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Morphogenesis of postresection of cor pulmonale

Development of pulmonary heart disease produces a number of compensatory and adaptive processes in all body structures that
play an important role in decompensation of this disorder. Various physiological processes that unfold during this process can
be objectively evaluated with the help of morphometry, which allows visualizing the results of morphology studies, sequentially
interpret morphogenesis mechanisms in the damaged organs, and determine adaptive reserves and capability for corrective response.
Irreversible pathological processes in the pulmonary tissue are a cause of resection of the lungs. It is one of the most traumatic surgical
interventions, frequently accompanied by complications due to the sudden increase in pulmonary blood pressure caused by decrease
in its volume. Insufficient deployment of adaptive and compensatory resources by the myocardium can cause acute right ventricular
heart failure or acute pulmonary heart disease. Removal of more than one third of pulmonary tissue may lead to the development of
a number of disorders. Among them there is a right ventricular hyperdynamic syndrome; dilatation at the stage of decompensation of
the chronic pulmonary heart; arterial hypertension in the pulmonary circle; and pulmonary heart disease, which is characterized by
increased mass and enlarged chambers of the heart with dominating hypertrophy and dilatation of the right ventricle and right atrium,
thickening of arterial walls, narrowing of arterial lumen, decrease in the flow capability, increased number of damaged endothelial cells,
reactive hyperaemia the capillary venules and venules, deterioration of secretory activity of the atrium myoendocrine cells, dystrophy,
necrobiosis of cardiomyocytes, endothelial cells, and stromal structures, infiltrative and sclerotic processes.

This study utilized morphometry to show that long-term effects of right-sided pulmonectomy in Vietnamese breed pigs and laboratory
white male rats result in a pronounced remodeling of heart chambers characterized by unbalanced, disproportional growth their mass
and expansion of the chambers. Additionally, in post-surgical period, the pulmonary heart reveals marked structural reorganization
of predominantly small arteries of the ventricles and atrium, and expressed remodeling of microhemocirculatory vessels of the heart
ventricles and atrium. As decompensation of hypertrophied heart occurs, the secretory activity of myoendocrinocytes decreases. The
stages of hypertrophied myocardial morphogenesis, such as compensated and decompensated pulmonary heart, can be characterized
using cardiometric parameters. The most informative are the indicators that highlight imbalance and disproportionality of hypertrophic

and hyperplastic processes on all structural levels of the heart muscle.

Key words: lung resection; postresection arterial pulmonary hypertension; pulmonary heart disease.

Today, cardiovascular disorders are widespread,
and their incidence increases; these disorders often
lead to disability and mortality in the relatively young,
able-bodied population and are an important medical
and social problem [1,2]. In recent years, researchers
increasingly pay attention to the pulmonary heart, a
syndrome which is closely linked to the rapid increase
in the number of chronic obstructive pulmonary
diseases, chronic forms of pulmonary tuberculosis, as
well as occupational diseases of the lungs. In these
cases, the main causes of the patients’ disability and
decreased life expectancy are pulmonary hypertension,
chronic pulmonary heart and its decompensation
[3,4,5]. It should be noted that the structure and
function of intact heart as well its changes in various
pathological conditions still elicit keen interest of
both morphologists and clinicians [3, 4, 5, 6].

Chronicpulmonaryheartsyndromeischaracterized
by right ventricular hypertrophy, dilatation and
failure associated with pulmonary hypertension and
caused by diseases of the bronchopulmonary system,
pulmonary vessels, or thoracodiaphragmatic disorders
[4,5,6,7].

The pathogenesis of the chronic pulmonary heart
is a complex and multifaceted process; this greatly
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complicates a timely diagnosis of pulmonary arterial
hypertension and chronic pulmonary heart syndrome.
Chronic lung lesions or lungs resection increase
arterial vascular resistance in the pulmonary blood
circulation circle which in turn leads to increased
work of the right ventricle, that is, its hyperfunction,
and development of hyperdynamic syndrome, which
results in hypertrophy of the right ventricle with
subsequent dilation at the stage of decompensation of
the chronic pulmonary heart [5, 6, 7, 8].

Practical diagnosis and treatment recommenda-
tions can only be developed given detailed and
objective understanding of the compensatory and
adaptive processes involving all levels of the structural
organization in the chronic pulmonary heart, the
role of the processes in development of heart’s
decompensation, and the definition of corresponding
morphological symptomatic complex, allowing
to evaluate with a sufficient degree of certainty
functional capabilities and adaptive the reserves of
the injured organ.

It is argued that morphometry allows the obtaining
of appropriate and accurate information about various
physiological and pathological processes taking place
in organs and systems of the body. This method is
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now widely used by morphologists and most fully
encompasses the results of morphological studies,
allowing for their deeper understanding and logical
interpretation [9]. Experimental morphological studies
provide valuable material not only for the development
and refinement of morphogenesis mechanisms in inju-
red organs, but also for description of their adaptive re-
serves and possibilities of corrective intervention [7, 9].
Presently, lung interventions have been widely
used in medicine and are often the only effective
treatment for many diseases of this organ. If
irreversible pathological processes alter pulmonary
tissue, surgical procedures can be used to remove
some part on the lung. The indications for lung
resection include benign and malignant tumors,
echinococcal cysts, polycystic disease, various forms
of pulmonary tuberculosis, traumas resulting in
prominent destruction of pulmonary tissue, abscesses,
gangrene, bronchiectasis with limited affected area,
and bullous emphysema. It is worth noting that
surgeons more often perform typical lung resections,
that is, they remove affected anatomically separate
part of the organ (segmental, polysegmental resection,
lobectomy, bilobectomy, and pulmonectomy) [10].
Despite improvements in surgical techniques and
anesthesiology, lung resection continues to be one of
the most traumatic interventions, and is accompanied
by frequent complications in both early and long-term
postoperative periods [11,12]. Abruptly increased
resistance in the pulmonary circle, caused by the
decrease in its volume after resection of the lungs,
is accompanied by an increased load on the right
heart ventricles. It is recognized that is adaptive and
compensatory capabilities of the myocardium develop
insufficiently, this may result in acute insufficiency
of the right ventricle, or acute pulmonary heart [8].
The latter is the main cause of mortality in the early
postoperative period. Most researchers agree that
there is no complete compensation for the functions
of the cardiopulmonary system after lung resection
(lobectomy, pulmonectomy) in the long term. If the
duration of the postoperative period is increased, the
incidence of heart muscle damage also increases.
Following lung resection (pulmonectomy, removal
of large volumes of parenchyma of the lungs), total
vascularbed of the pulmonary circle of blood circulation
is significantly reduced, which is the main cause of the
onset of persistent arterial pulmonary hypertension
[6,7,8]. Moreover, these surgical interventions result
not only in reduction of the vascular bed of the small
circle of blood circulation, but they also decrease the
respiratory surface of the lungs, which leads to hypoxia.
It, in turn, contributes to the increased hypertension. It
is worth pointing out that some researchers argue that

persistent arterial pulmonary hypertension occurs even
after removal of 1/3 or more of pulmonary tissue. The
most pronounced rise in blood pressure during these
surgical interventions, in the pulmonary circle occurs
after ligation of the pulmonary artery or its branches.
Significant and sudden increase in pressure in the
pulmonary artery system can cause acute pulmonary
heart. Surgeons should consider this risk, and seek to
perform procedures aimed at reducing the hypertension.
While removal of significant amounts of pulmonary
tissue in most cases eliminates the underlying disease,
at the same time this leads to a predominantly post-
reactive arterial pulmonary hypertension, which is
complicated by the development of chronic pulmonary
heart disease. It is worth noting that thoracic surgeons
rarely recognize this pathology, instead they often
state that in long-term effects of pulmonary resection
may include lung-heart failure [10, 11,12].
Experimental morphometric studies of experimen-
tal results have established that in the long term right-
sided pulmonectomy on Vietnamese breed pigs and
laboratory white male rats leads to a marked remo-
deling of the heart chambers characterized by unba-
lanced, disproportional growth of their mass and ex-
pansion of the chambers with dominated hypertrophy
and dilatation of the right ventricle and the right atri-
um [6,13]. This significant and unbalanced, dispro-
portional increase of ventricle mass and its expansion
may be complicated by organ dysfunction [14], that is,
decompensation. In Vietnamese male pigs and white
rats with the pulmonary heart and post-resection ar-
terial hypertension in the pulmonary circle there is a
pronounced structural rearrangement of predominant-
ly small arteries of the ventricles and atria, characte-
rized by significant thickening of their walls, narro-
wing of the lumen, decrease in the throughput of these
blood vessels, increase in the number of damaged en-
dothelial cells that can lead to endothelial dysfunction
and progression of this complication. In the post-sur-
gical pulmonary heart, there is a marked remodeling
of the vessels of the microhemocirculatory channel of
the ventricles of the heart and the atrium. It is charac-
terized by narrowing of the lumen of the adnexa (ar-
terioles, precapillary arterioles), the exchange (hemo-
capillaries) and the expansion of its venous part (capil-
lary venules, venules), with dominant venous plethora.
This exacerbates existing hypoxia in hypertrophied
chambers of the heart, which is complicated by dys-
trophic, non-fibrotic changes of cardiomyocytes, en-
dothelial cells, stromal structures, infiltrative and scle-
rotic processes. Right-sided pulmonectomy and pul-
monary heart significantly alter the secretory activity
of the myoendocrine cells of the left and right atria.
In the compensated pulmonary heart, the secretory ac-
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tivity of myoendocrinocytes increases, which is con-
firmed by a moderate increase in the relative volumes
of secretory granules. With decompensation of the hy-
pertrophied heart, secretory activity of myoendocri-
nocytes decreases and the ratio of secretory granules
type is significantly changed. This is characterized by
a marked decrease in the number of young and mature
granules and increase in diffusion granules in the myo-
endocrine atrium cells, indicating increased break-
down of natriuretic hormone.

The main morphogenesis stages of myocardial
hypertrophy with post-arrester arterial pulmonary hy-
pertension are compensated and decompensated pul-
monary heart characterized by specific cardiometric
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MOP®OTI'EHE3 IIOCTPE3ERIIHOIO JIETEHEBOI'O CEPLISA

PO3BUTOK /lereHeBOro ceplsl BUK/IMKA€ psJj KOMIIEHCAaTOPHO-aJanTalilfHUX MpoLeciB Ha BCiX PIBHAX CTPYyKTypHOI opraHisarlii,
sSKi BifjirparoTh K/IIOYOBY PO/b y HOro fAeKoMmeHcarjil. AjeKBaTHO OLIHUTH pi3Hi ¢isionoriuni mporjecy, 1m0 BUHMKAIOTh, MOXKHA
3a jornomororo Mopdometpii, sika Haibinbll MOBHO 00’€KTHBi3ye pe3yiabTaTh MOPQOJOTiUYHUX [JOCTiPKEeHb, AO03BOJSIE JIOTiUHO
iHTepripeTyBaTH MeXaHi3MH Mop(oreHe3y YIIKO/PKEHHX OpraHiB, BU3HAUYMTH afanTaljiliHi pe3epBM Ta MOMK/IMBOCTi KOPEryHOUHX
BIIMBIB. He3BOPOTHI 1aTo/10riuHi npouecu jiereHeBoi TKAHMHU YacTo € M0Ka3aMu AJIst pe3eKlii J1ereHsp, sKa MpoJOBXKY€E 3a/lIULIaTUCh
OfIHMM 3 HaMOi/MbIl TpaBMAaTHUHMX OINEPAaTMBHUX BTPyYaHb, L0 CYMPOBO/PKYETbCS UYaCTUMH YCKJIa[HEHHSMU 4Yepe3 parToBe
MiZIBUIeHHsT OMOpPy y MajoMy Koji KpoBOOOiry, BHAac/i/[OK 3MeHIIeHHs1 Horo o6’emy. HegocraTHili po3BHUTOK afamnTariiiiHo-
KOMITeHCaTOPHUX MOXK/IMBOCTel Miokap/ia MO)Ke CTIPUYMHHTH TOCTPY HeAOCTaTHICTh MPaBoOro LIIYHOUKAa — FOCTpe jiereHeBe ceplie.
Bupanennst 1/3 ta Ginbliie jereHeBoi TKaHMHM MOXKe TPU3BOAWTH [0 PO3BUTKY CHH/POMY TirepJuHaMii MpaBOro LITyHOUKa,
guaranii Ha eTari ZieKOMIIeHcallii XPOHIUHOrO JIeTeHeBOTO Ceplis, apTepiajbHOI TrirmepreH3il y MasoMmy Koiai KpoBoobiry Tta
PO3BUTKY JIeT€HEBOTO Ceplis, sIke XapaKTepPU3YEThCsI 3pOCTAHHIM MacH Ta PO3IIMPEHHsIM Kamep CepLs 3 JOMiHyBaHHsM rinepTpodii
Ta Au/aTauil npaBoro LIyHOUYKA i TpaBOro Iepefcepfs, MOTOBLIEHHSM CTiHKM apTepili, 3By)KeHHsM iX NPOCBITY, 3HWKeHHSM
TIPOMYCKHOI 3/1aTHOCTI, 3POCTaHHAM KiJbKOCTI YIIKO[KEHHWX eHJ0Te/liOLUTiB, BEHO3HUM IOBHOKDIiB’SM 3akKariJspHUX BeHyJ Ta
BEeHy/I, MOTipIIeHHSIM CEeKPeTOPHOI aKTMBHOCTI MiOEHAOKPUHHUX KIIITUH TiepefcepAb, AUCTPOdiero, HeKp0Oio30M KapioMioluTiB,
eH/IOTe/iOLUTIB, CTPOMAanbHUX CTPYKTYp, iH(iNbTPaTUBHUMU Ta CK/IEpOTMYHUMHM IIpoliecaMu. 3a [JOIOMOrox MopdomeTpii
BCTAHOBJ/IEHO, 11J0 NPaBOCTOPOHHS My/JbMOHEKTOMIsl y BiJj/ja/leHi CTPOKHM IiC/Isl ONepaTMBHOIO BTPYYaHHsl y CBHMHel B’€THaMCBHKOI
nopozy Ta sabopaTtopHUX OiMMX LIypiB-CaMiiiB MPU3BOAUTE O BUPa)KEHOTO PEMOJe/IFOBaHHs KaMep CepLisd, sike XapaKTepHU3yeThbCst
He30a/laHCOBaHUM, JMCIPOMOPLIHHNUM 3POCTaHHSM MacC Ta PO3IIMPEHHSIM KaMep ceplis. TakoX y MOCTpe3eKLiHOMY JiereHeBOMYy
cepl{i BUHMKA€ BUPa)keHa CTPYKTypHa 1epebyzi0Ba epeBaXHO JpibHMX apTepiil ITyHOUKIB Ta repe/icep/b, BUPakKeHe peMo/leTIOBaHHS
Cy[UH MiKpOreMOLIMPKY/ISTOPHOTrO PyC/la IIyHOUKIB ceplist Ta epeAcepAs. I1pu fekommeHcaii rineprpodoBaHoro ceplisi ceKpeTopHa
aKTHUBHICTb MiOeHJOKPUHOLUTIB 3HIDKyeThbCsl. Crazil MopdoreHesy rineprpodoBaHoro Miokap/ia: KOMIIeHCOBaHe Ta JleKOMIIeHCOBaHe
JlereHeBe ceplie XapaKTepU3yHThCs KapZioMeTpUYHIMHU rapameTpamu. Haiibinbin iHpopMaTUBHUMY € TIOKa3HUKH, 5IKi BifjoOpakatoTh
He36a/laHCOBaHICTh 1 AUCTIPOTIOPIHHICTD TiMepTPodiuHKUX Ta TiMeprulaCTUUHUX TPOIECiB Ha BCiX PiBHSIX OpraHisaijii cepiieBoro

M’s3a.

KU1rouoBi c/10Ba: pe3exllis iereHb; MOCTpe3eKlililiHa apTepiasibHa jiereHeBa rinepTeHsisi; iereHeBe ceplie.
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BY3 “TepHONObCKMIA TOCYyAapCTBEHHbIV MeQULIMHCKNI yHBEpCUTET umenn U. A. TopbayeBckoro M3 YkpavHbl®

MOP®OT'EHE3 IIOCTPE3ERIIMOHHOTO JIETOUYHOTI'O CEP/IIIA

Pa3BuTHe JIETOYHOTO CepALa BEI3BIBAET Psifj KOMIIEHCATOPHO-alalTalliOHHbIX IIPOLIeCCOB Ha BCEX YPOBHSX CTPYKTYPHON OpraHU3aL{iH,
KOTOpble UrparoT K/IIOYeBYIO PO/Ib B ero JeKOMIleHCaluW. AJIeKBaTHO OL|eHUTh pasHble (U3MO0T0rMUYecKue IpoLiecChl MOXKHA U
TIOMOIIM MOP(OMeTpPHH, KOTOpasi 00beKTUBU3UPYeT Pe3y/IbTaThl, TI03BOJISET JIOTHYeCKH MHTEPIIPEeTUPOBATh MeXaHU3Mbl MOp(oreHe3a
TIOBPE)XXJEHHbIX OpPraHOB, OMNpeJe/NHUTh aJaNnTalioHHBIe pe3epBbl M BO3MOXHOCTH KOPPErHpyIOLMX BaMsHUNA. HeobopoTHble
T1aTo/I0ryecKye IpoLie CChl 1eTOUHOM TKaHU J0BOIBHO YacCTO eCTh [I0Ka3aHUSIMU /1151 pe3eKLUH TeTKUX, KOTOpasi IPO/0/DKaeT 0CTaBaThCsl
O7iHUM 13 HauboJlee TpPaBMaTUYeCKHX ONEPATUBHBIX BMEIIATEIbCTB M COMPOBOXK/IAETCS YaCTHIMK OC/I0)KHEHHUSIMU BCJIE/ICTBHU PE3KOr0
TIOBBIIIEHNST CONPOTHUBIIEHUSI B MajioM Kpyre KpoBooOpaleHHs, BC/Ie[CTBUM YMeHbIIeHHs1 ero ob6bema. HefocraTtouHoe pas3Buthe
a/lanTalliOHHO-KOMIIEHCATOPHBIX BO3MOXKHOCTeHl MUOKapZia MOXKeT BbI3BaTb OCTPYIO HeJOCTaTOUHOCTb IPABOTO JKelTy)KOdKa —
ocTpoe jierouHoe cepgiie. Peseknust 1/3 u Gosblle erouHON TKaHM MOXKET CIIOCOOCTBOBATh PasBUTHIO CHH/POMA THIEpJUHAMUI
TIpaBOro Keay[ouKa, AUIaTaljiy Ha dTare AeKOMIIeHCAl[il XPOHHUEeCKOTO JIETOUHOTO Cep/ilia, apTepHanbHOM THITePTeH3UH B MalioM
Kpyre KpoBOOOpalljeHHsl U Pa3BUTHIO JIETOUHOrO Cep/lia C yBeJIHueHHeM MaccChl, PacIiMpeHHeM KaMep Cep/la, JOMHHHPOBaHHEM
runepTpoUu M Junaralidy MpaBoro keay[ouka M MPaBoOro mpejcepiusi, yTOILeHHeM CTeHOK apTepuil, Cy)keHueM KX MpPOCBeTa,
CHWKEHHEM TIPONYCKHON CIIOCOOHOCTH, YBEIMYEHHEM KOJMUYECTBA TTOBPEXK/EHHBIX EH/|O0TEIHOLTOB, BEHO3HBIM IOJHOKPOBHEM
MOCTKAIKU/ISIPHBIX BeHY/I, yXy/ILIeHeM CeKpeTOPHOW aKkTHBHOCTH MHUO3H/IOKPUHHBIX K/IETOK MpeJcepui, AucTpoduel, HeKpobro3om
KapJHXOMMOLIMOB, 5H/0Te/UOLUTOB, CTPOMa/bHbIX CTPYKTYP, UH(UIBTPaTUBHBIMU U CKI€POTHUECKUMHU IpolieccaMu. I1pu nmomoru
MOp(OMEeTpPUH yCTaHOB/IEHO, UTO ITPaBOCTOPOHHSIS ITYIbMOHEKTOMHSI B OTZa/lleHHble CPOKHU I10CJIe OIepaTHBHOIO BMellaTebCTBa
y CBHHel BbeTHaMCKOM MOpPOAb! M 1abopaTOpHbIX OesbIX KPbIC-CaMI[OB CIIOCOOCTBYeT K BBIPQKEHHOMY PeMO/e/MPOBAHUI0 Kamep
ceplja, KOTOpPOe COMNPOBOX/AeTcsi HecOa/laHCHPOBAHHBIM /IMCIIPOIIOPLIMOHABHBIM YBeJMUYeHHeM MacChl M pacIIMpeHHeM Kamep
cepzua. OJHOBpeMeHHO TPOMCXOZAWT BhIpa)KEHHasi CTPYKTYDHas I1epecTpoiKa IpeHMyILiecTBeHHO MeKHUX apTepuil >Keay[ouKoB
U TIpeficepAuii, BbIpaKeHHOE peMOoze/IMPOBaHie COCYAOB MHKPOTeMOLIMPKY/ISITOPHOIO PYC/a JKeMy[OuKOB CepALa U Ipefcepiui.
Ilpy pekoMmeHcaluy TuUnepTpoUPOBAHHOIO Cepjlla CeKpeTOpHasi aKTUBHOCTb MMUOYH/JOKDHUHOLIMTOB CHIDKaeTcs. Crazuu
MoporeHe3a runeprpodprpoBaHHOrO MUOKap/ia: KOMITEHCHPOBAHHOE 1 leKOMIIEHCHPOBAHHOE JIeTOUHOE Cep/iile XapaKTepu3UpyrTCs
Kap/iioMeTpruecKrMu napamerpamu. Hanbosee nH$opMaTHBHBIMY eCTh TI0Ka3aTesy, KOTopble 0ToOpakatoT HecbaIaHCHPOBAaHHOCTh
1 AUCTIPONIOPLIMOHAILHOCTh FUIIepTpodHyeCKUX U TUIepIlacTiyeCKUX IIPOL|eCCOB Ha BCeX YPOBHSIX OPraHU3al{uy Cep/leyHON MUIIILIH.

KitroueBble c10Ba: pe3eKiiysi JIETKKX; TOCTPe3eKIMOHHast apTepHasibHasi JIeroYHasi TUIepTeH3Mst; IErOUHOe Cep/Lie.
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