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Summary

The cardiac peptide NT-proBNP, produced and secreted mainly by the left ventricular myocardium, is one of the most
important biochemical markers of heart disease. It is known that the concentration of this peptide increases significantly in the
blood of patients with heart failure and cases of transplant rejection. However, NT-proBNP levels have not yet been studied in
the course of the development of pathological conditions associated with pregnancy, in particular, in pre-eclampsia.

The aim of the research. To study the level of cardiac peptide NT-proBNP of pregnant women with pre-eclampsia.

The materials and methods. The total number of women examined was 90. 60 (main group) women in their 32-36 weeks of
pregnancy complicated by moderate pre-eclampsia were examined. The control group consisted of 30 women of the same gestational
age whose pregnancies were uncomplicated. The study was conducted at the Chernivtsi Regional Perinatal Center and Medical Center
for Infertility Treatment (Chernivtsi, Ukraine). The MAGLUMI BNP test system (manufacturer: Shenzhen New Industries Biomedical
Engineering, Shenzhen, China) was used to study NT-proBNP levels; venous blood was collected once from pregnant women on
an empty stomach at 8 am. The examinations were conducted at the «Educational and Scientific Laboratory» of the Bukovina State
Medical University, which is certified. The study adhered to biomedical ethics guidelines. Statistical processing was performed using
the MedCalc software package produced by MedCalc Inc (Ostend, Belgium), and Student’s t-test for unequal samples was used.

Results of the research. It was revealed that the average level of NT-proBNP in the group of women with pre-eclampsia was
likely higher than in the control group (79,5+37,4 pg/mL and 32,0+12,0 pg/mL in the control group, p<0,001). It is reasonable
to assume that variations in NT-proBNP levels, specifically an increase in its concentration in blood plasma in pre-eclamptic
pregnant women relative to healthy pregnant women, are a highly significant biochemical marker that serves as an indicator of
both the condition of cardiomyocytes and the stress on the body’s compensatory systems resulting from pre-eclampsia.

Conclusions. The level of the cardiac peptide NT-proBNP significantly increases in the blood of women whose pregnancy
was complicated by pre-eclampsia. This may, in our opinion, indicate pathological changes in the myocardium caused by an

increased load on the heart in the development of hypertension caused by pre-eclampsia in pregnancy.
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Introduction

Peptide NT-proBNP (N-terminal fragment of brain
sodium-uretic peptide type B) is an important biomarker
for diagnosing and predicting cardiovascular diseases,
particularly heart failure. Its usage is fairly widespread in
medical practice due to its high sensitivity and specificity.

Biochemical properties and physiological role of NT-
proBNP: this peptide is an inactive fragment formed by
the breaking of proBNP into active BNP and inactive NT-
proBNP. It is synthesized by cardiomyocytes in response
to increased ventricular filling pressure and myocardial
biochemical stress [1]. NT-proBNP has a long half-life,
which makes it convenient for laboratory diagnostics.

Diagnostic value of NT-proBNP: first, this peptide is
a gold standard for confirming the diagnosis of acute and
chronic heart failure [2]. Thresholds may vary depending
on the age and renal function of patients. NT-proBNP also
has diagnostic value in acute coronary syndrome, and its
elevated level correlates with the severity of myocardial
ischemia and the risk of negative consequences manifesting
as heart failure with a decrease in left ventricular ejection
fraction [3]. Other conditions: NT-proBNP is also used to
estimate the prognosis in pulmonary hypertension, valvular
heart disease, sepsis, and chronic renal failure [4].

The factors influencing the level of NT-proBNP are
divided into physiological and pathological. Physiological
factors include age, sex, and weight. Pathological factors
comprise renal failure, left ventricular hypertrophy,
anemia, etc. Angiotensin-converting enzyme inhibitors,
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beta-blockers, and diuretics can change the level of NT-
proBNP [5].

NT-proBNP has advantages over other biomarkers,
such as BNP, due to its greater stability in serum and lower
sensitivity to changes in the short-term perspective [5].
Therefore, this peptide shows promise as a diagnostic marker
for myocardial conditions. Regular monitoring of NT-
proBNP levels allows for the assessment of the effectiveness
of heart failure therapy and the prediction of the risk of
re-hospitalization and death [5]. At the same time, there is
very little information in the current scientific literature on
changes in the concentration of NT-proBNP in women’s
blood plasma during pregnancy and in pregnancy-related
pathological conditions, in particular, pre-eclampsia.

Pre-eclampsia is one of the most serious gestational
pathologies, characterized by hypertension and proteinuria
after the 20th week of pregnancy [6]. It significantly affects
women’s cardiovascular health over the long run in addition
to how their pregnancy goes. The effects of pre-eclampsia
on the cardiovascular systems of pregnant women, laboring
women, postpartum women, and women giving birth have
long been the subject of scientific investigation. The influence
of pre-eclampsia on cardiac function is currently understood
to be caused by a number of pathways, with endothelial
abnormalities being a major one. In addition to decreased
endothelial synthesis of nitric oxide NO, thromboxane,
prostacyclin, and other vasoactive substances required for
the physiological functioning of the fetoplacental unit during
pregnancy, pre-eclampsia is linked to endothelial dysfunction,
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which results in decreased vasodilation, increased vascular
resistance, and hypertension. [7]. In addition, some patients
may develop left ventricular hypertrophy, especially in the
setting of pre-existing hypertension. Increased stress on
the heart causes structural changes, in particular concentric
left ventricular hypertrophy, which reduces its systolic and
diastolic function [8].

Preeclampsia is associated with the impairment of the
function of the endothelium, which leads to the reduction
of vasodilation, an increase in vessels’ resistance and
hypertension, and the decrease of endothelial synthesis
of nitric oxide NO, thromboxane, prostacyclin, and other
vasoactive substances essential for physiological functioning
of the fetoplacental unit during pregnancy. [7]. Moreover,
some patients may develop left ventricular hypertrophy
against the background of hypertension existing before the
pregnancy. An increased load on the heart causes structural
changes including concentric left ventricular hypertrophy,
which decreases its systolic and diastolic function. [8].

The activation of anti-inflammatory cytokines and the
accumulation of free radicals happens during pre-eclampsia
as well. These processes facilitate myocardial remodeling
and the development of fibrosis. [9].

Clinical consequences of myocardial remodeling during
pre-eclampsia include acute heart failure and long-term
cardiovascular risks. Women with pre-eclampsia have an
increased risk of developing heart failure during pregnancy
and in the early postpartum period; in addition, pre-
eclampsia is an independent risk factor for the development
of hypertension, coronary heart disease, and heart failure
later in life [10]. At the end of pregnancy, even after
normalization of blood pressure, diastolic dysfunction of
the heart may be observed, indicating long-term changes
in the structure of the heart muscle [10].

Cardiac function tests in pre-eclampsia include
echocardiography, which is used to assess systolic and
diastolic function, detect left ventricular hypertrophy and
other structural changes, magnetic resonance imaging, which
allows a detailed assessment of myocardial remodeling and
fibrosis, and the study of biomarker levels. In addition to
NT-proBNP, troponins and some other indicators are also
used to assess the degree of heart damage.

Thus, pre-eclampsia has a substantial impact on the
function of the heart in both short and long-term perspectives.
It requires meticulous cardiological monitoring of women who
experience pre-eclampsia even after the end of their pregnancy.

The aim of the research. To study the level of
cardiac peptide NT-proBNP in women, whose pregnancy
was complicated by pre-eclampsia.

Material and methods of the research. 60 women
at their 32-36 weeks of pregnancy complicated by moderate
pre-eclampsia were examined. The diagnosis was made
according to the criteria, provided in the decree of Ministry
of Health of Ukraine Ne 151 from 24.01.2022. The control
group was composed of 30 women of the same gestational
age but without any complications during their pregnancies.

The research was conducted on the basis of the non-profit
community hospital «Chernivtsi regional perinatal center»
and the Medical Center of infertility treatment (Chernivtsi,

Ukraine). Test-system MAGLUMI BNP (manufacturer:
Sheénzhén New Industries Biomedical Engineering, Shenzhen,
China) was used to study the levels of NT-proBNP; the
venous blood of these pregnant women was taken twice at
8 AM on an empty stomach. The taken blood was placed
in tubes with EDTA to obtain plasma and centrifugated at
15000 rpm for 15 minutes at room temperature (18-22°C).
Blood plasm was received after the centrifugation. The blood
specimens without the signs of hemolysis were chosen for
the study. 500 pL of plasma was collected in disposable
tubes and placed in an automatic chemiluminescent immune
analyzer MAGLUMI 1000 (after calibration of the reagent
and measurement of control solutions) and the results
were obtained after 40 minutes. Statistical processing was
performed using the MedCalc software package manufactured
by MedCalc Inc (Ostend, Belgium), and a Student’s t-test for
unequal samples was used.

The study was conducted with the informed consent
of the patients. The research was approved by the
Biomedical Ethics Commission of the Bukovina State
Medical University in accordance with the rules for
conducting medical-scientific research (Protocol No. 9
dated 20.06.2024).

The results and discussion

It was established that the average level of peptide
NT-proBNP in the group of women with pre-eclampsia
was likely higher in comparison with the control group
(79,5£37,4 pg/mL and 32,0£12,0 pg/mL in the control
group, p<0,001), as picture 1 shows. Therefore, the level
of NT-proBNP in the blood of pregnant women with
preeclampsia was 2,48 times higher than in healthy women.

The received results are indicative of the following:
the women with pre-eclampsia have increased synthesis of
cardiomyocytes of the studied peptide NT-proBNP. This,
as we believe, happens due to some factors. Firstly, more
sympathetic-adrenal activation of the myocardium causes
the heart’s stroke volume to increase in pre-eclampsia
[11,12]. Secondly, this disease increases peripheral vascular
resistance, which raises the post-load on a pregnant woman’s
heart muscle. Pregnant women with pre-eclampsia have
increased vasoconstriction as a result of these pathological
changes, which in turn causes a secondary increase in the
synthesis of NT-proBNP by cardiomyocytes. This is evident
if we consider the changes in renal function characteristic
of pre-eclampsia, specifically an increase in the synthesis
of angiotensin Il against the backdrop of activation of the
renin-angiotensin-aldosterone system. [13-15].

Pre-eclampsia is also associated with endothelial
dysfunction which influences the balance of vasodilators
and vasoconstrictors. Particularly, the increase of the level
of soluble fms-like tyrosine kinase 1 (sFlt-1), which is the
antagonist of vascular endothelial growth factor (VEGF),
is observed. This leads to the decrease of bioavailability
of VEGF, which negatively affects the endothelial
function and can facilitate the development of glomerular
endotheliosis — typical kidney damage in preeclampsia
[16-18]. This pathophysiological mechanism also promotes
systemic vasoconstriction increasing the myocardial post-
load, causing an increase of blood pressure in the left ventricle
and, consequently, cardiomyocytes NT-proBNP [19, 20].
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Figure 1. NT-proBNP, pg/ml

Consequently, it is reasonable to assume that variations
in NT-proBNP levels, specifically an increase in its
concentration in blood plasma in pre-eclamptic pregnant
women relative to healthy pregnant women, are a highly
significant biochemical marker that serves as an indicator
of both the condition of cardiomyocytes and the stress
on the body’s compensatory systems resulting from pre-
eclampsia.

Conclusions. The level of the cardiac peptide NT-
proBNP increases in the blood of women whose pregnancy
was complicated by pre-eclampsia. The increase is
statistically significant: according to our data, this indicator

increases by 2.48 times compared to healthy pregnant
women. This may, in our opinion, indicate pathological
changes in the myocardium caused by an increase in the
load on the heart during the development of hypertension,
which is caused by pre-eclampsia in pregnant women.

The prospects in further research.
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PIBEHb CEPIIEBOTO IMENTHAY NT-PROBNP MIABUILY EThCS IMPU MPEEKJAMIICIi BATITHHUX
H. B. Pycoii, A. M. bepoeys

BykoBuHCBHKHIi nep:kaBHMII MeIUYHMIT YHiBepcuTeT
(m. YepHiBui, Ykpaina)

Pesome.

Cepuesuit nenrtu NT-proBNP, 1o npomyKkyeTbest 1 BUALISAETHCS 30¢01UIBIIOT0 MiOKapIOM JIiBOTO MIUTYHOYKA, € OHUM 3 HAWOUIBII
BaXITMBHX O10XIMIYHHX MapKepiB CEPLEBUX 3aXBOPIOBaHb. BiZoMo, 0 KOHIIEHTpAIlii JaHOTO MENTHIY BipOTiIHO 3pOCTAIOTh B KPOBI
XBOPHUX Ha CEPLEBY HEAOCTATHICTb, @ TAKOXK [IPH BIATOPTHEHHI TPAHCIUIAHTOBAHOTO cepiist. OnHaK, Z0Tenep He MPOBOIMIOCH BHBUCHHS
piBHiB NT-proBNP 1mpu po3BHUTKY IaTOIIOTIYHUX CTaHIB, OB’ 3aHMUX 3 BariTHICTIO, 30KPEMa, MIPHU MPEEKIAMIICii BariTHUX.

Meta npocaix:kennsi. Busuntu piBens cepuesoro nentuay NT-proBNP y BariTHHX 3 mpeekiaMIIciero.

Marepianu Ta meroqu. O6ctesxeHo 60 skiHOK B TepMiHi BariTHOCTI 32-36 THIKHIB, TIPY IIbOMY iXHsI BariTHICTH Oyiia yCKIIaJHEHA TOMIPHOIO
npeexamriciero. KonrpomsHy rpymy ckiami 30 sKiHOK B TOMY K TEpPMiHI recTallii, y SKUX BariTHiCTh nepebirana 6e3 yckiamaHeHs. JlocmimkeH s
npoBoamiiock Ha 6a3i KHIT «YepHiBenpkuii 00nacHuii ieprHaTaabHui HeHTp» Ta MequvHOro HeHTpy JiKyBaHHs Oe3mrimst (M. YepHisit,
Vkpaina). Jlinst Busaenns piBuis NT-proBNP sukopucroBysanack tect-cucrema MAGLUMI BNP (BupoGuuk: Shenzhen New Industries
Biomedical Engineering, Illenswkens, Kuraii); BeHO3HA KPOB Y BAriTHHX KIHOK 3a0Mpasiach OMHOKPATHO HATIIe O 8- romuHi panky. lociia-
JKCHHSI IIPOBE/ICHO 13 IOTPUMAHHSIM IIOJIOXKEHB [P0 [paBa JIFOIHHH Ta OiomenuimHy. CTarucTiyHy 0OpoOKy BUKOHAIIH 3a J0TIOMOTOO [IPOrpaM-
noro nakery MedCalc sBupo6ruirrsa MedCalc Inc (Ocrerne, Benbrist), BukoprctoByBascst t-kputepiii CTbIOIEHTa TSl HCOAHAKOBHX BUOIPOK.

PesyabTaTn gocaixkenns. byno BcranoieHo, mo cepenniit piBeHb NT-proBNP y rpymi %iHOK 3 IpeeKIaMIICiero OyB BipOTiIHO
BHILMM, [TOPIBHSHO 3 KoHTpoeM (79,5+37,4 nr/mut, B kouTposbHii rpymi 32,0+12,0 nr/vit, p<0,001). Mokaa 06rpyHTOBAHO IPUITYCTHTH,
o 3MiHa piBHs NT-proBNP, a came, miBUIIEHHS OTO KOHIICHTPAIIIT B TU1a3Mi KPOB1 Y BariTHHX KiHOK 3 IIPEEKIIAMIICIEI0, TIOPiBHSHO 31
3OPOBUMH BariTHUMU KIHKaMH, € HA/I3BHYAIHO BAXKIIMBUM O10XIMIYHUM MapKEpOM — IHIHUKATOPOM HE TIIBKU CTAaHy KapIiOMiOLHUTIB,
aJie 1 Hanpy’KeHHS! KOMIICHCATOPHUX CUCTEM BChOI'O OPraHi3My BariTHO{, 110 BUKJIMKAHO MPEEKIAMIICIEO.

Bucnosku. Pisens cepiesoro nenrtaay NT-proBNP BiporizHo 3poctae B KpOBi )KIHOK, YK BAaTiTHICTB YCKIJIATHIIIACS TPECKIIAMIICIETO.
Le Morke, Ha HalIy TyMKY, CBITYUTH IIPO ITATOJIOT1YHI 3MiHH B MiOKap/Ii, 3yMOBJICHI 301IbIIICHHAM HABaHTA)KCHHS Ha CEPLIC IPH PO3BUTKY
rinepreHsii, MPUIUHOIO SKOT € MPECKIAMIICIS BariTHUX.

KurouoBi ciioBa: saritnicts; npeeknamicis; NT-proBNP; cepiieBa HeIOCTaTHICTb.
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