs KOPEKIii aBTOHOMHOI Ta CYJMHHOT IUCQYHKLIT TP TiepTeH3MBHUX PO3JIaiaX BariTHOCTI.

KniouoBi cjoBa: rimepreH3WBHI po3iaan BariTHOCTI, aBTOHOMHA HEpPBOBAa CHCTEMa, CHAOTENialbHA IHCHYHKIIS,
Bitamid D, BapiaGenbHiCTh CEPLIEBOTO PUTMY.

The study is a fragment of the research project “Development of diagnostic tactics and pathogenetic justification of
effective methods for preserving and restoring reproductive potential and improving the quality of life of women with obstetric
and gynecological pathologies,” state registration No. 0121U109269.

Hypertensive disorders of pregnancy (HDP), which include gestational hypertension and
preeclampsia, remain leading causes of maternal and perinatal morbidity and mortality globally. According
to recent global analyses, the incidence of HDP increased by 10.9 % from 1990 to 2019, with a notable rise
observed in both low- and high-income settings [12]. In the United States, a nearly twofold increase in new-
onset HDP was reported between 2007 and 2019, with similar trends identified in both urban and rural
populations [2]. These findings underscore the urgent need for improved preventive and therapeutic strategies.

Emerging evidence highlights the role of autonomic nervous system (ANS) dysregulation in the
pathogenesis of HDP. Heart rate variability (HRV), a non-invasive marker of ANS function, provides
valuable insights into cardiovascular and autonomic regulation during pregnancy. Women with
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preeclampsia have been shown to exhibit significant reductions in HRV parameters, including time- and
frequency-domain indices, indicating sympathetic overactivity and reduced vagal tone [10, 13]. Such
autonomic imbalance may contribute to the hemodynamic instability and vascular dysfunction
characteristic of hypertensive pregnancy disorders. Concurrently, psychological distress — including
symptoms of anxiety and depression — has been increasingly recognized as a contributing factor to HDP. A
2021 systematic review confirmed that maternal stress is associated with elevated risk of hypertensive
complications during pregnancy, potentially mediated by neuroendocrine and inflammatory pathways [3].
Other studies suggest that stress-related alterations in cytokine profiles and cortisol levels may further
impair vascular reactivity and endothelial health [11].

N-terminal pro-brain natriuretic peptide (NTpro-BNP) is a marker that has been linked to
endothelial dysfunction. NT-proBNP is currently considered a hormone produced by cardiomyocytes in the
ventricles of the heart in response to ventricular stress rather than actual myocardial damage or dysfunction
[1]. The relationship between NT-proBNP levels and HDP remains uncertain, as it has been hypothesized
that NT-proBNP levels increase with increasing severity of preeclampsia, while other studies have found
conflicting results [5, 6]. It is relevant to analyze the relationship between autonomic reactivity indices and
serum NT-proBNP levels in pregnant women with HDP, potentially expanding the pathogenetic links of
hypertension during pregnancy and aiding in early diagnosis and treatment.

Vitamin D deficiency is another potentially modifiable factor implicated in the development of
HDP. Vitamin D plays a central role in endothelial function, immunomodulation, and blood pressure
regulation. Observational studies have consistently reported that low maternal serum levels of 25-
hydroxyvitamin D (25(OH)D) are associated with an increased risk of preeclampsia and gestational
hypertension [14]. Mechanistically, vitamin D deficiency may exacerbate vascular dysfunction through
dysregulation of the Treg/Th17 cell axis and increased proinflammatory signaling [8].

Taken together, these findings support a multifactorial model of HDP, wherein autonomic
dysregulation, psycho-emotional stress, and micronutrient deficiencies act synergistically to increase
maternal cardiovascular risk.

The purpose of the study was to evaluate the effects of a comprehensive multidisciplinary
intervention — including psychological support, autonomic regulation strategies, and nutritional
supplementation — on autonomic function, vitamin D status, and endothelial markers in pregnant women
with hypertensive disorders.

Materials and methods. This prospective randomized multicenter study was conducted from 2022
to 2025 at the Department of Obstetrics and Gynecology named after Professor I. D. Lanovyi, Ivano-
Frankivsk National Medical University, in collaboration with the Municipal Non-Commercial Enterprise
“City Clinical Hospital No. 1, Perinatal Center” and “Halych Hospital”.

The study was approved by the Ethics Committee of Ivano-Frankivsk National Medical University
(Protocol No. 130/22, 23.11.2022). Informed consent was obtained from all participants in accordance with
the Declaration of Helsinki and the UNESCO Universal Declaration on Bioethics and Human Rights. All
examinations were free of charge, and patients were not involved in other research projects. Pregnancy
management followed national clinical protocols: “Normal Pregnancy” (Order No. 1437, 09.08.2022),
“Physiological Labor” (Order No. 170, 26.01.2022), and “Hypertensive Disorders during Pregnancy”
(Order No. 151, 24.01.2022).

Participants were randomized into two groups:

— Main group (n=124): pregnant women with hypertensive disorders and concomitant autonomic
and psycho-emotional dysfunctions.

— Control group (n=35): women with normal pregnancy.

After that, women from the main group were randomly assigned to two study groups using
random.org.

— Group 1 (n=69): pregnant women with hypertensive disorders and concomitant autonomic and
psycho-emotional dysfunctions, treated with a comprehensive intervention program.

— Group 2 (n=55): women with similar conditions managed with standard pregnancy care.

Inclusion criteria were as follows: pregnant women aged 18 years or older with a diagnosis of
gestational hypertension or preeclampsia, as well as those at high risk of developing hypertensive disorders
of pregnancy (e.g., a history of HDP in a previous pregnancy); singleton pregnancy; absence of chronic
hypertension in medical history; and no evidence of psychiatric or severe somatic illnesses. All participants
provided written informed consent to participate in the study. Exclusion criteria included: age under 18
years, multiple pregnancy, pregnancy achieved via assisted reproductive technologies, current diagnosis of
eclampsia or HELLP syndrome, pre-existing chronic hypertension, endocrine disorders, metabolic
syndrome, chronic kidney disease, severe liver disease, moderate or severe anemia, autoimmune diseases,
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and active psychiatric conditions. The intervention included psychological counseling (individual/group
sessions, art/music therapy), lifestyle optimization, and supplementation with: Neuroheel (Heel, Germany),
Magnicum-Antistress (Kyiv Vitamin Plant, Ukraine), Tivortin (Yuria-Pharm, Ukraine), Dekristol 2000
(mibe GmbH, Germany), Acetylsalicylic acid (Bayer, Germany), and Elevit Pronatal 2 (Berlimed S.A.,
Spain).

Holter cardiac rhythm monitoring was performed using the Cardiosens AD system (XAl-
MEDICA, Ukraine), which provided 24-hour ECG recordings and automated heart rate variability (HRV)
analysis. Assessment of autonomic nervous system function was based on both time-domain and
frequency-domain HRV indices, specifically: SDNN (standard deviation of all NN intervals, ms) as a
marker of total autonomic activity; RMSSD (root mean square of successive differences between NN
intervals, ms) and pNN50 (percentage of adjacent NN intervals differing by more than 50 ms, %) as
indicators of parasympathetic activity; and the LF/HF ratio (low frequency to high frequency) as a marker
of sympathovagal balance. Laboratory testing was performed in a certified clinical laboratory at the
Regional Perinatal Center (Ivano-Frankivsk, Ukraine) and included analysis of serum biomarkers of
endothelial function and vitamin D status. NT-proBNP (pg/mL) levels were measured using ELISA kits
from UNscience (P.R. China, Cat. Ne: CP02005), endothelin-1 (fmol/mL) using R&D Systems Europe kits
(France), and nitric oxide metabolites (mmol/L) using Biomedica kits (Austria). The concentration of 25-
hydroxyvitamin D [25(OH)D, ng/mL] was determined using a 25-OH Vitamin D (total) ELISA kit
(Germany). Vitamin D status was classified as sufficient (=30 ng/mL), insufficient (20-29 ng/mL),
deficient (10-19 ng/mL), or severely deficient (<10 ng/mL) according to internationally accepted
criteria.insufficient (20-29), deficient (10—19), or severely deficient (<10).

Data were analyzed using Python 3.11 with the packages pandas, numpy, scipy, and zepid.
Descriptive statistics were reported as means+standard deviations for continuous variables. Between-group
comparisons were performed using the Student's t-test for independent samples. Correlations between
continuous variables were assessed using the Pearson correlation coefficient. A p-value <0.05 was
considered statistically significant.

Results of the study and their discussion. The mean age of the examined pregnant women was
30.21+5.13 years in the main group and 26.65+4.71 years in the control group; the difference was not
statistically significant (p>0.05). A comparative analysis of autonomic function and endothelial status
revealed statistically significant differences between the groups across all investigated parameters (Table 1).

Table 1
Comparative analysis between women with HPD and normal pregnancy

Variable Main group (n=124) Control group (n=35) P value
SDNN (ms) 75.50+20.59 104.214£25.62 <0.001
RMSSD (ms) 22.78+7.50 42.10+17.30 <0.001
PNN350 (%) 5.13+4.54 16.33+7.38 <0.001
LF/HF 2.77+0.26 1.37+0.26 <0.001
NT-proBNP (pg/mL) 264.73+9.13 56.16+6.62 <0.001
Endothelin-1 (fmol/mL) 5.43+0.72 2.24+0.17 <0.001
NO (pmol/L) 16.30+2.38 26.76+1.50 <0.001
Vitamin D (ng/mL) 21.58+3.27 29.92+2.34 <0.001

Assessment of heart rate variability (HRV) demonstrated a marked suppression of parasympathetic
activity and an overall autonomic imbalance in the main group. The SDNN values were significantly lower
in women with HDP (75.50£20.59 ms) compared to controls (104.21+£25.62 ms, p<0.001). Similarly,
RMSSD values, reflecting short-term vagal activity, were reduced in the main group (22.78+7.50 ms vs.
42.10+17.30 ms, p<0.001), as was the pNN50 index (5.13+4.54 % vs. 16.33£7.38 %, p<0.001). The LF/HF
ratio, an indicator of sympathovagal balance, was significantly elevated in women with HDP (2.77+0.26
vs. 1.37£0.26, p<0.001), confirming a shift towards sympathetic dominance.

Endothelial function biomarkers also differed significantly between groups. Serum concentrations
of NT-proBNP were markedly higher in the HDP group (264.73+9.13 pg/mL) than in controls (56.16+6.62
pg/mL, p<0.001), suggesting myocardial stress. Levels of endothelin-1, a potent vasoconstrictor and
marker of endothelial dysfunction, were also increased (5.434£0.72 fmol/mL vs. 2.24+0.17 fmol/mL,
p<0.001). In contrast, nitric oxide (NO) metabolites were significantly reduced in the main group
(16.30£2.38 umol/L vs. 26.76+1.50 pmol/L, p<0.001), reflecting impaired vasodilatory capacity. The mean
serum 25(OH)D level was significantly lower in the main group (21.58+3.27 ng/mL) compared to the
control group (29.92+2.34 ng/mL) (p<0.001). The observed differences indicate the presence of
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pronounced autonomic dysregulation and endothelial dysfunction in pregnant women with HDP even
before the initiation of treatment.

Correlation analysis was performed to assess the associations between HRV parameters and
biochemical markers of endothelial function and vitamin D status in pregnant women with HDP.

A significant inverse correlation was observed between NT-proBNP levels and all HRV parameters.
The strongest inverse relationship was found with pNN50 (r=0.619, p<0.001), followed by RMSSD (r—
0.554, p<0.001) and SDNN (r=—0.466, p<0.001). Similarly, endothelin-1 levels were inversely correlated
with pNN50 (r=—0.590, p<0.001), RMSSD (r=—0.525, p<0.001), and SDNN (r=0.414, p<0.001). In
contrast, nitric oxide (NO) levels showed direct correlations with all HRV parameters, most notably with
SDNN (1=0.464, p<0.001) and RMSSD (r=0.498, p<0.001), suggesting preserved vasodilatory capacity in
individuals with higher vagal activity. Vitamin D status, measured as serum 25(OH)D concentration, also
demonstrated positive correlations with HRV indices. The most prominent correlations were observed for
pNNS50 (r=0.394, p<0.001) and RMSSD (1=0.375, p<0.001), indicating that higher vitamin D levels may
be associated with more favorable autonomic balance.

The LF/HF ratio was strongly and positively correlated with both NT-proBNP (1=0.864, p<0.001)
and endothelin-1 (r=0.833, p<0.001), and inversely correlated with NO (r=0.758, p<0.001) and vitamin
D (r=0.575, p<0.001). These findings further support the association between autonomic imbalance,
endothelial dysfunction, and micronutrient status in the pathophysiology of HDP. Further analysis was
conducted within the main group (n=124), which was subdivided into two cohorts: group 1 (n=69), who
received the comprehensive treatment program, and group 2 (n=55), who received standard care only. The
effectiveness of the intervention was evaluated by comparing HRV parameters before and after the
treatment course (Table 2).

Table 2
Dynamics of HRYV in studied women with HPD

Variable Group Group 1 (n=69) Group 2 (n=55) P value

SDNN (ms) Pre-treatment 77.24+20.51 73.32420.85 0.297
Post-treatment 86.71+17.83 78.11+20.78 0.016
%, p value 12.26 %, 0.005 6.53 %, 0.260

RMSSD (ms) Pre-treatment 23.49+8.13 21.89£6.67 0.23
Post-treatment 33.19+11.27 27.09+9.64 0.002
%, p value 41.33 %, <0.001 23.80 %, 0.002

PNNS50 (%) Pre-treatment 5.54+4.66 4.61+4.42 0.259
Post-treatment 10.194+4.29 7.64+5.34 0.005
%, p value 83.90 %, <0.001 65.56 %, 0.004

LF/HF Pre-treatment 2.80+0.27 2.75+0.26 0.297
Post-treatment 1.78+0.40 1.95+0.44 0.03
%, p value -36.48 %, <0.001 -29.19 %, <0.001

Following treatment, patients in group IA demonstrated statistically significant improvements across
all HRV parameters. The mean SDNN increased from 77.24+£20.51 ms to 86.71£17.83 ms (p=0.005),
representing a 12.26 % increase. In group IB, the increase was more modest (from 73.32420.85 ms to
78.11£20.78 ms, p=0.260), with a between-group difference favoring group IA (p=0.016 post-treatment). The
RMSSD index increased by 41.33 % in group IA (from 23.4948.13 ms to 33.19+11.27 ms, p<0.001),
compared to a 23.80 % increase in group IB (from 21.89+6.67 ms to 27.094+9.64 ms, p=0.002). Post-treatment
values were significantly higher in the intervention group (p=0.002). A similar trend was observed for pNN50,
which increased from 5.5444.66 % to 10.19+4.29 % in group 1A (p<0.001; +83.90 %) and from 4.614+4.42 %
to 7.64+5.34 % in group IB (p=0.004; +65.56 %). Post-treatment values were significantly higher in group
IA (p=0.005). The LF/HF ratio decreased significantly in both groups, indicating improved sympathovagal
balance. In group IA, the reduction was more pronounced (from 2.80+0.27 to 1.78+0.40, —36.48 %, p<0.001),
compared to group IB (from 2.75+0.26 to 1.95+0.44, —29.19 %, p<0.001). Post-treatment intergroup
comparison showed a statistically significant difference (p=0.030).

The findings of this study highlight the multiple pathophysiological mechanisms of HDP,
emphasizing the interplay between ANS dysfunction, endothelial impairment, and micronutrient
deficiencies. Notably, the observed improvements in HRV parameters and endothelial biomarkers
following a multidisciplinary intervention underscore the potential benefits of comprehensive management
strategies in HDP.
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A recent literature review of 31 scientific articles found that only 7 studies (22.6 %) failed to show
a significant difference between vitamin D levels and preeclampsia, regardless of comorbidities [4]. The
authors highlighted that low maternal vitamin D levels may not only pose immediate health risks to the
mother during or after delivery — including fatal outcomes — but could also impact newborns and children.
It remains unclear whether vitamin D deficiency directly increases the risk of hypertensive conditions or
merely serves as a biomarker for another disease or pathophysiological pathway affecting cardiovascular
risk [9]. In this study, we explored whether changes in autonomic nervous system activity contribute to the
association between serum vitamin D levels and hypertension in pregnant women. Vitamin D deficiency
emerged as a significant factor associated with HDP in this study. The positive correlation between serum
25(OH)D levels and HRV parameters suggests that adequate vitamin D status may support autonomic
balance. Moreover, vitamin D has been implicated in modulating endothelial function and reducing
inflammatory responses, which are pivotal in the pathogenesis of preeclampsia [7]. Recent randomized
controlled trials have demonstrated that vitamin D supplementation during pregnancy can reduce the
incidence of preeclampsia, highlighting its potential as a preventive strategy [4].

The study is limited by its single-center design and relatively small sample size, which may restrict
the generalizability of findings compared to large-scale multicenter trials. Additionally, the lack of long-
term postpartum follow-up prevented the assessment of the sustained impact of autonomic correction on
future cardiovascular risk, distinguishing this work from longitudinal epidemiological studies.

Conclusion

Hypertensive disorders of pregnancy are characterized by profound autonomic dysregulation and
endothelial dysfunction, which are significantly correlated with adverse maternal outcomes. This study
demonstrates that a comprehensive multidisciplinary intervention—integrating psychological support,
autonomic regulation strategies, and targeted vitamin D supplementation—provides superior clinical
benefits compared to standard care alone. The implementation of this approach yielded statistically
significant improvements in heart rate variability parameters, specifically increasing SDNN, RMSSD, and
pNNS50, while reducing the LF/HF ratio. These changes reflect a decisive shift from sympathetic dominance
toward restored parasympathetic tone and sympathovagal balance.

Furthermore, the intervention positively modulated endothelial function, evidenced by decreased
levels of NT-proBNP and endothelin-1, alongside increased nitric oxide bioavailability and serum 25(OH)D
concentrations. The strong correlation observed between autonomic indices and biochemical markers
confirms that HRV monitoring can serve as a valuable non-invasive tool for assessing disease severity and
treatment response. Ultimately, these findings underscore the efficacy of comprehensive management
approaches in mitigating the pathophysiological manifestations of HDP. Future clinical practice should
prioritize such holistic strategies to not only control blood pressure but also address the underlying autonomic
and vascular mechanisms, potentially improving long-term maternal and fetal prognosis.
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To study the effect of a combination of lercanidipine and carvedilol on heart failure, 36 patients with arterial hypertension
and I-1II functional state heart failure according to the New York Heart Association classification were enrolled in the study (Group
A). The control group consisted of 32 patients with the same pathology (Group B). The groups were divided into subgroups (3 per
group) according to the functional states I, II, and III. Subgroups from Group A received lercanidipine and carvedilol, while
subgroups from Group B received only carvedilol for 6 months. After treatment, significant improvements in systolic and diastolic
function parameters were observed in all subgroups from Group A (p<0.05). The magnitude of improvement was most significant
in patients with functional class I and progressively attenuated in functional classes II and III. In all subgroups of Group B, only
early diastolic filling deceleration time and left ventricular isovolumetric relaxation time improved reliably (p<0.05).
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I'M. Imamagies, A.A. Hypies, K.1. Kypoanosa, JI.K. AmpaxoBa, C.A. baiipamoBa,
C.A. AuieBa, II1.®. XanieBa

BILINB KOMBIHAIIIT JTEPKAHIJTATIIHY TA KAPBEJIMJIOJY HA ®YHKI[IOHAJIbHUI
CTAH CEPLIA Y HAINEHTIB 3 XPOHIYHOIO CEPHEBOIO HEJOCTATHICTIO
TA APTEPIAJIBHOIO I'NEPTEH3IEIO

3 MeToI0 BUBUEHHS e(heKTy KOMOiHaMIT JepKaHiIUITiHy Ta KapBEIWIONY Ha CEpPLEBY HEIOCTATHICTh y JOCIIPKEHHS OyII0
BKJIIOUEHO 36 MalieHTiB 3 apTepianpHOIO TrimepTeHsielo Ta cepueBoro HemocrarHicTio [-1II dyHKumioHansHOrO Kiacy 3a
xnacudikariero Hero-Mopxepkoi kapmionoriunoi acomiawii (rpymna A). KoHTposbHa Tpyma CKIaganacs 3 32 NalieHTiB 3 Tieo x
narosorieto (rpyna B). I'pynu Gynu po3naineni Ha migrpymnu (1o 3 miarpynu B KOXHIH) BIAIOBIAHO 10 (QyHKIIOHAIBHOTO Kiacy I,
11, III. Hiarpynu 3 rpynu A oTpUMyBaIH JISpKaHIAUIIH | KapBEIUJION, a MATPYIH 3 Tpynu B — TiJbKku KapBeIUsIon OpoTiaroM 6
MmicsauiB. Ilicist nmikyBaHHS y BCIX MiArpynax 3 Ipynd A CHOCTEpirajocs 3HauyHe IOJIIILIEHHS IapaMeTpiB CHUCTONIYHOI Ta
niacronmiunoi yskmii (p<0,05). Bennunna noninmenns Gyna HalOLIBII 3HAYHOIO y MANi€HTIB 3 (yHKIIOHAJIBHUM KiacoM I i
MOCTYIOBO 3MEHILIyBaiacs y NalieHTiB 3 ¢pyHkuioHanbuumu kiaacamu 111 I11. ¥V Beix migrpynax rpynu B Tijbku mominiueHHs 4acy
YIOBUIBHEHHS PaHHBOIO JIacTONIYHOIO HANOBHEHHSA 1 4acy i30BOJIOMETPUYHOI perakcalii JiBOro IUIYHOYKA BHSBHIIMCS
nocroBipanmH (p<0,05).

KurouoBi ciioBa: aprepianpHa rinepreHsis, rinmeprpodis JIiBOro IUTyHOYKA, KapBEIWION, SPKaHIAMIIH, XpOHIYHA
cepleBa HEJIOCTaTHICTb.

Despite significant advances in the treatment of chronic heart failure (CHF), the prognosis for this
group remains unfavorable. More than 50 % of patients die within 4 years. Among the European
population, CHF occurs in 0.4-2 %. Of the 900 million people in Europe, 20 million have CHF [9, 15].

With the progression of hypertension, remodeling of the heart and blood vessels occurs as a result
of damage to target organs. In recent years, alongside studies of the norm and pathology of the left ventricle
in cardiovascular diseases, several studies have focused on changes in its geometric structure. It is
necessary to recall that during the cardiac cycle, the left ventricle has an ellipsoidal geometric structure in
systole (this mechanism is due to the displacement of a large mass of blood under low stress), and a
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