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Background. The serum level of NT-proBNP plays a significant role in the regulation of intravascular volume and vascular tone.
Current study includes children with primary hypertension (PAH).

Aims. The aim of the study is to investigate the level of serum NT-proBNP in children with various forms of primary hypertension
(PAH) and prognostic significance for the development of myocardial dysfunction in children depending on the form of PAH.
Objectives. The study involved 71 children at the age of 9—17 years old, among them — 53 with PAH and 18 — with normal blood
pressure.

Methods. All children underwent general clinical examination, ambulatory blood pressure monitoring (ABPM), echocardiogra-
phy, determination of NT-proBNP in serum by ELISA.

Results. The serum NT-proBNP level in children with degree Il PAH was 31,23%9,32 fmol/ml, with degree | PAH — 59,48+20,73
Jmol/ml, which was higher than in control group (12,48+2,18 fmol/mi, p<0,05). Among the 7 children with EF less than 55% only
one child's NT-proBNP level was higher than 300 fmol/ml. Concentric LV remodeling was observed in 32,3+8,4% of children with
stable PAH and 22,7+8,9% of labile PAH. The NT-proBNP increase in serum of females occurs at stage II PAH, in males - already
at stage I PAH; systolic dysfunction in children with PAH is rare and it is accompanied with increased levels of NT-proBNP above

300 fmol/ml.
Key words: NT-proBNP; Children; Primary hypertension.

Introduction
atriuretic peptides play an important role in the regu-
lation of intra-vascular blood volume and vascular
tone and their increase is an important compensatory mecha-
nism that reduces the activity of the sympathoadrenal and
renin-angiotensin-aldosterone system [1,4,19].

Brain natriuretic peptides — BNP and NT-proBNP — have
the greatest clinical significance. With systolic or diastolic dys-
function, NT-proBNP level increases significantly. It is proved
that the level of NT-proBNP is directly correlated with the
severity of heart failure, the size of the left ventricle (IV) and
the thickness of its walls in dilated and hypertrophic cardiomy-
opathy [9] and other diseases in children [5,6].

Research in adult patients with primary hypertension
(PAH) showed that the increase in plasma natriuretic pepti-
des level associated with left ventricular hypertrophy?2 may
precede the development of such hypertrophy and it is a reli-
able marker for the presence of diastolic dysfunction or high
risk of its development [10]. Determination of NT-proBNP
has a great prognostic value in PAH adults. Its increase
is assessed as one of the risk factors for hypertension in non-
hypertensive patients [7], as well as an unfavorable progno-
stic factor in already formed PAH [12].

In children with PAH, similar investigations are not avai-
lable. Therefore, further study of the levels of NT-proBNP
is relevant today to improve diagnosis and clarify the patho-
genic heart disease mechanisms in children and adolescents
with PAH.

Aim: to investigate the serum level of NT-proBNP in chil-
dren with various forms of PAH and its prognostic significan-
ce for the development of myocardial dysfunction in children
depending on the form of PAH.

Methods. 71 children aged 9—17 years participated in the
research. The main group consisted of 53 children with PAH.
The diagnosis was established on the basis of blood pressure
measurement and daily monitoring of blood pressure
(ABPM). Based on ABPM results, several subgroups were
allocated: the first one — children with stable degree 11 PAH
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(systolic blood pressure (SBP) load more than 80%),
the second group — children with stable degree I PAH (SBP
load — 50-80%), the third group — children with labile PAH
(SBP load — 25-50%). The control group consisted
of 18 healthy children with normal blood pressure.

The study didn't include children with symptomatic
hypertension, heart disease, carditis, kidney disease.

All children underwent general clinical examination,
ABPM, echocardiography, determination of NT-proBNP
in serum by ELISA.

The following values were determined by the echocar-
diography: left ventricular diastolic diameter (LVDD);
left ventricular systolic diameter (LVSD); LV ejection fraction
(EF); LV myocardial mass (LVM); left ventricular mass index
(LVMI); LV posterior wall thickness (LVPW); interventricular
septum thickness (IVS); left ventricular systolic and diastolic
volumes (LVSV and LVDV); relative wall thickness (RWT).

LVM was determined according to R.B. Devereux et al.
(1986) formula:

LVM ()=0.80(1.04(IVS+LVED+LVPW)3—(LVED)3)+0.6

LVMI is calculated by the formula:
_LVM
LVMI= """ (height)27

Characteristic value of LVMI was taken for 95-percentile
value depending on the age and gender (Philip R., 2009).

Based on the type of ventricular remodeling, R.M. Lang et
all. (2005) suggested a classification to the American Society
of Echocardiography and the European Association of Echo-
cardiography according to which the following types of remo-
deling were established: normal IV geometry (LVMI is not
increased, RWT<0,42); concentric IV remodeling (LVMI
is not increased, RWT>0,42); concentric hypertrophy
(LVMI is increased, RWT>0,42); eccentric hypertrophy
(LVMI is increased, RWT<0,42).
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Table 1

Serum NT-proBNP level in children
with various forms of PAH

Groups

NT-proBNP, fmol/ml

1. Degree |l stable PAH, n=16

31.23+£9.32*1-4,1-3

2. Degree | stable PAH, n=15

59.48+20.73*2-4; 2-3

3. Labile PAH, n=22

5.98+1.51*3-4

4. Control group, n=18

12.48+2.18

Note: * — p <0.05

Table 2
Serum NT-proBNP in children
with various forms of PAH by gender
Groups Gender NT-proBNP
1. Degree Il boys, n=8 35.55+15.0
stable PAH girls, n=8 22.58+2.95"1-4
2. Degree | boys, n=10 79.11229.06"2-4
stable PAH girls, n=5 15.3+5.16#
3. Labile boys, n=12 4.08+£1.01*3-4;1-3,2-3
PAH girls, n=10 7.89+2.81
4. Control boys, n=10 13.15£3.0
group girls, n=8 11.9+3.70

Note: * — p <0.05 between groups; # — p <0.05 between boys and
girls in groups

Mean daytime and nighttime systolic blood pressure
(SBP), diastolic blood pressure (DBP), SBP and DBP load,
SBP and DBP dipping, blood pressure variation coefficient
(BPVC) were determined by ABPM. BPVC was calculated
by the formula: BPSDx100/SBP or DBP, respectively,
for SBP and DBP, where BPSD is standard deviation
for blood pressure.

For the evaluation of results, generally accepted methods
of mathematical statistics were used. Univariate analyses
for group comparisons of continuous variables were perfor-
med using Student's t-test. The relationship of these hemody-
namic parameters was determined as the Pearson correlation
coefficient. A p value <0,05 was considered to be statistically
significant.

Results. Determination of the serum NT-proBNP level in
children with various forms of PAH showed higher levels of
NT-proBNP in children with stable PAH compared with the
control group (Table 1).

Boys were characterized by higher levels of NT-proBNP
compared to girls in stable PAH. As provided in Table 2, they
experienced a significant increase in NT-proBNP at the stage
of degree I stable PAH, girls — at the stage of degree II stable
PAH (Table 2).

In previous studies, we found that in healthy children
at the age of 9—17 years old, serum NT-proBNP is less than
28 fmol/ml. This study demonstrated that 9.1£6.1% of chil-
dren with labile PAH had levels of NT-proBNP above
28 fmol/ml, whereas among children with degree II stable
PAH and degree I stable PAH, this number was 32.3+11.6% and
40.0+12.6%, respectively.

In 4 children with stable PAH, NT-proBNP level was
more than 100 fmol/ml. All of them were males and differed
from other children by higher mass and growth rates and had
a longer history of hypertension (Table 3).

ABPM results in surveyed children presented in Table 3
indicate higher values of SBP, SBP load and variability of
blood pressure in children with high levels of NT-proBNP. In
children with levels of NT-proBNP above 100 fmol /ml, echo-
cardiographic data found higher (p<0.05) LVM, LVPW and
IVS values. Left ventricular cavity dimensions and RWT
were characterized by tendency to greater values compared to
those in children with lower NT-proBNP.

Low levels of NT-proBNP compared with the control
group were found mainly in boys with labile PAH (Table 2),
indicating a lack of activation of regulatory processes in these
patients.

The most significant correlation of NT-proBNP with stu-
died parameters are presented in Figure 1.

It should be noted that these links were observed only in
patients with stable PAH unlike in those with labile PAH, and
they had certain differences in children with various degrees
of stable PAH. Thus, the level of NT-proBNP, regardless of
the degree of stable hypertension, had a positive correlation
with the average daily level of blood pressure variability and
blood pressure parameters according to the ABPM data, with

Table 3
The research results in children with PAH at different values of NT-proBNP
Indicator NT-proBNP
less than 28 fmol/ml 28-100 fmol/ml more than 100 fmol/ml
Weight, kg 62.20+2.46 65.5+3.11 92.25+7.89*°
Height, cm 165.62+1.64 164.25+1.84 185.04.61* 2>
The duration of hypertension, years 1.98+0.10 2.23+0.11 3.25+0.37*°%°
SBP, mmHg 131.26+1.63 136.4+5.28 145.75+£2.29*
DBP, mmHg 71.38+1.10 76.80+4.85 74.50+1.50
SBP load, % 52.91+3.79 65.26+10.62 75.65+7.83*"°
DBP load, % 22.15+£3.12 42.16+£10.97 29.32+11.21
SBP dipping, % 3.32+1.04 0.69+1.13 2.91+3.08
DBP dipping, % 9.25+1.37 8.34+3.85 7.75£4.70
Day time systolic BPVC, % 8.56+0.32 7.69+0.58 10.14£0.71*%°
Day time diastolic BPVC, % 11.89+0.46 10.27+1.69 13.86+3.01
Night time systolic BPVC, % 10.22+0.68 7.56+1.08 11.42+1.43*°
Night time diastolic BPVC, % 13.60+£0.80 8.81+1.33 16.54+1.29*"°
LVDD, cm 4.36+0.10 4.20+0.09 4.85+0.43
LVSD, cm 2.82+0.09 2.55+0.15 3.15+0.40
EF, % 64.38+1.36 69.17+4.93 64.24+6.13
LVM, g 115.41+6.68 106.88+10.59 180.78+23.92°%°
LVMI, g/m*’ 29.09+1.37 28.16+2.83 34.21+4.25
LVPW, cm 0.84+0.02 0.90+0.05 1.05+0.03*7%°
IVS, cm 0.78+0.02 0.73+0.04 0.96+0.11**°
RWT 0.39+0.01 0.43+0.02 0.45+0.05
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Fig. 1. The most significant correlative relationship of NT-proBNP with anthropometric data, echocardiography results and ABPM in chil-

dren with stable hypertension (BMI — body mass index)

the magnitude of weight gain in children, as well as LVPW
according to echocardiography. In addition, positive correla-
tion with LVDD, LVDV, IVS, and consequently, with LVMI
were observed in degree 1T PAH. In degree I stable PAH, such
a clear connection with the above mentioned heart parame-
ters were not found. These data may indicate that at the stage
of degree I stable PAH endocrine system of the heart is just
beginning to be involved in the pathogenic processes in the
body in PAH and its high activity in children is formed at the
stage of degree II stable PAH.

The connection of the NT-proBNP level with the body
mass index (BMI) is clearly observed only at the stage
of degree II stable PAH. In degree I stable PAH, the level
of NT-proBNP is correlated with both the weight and height
of children, resulting in the loss of connections with BMI.

Based on echocardiographic data, left ventricular hyper-
trophy was met in 7 out of 31 (22.6+7.5%) children with sta-
ble PAH (in 6.5*4.4% — concentric and in 12.9+6.0% —

60
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B OQut of hypertrophy and remodeling
© With hypertrophy and remodelin

Fig. 2. Level of NT-proBNP (fmol/ml) depending on the presence of
myocardial remodeling in children with various forms of PH

* — p <0,05 between groups;

#— p <0,05 between children with signs and with no signs of LVH)
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eccentric) and in 1 child (4.5%4.4%) with labile PAH
(eccentric). Concentric left ventricular remodeling
was observed more frequently — in 32.3+8.4% of children
with stable PAH and 22.7+8.9% — with labile PAH.

The diagrams demonstrate that children without hyper-
trophy and remodeling show relatively high levels
of NT-proBNP formed at the stage of degree II stable PAH,
and in hypertrophy and remodeling — at an earlier stage
of hypertension stabilization (Figure 2).

It should be noted that these links were observed only
in patients with stable PAH unlike in those with labile PAH,
and they had certain differences in children with various
degrees of stable PAH. Thus, the level of NT-proBNP, regard-
less of the degree of stable hypertension, had a positive corre-
lation with the average daily level of blood pressure variabili-
ty and blood pressure parameters according to the ABPM
data, with the magnitude of weight gain in children, as well as
LVPW according to echocardiography. In addition, positive
correlation with LVDD, ILVDV, IVS; and consequently, with
LVMI were observed in degree II PAH. In degree I stable
PAH, such a clear connection with the above mentioned heart
parameters were not found. These data may indicate that at
the stage of degree I stable PAH endocrine system of the heart
is just beginning to be involved in the pathogenic processes
in the body in PAH and its high activity in children is formed
at the stage of degree II stable PAH.

The connection of the NT-proBNP level with the body
mass index (BMI) is clearly observed only at the stage
of degree II stable PAH. In degree I stable PAH, the level
of NT-proBNP is correlated with both the weight and height
of children, resulting in the loss of connections with BMI.

Based on echocardiographic data, left ventricular hyper-
trophy was met in 7 out of 31 (22.6+7.5%) children with sta-
ble PAH (in 6.5%4.4% — concentric and in 12.9+6.0% —
eccentric) and in 1 child (4.5£4.4%) with labile PAH (eccen-
tric). Concentric left ventricular remodeling was observed
more frequently — in 32.3+8.4% of children with stable PAH
and 22.7£8.9% — with labile PAH.
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The diagrams demonstrate that children without hyper-
trophy and remodeling show relatively high levels
of NT-proBNP formed at the stage of degree II stable PAH,
and in hypertrophy and remodeling — at an earlier stage
of hypertension stabilization (Figure 2).

The value of left ventricular ejection fraction less than
55% was observed in 6 of 31 (9.7+5.3%) children with stable
PAH and in 1 of 22 (4.5£4.4%) child with labile PAH.
However, only one child reported NT-proBNP values charac-
teristic of systolic dysfunction (ejection fraction — 47%, NT-
proBNP — 311.9 fmol/ml). In others, levels of NT-proBNP
did not exceed 28 fmol/ml and ejection fraction was within
49-55%, indicating a relatively rare formation of systolic
dysfunction in children with PAH.

Discussion. The ability to predict heart disease as a target
organ in children with PAH depending on the level of NT-
proBNP is a key issue, but works devoted to solving this prob-
lem are not enough and some are not clear. In particular,
there are several reports regarding the impact of overweight
on NT-proBNP level in children with hypertension.
According to some authors, this relationship is found regard-
less of a child's gender [18], others have reported higher
levels of NT-proBNP in boys with PAH and obesity, and lack
of NT-proBNP correlation with body weight, systolic
and diastolic blood pressure in girls with PAH [15]. Some
studies, however, show a lack of clear links of natriuretic pep-
tides with weight and blood pressure in children [11].

Today, the issue of low levels of NT-proBNP in certain
categories of patients is also unclear [8].

This study points to possible causes for different results
by other authors. We believe that one of these reasons is that
labile and stable hypertension in children is formed under
different conditions: for children with labile PAH,
low NT-proBNP is typical, for children with stable PAH —
high NT-proBNP. In conducted studies, no results are evalu-
ated depending on the form of hypertension. Based on our
data, we can assume that in children with stable PAH,
increase in NT-proBNP is a necessary compensatory mecha-
nism that balances the activity of sympathoadrenal system.
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docrine system of the heart in children with PAH and the
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N-TepMuHanbHbIi MO3roBOW HaTPUypeTU4eCKUii NenTua y Aeter ¢ pasnnyHbimm popmMmamm nepBUYHON rMNepTeH3nmn

H0. Mapywko, T. lnwyak

HauuoHanbHbIN MEOUUMHCKUIA yHUBEPCUTET MMeHu A.A. Boromonsua, r. Kues, YkpanHa

YpoBeHb N- TepMUHaNbHOrO MO3roBoro Hatpuitypetuyeckoro nentuga (NT-proBNP) urpaert cyLlecTBeHHy0 posb B perynauui BHyTpUCOCYAUCTOro ob6bema
KpOBW 1 COCYAMCTOr0 TOHYCA. B JaHHOM nccnefoBaHu NpUHUMAny y4acTine feT C NepBUYHOI apTepuanbHoii runepteHsuei (MAT).

Llens. Wccnegosars ypoBeHb NT-proBNP B CbIBOpPOTKE KpOBW y [ieTeil C pasnnyHbiMU (DOPMAMM NEpBUYHON apTepuanbHON rUnepTeHsun, a Tak Xe ero
MPOrHOCTUYECKYIO 3HAYMMOCTb B PA3BUTUN AUCHYHKLUAM MUOKaApaa Y AeTeld C pasHbIMi hopMamit NepBuYHON apTepuanbHOM runepTeH3unu.

Maumentbl. B nccnegoBaHun npuHanm yyactue 71 pebeHok B Bospacte 9-17 net, u3 Hux — 53 naumenta ¢ MMAl n 18 nauneHToB- C HOPManbHbIM
apTepuanbHbIM JaBneHneM.

Metopgbl. Bce petw npownm o6buiee KnvMHUYeckoe 06CnefoBaHne, CyTOYHOE MOHUTOPUPOBaHWe apTepuanbHoro gasnenns (CMAL), axokapauorpadmio.
YpoBeHb NT-proBNP B CbiBOPOTKE KPOBU ONPEAENsnn ¢ NOMOLLbH UMMYHO-(DEPMEHTHOr0 aHann3a.

PesynbTatbl. YposeHb NT-proBNP B CbIBOPOTKE KpOBW y [€Tel C NepBUYHON apTepuanbHOW runepTeH3un BTOPoi cTeneHu 6bin 31,23+9,32 omons/mn,
C NepBUYHOI apTepuanbHOM runepTeH3nen nepsoii cteneHn — 59,48+20,73 hmonb/Mi1, 4TO yKa3biBano Ha 60nee BbICOKWE MOKa3aTenu, N0 CPaBHEHUHO
¢ rpynnoii konTpons (12,48+2,18 chmons/mn, p<0,05). Cpean 7 peteit ¢ dpakumen Bbiopoca MeHee 55% TONMbKO y 04HOr0 pedeHka ypoBeHb NT-proBNP 6bin
Bblwe, yem 300 dmonb/mn. KOHLEHTPUYECKOe peMOJeNnupoBaHne neBoro Xenyfoyka Haébnoganach y 32,3+8,4% [feTeil CO CTabUNbHON  MEpBUYHON
apTepuanbHON runepTeHaun n 22,7+8,9% ¢ nabunbHOM apTepuanbHOi runepteH3ui. TosbiweHne ypoBHs NT-proBNP B CbIBOpPOTKE KPOBM Y [€BOYEK
MPOUCXOANT HA BTOPUYHOIA CTAZMU NMEPBUYHOI apTEPUANbHON rMNepTEH3NN, Y MaNbyukOB — YXKe Ha MepBOii; CUCTONNYecKas AMCHYHKLMA y feTeit ¢ AT
BCTPEYaeTcsi PeAKo U CONpoBOXAaeTcs nosbleHnem yposHs NT-proBNP 6onee 300 omons/mi.

Kntoyesblie cnosa: NT-proBNP, getu, nepBuyHas runeptoHus.

N-TepMiHanbHUIA MO3KOBUIA HaTPiINypPeTUYHUI NenTua, y Aitew i3 pisHuMmun dpopmamm nepBUHHOI rinepTeHsir

H0. Mapywko, T. lwak

HauioHanbHuin MmeamnyHuii yHiBepcuteT imeHi O.0. Boromonbus, M. Kuig, YkpaiHa

PiBeHb N-TepmiHanbHoro mo3koBoro HarpivypetuqHoro nentugy (NT-proBNP) rpae cytteBy ponb y perynsuii BHYTPiLUHbOCYAMHHOTO 06'€MY KpOBI
Ta CyANHHOr0 TOHYCY. B AaHoMy BocnimkeHHi 6panu yqacTb AiTu 3 NePBUHHOK apTepianbHoLo rinepteHsieto (MAT).

Mera. Jocnigutu piseHb NT-proBNP y cupoBatui KpoBi y AiTeil i3 pisHUMKU (hopMamu NepBUHHOI apTepianbHOi rinepTeHsii, a TakoX WOro NpOrHOCTUYHY
3HAYNMICTb Yy PO3BUTKY ANCCYHKLIT Miokapha y fiTed i3 pisHumun coopmamu AT,

NauieHTn. Y focnimxenHi B3anu yyactb 71 autuHa y Biui 917 pokis, i3 HUx — 53 nauieHtu 3 MAT i 18 nauieHTiB — i3 HOpManbHUM apTepianbHUM TUCKOM.
MeToau. Bei pitn npoiiwnyu 3aranbHe kniHiyHe 06cTeXeHHs, 1060Be MOHITOpUPYBaHHSA apTepianbHoro Tucky (JMAT), exokapgiorpadito. PiseHb NT-proBNP
B CMPOBATLi KPOBi BU3HA4anun 3a 40NOMOr0H0 iMyHOEPMEHTHOIO aHaniay.

Pesynbratu. Pisenb NT-proBNP y cuposatui kposi y fiteid i3 MAl apyroro ctynexto 6ys 31,23+9,32 dmonb/mn, i3 MAT nepioro ctyneHio — 59,48+20,73
thmonb/mn, Lo BKa3yBaso Ha 6isbLU BUCOKi MOKa3HUKM NOPIBHAHO 3 rpynoto KoHTponio (12,48+2,18 domons/mn, p<0,05). Cepen 7 piteit i3 dopakuieto Bubpocy
MeHLe 55% Tinbkn B 0AHOT ATUHY piBeHb NT-proBNP 6yB Buwwmm, Hix 300 dmonb/mn. KOHLEHTPUYHE PEMOAENOBaHHS NIBOMO LLUNYHOYKA CNOCTepiranoch
y 32,3+8,4% pitent 3i crabinoHoto AT Ta 'y 22,7+8,9% — 3 nabinbHOW apTepianbHol rineptensieto. MigsulerHs pisHa NT-proBNP y cuposatui Kposi
y LiB4aTOK Big6yBaeTbCH Ha BTOPUHHIN cTagii MATl, y Xn0n4nkiB — yxXe Ha nepLii; cucTonivyHa AMCKYHKUIs y aiteid i3 MAT 3ycTpivyaetbes pigko
Ta CYnpoBOLKYETbCA NifBULLEHHAM piBHA NT-proBNP 6inblue 300 dmons/mn.

Knroyosi cnosa: NT-proBNP, fiTu, nepsuHHa rinepToHis.
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