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The approaches to prevention and therapy of cardiovascular disorders

in children with chronic bronchopulmonary pathology

G. O. Lezhenko, O. Ye. Pashkova

Zaporizhzhia State Medical University, Ukraine

The purpose of this study was to develop and evaluate the algorithm for cardiovascular disorders prevention and therapy effec-
tiveness in children with chronic bronchopulmonary pathology.

Materials and methods. There was catamnestic examination of 57 patients with chronic bronchopulmonary pathology (29 chil-
dren with severe, controlled or partially controlled persistent bronchial asthma and 28 children with cystic fibrosis and pancreatic
insufficiency) who were analyzed the dynamics of left ventricular myocardial remodeling, depending on the administrated treat-
ment. Catamnesis duration was 1 year. The average age of children in the observation group was 9.2 + 0.6 years. The ultrasound
examination of the heart was performed using the Medison SonoAce 8000 ultrasound machine (USA) according to the standard
procedure. The mathematical analysis and statistical processing of data were performed on a PC using the licensed software
package of Statistic for Windows 10.RU using variation, correlation, regression and nonparametric methods of statistical analysis.
Variables were expressed as M £ m and P value <0.05 was considered to indicate statistical significance.

Results. It has been established that there is a structural and functional left ventricular myocardium rearrangement on the background
of left ventricular diastolic dysfunction development, sympathetic branch of the autonomic nervous system functional impairment,
myocardium electrical instability and endothelium-depended vasodilation disturbance in children with chronic bronchopulmonary
diseases. The algorithm has been worked out for choosing tactics of cardiovascular disorders therapy based on the study results,
which is a complex of non-medicamentous and medicamentous methods with drug modulators of “L-arginine — nitric oxide” sys-
tem —ACE and L-arginine inhibitors inclusion in the therapy. The effectiveness of proposed algorithm was estimated in 27 children
with chronic bronchopulmonary diseases. The other 30 patients, who were treated with traditional therapy, made up a comparison
group. It has been found that proposed therapeutic method application in the complex treatment of children with chronic broncho-
pulmonary pathology contributed to left ventricular myocardium morphofunctional state improvement by slowing processes of left
ventricular remodeling and increasing the number of patients who had normal left ventricular myocardium geometry. There was a
progression of the left ventricle morphofunctional state changes in the comparison group, which was manifested by an increase in
the left ventricular myocardium mass and structural-geometric myocardial restructuring by concentric type of cardiac remodeling.

Conclusions. The use of proposed algorithm can prevent cardiovascular disorders progression and provide more effective
rehabilitation of children with chronic bronchopulmonary diseases.

Miaxoau A0 NpodirakTUKKM Ta Tepanii cepLeBo-CYAMHHUX NOPYLLEHD Y AiTei
i3 XpOHiuHOIO naTonoricto 6poHxoAereHeBoi CUCTEMU

I. 0. AexxeHko, 0. €. NawwkoBa

MeTa po60T1 — po3pobuTi Ta OLIHNTM €CDEKTUBHICTL aNropuTMy NPodinakT kW Ta Tepanii cepLeBo-CyAMHHUX NOPYLUEHb Y AiTei
i3 XpOHiYHOO Matororieto GpoHXONEreHeBoi CUCTEMM.

Marepianu Ta meToau. 34iNCHNIN KAaTAMHECTUYHE COCTEPEXEHHS 3@ 57 XBOPUMM Ha XPOHIYHY GpoHXxonereHeBy natornorito (29
JiTed, ki XBOPi Ha BaXKy KOHTPOMNbOBaHy abo YacTKOBO KOHTPOMbOBaHY NEPCUCTYtoMy BpOHXianbHy acTMy, Ta 28 fiTet, siki XBopi
Ha MYKOBICL103 i3 NAHKPEaTNYHOK HEAOCTATHICTIO), Y SIKUX NpoaHaniayBanu AMHamiky pemMogentoBaHHS Miokapaa niBoro Lwny-
HOYKa 3anexHo Big cxemu Tepanii. Tpusanictb katamHe3y — 1 pik. CepepHint Bik 4iTen y rpyni KaTaMHECTUYHOTO CrIOCTEPEXEHHS!
craHoBmB 9,2 + 0,6 poky. YnbTpasBykoBe AOCTIMKEHHS CEpLS BUKOHANM 3 BUKOPUCTaHHAM exogonnepokapaiorpada «Medisson
8000» i3 hazoaHum gatumnkom 2-5 ¢ AC (CLLA) 3a cTaHAapTHOI METOAVMKOI 3 BU3HAYEHHSIM reoMeTpii Miokapaa niBoro Luny-
HOoYKa. MatemaTtuyHWiA aHania i CTaTUCTUYHE OnpaLoBaHHA daHuX BUKoHanm Ha MEBM i3 BukopuctaHHsaM niLeHsiiiHoro naketa
nporpam Statistica for Windows 10.RU i3 3acTocyBaHHsiM BapiaLLiiHOr0, KOPENALIHOTO, PErpecinHOro Ta HenapameTpUYHX METOAIB
CTaTUCTUYHOrO aHanisy. [1ns BCix BUAIB aHanisy CTaTUCTUYHO 3HAYyLLMMI BBaXkanm BigMiHHOCTI npu p < 0,05.

Pesynikratu. BetaHoBunu, Lo B AiTeit i3 XPOHIYHUMU GPOHXONEreHeBNMY 3aXBOPIOBAHHAMM BiAOYBAETLCA CTPYKTYPHO-CDYHK-
LioHanbHa nepebynoBa MiokapAa NiBOro LWNYHOYKA Ha Tri PO3BUTKY AiaCTONIYHOI ANCAYHKLT NIBOTO LMYHOYKA, HaMpyXEeHHS
(pyHKLiOHYBaHHS CMNATUYHOTO BiAAiNY BEreTaTyBHOI HEPBOBOI CUCTEMM, ENEKTPUYHOI HECTabINBHOCTI Miokapaa Ta NopyLUEHHS!
Ba304mMnaTyto4oi yHKLIi eHgoTenito. 3a pesynsratamu JOCTimMKEHHS ChopMyBanu anroputm BUOOPY TakTUKM Tepanii kapaioBa-
CKYMNSIPHUX MOPYLUEHb, SIKUiA SBMsie COBOI0 KOMMNEKC HEMEANKAMEHTO3HWX | MEVKaMEHTO3HUX 3aX0AiB i3 BKIIOYEHHSIM y Tepanito
npenapariB-MoaynaTopis cuctemun «L-apriHiH — okcug asoty» — iHribiTopis AM® i L-apriHiHy. EbekTuBHiCTb 3anponoHoBaHoro
anropuTMy OUiHUIK Yy 27 [iTei i3 XPOHIYHUMI 3aXBOPtOBaHHAMMW BpoHxonereHeBoi cuctemu. IHWi 30 XBOpuX, ki OTpUMyBanu
TpaaWLiiHy Tepanito, BBINALLAK Y rpyny NOPIBHAHHS. BCTaHOBMW, LLO 3aCTOCYBaHHS 3anpONOHOBAHOMO TEPaneBTUYHOrO anropuTMy
B KOMMIEKC NiKyBaHHA AiTell i3 XPOHIHHOK GPOHXONEereHeBOK NaTonorietd CNpUsno NoMinLLEHH MOPGOdyHKLIOHANBHOTO CTaHy
Miokapza NiBOro LUMyHOUKa BHACIIAOK YOBiNbHEHHS NPOLIECIB peMOLeNtoBaHHS Miokapaa MiBOro LUMyHOuKa Ta 3iNbLUEHHS KinbKOCTi
navieHTiB, Y SIKUX BU3HAUMI HOPMarbHy reOMeTpito Miokapaa NiBoro LLYHOUKa. Y rpyni NOpiBHSAHHS Big6yBanocs nporpecyBaHHs
3MiH MOPOGYHKLIOHANBHOTO CTaHy NiBOro LLMyHOYKa CEpLSs, L0 NPOSBISANOCS 36inbLUeHHSM Mack Miokapaa MiBOro LUyHOUKa
Ta CTPYKTYPHO-TEOMETPUYHO NepebyA0BOL0 MiokapAa 3a TUMOM KOHLIEHTPUYHOMO PEMOLENIOBAHHS.

BucHoBKuM. BukoprcTaHHs 3anponoHOBaHOMO anropuTMy B AiTEN i3 XpOHIYHMMM GpoHXOnereHeBUMM 3aXBOPIOBaHHAMY ae 3Mory
3anobirTv NporpecyBaHHI0 KapaioBackynspHUX poanagis i 3abe3neunTn edpekTUBHILLY peabiniTauiio AiTei i3 Lieto natonorieto.
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Moaxoabl K NnpodUAaKTHKE U Tepanuu cepAEYHO-COCYAUCTBIX HapyLUEHUN Y AeTel
C XPOHWUUYECKOM naTonorMein GpoHXOAerouHon cucTeMbl

I. A. NexxeHko, E. E. MawkoBa

Llenb pab6otbl — paspabotaTb 1 OLeHUTb 3P dEKTUBHOCTL anropuTMa NpoUnakTUki U Tepanin CepaeYHO-COCYaANCTbIX Hapy-
LUEHWI Y AETEN C XPOHUYECKOI NaTomnorueii GPOHXONEro4Hon CUCTEMI.

Marepuans! n metoabl. [poBeaeHo kKaTaMHecTYeckoe HabntoaeH e 3a 57 6onbHLIMY C XPOHYECKO GPOHXONEro4Ho NaToro-
rneit (29 neten, 60MbHbIX TSHKENO KOHTPONMPYEMOA UMW YACTUYHO KOHTPOMMPYEMOI NEPCUCTUPYHOLLE BPOHXMANBHO acTMO#,
1 28 peteit, 6ONbHBIX MYKOBUCLMA030M C NaHKPEATUHECKON HEAOCTATOMHOCTbIO), Y KOTOPbIX NPOaHANU3MpoBany AMHaMuKy pe-
MOZEen1poBaHns MMoKkapaa J1eBoro xenyaoyka B 3aBUCKMOCTY OT CXeMbl Tepaniuu. [inuTensHoCTb katamHesa — 1 rof. CpeaHuit
BO3pacT AeTel B rpynne katamHecTuyeckoro HabnogeHus coctasun 9,2 + 0,6 roga. YnbTpassykoBOe UCCNEAOBaHME cepaLa
NPOBOAMMM C MCMONb30BaH1eM axoponnnepokapauorpacda «Medisson 8000» ¢ dhasmposaHHbiM gatumkom 2-5 ¢ AC (CLLA) no
CTaHAapTHOW MeToAVKe C OnpeaeneHnemM reoMeTpri MMoKapaa NeBoro xenyaodka. Marematnyeckuit aHanua u ctatucTnyeckas
00paboTka AaHHbIX npoBeaeHsl Ha NMABM ¢ vcnonb3oBaHWeM NMLEH3VOHHOTO nakeTa nporpamm Statistic for Windows 10.RU ¢
MPUMEHEHNEM BapUaLOHHOTO, KOPPENSALIMOHHOIO, PErPECCUOHHOIO U HeMapameTpUYeCcKMX METOA0B CTaTUCTUYECKOTO aHanuaa.
[ins Bcex BUAOB aHanu3a CTaTncTMYECcKU 3HaUMMbIMU CHUTany pasnuans npu p < 0,05.

Pesynkrathl. YCTaHOBMEHO, YTO Y AETEN C XPOHNYECKUMU BPOHXONEroYHbIMM 3a60neBaHNSMU NPOUCXOANT CTPYKTYPHO-(YHK-
LIMOHanbHas nepecTporika M1okapAa NeBOro xenynoyka Ha PoHe pas3BUTUS AUACcTONNYECKON AMCHYHKLMN NEBOTO XenyaouKa,
HanpsiKeHNs PYHKLMOHMPOBaHUS CUMMATUYECKOTO OTAENA BEr€TaTUBHOM HEPBHOW CUCTEMBI, ANEKTPUYECKON HECTABUIBHOCTY
MUOKapAa ¥ HapyLLeHus BasoaunaTupytoLen yHkumuy aHgoTenus. Mo pesynsratam nccnefoBaHns cpopMupoBaH anroputm
BblGOpa TaKTWKM Tepanun KapAnMoBaCKyNApHbLIX HapyLLEHWUI, KOTOPbIN NpeacTaBnser cobor KOMMAEKC HeMeaNKaMeHTO3HbIX
1 MeMKaMEHTO3HbIX MEPONPUATUI C BKITIOYEHMEM B TEpanmIo NpenapaToB-MOAYNATOPOB CUCTEMbI «L-aprMHUH — okeug aso-
Ta» — uHrnbutopos AlN® u L-apruHuHa. O hekTUBHOCTb NPEANOXEHHOTO anropuTMa OLEHWUNN y 27 AeTeil C XPOHNYECKUMU
3abonesaHunsMn GpoHxoneroyHoin cuctemsl. OctanbHble 30 60MbHBIX, KOTOPbIE NOMyYany TPAAULIMOHHYIO Tepanuio, COCTaBUn
rpynny cpaBHEHWs. YCTAHOBMNEHO, YTO NPUMEHEHWEe NPEAIOKEHHOrO TepaneBTUYECKOro MeToAa B KOMMIEKCe NeYeHus geten
C XPOHMYeECKol BPOHXOMNErovHoN naronorueli cnocobeTBoBan ynyyileHnio MopodyHKLMOHANBHOMO COCTOSIHUSA MUOKapaa
NeBOro Kefyao4Kka 3a CHeT 3aMefreHns NpoLeccoB PeMOAENMPOBaHNS MUOKapaa NEBOro Xernyaouka U yBENNYeHUs Konu-
4ecTBa NaLMEHTOB, Y KOTOPbIX OnpedeneHa HopMmanbHas reoMeTpust Muokapga NeBoro xenynodka. B rpynne cpaBHeHus
MPOMCXOANUNO NPOrPECCUPOBaHNE N3MEHEHUI MOPOMYHKLMOHANBHOMO COCTOSHIS NIEBOrO Xenyaoyka cepaua, YTo nposie-
NANOCh YBENWYEHNEM MacChl MUOKapaa NEeBOro Xefyao4Kka U CTPYKTYPHO-reOMETPUYECKON NepecTPoKO Muokapaa no Tuny
KOHLIEHTPUYECKOrO PEMOAENMPOBAHMS.

BbiBogbl. Vcnonb3oBaHne nNpeanoxeHHoOro anroputMa y AeTer C XPOHWYEeCKUMM BpOoHXonerovHsiMmu 3abonesaHusmm
MO3BOMSIET NPEAYNPEeanTL MPOrPECCHPOBAHNE KAapAMOBaCKyNSPHbIX PAaCCTPOMCTB 1 0becneuuTb 6onee ahPekTUBHYO pea-
GunuTaumio AeTeN ¢ AaHHOW NaTonoruen.

Cardiovascular system changes that occur in patients
with chronic respiratory diseases lead to early violations
of pulmonary-cardiac relations, which result in hypoxic
pulmonary vasoconstriction, pulmonary hypertension and
chronic heart failure development [1,2]. The mechanisms
of cardiovascular disorders are associated with the patho-
genesis of chronic inflammation, metabolic disturbances of
homeostasis, drug-induced cardiotoxicity (32-agonists, glu-
cocorticoids), chronic hypoxia in chronic bronchopulmonary
pathology [3-6]. It is known that hypoxia is one of the main
causes of free radical and peroxide oxidation processes
activation and oxidative stress development. First of all, it
is connecting link in endothelial dysfunction induction and
leads to endotheliocytes damage and nitric oxide system
dysfunction [7].

The search for reliable markers of cardiohemodynamic
disorders at a stage when the cardiovascular changes
seriousness is still not high enough allows, in case of
timely preventive correction, to prevent the occurrence
of severe, life-threatening complications of disease in
the future. There are no recommendations on the rational
choice of medications for cardiovascular disorders correc-
tion in children with chronic bronchopulmonary diseases.
In most works the medicamentous correction is aimed at
pulmonary hypertension treatment only, that is devoted
to cardiovascular complications therapy in children with
chronic bronchopulmonary pathology [8,9]. There is no
doubt, it is justified to prescribe drugs that could not only

reduce pulmonary hypertension, but also have an antioxi-
dant effect, reduce endothelial dysfunction manifestations
and improve the cardiovascular system morphofunctional
state in the treatment of cardiovascular disorders in children
with chronic bronchopulmonary pathology.

The purpose of this study

To develop and evaluate the algorithm for cardiovascular
disorders prevention and therapy effectiveness in children
with chronic bronchopulmonary pathology.

Materials and methods

There was catamnestic examination of 57 patients with
chronic bronchopulmonary pathology, including 29 patients
(10 girls and 19 boys) with severe, controlled or partially con-
trolled persistent bronchial asthma and 28 children (16 girls
and 12 boys) with cystic fibrosis and pancreatic insufficiency.
All children had blood pressure values that were normal for
their age, height and sex. The catamnesis duration was 1
year. The average age of children in the observation groups
was 9.2 + 0.6 years.

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.
The left ventricular mass (LVM) was determined in grams (g)
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Table 1. The variants of left ventricular geometry depending on the number
of risk factors for cardiovascular disorders development in children with chronic
bronchopulmonary diseases

according to R. B. Devereux et al. formula [10,11]:

0.8 x[1.04 x (IST + TLVPW + LVEDD)*- LVEDD*| + 0.6 (1)

The number of risk factors

1-2,
n=27

The variant of left ventricular
geometry

IST: the intraventricular septal thickness;
TLVPW: the thickness of the left ventricular posterior
wall;

3 and more,
n=24

. . . . . 0 1 0, 23 0
LVEDD: the left ventricular end-diastolic dimension. Normal 5(83.3%) 12'(444%)  5(208%)
Left ventricular mass index (LVMI) was calculated as a Left ventricle remodeling, including: 1(16.7 %) 15' (55.6 %) 1923 (79.2 %)
i H 0, 0,
ratio of LVM (left ventricular mass) to the height in meters2” g"”ce":rfc Lemor‘:e"”: g z (;242@ ‘1‘(51;75/“0/)
and the remodeling parameter was the left ventricle relative SIS PERE (222%) (37.5%)
Eccentric hypertrophy 1(16.7 %) 7(25.9 %) 5(20.8 %)

wall thickness to study the processes of left ventricular
remodeling [12]. Left ventricular geometry is classified as
normal, concentric remodeling, concentric hypertrophy and
eccentric hypertrophy [13].

The measurement of nitric oxide metabolites concentra-
tion in blood serum was performed by spectrophotometric
method with preliminary serum deproteinization and NO,
to NO, reduction [14].

The mathematical analysis and statistical process-
ing of data were performed on a PC using the licensed
software package of Statistic for Windows 10.RU. The
parametric variables were compared using the Student’s
t test for normally distributed data and the Mann Whitney
test for non-normally distributed data. Bivariate associ-
ations of the variables were assessed using Pearson’s
correlation coefficients. Variables were expressed as
M £ m and P value <0.05 was considered to indicate
statistical significance.

Results and discussion

We have found in our previous studies that left ventricular
remodeling occurred in 49% of patients with bronchial
asthma and 58% of children with cystic fibrosis [15].
Change in the left ventricle geometry occurred against
the background of left ventricular diastolic dysfunction
development, the sympathetic branch of autonomic
nervous system functional overload and electrical
myocardial instability [16,17]. There was a violation of
endothelium-depended vasodilatation, which showed a
decrease in the nitric oxide blood serum content by 1,4
times in the group of patients with bronchial asthma and
by 6,9 times in patients with cystic fibrosis in comparison
with the control group (7.39 £ 0.29 ymol/l and 5.79 + 0.32
pmol/l against 8.88 + 0.53 pymol/l, respectively, P < 0.05)
[18]. The nitric oxide synthesis was inhibited due to a
decrease in the endothelial shear stress, which acts as
the main stimulator of nitric oxide activity in patients with
chronic bronchopulmonary diseases [19,20]. This was
confirmed by the obtained direct correlation dependence
(r=+0.42, P < 0.05) between the index of endothelial
shear stress and the level of nitric oxide metabolites. The
presence of vascular tone modifying mediators imbalance
in children with bronchial asthma and cystic fibrosis led to
excessive vasoconstriction development, which manifest-
ed as signs of pulmonary hypertension [21].This position
was confirmed by the inverse correlation between the level
of pulmonary artery pressure and the content of nitric
oxide metabolites in blood of children with chronic bron-
chopulmonary diseases (r =-0.35, P < 0.05 in the group of
patients with bronchial asthma and r =-0.55, P < 0.05-in
the group of patients with cystic fibrosis) [21].

Zaporozhye medical journal. Volume 20. No. 3, May — June 2018

L pe < 0.05 - in comparison with the group of children without risk factors;
2 pg < 0.01 - in comparison with the group of children without risk factors;

3 pe < 0.05 — in comparison with the group of children who had 1-2 risk factors.

Taking into account the obtained study results, risk fac-
tors for the morphofunctional restructuring of left ventricular
myocardium in children with chronic bronchopulmonary
diseases were determined. It was found that the main risk
factors for cardiovascular disorders occurrence were
the presence of chronic infection, the child age 36 years,
the disease duration from 3 to 5 years, the circadian index
less than 1,2 cu in children with bronchial asthma. The most
informative factors were: the child age of 3-6 years old,
the respiratory tract colonization by Pseudomonas aerugi-
nosae, severe clinical course of the disease, the presence of
chronic infection in the group of children with cystic fibrosis.

In the following we conducted a determination of the left
ventricular geometry type depending on the risk factors
number for the cardiovascular disorders occurrence in
children with chronic bronchopulmonary diseases. The 6
(10.5 %) patients had no risk factors for cardiovascular
disorders, 1-2 risk factors were identified in 27 (47.4 %)
children and 24 (42.1 %) had 3 and more risk factors for
cardiovascular disorders development among observed
children.

According to the results of echo-Doppler cardiographic
study, the majority of patients, who did not have risk factors
for cardiovascular disorders, were diagnosed with a normal
version of the left ventricular myocardium in the first study
(Table 1).

Among children, who had up to 2 risk factors at
the beginning of the observation, the majority of patients
(15-55.6 %) had signs of left ventricular remodeling
(p® < 0.05). In the group of patients, who had 3 or more
risk factors for cardiovascular disorders development, only
5 (20.8 %) patients had normal left ventricular geometry.
In the other 19 (79.2 %) children the signs of left ventricle
remodeling were determined among the variants of which
concentric hypertrophy prevailed (pg < 0.01).

Thus, the risk of cardiovascular complications in
the group of patients with chronic diseases increased with
a rise in the number of risk factors.

We have formed an algorithm for choosing tactics of
cardiovascular disorders therapy in children with chronic
bronchopulmonary diseases based on the data obtained
(Fig. 1).

At the first stage, cardiovascular risk factors are taken
into account and they are come in modified (chronic in-
fection, frequency of exacerbations, airway contamination
with Pseudomonas aeruginosae) and unmodified (the age
of the child, duration of the disease and severity of the di-
sease course).
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Stage I: The assessment of risk factors for cardiovascular disorders development
and functional diagnosis (ECG, Holter monitoring of cardiac activity, echodopplercardiography)

Fig. 1.
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If cardiovascular disorders development was highly
probable Dopplerographic examination of the heart was
performed with the left ventricular mass index (LVMI),
the left ventricular relative wall thickness, the functional
compliance index (FCI) definition and sonographic exa-
mination of the common carotid artery with the endothelial
shear stress index and the intima-media thickness (IMT)
determination [19].

Atthe second stage preventive measures for cardiovas-
cular disorders development are conducted in the absence
of cardiovascular disorders. Prevention of cardiovascular

ISSN 2306-4145  http://zmj.zsmu.edu.ua

The algorithm for doctor’s action aimed at unifying and increasing the medical care effectiveness for children with chronic bronchopulmonary diseases.

disorders is a complex of medicamentous and non-me-
dicamentous measures and should already be conducted
at the initial stages of the disease development in children
with chronic bronchopulmonary pathology.

The main links in the prevention of cardiovascular
disorders:

1. The main disease basic therapy (according to treat-
ment protocols).

2. Therapeutic effect on modified (managed) risk factors
for cardiovascular disorders:

a) the sanation of chronic infection;

3anopoxckuii MeguumHekui xypHan. Tom 20, Ne 3(108), mait — noHb 2018 .



b) the specific allergic vaccination of patients achieving
bronchial asthma control;

c) the elimination of Ps. Aureginosa in patients with
cystic fibrosis.

3. Activities aimed at improving mucociliary transport
(exercise therapy, respiratory gymnastics, physiotherapy,
therapeutic massage).

4. Dietotherapy. It is recommended to include arginine
enriched foods (meat and dairy products, fish and sea-
food, cereals, legumes) in the food ration of patients with
bronchial asthma and cystic fibrosis in the absence of food
allergies.

At the third stage, the level of nitric oxide metabolites
is examined in the presence of cardiovascular disorders. A
decision is made to select a method of cardiovascular dis-
orders correction with drug modulators of “L-arginine — nitric
oxide” system — ACE and L-arginine inhibitors inclusion in
the therapy depending on the results obtained [22].

The main factor in choice of these drugs using for
cardiovascular disorders treatment in the group of patients
with chronic bronchopulmonary diseases was the fact that
the preparations of this group cause a decrease in vascular
tone, mainly arterioles, resulting a decrease in the overall
peripheral vascular tone [22]. Also the ACE inhibitors dilate
the venous vessels, which return blood to the heart (preload)
and pressure to the small blood circulation. The use of ACE
inhibitors can reduce post-loading of the left ventricle, pe-
ripheral vascular resistance, systolic and diastolic volumes
of the left ventricle, increase cardiac output, slow the left
ventricular dysfunction progression. Another effect of drugs
in this group is the prevention of bradykinin degradation,
which leads to smooth muscle relaxation and nitric oxide
release [23]. Also, the use of these drugs this group leads
to decrease in the sympathetic nervous system effects on
vascular tone, resists the left ventricular dilation progression
(its remodeling), and causes the reverse development of
myocardial hypertrophy [22].

The indications for drugs from the group of ACE inhi-
bitors (enalapril) administration:

The mandatory characteristics:

1. Reducing of nitric oxide metabolites level lower than
20 % of the standards.

2. The presence of left ventricle myocardial hypertrophy.

Main characteristics:

1. Pulmonary hypertension.

2. FCI <0.8 cu.

3. Tachycardia, decrease in circadian index.

4. Decrease in endothelium shear stress index, IMT
thickening.

The enalapril is administrated when obligatory charac-
teristics are combined with one of the main characteristics
or if there are 2 or more main characteristics.

The fourth stage: monitoring the therapy effectiveness
and treatment correction. The decision is made to apply
the standard treatment of children with chronic broncho-
pulmonary pathology, lengthening the drugs from ACE
inhibitors group intake or concerning the additional inclu-
sion into the therapy protocol of drugs from the nitric oxide
donators group — L-arginine, which is the main substrate
for nitric oxide synthesis in the human body depending on
functional methods of investigation results and nitric oxide
metabolites blood serum levels determination [24].
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Fig. 2. The dynamics of left ventricular geometry when applying rehabilitation measures according

to developed algorithm in children with chronic bronchopulmonary diseases.

Fifth stage: the measures of cardiovascular disorders
secondary prevention (see the second stage).

Cardiovascular disorders correction of can be stopped
at any stage if the obtained data as a result of control treat-
ment effectiveness indicate the absence of cardiovascular
disorders and endothelial dysfunction functional signs.

The effectiveness of proposed algorithm for cardio-
vascular disorders therapy was evaluated in the course
of 57 patients with chronic bronchopulmonary pathology
catamnestic observation, who were analyzed based on
dynamics of left ventricular remodeling. The children were
divided into 2 groups depending on used therapy. The main
group included 27 children, during the period of observation
they received periodic courses of therapy, according to our
algorithm. The comparison group consisted of 30 patients
and for them traditional therapy was used.

The positive effect was observed when used rehabilita-
tion measures in the main group in 10 (37 %) patients. If in
the first study left ventricular hypertrophy was determined
in 15 (55.6 %) patients, then in the year of catamnestic
observation, the number of children with concentric and
eccentric hypertrophy decreased to 5 (18.5 %). At the same
time, the number of patients with concentric remodeling
increased from 4 (14.8 %) in the first study to 10 (37.0 %)
patients after the observation year (P < 0.05) and normal
left ventricular geometry — from 8 (29.6 %) to 12 (44.4 %)
patients, respectively (Fig. 2).

In the comparison group only 1 (3.3 %) patient showed
significant positive dynamics of the cardiovascular system
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Fig. 3. The dynamics of left ventricular geometry with applied standard therapy in children with
chronic bronchopulmonary diseases.
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in the first year of study, in whom the concentric left ven-
tricular remodeling was determined in the first study, and
in a year of observation — the normal geometry of the left
ventricle. The normal version of left ventricular geometry
was also determined in both the first and second studies
in 7 (23.3 %) patients (Fig. 3).

The number of patients with left ventricular hypertro-
phy did not change much — 15 (50.0 %), but there was a
tendency to increase in the left ventricular mass index from
36.5 + 1.3 g/m?7 in the first study up to 39.2 + 1.8 g/m?”
after a year of catamnestic observation (P < 0.05). At
the same time, there was a statistically significant increase
in the number of patients who had a concentric remodeling
of the left ventricle in a year. If at the first study of these
patients there were only 2 (6.7 %), in a year their number
increased to 7 (23.8 %) children (P < 0.05).

Thus, heart restructuring and changes in intracardiac
hemodynamics are complex and associated with many
factors, including the development of chronic inflammation,
endothelial dysfunction, imbalance of heart rhythm nervous
regulation in children with chronic bronchopulmonary dis-
eases. At the same time, myocardial hypertrophy is one of
adaptive mechanisms, which allows myocardium to cope
with increased stress in conditions of pulmonary hyperten-
sion. However, the prolonged pathological effect of various
factors on the myocardium limits the important urgent
compensatory mechanisms and contributes to the long-term
compensatory mechanisms induction, including an increase
in the left ventricle volume and mass.

The application of proposed therapeutic method in
the complex treatment is pathogenetically substantiated
and contributes to the left ventricular myocardium mor-
phofunctional state improvement in children with chronic
bronchopulmonary pathology. This was manifested by a
slowing down of left ventricular remodeling and an increase
in the number of patients who had normal left ventricular
geometry.

Conclusions

1. This scientific work presents clinical-anamnestic
rationale for the algorithm of therapeutic measures aimed at
cardiovascular system functional state optimizing in children
with chronic bronchopulmonary diseases.

2. The proposed algorithm using can prevent cardio-
vascular disorders progression in children with chronic
bronchopulmonary diseases and provide more effective
rehabilitation of children with severe pathology.

The prospects. On the basis of the data collected,
improvement of cardiovascular disorders therapeutic and
prophylactic tactics in children with chronic bronchopulmo-
nary diseases will be continued.
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