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The risk factors of cardiovascular disorders
in children with chronic bronchopulmonary diseases

0. Ye. Pashkova, G. O. Lezhenko

Zaporizhzhia State Medical University, Ukraine

The purpose was to determine the features of cardiovascular system morphofunctional state and the risk factors for cardio-
vascular disorders formation in children with chronic bronchopulmonary diseases.

Materials and methods. We examined 144 patients aged 3-16 years (mean age was 11.3 £ 1.2 years) with chronic bron-
chopulmonary pathology (60 patients with cystic fibrosis with pancreatic insufficiency and 84 patients with heavily treated or
partially treated persistent bronchial asthma) and 68 conditionally healthy children who made up the control group. A complex
of functional methods for cardiovascular system studying in patients with chronic bronchopulmonary diseases included: echo-
dopplercardiography with determination of left ventricular myocardium geometry, Holter monitoring of cardiac activity, duplex
scanning of the common carotid artery by intima-media thickness measuring of the common carotid artery wall and examining
the index of endothelial stress shift. To determine the risk factors for cardiovascular disorders development in children with
chronic bronchopulmonary diseases, a method E. N. Shigan was used to normalize intensive indicators, based on the Bayes-
ian probabilistic method. A prognostic model of cardiovascular disorders development was obtained using the exponential
regression equation for patients with chronic bronchopulmonary diseases.

Results. According to results of the study it has been found that there is a structural and functional restructuring of the left
ventricular myocardium on the background of the cardiac activity vegetative regulation violation and vascular remodeling in
children with chronic bronchopulmonary diseases. The definition of risk factors for cardiovascular complications development
in children with bronchial asthma has showed the followings: the presence of chronic infection (OR = 8.4), the age of child
from 3 to 6 years (OR = 4.9), the disease duration more than 3 years (OR = 2.3), the circadian index value less than 1,2 units
(OR =3.1) and QTc interval prolongation more than 420 ms (OR = 2.1). The main risk factors for cardiovascular disorders
formation in the group of children with cystic fibrosis were the age of the child from 3 to 6 years (OR = 4.0), contamination
of the respiratory tract by Pseudomonas aeruginosa (OR = 4.0), severe course of the disease (OR = 3.3), the presence of
chronic infection (OR = 6.0), the body mass index less than P, (OR = 4.2) and the QTc interval duration more than 420 ms
(OR =1.4). The risk of cardiovascular complications was increased with the presence of 3 or more risk factors that confirmed
by the equation of exponential regression in the group of patients with chronic bronchopulmonary diseases.

Conclusions. The development of cardiovascular complications is caused by a combination of many factors in children with
chronic bronchopulmonary diseases. It is necessary to include into the algorithm for examination heart echodopplerography,
Holter heart rate monitoring, duplex scanning of the common carotid artery with determination of the endothelial stress index
shift and intima-media thickness at least twice a year for the purpose of cardiovascular disorders early diagnosis in children
with chronic bronchopulmonary diseases, having 3 or more risk factors for cardiovascular complications. Timely detection of a
risk group for cardiovascular disorders development will allow the full implementation of preventive measures and medications
for cardiovascular disorders correcting in children with chronic bronchopulmonary diseases.

dakropu pusuKy GopmyBaHHA KapAiOBaCKyAAPHUX PO3AAAIB Y AiTei
i3 XpOHIYHUMU 3aXBOPIOBaHHAMM BPOHXOAEreHeBOi CUCTEMU

0. €. Nawkoea, I. 0. A\eXXeHKo

MeTta po6oTK — BU3HAUMTK 0COONMBOCTI MOPHOCYHKLOHAINBHOTO CTaHy CEpPLIEBO-CYAMHHOI CUCTEMM Ta (haKToOpU prUaunKy
hopmyBaHHS KapaioBaCKYMSAPHUX PO3nagiB y AiTel i3 XPOHIYHUMI 3aXBOPHOBAHHAMM BPOHXONEreHEBOT CUCTEMU.

Marepianu Ta metoau. O6cTexunu 144 xsopux Bikom 3—16 pokis (cepepHii Bik — 11,3 £ 1,2 poky) 3 XpOHi4YHOK GpoHxonere-
HeBO natonorieto (60 XBOpWX Ha MYKOBICLIMA03 3 NaHKPeaTUYHOK HEQOCTATHICTHO Ta 84 XBOPWX Ha BaxKy KOHTPONbLOBaHY abo
4acTKOBO KOHTPOIbOBaHY NePCUCTYto4Y BPOHXianbHy acTMy), a Takox 68 yMOBHO 30OPOBUX AiTelA, ki BBIMLLMN B KOHTPONbHY
rpyny. Komnnekc dyHKLioHanbHUX METOAIB JOCTIMKEHHS CepLIEBO-CYANHHOI CUCTEMU Y XBOPKX Ha XPOHiYHI GpOHXOMNereHesi
3aXBOPIOBAHHS BKIIIOYAB exofonnepkapgiorpadito 3 BU3HaYeHHsIM reoMeTpii Miokapaa MiBoro LWyHOuKa, XOonTepiBCbKuii
MOHITOPVHT CEPLEBOT AiSNbHOCTI, AYNNEeKCHe CKaHyBaHHS 3aranbHOi COHHOI apTepil 3 BUMIPOBAHHAM TOBLLMHW KOMMMEKCY
iHTUMa-meis CTiHKM 3aranbHOI COHHOI apTepii Ta 4OCNImKEHHSM MOKa3HMKa HaNpY»KeHHs 3cyBy eHaoTenito. [Ins BU3HaYeHHs
chaKTopiB PU3NKy PO3BUTKY CEPLIEBO-CYOAMHHMX MOPYLUEHb Y AiTEN, SKi XBOPi HA XPOHiYHI 3axXBOptOBaHHS OPOHXoNereHeBoi
CUCTEMU, 3aCTOCOBYBaNM METOf, HOPMYBaHHS iHTEHCVBHMX nokasHwkiB E. H. Lwurana, Wwo rpyHTYeTbCs Ha iMOBIpHICHOMY
meToai bareca. MporHocTnyHa mMogdenb PO3BUTKY CEPLIEBO-CYAMHHUX PO3nadiB Ansi XBOPUX Ha XPOHIYHI 3aXBOPHOBAHHS
BpOoHXonereHeBoi CUCTEMM OTPUMaHa 3a AOMOMOTOH PIBHSHHS EKCMOHEHLINHOI perpecii.

PesynbraTu. BctaHoBunu, LU0 B AiTel i3 XPOHIYHUMM BPOHXOMNEreHeBMY 3aXBOPIOBaHHAMM BifOyBaeTLCA CTPYKTYPHO-(PYHK-
LioHanbHa nepebyaoBa MiokapAa MiBOro LWAYHOYKA Ha Thi NOpYLLEHHS BEereTaTUBHOI perynsii cepueBoi AisnbHOCTi Ta peMo-
[enNoBaHHS CyanH. BusHaueHHs hakTopis puavky po3BUTKY CEpLEBO-CYANHHIX YCKMAAHEHD Y AiTEN, SKi XBOPi Ha OpoHXianbHy
acTMy, nokasasno: HanbinbLLy iHOPMaTUBHICTL Manu HAsIBHICTb XPOHIYHMX BorHuLy, iHcpekuii (BLL = 8,4), Bik anTuHu Big 3 00 6
pokis (BLU = 4,9), TpuBanicTb 3axsoptoBaHHs noHag, 3 pokis (BLU = 2,3), 3Ha4eHHs LypKkagHOro iHAEKCY MeHLLE Hix 1,2 oguHuMLi
(BL = 3,1) Ta nogosxeHHs iHTepsany QTc noHaa 420 mc (BLU = 2,1). OcHoBHi chakTopu pranky (hopMyBaHHS CepLIEBO-CY-
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LVHHWX pO3nagiB y rpyni AiTew, siki XBOpi Ha MyKOBICLIMA03: BiK AWTWHM Big 3 fo 6 pokiB (BLU = 4,0), o6ciMeHiHHA ayxanbHux
wnaxis Pseudomonas aeruginosae (BLU = 4,0), Tsxxkuin nepebir 3axsoproBaHHs (BLU = 3,3), HasiBHICTb XPOHIYHUX BOTHMLL
iHcpekuii (BLU = 6,0), iHaexc macu Tina meHwwe Hix P, (BLU = 4,2) Ta Tpusaricts inTepsany QTc noHag 420 mc (BLU = 1,4).
PU31K BUHUKHEHHSI CEPLIEBO-CYAMHHUX YCKIAAHEHD Y FPYMi XBOPUX HA XPOHiIYHi BPOHXONEreHeBi 3axXBOprOBaHHS 3pOCTaB 3a
HasiBHOCTI 3 i BinbLue hakTopiB PU3MKY, LLIO NiATBEPIKEHO PIBHSHHAM EKCMOHEHLIRHOT perpecii.

BucHoBku. Po3BUTOK KapaioBacKynsipHUX yCKMnagHeHb y OiTen i3 XpOHIYHUMK 3aXBOPIOBaHHAMM GpOHXOnereHeBoi cuctemm
3yMOBMEHWI NOEAHaHHAM BaraTboxX YWHHMKIB. [N paHHbOI AiarHOCTMKM CepLEBO-CYANHHMX NOPYLLEHb Y AiTel, siki XBOpi Ha
XPOHi4Hi GpOoHXOMNereHeBi 3axXBOPIOBaHHS | MatoTb 3 i GiNbLUE YNHHUKIB PU3NKY BUHUKHEHHST KapaioBaCKyNAPHUX yCKNaaHeHb,
B anroputMm oBCTEXEHHs JOUINbHO BKMoYaTh exogonneporpadito cepls, XonTepiBCbKMN MOHITOPUHI CEPLIEBOMO pUTMY,
[ynneKkcHe CKaHyBaHHS 3ararnibHOi COHHOI apTepii 3 BU3HAYEHHAM MOKa3HWKa HanpyXeHHs 3CyBY eHAOTENil0 Ta TOBLUMHM
KOMMNneKcy iHTUMa-Megia He pigwe, Hix Agidi Ha pik. CBoevacHe BUSIBNEHHS TPYNM PU3NKy 3 PO3BUTKY CEPLIEBO-CYANHHUX
po3nagiB y AiTeM, ski XBOpi Ha XPOHIYHi 3aXBOprOBaHHs! BpOHXONereHeBoi cucTemu, 4acTb 3MOry B MOBHOMY 06CA3i peanisyBaTy
NPoINaKTUYHi 3axoay Ta MearkamMeHTO3Hi Cnocobu KopekLii kapaioBacKynspHUX NOPYLLEHb.

dakTopbl pucka GOpMHUPOBaHUA KapAUOBACKYAAPHbIX HapyLLeHUN y AeTeN
C XpOHMYECKUMHU 3a60AeBaAHUAMH OPOHXOAErOUHOM CUCTEMDbI

E. E. Mawkosa, I. A. AeXxeHKo

Llenb pa6otbi — onpeaeniTs 0co6eHHOCTV MOPdOtyHKLIMOHANBHOTO COCTOSIHIUS CEPAEYHO-COCYAMCTON CUCTEMbI M (hakKTOpbI
prcka (hopPMUPOBaHIS KapAMOBACKYMSPHBIX PACCTPONCTB Y [IETel C XPOHUYECKIMM 3a60reBaHNsIMM GPOHXONErO4HOI CUCTEMI.

Matepuanb! u metoabl. O6cnenosanu 144 GonbHbix B Bo3pacte 3—16 net (cpeaHwii BospacT — 11,3 + 1,2 roaa) ¢ XpoHu-
Yeckomn bpoHxonerodHorn natonormen (60 6oNbHLIX MyKOBUCLMAO30M C MaHKPEeaTU4ECKON HEAOCTATOYHOCTbIO U 84 6OMbHbIX
TSKENOW KOHTPOIMPYEMOW UM YaCTUYHO KOHTPONMPYEMON NePCUCTUPYIOLLIEN BPOHXManbHOM acTMON), a Takke 68 yCroBHO
370POBbIX JEeTe, COCTAaBUBLLMX KOHTPOMbHYIO rpynny. KoMnnekc dyHKLMOHanbHbIX METOAOB UCCEeAoBaHNS CepAeqHO-CO-
CyouUCTON CUCTEMBI Y BOMBbHBLIX XPOHUYECKMMI GPOHXONErOYHbIMY 3a60MeBaHMAMM BKITHOYaN SXOLOoNNnepKkapanorpadmio
C onpegeneHneM reoMeTpuM MoKapaa NeBoro xenynoyka, XonTepoBckoe MOHUTOPUPOBaHWE CepaeYHON AesATENbHOCTH,
[ynneKkcHoe CkaHnpoBaHue obLLien COHHON apTepun C U3MepeHneM TOMLLMHBI KOMNIeKca UHTUMa-Meamna CTeHKM OBLLEN COH-
HOV apTepuu 1 UCCenoBaHNEM NOKA3aTenNs HaNPsKEHUs CaBMra aHaoTenus. [ns onpeaenexust hakTopos pucka pa3BuTHs
CepaeyHO-CoCYaUCTbIX HapYLUEHUI Y AeTel C XPOHUYeCKMU 3aborneBaHnsMi BpOHXONEro4HoON CUCTEMbI NPUMEHSTIM METOA
HOPMMPOBaHWS MHTEHCUBHBIX Nokasatenel E. H. LnraHa, ocHoBaHHbIN Ha BeposTHOCTHOM MeToAe baiteca. MporHocTuyeckas
MOZENb Pa3BUTUS CEPAEYHO-COCYANCTLIX PACCTPOMCTB Y AETEW C XPOHUYECKMMM 3a60NeBaHNSIMU BPOHXOMNErO4HON CUCTEMBI
nony4eHa C NOMOLLbIO YPaBHEHMS 3KCMOHEHLManNbHOM perpeccuu.

PesynkTatbl. YCTAHOBMNEHO, YTO Y AETEN C XPOHUYECKMY BPOHXONEro4HbIMM 3a60NeBaHUSIMU MPOUCXOANT CTPYKTYPHO-(YHK-
LMoHarbHas nepecTpoiika M1okapaa neBoro xenyaoyka Ha oHe HapyLLEeHWs BereTaTBHON Perynsauum CepaeyHon aesTenb-
HOCTM 1 pemofenupoBaHus cocynos. Onpegenerne hakTopos prcka pa3BuUTHS CEPAEYHO-COCYANCTbLIX OCNIOKHEHW Y AeTen,
60rbHbIX GPOHXMANBHON aCTMOM, NOKa3arno: HanboMbLLYHK MHCHOPMATUBHOCTb UMENN HANMYNE XPOHUYECKIX 04aroB MHEEKLMM
(OW = 8,4), Bospact pebeHka ot 3 oo 6 net (OLL = 4,9), anutensHocTb 3abonesaHus bonee 3 net (O = 2,3), sHaueHve
umpkagHoro nhaekca menee 1,2 eguuny (OLL = 3,1) n yanuHenne nHtepeana QTc Gonee 420 mc (OLW = 2,1). OcHoBHble
chakTopbl prcka hOpMUPOBaHMS CEPAEYHO-COCYANCTBIX PACCTPONCTB B rpynne AeTel, 6onbHbIX MyKOBUCLMA030M: BO3pacT
pebexka ot 3 go 6 net (OLW = 4,0), obcemeHeHve abixaTenbHblx nyTen Pseudomonas aeruginosae (OLL = 4,0), Tskenoe
Tevenmne sabonesarua (OLL = 3,3), Hanm4ne xpoHudeckux o4aroB uHdekumn (OLL = 6,0), nHaekc macchl Tena meHee Py
(OW = 4,2) v yanuHenue nutepaana QTc 6onee 420 mc (OLL = 1,4). Puck BO3HUKHOBEHMS CEPLAEYHO-COCYANCTBIX OCTIOKHE-
HWUI y JeTel C XPOHWUYeCckUMK 3aboneBaHnamMm Bo3pactan npu Hanuumm 3 n 6onee hakTopos prcka, YTO NOATBEPKAANOCH
YPaBHEHMEM SKCTIOHEHLManbHON perpeccuy.

BbiBoabl. Pa3BnTrie KapamoBacKynsipHbIX OCIOXHEHWI Y AT C XPOHUYECKMMM 3a00MneBaHNsIMWN GPOHXONEro4HOM CUCTEMbI
06ycroBrneHbl codeTaHMeM MHOTUX akTopoB. 118 paHHel AnarHOCTUKN CepAeHHO-COCYANCTbIX HAapYLLIEHWA Y AeTel C Xpo-
HUYecKMM BpOHXOMNEroYHLIMM 3aboneBaHUsMU, UMeroLLUX 3 1 Gonee hakTopOB prcka BO3HUKHOBEHS KAPAMOBACKYIISPHbBIX
OCOXHEHMI, B anropuTM 06cnefoBaHms LienecoobpasHo BKMoYaTh axogonnneporpaduio cepaLa, XonTepoBckoe MOHUTOpU-
poBaHWe CepaeYHOro puTMa, AynnekcHoe ckaHmpoBaHWe 06LLe COHHOW apTepum ¢ onpeaeneHneM nokasarens HanpsKeHns
cOBUra 9HOOTENUS W TOMNLLMHBI KOMMNEKCa MHTUMa-Meayva He pexe, Yem 2 pasa B rof. CBOeBpeMeHHOE BbISIBNEHUE rpynmbl
pucKa Mo pasBUTMI0 CEPAEHHO-COCYAUCTbIX PACCTPOWCTB Y AETel C XPOHUYECKMM 3a60neBaHnsMy GPOHXONEro4How cucte-
Mbl MO3BOMNUT B MOMHOM 06beMe peann3oBaTb NPOUNaKTMYeECcKne MeponpuaTUs U MeankaMeHTO3HbIe CNOCcoBbl KoppeKLmn
KapaMOBaCKymsiPHbIX HapYLUEHUIA.

The respiratory diseases rate is among the highest in
the structure of children and adolescents morbidity, among
which a significant proportion belongs to chronic broncho-
pulmonary diseases [1]. Annually, the number of children
with chronic respiratory diseases increases by 5-6 % [2].
Taking into account that one of the chronic respiratory dis-
eases complications, which not only determine the disease
clinical course severity, but also can determine the disease
outcome, are cardiovascular disorders [3,4]. The lung

diseases should be considered as inextricably linked to
the cardiovascular system state [5]. Cardiovascular disor-
ders in bronchopulmonary disease are potentially reversible
in childhood, which requires a proper assessment of their
development risk for a certain patient and timely correction
[6]. Questions concerning the risk of disease development
stratification are directly related to the prognosis of patho-
logical process course as well as assessment of potential
therapy and drugs rational choice [7].
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The purpose

The purpose of this study was to determine the features of
cardiovascular system morphofunctional state and the risk
factors for cardiovascular disorders development in children
with chronic bronchopulmonary diseases.

Materials and methods

144 patients aged 3-16 years (mean age was 11.3 £ 1.2
years) with chronic bronchopulmonary disease were
examined. The first group consisted of 60 patients with
cystic fibrosis with pancreatic insufficiency, the second — 84
patients with heavily treated or partially treated bronchial
asthma. Patients received baseline therapy in accordance
with the clinical protocols for children with bronchial asthma
and cystic fibrosis [8,9]. The control group consisted of 68
healthy children, representative of age and sex.

The complex of functional methods for cardiovascular
system examination of patients with chronic bronchopul-
monary diseases included: Doppler echocardiography,
Holter monitoring of cardiac activity and duplex scan of
the common carotid artery. The ultrasound examination
of the heart was performed using the Medison SonoAce
8000 ultrasound machine (USA) according to the standard
procedure. Morphometric indicators were normalized to
the surface area of the body. To study the processes of
the left ventricular remodeling left ventricular mass index
(LVMI) as a ratio LVM (left ventricular mass) / height in
meters?” was calculated and the remodeling parameter
was the left ventricle wall relative thickness. Left ventricular
geometry was classified as normal, concentric remodeling,
concentric hypertrophy and eccentric hypertrophy [10].

For the diagnosis of the LV diastolic dysfunction pre-
clinical stage, the Functional Compliance Index (FCI) was
determined using A. N. Rosenbaum and V. T. Koval (2010)
method [11]. For this purpose, the normalized coefficient
(NC)was calculated as the ratio of the stroke volume (SV)to
the LVM in the control group, which, regardless of age, was
0.8 cu. After this, the correlation coefficient (CC) between
the SV and LVM in the groups of patients was calculated and
the functional conformity index value, expressed as the ratio
CC / IV, was determined for the left ventricle myocardium
state. The FCl was considered as normal if its values were
from 0.8 to 1.2 cu. When the value of FCI exceeded 1.2 cu
the early stage of left ventricle dysfunction, accompanied
by a hyperkinetic type of hemodynamics, was established;
if the FCI value was less than 0.8 cu, left ventricle diastolic
dysfunction was diagnosed.

A duplex scan of the common carotid artery was
performed by sensor with a frequency of 5-10 MHz on
the Medisson 8000 (USA) device. The carotid wall in-
tima-media thickness (IMT) measurement was carried
out using the standard procedure P. Pignollii (1986): in
the common carotid artery on 1.0-1.5 cm proximal to
bifurcation in the maximal section on the posterior wall of
the artery in the diastole (relative to the sensor), the IMT
measurement from the inner wall of intima to the outer wall
of media excluding the size of the adventitia [12]. We have
formed groups representing the patient's age considering
the carotid artery diameter and the IMT size depending on
age. The average age of patients with bronchial asthma was
12.4 + 1.0 years, patients with cystic fibrosis — 12.3 + 1.2
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years. The average age of the control group children was
within 12.2 + 1.3 years. To study the effect of blood flow
on a vessel wall the shear stress on endothelium (1) was
investigated, which was calculated by the formula [13]:

1=4nV/D (1)

n: the blood viscosity (average 0.05 Ps);

V: the maximum blood flow velocity in the common
carotid artery;

D: diameter of the artery (cm).

The Holter monitoring of cardiac rhythm was carried out
at the hardware and computer complex “CardioSens” (STC
KhAl “Medica”). The detected dynamic series of cardiointer-
vals were processed using a mathematical analysis of heart
rate variability (HRV). The HRV was evaluated in temporal
and spectral analyzes in accordance with the International
Standards for Measurement, Physiological Interpretation
and Clinical Use, developed by the Working Group of
the European Cardiology Society and the North American
Society for Cardiac Stimulation and Electrophysiology [14].

The mathematical analysis and statistical processing of
data were performed on a PC using the licensed software
package of Statistic for Windows 6.1.RU using variational,
correlation, regression and nonparametric methods of
statistical analysis. To develop a mathematical model for
predicting the risk of cardiovascular disorders develop-
ment the method of intensive indicators normalization
E. N. Shigan (1986) was used in children with chronic
bronchopulmonary diseases based on the Bayesian proba-
bilistic method [15]. The prognostic model of cardiovascular
disorders development was obtained using the equation of
exponential regression for patients with chronic broncho-
pulmonary diseases.

Results and discussion

According to our studies, a structural and functional reor-
ganization of the right heart with the secondary pulmonary
hypertension development occurred in children with chronic
pathology of the bronchopulmonary system. At the same
time, signs of pulmonary hypertension had 35.7 % of
patients with bronchial asthma and 58.2 % of children with
cystic fibrosis. The study of the left ventricular myocardium
morphofunctional state in children with chronic bronchopul-
monary pathology revealed the presence of the left ventricu-
lar myocardium remodeling due to the increase in LVM and
the left ventricle walls thickening in 49 % of patients with
bronchial asthma and in 58 % of patients with cystic fibrosis.
Among the variants of left ventricle remodeling concentric
(20 %) and eccentric (21 %) hypertrophy predominated in
children with bronchial asthma. Concentric remodeling was
found in 8 % of patients. Among the variants of left ventric-
ular myocardial remodeling in the vast majority of patients
from group with cystic fibrosis eccentric hypertrophy was
determined — 24 %. Morphometric parameters of the left
ventricular myocardium in 19 % of patients corresponded
to the criteria for concentric remodeling, and in 15 % of pa-
tients, concentric left ventricular hypertrophy was observed.

The calculation of FCI, as an indicator of the left ven-
tricle diastolic dysfunction preclinical stage, has showed
that in children with chronic bronchopulmonary diseases,
there was a significant decrease in this indicator relative to
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Fig. 1. The FCI value of observation groups.

* P <0.05 - in comparison with the control group values.

Table 1. The indicators of circadian index, average daily values of QT and QTc
intervals for Holter monitoring of ECG in children with chronic bronchopulmonary

pathology (M + m)

Indicators, units Patients Patients The control
with bronchial asthma with cystic fibrosis group
n=84 n=60 n=68

Heart rate, bpm. 875+13 94.1+1.9* 84.8+1.1

Circadian Index, cu 1.28+0.01 1.26 £ 0,01* 1.31+0.01

QT, me 3443127 333.0+3.7* 3485+26

QTc, me 4129+1.8 413.0+2.0 4126+1.8

QTc 320-420 mc, % 64.5+3.1* 574 +4.7* 834122

QTc> 420 me, % 34.8+3.1* 53.6+4.8* 157122

*'P < 0.0 5-in comparison with the control group values.

Table 2. The intima-media complex thickness (IMT) and the shear stress index
of the common carotid artery of children with chronic bronchopulmonary diseases

(M+m)

Indicators Patients Patients The control
with bronchial asthma, with cystic fibrosis, group, n =20
n=20 n=20

IMT, mm 0.66 + 0.02 0.78+0.03* 0.70 £ 0.02

1, dyn / cm? 28.94 +1.93* 21.24 £ 2.66* 36.04 £2.27

*: P <0.05 - in comparison with the control group values.
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the control group, and the mean values were 0,85 + 0,02
cu in the group of patients with bronchial asthma and
0,83 + 0,02 cu in the children group with cystic fibrosis
versus 0.99 + 0.02 cu of the control group, P < 0.05 (Fig. 1).

The use of the FCI allowed diagnosing signs of left ven-
tricle diastolic dysfunction already at the preclinical stage in
35.9 % of children with bronchial asthma and 37.5 % of children
with cystic fibrosis. On the background of left ventricle diastolic
dysfunction development the left ventricular myocardium
geometry was changed, mainly by the type of concentric re-
modeling and concentric hypertrophy in all observation groups.

We have carried out the analysis of HRV, which is
considered as the most optimal method for the body regu-
latory systems functioning disorders identifying, taking into
account the fact that violations in the organism regulatory
systems state precede the hemodynamic disorders appear-
ance. According to the results of study it has been found that
changes in the cardiac rhythm variability neural regulation

were observed as the attenuation of parasympathetic
nervous system tonic influences, increased sympathetic
regulation of the autonomic nervous system, and suppres-
sion of autonomic circuit activity of cardiac rhythm regula-
tion in children with chronic bronchopulmonary disease.
Excessive activity of the sympathetic nervous system led
to a number of pathological effects development, including
myocardium electrical instability, which was manifested
by increased heart rate, decreased circadian index and
lengthened corrected QT-interval in children with chronic
bronchopulmonary diseases (Table 1).

The obtained data testified to depletion of heart rhythm
regulation adaptive reserves and formation of heart rhythm
rigidity. Owing to the revealed changes, the development of
systolic left ventricular myocardium dysfunction occurred,
leading to the left ventricular myocardial hypertrophy
formation in patients. In turn, left ventricular myocardial
remodeling caused an increase in the stress degree of
the cardiovascular system mechanisms of regulation in chil-
dren with chronic bronchopulmonary diseases. In patients
with normal left ventricular myocardial mass the state of
adaptive-compensatory regulatory systems was characte-
rized by optimal or moderate functional stress.

But with the development of left ventricle myocardial
hypertrophy, significant functional tension and vegetative
regulatory systems homeostasis imbalance with simul-
taneous disturbance of heart rhythm various contours of
regulation were observed.

The next stage of our work was the study the hemody-
namic and tonic-elastic properties of the common carotid
artery in children with chronic and relapsing bronchopul-
monary diseases.

The data obtained indicated a decrease in the endo-
thelial shear stress index in patients with bronchial asthma
at 28.94 + 1.93 dyn / cm? in relation to the control group
36.04 £ 2.27 dyn / cm? (P < 0.05), results are presented
in Table 2.

The lowest values of the endothelial shear stress index
were recorded in patients with left ventricular diastolic dys-
function signs (the correlation coefficient between the ex-
ponent T and FCl was r = +0.41, P < 0.05). In the group
of patients with cystic fibrosis there were also signs of
vascular remodeling, as evidenced by the significantly
higher thicknesses of IMT that were 0.78 + 0.03 mm relative
to 0.70 £ 0.02 mm in the control group (p < 0,05) along
with a 41% decrease in the endothelial shear stress index
(21.24 £ 2.66 dyn/cm?, P < 0.05).

The IMT value was 0.66 + 0.02 mm in the group of
patients with bronchial asthma, and had no statistical diffe-
rence from the control group values (P > 0.05). The maximum
values of IMT were recorded in patients with cystic fibrosis
with severe course of the disease (r =-0.33, P < 0.05) and
left ventricular myocardial hypertrophy (r = +0.54, P < 0.05).
The changes in the intima-media thickness were determined
with the left ventricle diastolic dysfunction development in
patients with cystic fibrosis. When performing the correlation
analysis, an inverse relationship was established between
the IMT thickness of the FCI (r=-0.59, P < 0.05). We recorded
the highest pressure in the pulmonary artery in this group of
children (r = +0.53, P < 0.05).

Thus, the left ventricular myocardium structural and
functional restructuring was observed against the back-
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ground of cardiac activity vegetative regulation violation
and vascular remodeling in children with chronic broncho-
pulmonary diseases. According to the study results, risk
factors for cardiovascular disorders formation were identified
in children with chronic bronchopulmonary diseases. The
risk of cardiovascular disorders in chronic bronchopulmo-
nary pathology should be assessed depending on child’s
sex and age, disease duration and severity, frequency of
relapses, chronic infection presence, physical development
state (by body mass index), adjusted QT-interval duration
and circadian index.

The determination of cardiovascular complications de-
velopment risk factors for children with bronchial asthma has
showed that most informative were the followings: the pres-
ence of chronic infection (OR = 8.4, 95 % Cl 2.7-25.7;
RR=3.4,95 % Cl 1.6-7.0; P < 0.05), age of the child from
3to6years(OR=4.9,95% Cl2.0-11.7,RR=1.9,95% Cl
1.4-2.5; P < 0.05), the disease duration more than 3 years
(OR=23,95 % Cl 1.1-4.7, RR = 1.5, 95 % Cl 1.1-2.0,
P < 0.05). The risk of cardiovascular disorders increased
with circadian index values of less than 1.2 in patients with
bronchial asthma (OR = 3.1, 95 % CI 1.0-10.9; RR = 1.6,
95 % CI 1.0-2.5, P < 0.05) and QTc interval prolongation
with monitoring more than 420 ms (OR = 2.1, Cl 1.0-5.5;
RR=1.4,95% Cl 1.6-7.0; P < 0.05).

According to the study results, the main risk factors for
cardiovascular disorders in the group of children with cystic
fibrosis were the followings: age of the child from 3 to 6 years
(OR=4.0,95 % Cl 1.5-10,6; RR = 1,6, 95 % CI 1.2-2.0;
P < 0.05), the airway contamination by Pseudomonas
aeruginosa (OR=4.0,95 % Cl 1.9-8.7;RR =1.7,95 % ClI
1.3-2.2; P < 0.05), the disease severe course (OR = 3.3,
95% Cl11.5-7.0;RR=1.6, Cl 1.2-2.0, P <0.05), the chronic
infection presence (OR =6.0, 95 % Cl1 2.1-17.6; RR = 2.1,
95 % CI 1.3-3.6; P < 0.05), the body mass index less than
P,,(OR=4.2,95% Cl2.0-4.7,RR =1.8,95 % Cl 1.3-2.4,
P <0.05) and QTc interval prolongation with monitoring more
than 420 ms (OR = 1.4, 95 % Cl 0.5-3.7; RR=1.3, 95 %
Cl 0.5-3.4, P < 0/05).

The risk of cardiovascular complications has been in-
creasing depending on the risk factors number in the group
of patients with chronic diseases. In the presence of 1-2
risk factors in one group, the odds ratio was not statistically
significant, but if there were 3 or more risk factors for car-
diovascular disorders occurrence, itincreased 12-26 times.
At the same time, the risk of cardiovascular disorders was
in the presence of 3 or more risk factors in the group of
children with bronchial asthma: OR =5.2 (95 % C12.6-10.8,
P < 0.05), RR=2.2 (95 % Cl 1.1-4.6; P < 0.05) and in
the group of patients with cystic fibrosis: OR = 19.0 (95 % CI
8.0-48.8,P <0.05), RR=1.9(95 % Cl 1.2-3.0; P < 0.05).

The prognostic model for cardiovascular disorders
development was made on the basis of the exponential
regression equation, depending on the risk factors number
for patients with chronic bronchopulmonary diseases, which
was as follows:

Y = 0.8180529% ()

Y: is the probability of syndrome development;

X: is the number of risk factors.

Ifthereis a'Y value of more than 1.5 units, there is a risk
of cardiovascular disorders development (Fig. 2).
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Fig. 2. The risk of cardiovascular disorders depending on the risk factors presence in children with

chronic bronchopulmonary diseases.

Thus, a structural and functional restructuring of the left
ventricular myocardium is observed against a background
of cardiac activity vegetative regulation violation and vas-
cular remodeling in children with chronic bronchopulmo-
nary diseases. It is believed that left ventricle myocardial
hypertrophy is one of adaptive mechanisms, which allows
the myocardium to cope with increased stress in conditions
of pulmonary hypertension.

At the same time, left ventricle myocardial hypertrophy
causes a high risk of cardiovascular complications, which
is associated with a violation of coronary hemodynamics,
heart systolic and diastolic dysfunction development and
chronic heart failure [17]. A characteristic feature of mor-
phofunctional changes in the left ventricular myocardium
was the diastolic dysfunction development, as an early
criterion which can be used as an FCl indicator in children
with recurrent and chronic bronchopulmonary diseases.
Using FCI made it possible to diagnose the signs of left
ventricular diastolic dysfunction already at the preclinical
stage in children with recurrent and chronic bronchopulmo-
nary diseases. The results obtained by us are confirmed
by the works of M. E. Abdalla and H. A. E. Azeem (2013),
which showed that patients formed left ventricle diastolic
dysfunction even in the absence of right ventricle diastolic
dysfunction with bronchopulmonary system pathology [18].
The revealed disorders were accompanied by the sympa-
thetic nervous system activation that could be considered
as a compensatory mechanism aimed at cardiac output
supporting in children with chronic bronchopulmonary
pathology [19]. An unfavorable consequence of this acti-
vation is increased left ventricular tension and increased
myocardial oxygen demand, which leads to cardiomyocyte
hypertrophy, increased left ventricular volume and changes
of left ventricular myocardial function [20].

The morphofunctional changes in the left ventricle
myocardium occurred against a background of elastic prop-
erties disturbance and vessels remodeling in children with
chronic bronchopulmonary diseases. This was confirmed
by a decrease in the endothelial stress index shift and an
increase in the IMT thickness at the common carotid artery
level. One of the reasons for left ventricle myocardium and
vessels structural and functional changes is the develop-
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ment of endothelial dysfunction [21]. Another factor that
plays the main trigger role of ventricular myocardium and
vascular remodeling and diastolic dysfunction formation
is systemic chronic inflammation [22]. This statement is
confirmed by our previous studies [23,24] and is consistent
with the work of other researchers [25-27]. Timely diagnosis
of cardiovascular disorders, when changes are not patho-
logical but adaptive, and effect on the main components
of pathogenesis will allow for cardiovascular changes
regression and long-term cardiovascular consequences
prevention in children with chronic bronchopulmonary
diseases [28].

The determination of cardiovascular disorders predic-
tors and the use of a prognostic model for their development
will allow us to identify a risk group for cardiovascular
complications development and timely initiate therapeutic
measures for their prevention and treatment in children with
chronic bronchopulmonary pathology.

Conclusions

1. The development of cardiovascular complications
is caused by a combination of many factors in children
with chronic bronchopulmonary diseases. The main risk
factors for cardiovascular disorders occurrence in children
with bronchial asthma are the followings: the presence
of chronic infection, the child age 3-6 years, the disease
duration more than 3-5 years, the circadian index less
than 1.2 cu. In children with cystic fibrosis the child age
3-6 years old, the airway contamination by Pseudomonas
aeruginosa, the severe course of disease, the presence of
protein-energy deficiency and chronic infection are the most
informative risk factors.

2. With the purpose of cardiovascular disorders early
diagnosis if there are 3 and more risk factors, it is necessary
to include heart echodopplerography, Holter’s heart rate
monitoring, complete carotid duplex scanning with determi-
nation of endothelial shear stress and IMT at least 2 times
ayearin children with chronic bronchopulmonary diseases.

3. Timely detection of a risk group for cardiovascular
disorders development will allow the full implementation of
preventive measures and medications for cardiovascular
disorders correcting in children with chronic bronchopul-
monary diseases.

The prospects. We will form a tactic of therapy for
cardiovascular disorders in children with chronic broncho-
pulmonary diseases based on the findings of the further
scientific research.
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