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Abstract

The main cause of death in patients with terminal forms of chronic renal failure, on renal replacement therapy, are cardiovascular
diseases. Cardiovascular diseases also account for 40 to 60% of all deaths after kidney transplantation.

Objective: in this study, we assessed the effect of kidney transplantation on the functional state of the heart in patients with stage 5
chronic kidney disease complicated by the development of chronic heart failure.

Methods. The study included 13 patients who had undergone kidney transplants. Inclusion criteria:patients over 18 years of age, the
presence of informed consent, with the presence of chronic heart failure with a reduced left ventricular ejection fraction < 50%, a high level of
final diastolic volume and a high calculated average pressure in the pulmonary artery.

Results. After transplantation, the lowest value of the ejection fraction was 49%, the highest value was 68%, the average value was
56.3%. The calculated average pressure in the pulmonary artery was the lowest value was 10 mmHg. the highest value was 38 mmHg. the
average value was 19.69 mmHg. According to the results of the control ultrasound examination after transplantation, positive dynamics was
noted in all 13 cases. The average calculated mean pressure in the pulmonary artery decreased from 39.46 mmHg to 19.69 mmHg. a decrease of
50.1%, the ejection fraction increased from 41.46% to 56.43%, an increase of 35.8%.

Conclusion. The research results highlight the significant improvement in both cardiac and pulmonary function in patients with chronic
heart failure after kidney transplantation. However, in our study, some parameters, such as an increase in the ejection fraction and a decrease
in the calculated average pressure in the pulmonary artery, turned out to be more pronounced, which may indicate the specifics of our patient
population and treatment methods.

Keywords: chronic kidney disease, kidney transplantation, chronic heart failure, final diastolic volume, ejection fraction, arterial
hypertension.
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Introduction

Chronic kidney disease (CKD) is a persistent decline
in kidney function that affects approximately 10% of the
global population to some extent [1]. CKD significantly
increases the risk of cardiovascular diseases due to fluid
and electrolyte imbalances, leading to the development
of hypertension and cardiovascular complications. Lipid
metabolism disorders, calcium regulation disturbances, and
chronicvascular wall inflammation caused by elevated blood
creatinine and urea levels contribute to the development of
atherosclerosis and cardiovascular diseases [2]. Thus, the
primary cause of mortality in patients with end-stage renal
disease (ESRD) undergoing renal replacement therapy is
cardiovascular disease [3-5]. Additionally, cardiovascular
diseases account for 40% to 60% of all deaths following
kidney transplantation [5-6].

According to the European Dialysis and Transplant
Association, the one-year survival rate for patients with
ESRD on renal replacement therapy is 83.5%, the two-

Materials and methods

This study is a retrospective, quantitative analysis of
data from patients who underwent kidney transplantation.

To assess heart function, the most accessible and
informative method, transthoracic echocardiography (TTE),
was used as an ultrasound-based cardiac assessment both
before and after the transplantation procedure.

The evaluation also included complications
associated with CKD and heart failure, such as arterial
hypertension, respiratory failure, pleuritis, and pericarditis.

A total of 13 patients who had undergone kidney
transplantation were included in the study. The inclusion
criteria were: patients over 18 years old, informed consent,

Results

Between 2021 and 2023, a total of 160 kidney
transplants were performed at our clinic from both living
and deceased donors. Among these, 13 recipients with
chronic heart failure and reduced left ventricular ejection
fraction (LVEF) < 50%, high end-diastolic volume (EDV),
and elevated estimated mean pulmonary artery pressure
(mPAP) were included in our study.

The average age of the recipients was 31.76 years,
and the mean body mass index (BMI) was 19.36 kg/m? One
recipient had grade 2 obesity with a BMI of 32.79. Out of
13 patients, 12 were male and 1 was female. The causes
of end-stage CKD were glomerular diseases in 12 patients
and diabetic nephropathy in 1 patient. Pleural effusion was
detected in 4 cases, and pericardial effusion was found in
6 cases. Before surgery, 8 patients were anuric, while 5
patients had a urine output of 100 to 500 mL of discolored
urine per day. The average duration of hemodialysis before
transplantation was 28.46 months.

Seven patients had type 1 respiratory failure,
experiencing shortness of breath with minimal physical
activity, while 5 patients had type 2 respiratory failure,
experiencing shortness of breath with moderate physical
activity. One patient had dyspnea at rest as a type 3
respiratory failure. Arterial hypertension was classified as a
stage 3 hypertension in 10 patients, Stage 2 hypertension in
1 patient, and 2 recipients had stage 1 hypertension.

Echocardiography (ECHO) was performed 1
week to 1 month before kidney transplantation. Before
transplantation, the lowest recorded LVEF was 29%, the
highest was 48%, and the mean value was 41.46%. The

year survival rate is 72.2%, and the five-year survival rate
is 42.0%. In comparison, kidney transplant recipients have
significantly higher survival rates: one-year survival at
96.8%, two-year survival at 94.9%, and five-year survival at
88.3% [7].

Kidney transplantation remains the only radical
treatment for patients with ESRD [8]. The advantages of
kidney transplantation over hemodialysis are evident, as it
leads to an improved quality of life and higher survival rates.
Kidney transplantation not only reduces the burden on the
cardiovascular system but also significantly improves the
functional state of the heart in patients with varying degrees
of chronic heart failure [7].

In this study, we assessed the impact of kidney
transplantation on the functional state of the heart in
patients with stage 5 chronic kidney disease complicated by
the development of chronic heart failure.

and the presence of chronic heart failure with a reduced
left ventricular ejection fraction (LVEF) <50%, high end-
diastolic volume (EDV), and elevated estimated mean
pulmonary artery pressure (mPAP). The exclusion criterion
was the absence of informed consent.

This study was conducted in accordance with
the principles of the Helsinki Declaration, and prior to its
retrospective analysis, approval was obtained from the local
bioethics committee of the "National Scientific Oncology
Center".

All calculations were performed using Microsoft
Excel, applying mean value calculations.

lowest recorded mPAP was 15 mmHg, the highest was 80
mmHg, and the mean was 39.46 mmHg. The lowest recorded
EDV was 94 mL, the highest was 219 mL, and the mean was
144.23 mL.

Allrecipients underwent a standard, widely accepted
kidney transplantation procedure using a living donor, with
the transplant placed retroperitoneally in the right iliac
fossa.

There were no cases of acute rejection or delayed
graft function. The average postoperative hospital stay was
14 days. At discharge, all recipients had satisfactory kidney
graft function.

Follow-up echocardiography was performed 1 to 3
months after discharge. Positive dynamics were observed in
all 13 recipients.

After transplantation, the lowest recorded LVEF was
49%, the highest was 68%, and the mean was 56.3%. The
lowest recorded mPAP was 10 mmHg, the highest was 38
mmHg, and the mean was 19.69 mmHg. The lowest recorded
EDV was 80 mL, the highest was 161 mL, and the mean was
108.76 mL.

According to follow-up echocardiography, positive
improvements were observed in all 13 cases. The average
mPAP decreased from 39.46 mmHg to 19.69 mmHg, a
reduction of 50.1%. LVEF increased from 41.46% to 56.3%,
an improvement of 35.8%. EDV decreased from 144 mL to
108.76 mL, a reduction of 24.6%.
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Table 1 - Clinical parameters of patients before and after transplantation

Clinical parameters Before transplant After transplant
Ejection fraction 41,46 56,43
estimated mean pulmonary artery pressure 39,46 19,69
end diastolic volume 144 108,76
Pericarditis 6 0
Pleurisy 4 0
Type 1 respiratory failure 7 2
Type 2 respiratory failure 5 0
Type 3 respiratory failure 1 0
Stage 3 hypertension 10 0
Stage 2 hypertension 1 1
Stage 1 hypertension 2 12
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Figure 1 - Average value of EF (ejection fraction), EMPAP (estimated mean pulmonary artery pressure, EDV (end diastolic volume)
before and after the kidney transplantation procedure

Type 1 respiratory failure was observed in 2 patients
3 months after transplantation, while the remaining
11 patients had no respiratory failure. Blood pressure
normalization occurred in 7 patients without the use of

Discussion

The results of our study demonstrated a significant
improvement in cardiovascular status in patients with
chronic heart failure after kidney transplantation. The
included recipients had pronounced manifestations of heart
failure with reduced LVEF, high EDV, and elevated mPAP. It
is important to note that this patient population is at high
risk for complications associated both with end-stage renal
failure and chronic heart failure.

One to three months after transplantation, all
recipients showed positive dynamics in heart function
indicators. The average increase in LVEF from 41.46%
to 56.3% (a 35.8% improvement) indicates a significant
improvement in left ventricular pumping function, likely
related to the restoration of volume status following
kidney transplantation. The reduction in mPAP from 39.46
mmHg to 19.69 mmHg (a 50.1% decrease) confirms the
reduction of pulmonary artery pressure and improvement
in hemodynamics. This suggests a positive effect of kidney
transplantation on systemic circulation and pulmonary
hypertension caused by renal failure.

Additionally, the significant reduction in EDV from
144.23 mL to 108.76 mL (a 24.6% decrease) indicates
a reduction in left ventricular volume overload. This
parameter may serve as an additional marker of improved

antihypertensive medications. In 3 patients, blood pressure
improved with the use of antihypertensive drugs, reaching
normal levels. Two patients had no arterial hypertension
either before or after kidney transplantation.

heart function and the general condition of patients after
transplantation.

It is also important to highlight the positive changes
in respiratory function. In most patients, respiratory failure
either decreased or completely disappeared, indicating
correction of metabolic disturbances and improved
oxygenation following the normalization of renal function.
Moreover, the normalization of blood pressure in most
patients without the use of antihypertensive medications
underscores systemic improvement.

These results confirm the effectiveness of kidney
transplantation in patients with a combination of end-stage
renal failure and chronic heart failure, which could have
clinical significance for improving the prognosis of this
patient group.

The instrumental methods used in our study were
similar to those in other studies [9-12]. The obtained
results are consistent with the data from other studies
demonstrating an improvement in cardiovascular function
after kidney transplantation in patients with chronic heart
failure (CHF). In the study by Lentine et al. (2012), it was
shown that kidney transplantation leads to significant
improvement in heart function, including a reduction in
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pulmonary hypertension and an increase in left ventricular
ejection fraction (LVEF) [13]. However, in our study, the
average increase in LVEF (by 35.8%) was higher than in
some other studies, where improvement ranged from
15% to 25%. This could be due to the fact that our cohort
included patients with more pronounced initial heart
function abnormalities, which resulted in a more noticeable
improvement after transplantation.

In the study of Kumar et al. (2024) discusses
that the impact of kidney transplantation on pulmonary
hypertension (PH) and highlights that, in some cases, kidney
transplantation can lead to a reduction in mean pulmonary
artery pressure (mPAP) [14]. In our study, we observed a
more significant reduction - by 50.1%. The difference may
be related to the methods of measuring mPAP, as well as
differences in the patient cohort. Given the high baseline
values of mPAP in our patients, transplantation may have
had a more pronounced effect on reducing pulmonary
artery pressure.

In the study Eun Jung Kim et al. (2019) analyzed the
association between perioperative factors and changes in
left ventricular diastolic function in patients with preserved
ejection fraction following kidney transplantation. The
study found that kidney transplantation was associated with
improved diastolic function[15]. In our study, the reduction

Conclusion

Many similar studies confirm the presence of positive
dynamics in cardiovascular function, further emphasizing
the invaluable role of kidney transplantation as a method
that directly impacts the survival of patients with terminal
stages of chronic kidney disease. We will continue to collect
data from this patient group, incorporating additional
criteria that may influence the process of improving
cardiovascular function.
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Tylinaeme
Co3blamansl 6ylipek Hcemkinikcizdiziniy mepmuHaadvl opmanapsl 6ap, 6ylipekmi aamacmvlpamsiH mepanusidarbl nayueHmmep

O1IMIHIY Hezi3zl ce6ebl JHcypeK-KaH mambipaapsl aypyaapbl 60bin mabviaadsl. CoHOall-ax, HypeK-KaH mambipaapbl aypyaapel 6yiipek
MPaHcnAaHMAayusiCbIHaH Ketlinei 6apavik eaimM-scimimuiy 40-60% KypatiobL.

3epmmeydiy makcamul: Bya 3epmmeyde 6i3 co3blamanbl Hypex jxcemkinikcizodieiiy 0amybiMeH ACKbIHFAH 5 cambl0aFbl CO3bIAMAbL
6ylipek aypybl 6ap HayKacmapoa 6ylipek mpaHcnaaHmMayusiCblHbIH Jcypekmit GYHKYUOHAN0bI J#aFdalibiHa KAHWAAbIKMbL 3CepiH 6aranadblk,

ddicmepi. 3epmmeyee 6ylipek mpaHcnaaHmayusicelHaH emkeHd 13 Haykac kamwicmbl. Kocy kpumeputinepi: 18 sjcacmaH ackaH
nayueHmmep, CoA%axK KApbIHWAHBIK WHIFAPLIAY Ppakyusacsl 50% memeHdezeH CO3bIAMANbIHCYPEK HemKiaikcizdiziHiH, COHFbI duacmoaansix
K6/1eMHIH HCOFapbl 0eHeelliHiH JHcaHe HCOFapbl ecenmesizeH 6Kne apmepusicblHOAFbI 0pMauld KbiCblLMHbIH 601yblMeH aKNapammaHobIpblLAFaH
KesiCiMHIH 60aybL.

Hamuoceci. lloiFapoliay ¢ppakyusicbl mpaHcnaaHmayusicblHaH kKelliH ey memeHzi kepcemkiw 49% Kypadbwi, eH xcorapsl 68% opmawa
kepcemkiw 56,3% 60.10bl. Okne apmepusicbIHOAFbl OpMAla KbICbLMHbIH e MOMeH2i MaHI cbiHan 6araHacsl 10 Mm. 6010bl, eH HCOFapbl MAHI
38 mMm. cbiHan 6araHacel, opmawa MaHi 19,69 mm. cbiHan 6araHacsl 6010bl. TpaHcnaaHmayusioaH KeliiHel 6akbliay yabmpadblbbiCmMblK
Hamudcesepi 6olibiHwa 6apavik 13 xcardatida oy duHamuka 6alikaadsl. Okne apmepusicbIHOAFbl 0pMauld KbICbIMHbIH opmawa deHeelii 39.46
MM. CblHan 6araHacbiHaH 19.69 mm. coiHan 6araHacviHa deliiH memeHdedi. llvirapoiny dpakyusicel 46%-0an 56.43%-ra detiin 35,8%-Fa
yAFatiosl.
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KopbimuindbL. Bi3diH Hamudicenepimis 6ylipexk mpaHCnAaHMayusicbiHaH KelliH CO3bLAMAbL HCYPeK Jcemkinikcizdiel 6ap Haykacmapda
JCYpeK dHcaHe okne GyHKYUACbIHbIY alimapablkmail HcaKcapraHblH kepcemmi. [lecenmeH, 6i30iH 3epmmeyimizoe wuFapblay GpakyusiCbiHblH
JCOFAPLLAAYLL JHCIHE OKNe apmepusiCblHOAFbl 0pmauld KblCbLMHbIE meMeHdeyi cusikmel keliblp napamempep aliKbiHbIpak 6010bl, 6y 6i30iH
nayueHmmep KOHMuH2eHMIHiH jxcaHe emoey adicmepiHiH epekuenieiH Kepcemyi MyMKiH.

TyliiH ce3dep: co3blamasbl Oylipek aypybl, 6ylpek mpaHcnAaGHMAayusicbl, CO3bLAMAbL HCYPEK HemKINiKci3diel, COHFbl duacmoaanslk
KeJ/1eM, WolFapbL1y Gpakyusicbl, apmepusiiblK 2unepmeHsusl.

OueHKa BJIMSHHSA TPAHCIUIAHTAIUY MOYKH Ha CEPAEYHYI0 AesITeIbHOCTD Y NAllUEeHTOB C XPOHUYECKOH
cepAevYHOH HeJOCTATOYHOCTbIO B MCX0/ie XpPOHUYECKOH 60/1e3HM N0YeK 5 cTaguu
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Pe3wome

OcHOBHOUl NpUYUHOU CMepmMHOCMU NAYUEeHMOo8 C MepMUHAALHbIMU HopMaMu XpoHUYecKol novyeyHol HedocmamoyHocmu, HA
3amecmumenbHOU noveyHol mepanuu, seasomcsi cepde4Ho-cocyducmvle 3a6osesanus. Takdzce cepdevHo-cocyducmvle 3a601€8aHUS
cocmasasitom om 40 do 60% ecex cayvaes cmepmu nocje MpaHCNAAHMAYUU NOYKU.

B amom uccnedosanuu Mbl 0YeHUAU HA CKOAbKO 8Ausiem MPAaHCNAAHMAyusi novku Ha (GYHKYUOHA/IbHOe cocmosiHue cepdya y
nayueHmos ¢ XxpoHu4Yeckol 60/1e3HbH NoYeK 5 cmaduu oca0xcHUBWlCS pa3gumuem XpoHU4eckoll cepdeyHoll Hedocmamo4HOCMbH.

Memodbl. B ucciedosanue 6blau 8Ka04eHbl 13 nayueHmos Komopble nepeHecau mpaHcnaaHmayuu novek. Kpumepuu ekawoverus:
nayueHms! cmapwe 18 s1em, Haauvue UHGOPMUPOBAHHO20 CO2AACU, C HAAUYUEM XPOHUYECKOU cepdeyHoll HeAoCMamoyHOCMU CO CHUXCEHHOU
dpakyuell evibpoca se6020 xHceaydouka < 50%, 8bICOKUM YPOBHEM KOHEYHO20 QUACMOAUYECK020 066eMad U 8bICOKUM PACYEMHbIM CpedHeM
dassieHUU 8 s1e204HOU apmepuul.

Pesynomamol. [locae mpancnaaumayuu camoe Hu3koe 3HaveHue gpakyus 8blbpoca cocmasu1o 49% camoe gvicokoe 3HaueHue 68%
cpedHee 3HayeHue cocmasu.1o 56,3%. PacuemHoe cpedHee dasseHue 8 1e204HOU apmepuu camoe HU3Koe 3Ha4eHue cocmaguo 10 mm. pm. cm.
camoe gblcokoe 3HaveHue 38 Mmm. pm. cm. cpedHee 3HaveHue cocmasu10 19,69 mm. pm. cm. [1o peayrbmamam KOHMPOAbHO20 YAbMPA38YKOBO20
uccedosaHust nocae mpaHcNAAHMayuu omme4eHa nooxcumenbHast ouHamuka 8o ecex 13 cayuasix. CpedHull yposeHs pacuemHozo cpedHe2o
dassenus 8 snezouHoll apmepuu ¢ 39.46 Mm. pm. cm. cHU3uA0cb 00 19.69 mm. pm. cm. cHudceHue Ha 50,1%, ppakyus evlbpoca ygeau1uaacs ¢
41.46% do 56.43% yseauuerue Ha 35,8%, koHeuHbll duacmoauyeckuli 06sém co cHuxceHuem co 144 ma. do 108.76 ma. cHuxcerue Ha 24,6%.

Bbi800bL. Pesynbmambl ucciedoganusi nod4epkKusarom 3HayumesavHoe y/ayvuleHue KAk cepO0evyHol, mak u /e204Hol (PyHKyuu y
nayueHmos ¢ XxpoHuyeckol cepde4Holl HedoCMAamo4HOCMbl Nocae mpaHcnaaHmayuu no4ku. OOHako 6 HauleM uccaedo8aHUU HeKomopbule
napamempbl, makue Kak ygeauyeHue Gpakyuu ebI6poca U CHUdiceHUe paciemHozo cpedHe20 0as/1eHUs 8 1e204HOL apmepuu, 0Ka3auch 6oJee
8bIPAICEHHBIMU, MO MOJcem ceudeme1bCME08aMb 0 cneyuduke Haule2o NAYUeHMCK020 KOHMUH2eHma u Memodoe Je4eHusl.

Katouesbvie cnosea: XpoHuyeckas 601e3Hb noyek, mpaHcnAAHMayusi NO4Ku, XpoHuveckas: cepdevHas Hedocmamo4HoCmy, KOHeYHbLI
duacmosuyeckutll 065éM, hpakyust 8bl6poca, apmepuanbHas 2unepmeH3usl.
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