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Aim of the study. To evaluate the relationship between pulmonary artery pressure and hydration status in patients undergoing
hemodialysis, and to assess the effect of achieving optimal dry weight on the dynamics of pulmonary hypertension. Material
and methods. A total of 52 patients (20 males and 32 females; mean age 55+12 years) with stage 5 chronic kidney disease
(CKD) on maintenance hemodialysis (HD) were prospectively enrolled. Hydration status and dry weight were assessed by
multifrequency bioimpedance analysis (ABC-01 device, MEDAS, Sport-5 software). Pulmonary artery pressure was evaluated
by Doppler echocardiography at baseline and after 12 months of HD therapy in accordance with European Society of Cardiology
criteria. Echocardiographic parameters included left ventricular mass index (LVMI), ejection fraction (EF), and systolic
pulmonary artery pressure (sPAP). Statistical analyses employed Student’s t-test and univariate correlation analysis; p<0.05
was considered statistically significant. Results. Pulmonary hypertension (PH) was detected in 58% of patients. After one year
of HD, sPAP decreased from 46.3£16.1 to 40.4£11.7 mmHg (p<0.01), LVMI declined from 159.1+35.8 to 129.1+42.2 g/m?
(p<0.05), and hemoglobin improved from 106.5+18.7 to 113.9+11.5 g/L (p<0.01). Mean total body water (TBW) was 34.1+6.5
L; extracellular water (ECW) was 21.5+4.4 L. A significant positive correlation was found between ECW and sPAP (r=0.4;
p<0.01). No statistically significant relationship was found between arteriovenous (AV) fistula blood flow and pulmonary artery
pressure. Conclusion. PH in HD patients at initiation of therapy is closely associated with left ventricular hypertrophy, impaired
systolic function, and anemia. After one year of maintenance HD, significant regression of PH and left ventricular hypertrophy
(LVH) was observed, attributable to improved volume control and anemia correction. AV fistula function does not independently
contribute to PH severity. Bioimpedance-guided hydration monitoring is an important tool for cardiovascular risk reduction in
this population.
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ntroduction. Pulmonary hypertension (PH) in

hemodialysis (HD) patients is often multifac-

torial, arising from chronic volume overload,
anemia, endothelial dysfunction, and arteriovenous
access hemodynamics [1-4]. Repeated episodes
of subclinical fluid retention may contribute to
persistent elevation of pulmonary artery pres-
sures, even in patients with stable interdialytic
weight gain [2, 5, 6]. In this context, accurate de-
termination of dry weight becomes not only a vo-
lumetric target but also a preventive measure
against progressive right ventricular dysfunction
and heart failure [2, 5, 7]. Recent studies have
emphasized that bioimpedance spectroscopy allows
for non-invasive and reproducible assessment of
extracellular water (ECW) and total body water
(TBW), enabling clinicians to detect subclinical
overhydration [5-8]. Targeting bioimpedance-
guided dry weight adjustment has been shown to
lead to significant improvements in left ventricular
mass index and arterial stiffness indicators [5, 7].
Moreover, Doppler echocardiographic evaluation of
pulmonary artery pressure and left heart geometry
provides complementary information to fluid status
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assessment [1, 3, 9]. PH has been shown to be as-
sociated with fluid overload markers, including in-
creased extracellular water parameters, and with
hematological and cardiovascular abnormalities,
pointing to the complex interplay between volume
status, anemia, and cardiac remodeling in this po-
pulation [3, 5-7]. Furthermore, vascular stiffness
may contribute to the pathophysiology of PH in
chronic kidney disease (CKD), particularly in the
presence of persistent volume overload and cardio-
vascular remodeling [2, 7, 10]. While some early
data suggested that AV fistula flow could elevate
cardiac output and pulmonary artery pressure
(PAP), more recent analyses demonstrate no con-
sistent correlation between fistula blood flow and
PH severity [1, 4, 9]. Therefore, the integration of
echocardiography, bioimpedance, and laboratory
markers is recommended for comprehensive cardi-
ovascular risk stratification in HD patients [2, 5-8].
The aim of the study is to evaluate the relationship
between pulmonary artery pressure and hydration
status in patients undergoing hemodialysis.
Material and methods. A total of 52 patients
(20 males and 32 females; mean age 55+12 years)
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diagnosed with stage 5 CKD and undergoing main-
tenance HD were enrolled in the study. All patients
were treated at the Republican Specialized Scientific
and Practical Medical Center of Nephrology and
Kidney Transplantation. The predominant etiologies
of CKD within the cohort were glomerulonephritis,
diabetic nephropathy, and polycystic kidney disease
(PKD). Hemodialysis sessions were performed
thrice weekly, each lasting approximately four
hours, utilizing NephroPlus dialysis machines. The
dialysis protocol included the use of bicarbonate-
based dialysis solutions and high-flux dialyzers
(Elisio 17H and 21H) fitted with Polynephron mem-
branes.

Echocardiographic assessment: Comprehensive
cardiac assessments were conducted using trans-
thoracic echocardiography and Doppler echocar-
diography in accordance with the guidelines of
the American Society of Echocardiography, both
at baseline and after 12 months of HD therapy.
The following parameters were evaluated: inter-
ventricular septal and left ventricular posterior
wall thickness in diastole, end-diastolic dimension
(EDD), left atrial diameter, and left ventricular EF.
An EF exceeding 50% was considered indicative of
preserved systolic function. LVMI was calculated
by indexing myocardial mass to body surface area,
with LVH defined as LVMI >115 g/m? in men and
>95 g/m? in women. Relative wall thickness (RWT)
was estimated using the formula: RWT =2 x LV
posterior wall thickness / LV internal diameter at

diastole. The diagnosis of PH was established based
on the diagnostic criteria of the European Society of
Cardiology.

Assessment of hydration status: Hydration status
was evaluated using multifrequency bioimpedance
analysis (ABC-01 apparatus, “MEDAS,” Sport-5
software), which provided data on TBW, ECW, and
lean body mass. Blood flow through the AV fistula
was assessed using Doppler ultrasonography.

Statistical analysis: All statistical analyses were
performed using Student’s t-test and univariate cor-
relation analysis. Quantitative data were expressed
as mean * standard deviation (SD) or as medians
with interquartile ranges (IQR), depending on dis-
tribution type. A p-value less than 0.05 was consi-
dered statistically significant.

The study was approved by the Ethics Committee
of the Republican Specialized Scientific and Prac-
tical Medical Center of Nephrology and Kidney
Transplantation (Protocol No. 15,29.01.2025). All
patients provided written informed consent prior to
participation in the study.

Results. Hemodialysis was administered three
times per week, with each session lasting appro-
ximately four hours, using NephroPlus dialysis
systems. The dialysis regimen incorporated
bicarbonate-buffered dialysate and high-efficiency
dialyzers (Elisio 17H and 21H) equipped with
Polynephron synthetic membranes. Baseline
characteristics of the study cohort are presented in
Tab. 1.

Table 1

Baseline patient characteristics

Parameter Value
Total patients 52
Male / Female 20/32
Mean age (years) 55+12

Primary CKD etiologies

Glomerulonephritis, diabetic nephropathy, PKD

Dialysis frequency

3 sessions/week

Dialyzer type

Elisio 17H & 21H (Polynephron membranes)

Session duration

4 hours

Note: CKD — chronic kidney disease; PKD — polycystic kidney disease.

Pulmonary hypertension was detected in 58% (n=30) of patients at baseline. Echocardiographic
parameters before and after one year of HD are presented in Tab. 2.
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Table 2

Echocardiographic parameters before and after one year of hemodialysis

Parameter Baseline After 1 Year p-value
Ejection fraction (%) 57.4£9.6 62.2+8.0 <0.05
Left ventricular mass index (g/m?) 159.1£35.8 129.1+42.2 <0.05
sPAP (mmHg) 46.3+16.1 40.4+11.7 <0.01
Hemoglobin (g/L) 106.5+18.7 113.9+11.5 <0.01
Pulse Arterial Pressure (mmHg) 50.6£12.6 60.0+£15.2 <0.001

Note: LVMI — left ventricular mass index; sPAP — systolic pulmonary artery pressure.

TBW averaged 34.1+6.5 L, with ECW comprising
21.5+4.4 L and lean body mass averaging 12.5+2.1
kg. A statistically significant positive correlation
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was found between ECW content and sPAP (r=0.4;
p<0.01), indicating a possible role of fluid overload
in the development of PH in HD patients (Figure).
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Fig. Correlation between extracellular water (ECW) content and systolic pulmonary artery pressure (sPAP)

(Note. ECW — extracellular water; sSPAP — systolic pulmonary artery pressure).

No statistically significant relationship was
observed between blood flow in the AV fistula and
pulmonary artery pressure. Prior to HD initiation,
systolic left atrial pressure showed a significant cor-
relation with LVH, left ventricular ejection fraction
(LVEF), and anemia severity. After one year of HD
treatment, a direct correlation emerged between
ECW content and sPAP, suggesting that fluid
retention and redistribution play a pivotal role in the
pathogenesis of PH in dialysis patients.

Discussion. The present study confirms a high
prevalence of PH (58%) in patients initiating mainte-
nance HD, consistent with published data reporting
prevalence rates from approximately 30% to 65% in

this population [3, 4]. The close association of PH
at baseline with LVH, impaired systolic function,
and anemia highlights the multifactorial pathophy-
siology of elevated pulmonary artery pressures in
end-stage renal disease [1, 3, 7]. Following one year
of maintenance HD, significant regression of both
PH and LVH was observed alongside improvement
in hemoglobin levels. These findings are consistent
with evidence showing that correction of volume
overload contributes to regression of cardiovascular
abnormalities in HD patients [5, 7, 10]. The positive
correlation between ECW and sPAP (r=0.4; p<0.01)
supports the concept that volume overload plays a
central and independent role in the persistence of
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PH in HD patients and underscores the clinical
value of bioimpedance-guided fluid management
[5-8]. A key finding of our study is the absence of
a significant relationship between AV fistula blood
flow and PAP. This is in agreement with published
literature reporting no significant changes in PH
prevalence before and 2—-3 months after AV fistula
formation, reinforcing the notion that fistula hemo-
dynamics do not independently drive PH severity
[4]. Postcapillary PH is a common finding in HD
patients, as confirmed by invasive hemodynamic
assessment; however, due to the invasive nature of
right heart catheterization, routine clinical practice
relies primarily on echocardiography and Doppler
echocardiography [3, 9]. Pulse arterial pressure
increased over the course of dialysis treatment, cor-
relating with body mass index (BMI), which may
reflect increasing vascular stiffness influenced by
cardiovascular remodeling and metabolic factors
[2, 7, 10]. However, parathyroid hormone (PTH)
levels remained relatively stable in our cohort, and
no significant correlation was found between PTH,
BMLI, and sPAP. The reduction in SPAP observed in
a proportion of patients may therefore be primarily
attributed to CHF regression and anemia correction.
Future studies should target prevention of vascu-
lar stiffness, which may contribute to further LVH
regression and improved pulmonary artery pressure
dynamics.
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Conclusions

1. Pulmonary hypertension in patients initiating
hemodialysis therapy is closely associated with left
ventricular hypertrophy, impaired left ventricular
systolic function, and anemia. These interrelated
cardiovascular alterations are commonly observed
in end-stage renal disease and contribute to elevated
pulmonary artery pressures prior to dialysis initia-
tion.

2. Following one year of maintenance hemodia-
lysis, significant regression of pulmonary hyperten-
sion and left ventricular hypertrophy is observed,
attributable to improved volume control and cor-
rection of anemia. The presence and function of an
arteriovenous fistula do not exert a statistically sig-
nificant influence on pulmonary artery pressure.

3. A significant positive correlation between
extracellular water and systolic pulmonary artery
pressure indicates that fluid overload and redistri-
bution play a central role in the development and
persistence of pulmonary hypertension in the hemo-
dialysis population. Bioimpedance-guided hydra-
tion status monitoring is recommended to optimize
cardiovascular outcomes in these patients.
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PE3IOME

ONTUMAJIbHBIN THJIPATAIIMOHHBIN CTATYC MAIIMEHTOB HA
TEMOJMUAJIA3E U Er'O BJIUSAHUE HA JIETOUYHYIO TMIIEPTEH3UIO

AoayBaxuroBa A.H.
Pecnybnukanckuii Cneyuanusuposannwiii Hayuno-Ilpaxmuueckuti Meouyunckuii Llenmp Hegponoeuu u
Tpancnaanmayuu Ilouxku, omoenenue cemoouanusa, Tawkenm, Y30exucman

Heabr uccaegoBanus. OLUEHNTh B3aUMOCBS3b MEXTy AABICHHEM B JIETOYHON apTEpUHM M THAPATAIOHHBIM CTaTycoOM Y
MIAIMEHTOB, TOJIyYaOIIHUX JEYSHUE TeMOJUATN30M, M U3YUHTh BIMSHUE JOCTHKEHHS ONTHMAIIBHOTO «CYyXOT'0 BECa» Ha INHAMUKY
NEroyHol runepreHsuy. Marepuaa U MeTobl. B npocnekTHBHOE McciIe0BaHNe BKIIOUeHbI 52 manuenTa (20 My»uuH u 32
JKCHIINHBI; CpelHNI Bo3pacT 55+12 yiet) ¢ XxpoHudeckoi Ooseznbro novek (XBII) 5-if craguu, mosrydarommx mporpaMMHbINA
remonuanu3 (I'J1). ['mapaTanmoHHBIN cTaTyC U «CYXOH BEC» OIEHHBAIUCH METOJIOM MHOTOYacTOTHOW OMOMMITEIAHCOMETPHUH
(armmapat ABC-01, «<MEJIAC», mporpamma Sport-5). JlaBnenue B JErOYHOW apTepUH HCCIEAOBAIOCH METOJOM JOTILIEp-
axoKapauorpadun ucxonHo u depe3 12 mecsues nedenus /], cormacHo kpurepusm EBporeiickoro o0mecTBa KapIuOIOTHH.
OueHnBaeMble MTapaMeTphl BKIIOYAIN WHAEKC Macchl MHOKap/a jeBoro xemynouka (MMMIJDK), ¢pakmuro Beidpoca (PB) u
cucronnieckoe aasieHue B érounoit aprepun (CIAJIA). CtaTncTnieckuii aHaau3 MPOBOAMIICS C UCTIOJIB30BAHUEM t-KPUTEPHUS
CrbroJieHTa 1 0JJTHO(PAKTOPHOTO KOPPEISIIOHHOTO aHaIn3a; ypoBeHb 3HaunMocTh p<0,05. Pe3yabTartsl. JIErouHas runepTeH3us
(JIT") BeisiBneHa y 58% mammentoB. Yepes roa I'J] CJIJIA camsumnocs ¢ 46,3+16,1 go 40,4+11,7 mm pt. c1. (p<0,01), UMMJDK
— co 159,1£35,8 mo 129,1+42,2 t/m? (p<0,05), ypoBerp remoriodbmnaa Bo3poc co 106,5+18,7 mo 113,9+11,5 r/n (p<0,01).
Cpennee obmiee conepKaHnWe BOIBI B OopraHmsMme coctaBmio 34,1+6,5 m; BHekierouHas xkuakocth (BKIK) — 21,5444 m.
OOHapyxeHa JtocToBepHast nojoxutenbHas koppemsinus mexxay BKOK n CIUIA (1=0,4; p<0,01). CtatucTuuecku 3HaYNMOM
CBSI3M MKy KPOBOTOKOM B apTEPHOBEHO3HOH (pHCTyIIe 1 1aBIEHHEM B JETOYHON apTepHH BBIABICHO HE ObUI0. 3aKJII0UeHHe.
JIT' y nanmentoB Ha ['J] TecHo cBsizaHa c rumneprpodueii sesoro xenynouka (I'JIXK), Hapymenuem cucronnyeckoi GyHKIMNA
u anemueid. [Tocne roga nporpammuoro I'JI ormeuaercst qocroBepusbiii perpecc JII' u ['JIXK, oOycnoBieHHbIH yiyulieHHeM
KOHTPOJISI BOJIEMHUECKOTO CcTaTyca ¥ Koppekuuei aneMun. @yHKINS apTepUOBEHO3HON (DUCTYIIBI CAMOCTOSITEIBHOTO BINSTHUS
Ha TsoxecTh JII' He okas3piBaeT. MOHUTOPHHT THIPATAMOHHOTO CTaTyca METOIOM OHMOMMITEIAHCOMETPHH SBISIETCSI BaXKHBIM
WHCTPYMEHTOM CHIIKECHUSI CEPACYHO-COCYANCTOTO PUCKA B JJAHHOH MOITYJISIIINY.

KaioueBbie ciioBa: remojananus, JIErOYHAash TMIICPTEH3Ms, OMOMMIIEAHCOMETPHS, BHEKJICTOUHAS JKHJKOCTb, THUIEPTPOdHs
JIEBOTO KETyJ04Ka, TUIIepruipaTaus

XULASO

HEMODIALIZDO OLAN XOSTOLORIN OPTIMAL HIiDRATASIYA
STATUSU VO ONUN PULMONAL HIPERTENZIiYAYA TOSIiRi

Abduvaxitova 9.N.
Nefrologiya va Boyrak Transplantasiyast iizra Respublika I'xtiiv.asla§d1rllm15
Elmi-Praktik Tibb Markazi, Hemodializ sobasi, Daskond, Ozbakistan

Tadqiqatin magsadi. Hemodializ alan xostolordo pulmonal arteriya tozyiqiilo hidratasiya statusu arasindaki slagoni qiyotlondirmok
vo optimal “quru ¢oki” nail olmagin pulmonal hipertenziya dinamikasina tosirini 0yronmok. Material vo metodlar. Todqgiqata
5-ci morholo xroniki boyrak xastoliyi (XBX) olan vo program hemodializ (HD) alan 52 xosto (20 kisi vo 32 gadin; orta yas
55+12 il) prospektiv olaraq daxil edildi. Hidratasiya statusu vo “quru ¢oki” ¢oxtozlikli bioimpedans analizi ilo giyotlondirildi
(ABC-01 cihazi, MEDAS, Sport-5 proqrami). Pulmonal arteriya tozyiqi Avropa Kardiologiya Camiyyatinin meyarlarina uygun
olaraq ilkin vo 12 ayliq HD mialicesindon sonra Doppler-exokardioqrafiya ilo todqiq edildi. Statistik analiz Student t-testi
vo tok doyisonli korrelyasiya analizi vasitosilo aparildi; p<0,05 statistik cohotdon miihiim hesab edildi. Naticalor. Xostolorin
58%-inda pulmonal hipertenziya (PH) askar edildi. Bir illik HD-don sonra sistolik pulmonal arteriya tozyiqi (SPAT) 46,3+16,1-
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don 40,4+11,7 mm Hg-yo (p<0,01), sol modociyin miokardiyal kiitlo indeksi (SMKI) iso 159,1£35,8-don 129,14+42,2 q/m?-ya
(p<0,05) azaldi, hemoglobin gostaricisi 106,5+18,7-don 113,9+11,5 g/l-ys (p<0,01) artdi. Orta timumi beden suyu 34,1+6,5 1, h
liceyroxarici maye (HXM) iso 21,5444 1 toskil etdi. HXM ilo SPAT arasinda miihiim miisbat korrelyasiya askar edildi (r=0,4;
p<0,01). Arteriovonoz fistula qan axini ilo pulmonal arteriya tozyiqi arasinda statistik cohatdon miihiim olaqo tapilmadi. Yekun.
HD-ds olan xastalorde PH sol moadacik hipertrofiyasi, sistoli k funksiya pozgunlugu vo anemiya ilo six olagolidir. Bir illik
program HD-don sonra PH vo sol modacik hipertrofiyasinin mithiim reqressi miigahido edildi. Arteriovonoz fistula funksiyast
PH agirligina miistoqil tosir etmir. Bioimpedans analizi ilo hidratasiya statusunun izlonmosi bu xastolords lirok-damar riskin
azaldilmasi ti¢lin vacib vasitadir.

Acgar sozlor: hemodializ, pulmonal hipertenziya, bioimpedans analizi, hiiceyroxarici maye, sol modacik hipertrofiyasi,
hipervolemiya
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