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Critical States in Newborns
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Iesas ucciaenoBanust — orenka MOPGOJIOrHYECKUX UBMEHEHUI COCY/I0B JIETKUX Y HEJIOHOMIEHHBIX HOBOPOXK-
JIEHHBIX C PecupaTopHbIM auctpecc-cuaapomoM (PACH).

Marepuaist 1 MeTozbl. [IpoBesieH aHainu3 UCTOpuii 6OIE3HU U POTOKOJIOB MATOJOTOAHATOMIYECKOTO HCCIe-
nosanust 70 HeIOHONIEHHBIX HOBOPOK/IEHHBIX, YMEPIINX OT TSPKEJIOH /IbIXaTeIbHOW HEJIOCTATOYHOCTH B PE3yJIbTa-
te pazsutusi PJICH. Bce HoBopoxkentbie pazaenens Ha 3 rpyrist: rpymna «PIICH» — 25 (35,7%) neteii, ymep-
mmx ot P/ICH, y koropwix cypdakTantsl He npuMmeHsiinchk, rpynmna «Kypocypd» — 26 (37,2%) nereii,
MOJIYYMBIINX B KOMILIEKCHOM Teparmuu 3abojeBaiust 9K30TeHHbIN cypdakrant «Kypocypd»; rpymma «Cypdak-
taut BJI» — 19 (27,1%) nereii, nosyuusinx «Cypdakrant BJI». [IpoBoauin rucrosorndeckue u Mopho-mMerpu-
YecKue UCCJIeJOBAaHUS COCYAOB JieTkuX. Omnpezernsin naaekce KepHorana (OTHOIIEHHe AnaMeTpa IPOcBeTa K TOJI-
ITIHE CTEHKU COCY/1a).

PesyabraTel uccaenoBanus. Y HoBoposkaeHHbIX rpymn «PJICH» n «Kypocypd» aprepuaibaoe pyc/io Jerkux
[IPEICTAaBIEHO COCYAaMK AuaMeTpoM 10 50 MrM. Aprepun 6oJee kpynHoro auamerpa 51—100 MxM 1 apTepun, 1u-
amerpoM Gostee 100 MKM pacripeiesisiioTesi pABHOMEPHO U COCTaBJISIOT 1/3 0T 00111ero KoindecTBa BU3yaausupye-
MbIX cocyoB. Jlost mereit rpymmbl «Cypdaxrant BJIl» xapakrepHo o6paTtHOe COOTHOIIEHNUE apTEPHATBLHOTO COCY-
JICTOTO pycJia: aprepun auamerpoM 10 50 MM coctaistior 30% OT BCex COCYOB, MPeobJIalaioT aprepun
auaMerpom bosiee 100 M. BeHo3HOE Pycsio HOBOPOXKIEHHBIX BCEX TPYIIIT MPEJACTABIEHO, B OCHOBHOM, COCYIAMU
muamerpom Meree 50 MM, Hauboubiiie usmenenust rosmtbl crenku aprepuii (TC,) XapakrepHbl st COCYI0B
¢ o6mmM auamerpoM 6osiee 51 Mxm. Y aereii rpynnb «PIICH» nanbosbime nusmenenus TC, XxapakTepHbl 17151 ap-
tepwuii ¢ amamerpom 51—100 Mxm. Miamerenue cteHok apTepwii iuamerpom 6osiee 101 MKM XapaKTepHBI 11T HOBO-
poxzaennbix rpynmsl «Cypdaxrant BJIs. B rpymnme «Kypocypd», o cpaBHeHuIo ¢ IpyruMu TPYTITIaMU, He BBISIB-
JIEHO TOCTOBEPHBIX M3MEHEHWH WCCaeIyeMbix Tokasateneit, (p>0,05). B aToit ke Tpymme, Mo CpaBHEHUIO C
rpynmamu «PIICH» n «Cypdakrant BJI», orMevyannch MUHUMAIbHbIE N3MEHEHMS MTOKA3aTe el BEHO3HBIX COCY-
JI0B, HauMeHbliast Tosuba credku Bed (TCy) Ben ¢ guamerpom Gosee 100 mxm. Muaexke Keprorana njist Ben mMa-
JIOTO IamMeTpa Oblll MUHUMAJIbHbBIM.

3akmouenue. VccienoBanre MUKpOIMPKYIgaTOpHOTO pyca gerkux npu PIICH sBisieTcs aktyanbHoi mpakTu-
4ecKol 3aj1aueil, T.K. HapyIieHue ra3000MeHHOH (YHKIUK JIErKUX Y HEAOHOIIEHHBIX HOBOPOJKICHHBIX 00y CJIOBIIC-
HO, B TIEPBYIO OYepe/ib, HapyIleHneM KPOBOOOPAIEHUsT U MUKPOLMPKYJISIUK PA3JIMYHOIl CTEIIeHN BHIPAKEHHOCTH
Ha (hoHe aHaTOMODYHKIIMOHATBHOI HE3PETOCTH MUKPOIMPKYJ/ISITOPHOTO pycJia Jerkux. [1pu HebmaronpusTHoM uc-
xoj1€ 3200JIeBaHUsI OCHOBHBIMU TIPU3HAKAMU HAPYLUIEHUI MUKPOLMPKYJISIIU B JIETKUX SIBJISIIOTCSI PACIIUPEHUE [TPO-
CBeTa apTepuil 1 BeH, yToJleHue cTeHku cocyioB. [Ipenapars cypdakTaHTOB OKa3bIBAIOT BJINSHUE HA U3MEHEHHE
[POCBETA COCY/IOB JIETKUX, OCOOEHHO InaMeTpoM Gosiee 50 MKM, UTO HAIPABJIEHO, BEPOSITHO, HA YJIy4IleHe KPOBO-
cHabskeHus B JierkuX. /171t HOBOPOKICHHBIX, MOJYYHBIIIX KypPOoCypd, XapaKTepHbl MUHUMAJIbHbBIE 3HAYCHUST HCCIIe-
JTyeMBIX TTIOKa3areJei, 1o cpaBHeHIo ¢ HoBoposkaeHHbIME Tpymil «P/ICH» m «Cypdakrant BJI».

Kntoueswvte crosa: mopdomempus cocyoos iezkux; MUKPOUUPKYIAUUS IeZKUX; HeOOHOUEHHbLE HOBOPOICOCHHVLE;
PecnupamopHbiil OUCMPecc-CUHOPOMOM; IK302eHHbLE CYPDHAKMAHMbL
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

The purpose of the study is to evaluate morphological changes in lung vessels of preterm infants with the infant
respiratory distress syndrome (IRDS).

Material and Methods. Case history records and postmortem examination protocols of 70 preterm infants who
died because of severe respiratory compromise as a result of IRDS were analyzed. All newborns were divided into
three groups: the IRDS group included 25 (35.7%) infants who died due to IRDS (no surfactant); the Curosurf
group was composed of 26 (37.2%) infants who received an exogenous surfactant Curosurf as a part of a complex
therapy; the Surfactant BL group included 19 (27.1%) infants receiving Surfactant BL. Histological and morpho-
metric examinations of lung vessels were performed. The Kernogan index calculated as the ratio between the
lumen diameter and the wall thickness was determined.

Results. The arterial bed of newborns in the IRDS and Curosurf groups was composed of vessels having up to
several um in diameter. Larger arteries (51—100 pm in diameter) and arteries of more than 100 pm in diameter are
distributed uniformly and comprise 1/3 of the total number of visualized vessels. The invert correlation of the arte-
rial vascular bed was typical for the infants in the Surfactant BL group: arteries of 50 um in diameter comprise 30%
of all vessels, and arteries of more than 100 um in diameter prevail. The venous bed of newborns consisted mainly
of vessels having less than 50 um in diameter. The greatest changes in the arterial wall thickness (TC,) are typi-
cal for vessels with a total diameter of more than 51 pm. In babies of the IRDS group, the greatest (TC,) changes
were typical for arteries of 51—100 pm in diameter. Changes in arterial walls (>101 pm) were typical for the
Surfactant BL group. Unlike other groups, in the Curosurf group, no significant changes in the parameters under
the test were found (P>0.05). In this group (as compared to IRDS and Surfactant BL groups), there were minimal
changes in vein characteristics and the minimal venous wall thickness (TC,) (>100 um in diameter). The
Kernogan index for veins with small diameter was minimal.

Conclusion. Evaluation of the microcirculatory bed of lungs in IRDS patients is an urgent problem because
the pulmonary gas exchange impairment in preterm infants is primarily caused by circulatory and microcirculato-
ry disorders of various degrees of severity that result from anatomic and functional immaturity of the lung micro-
circulatory bed. In cases of unfavorable outcomes, dilation of arterial and venous lumen and vascular wall thick-
ening might be considered as principal signs of microcirculatory disorders. Surfactants affect changes in the
diameter of lumen of lung vessels, especially those with a diameter more than 50 pm, presumably improving the
blood supply of the lungs. Minimal changes of tested parameters were typical for newborns on Curosurf versus
IRDS and Surfactant BL groups of infants.

Key words: vascular morphometry; lung microcirculation; preterm infants; respiratory distress-syndrome; exoge-
nous surfactants
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Beenenue

KomMIuiekcHble cONUaibHO-9KOHOMUYECKUAE |
MEJIMITMHCKAE MEPbI, TPOBEJEHNE PeOopraHu3aluu
OKa3aHUsI MEAUIIMHCKOI TTOMOII GepeMeHHBIM, HO-
BOPOK/IEHHBIM U JIETSIM PA3JIMYHOTO BO3PACTa, BHE]I-
peHre COBPEMEHHBIX METOJIOB B MPAKTUKY JieUeHUS
HOBOPOJKJIEHHBIX CYIIECTBEHHO YIYUITHIN IeMOTpa-
(uueckue mokazarenmu. Hapsgy c yBeiandeHuem
POXKIAEMOCTH, TTPOUBOILIO CHUKEHNE TIepUHATATh-
HOU ¥ MJIaJIEHYECKON CMEPTHOCTH, KOTOPBIE OIpe/ie-
JISTIOT YPOBEHDb OKA3aHUS TIePUHATATBHON MTOMOIIN B
cTpaHe. AHAJOTWYHAS TEHIEHIIUS XapaKTepHa JJIst
MHOTHX cTpaH [1—3].

B nacrosiee BpemMs 6oJIblIIoe BHUMaHHUE Y/Ie-
JISETCS JIEYEHUIO W BBIXAKUBAHUIO HEJIOHOIIEHHBIX
HOBOPOJKJIEHHBIX, 0COOEHHO ¢ OY€Hb HU3KOI Maccoil
tesa (OHMT) u akcTpeMasibHO HU3KOM Maccoii Tesia
(OHMT) npu poskneHun, T.K. B 3TOI KaTeTOPUH TTa-
IIUEHTOB TIOBBIIIEH PUCK PA3BUTHUS PECITUPATOPHOTO
nuctpecc-cuaapoma (PIICH), a Takke HacTymienne
HeOIaropUATHOrO NCX0/a B PAaHHEM HEOHATAJbHOM
1 TTOCTHATAIBHOM Tlepuojax [3—7].

MozemipoBatue (OJIE3HU THAJTUHOBBIX MeMO-
pan (BI'M) B akcnieprMeHTe TTOKa3as0, 9TO B JIETKUX
HOBOPOJKJICHHBIX KPBICST YK€ C TIEPBBIX CYTOK 0OHa-
PYKUBAeTCsT TOBPEKIEHNE albBeoJIONNTOB. B vacTn

Introduction

Comprehensive social, economic, and medical
measures, improvement of medical care for pregnant
women and newborns, as well as children of various
ages, introduction of state-of-the-art treatment
methods into the routine neonatal practice have sig-
nificantly improved the demographics. Along with
the increased birth rates, a decrease in perinatal and
infant mortality rates was observed, i.e. in parame-
ters determining the level of the perinatal care in a
country. The same tendency is typical for many
countries [1—3].

At present, much attention is paid to the treat-
ment and neonatal care of preterm infants, especially
those with very low birth weight (VLBW) and
extremely low birth weight (ELBW), because the
risk of the infant respiratory distress syndrome
(IRDS) and unfavorable outcomes in early neonatal
and post-natal periods is higher in these groups of
patients [3—7].

Experimental modeling of the hyaline mem-
brane disease (HMD) demonstrated that alveolo-
cyte impairment was observed in the lungs of new-
born infant rats from the first day of life. Red blood
cells and homogeneous oxyphilic hyaline membranes
(HMs) were found in some alveoli. During the
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aJIbBEOJ OOHAPY KUBAKOTCS 9PUTPOIIUTHI, TOMOTEHHBIE
okcubuibHble rHannHoBbie MeMOpanbl (I'M). TIpu
VBEJIMYEHUN JJIUTENBHOCTH GOJIE3HU CTPYKTYpPHbIE
MU3MEHEHUS B JIETKUX YCYTYOJISIOTCS: B OOJIBIIEM KO-
JIMYECTBE BBISABJISIOTCS THAJIMHOBBIE MEMOPAHbI, 3Ha-
YUTEJbHAS YaCTh albBEOJI 3armojHeHa (hOPMEHHBIMU
aJIeMEHTaMU KPOBU, OTPEJIETISIOTCS OYaru aTesieKTa-
30B, BHOBb 00Pa30BaHHOM COEANHUTEIBHON TKaHH [8].

Pannne cpoxu reuenus PIICH compoBoskaator-
cs1 TyOOKMMHU HapyHIEHUSIMU MeTabon3Ma, 4To
00YCJIOBJICHO MEPEHECEHHOI aHTe- W WHTPaHATA b-
HOU runokcueil Ha pone ry6okoil Mopdoorniec-
KOl He3peJocTH HeloHOIIeHHOTO pebeHka [3, 6, 9,
11]. OcHOBHBIMU KJIMHUKO-MOPGhOJOTHIECKUMU
(hopmamu pecnipaTOPHBIX HAPYIIEHWH y HEIOHO-
NIEHHBIX HOBOPOXKIEHHBIX SIBJSIOTCS TIEPBUYHBIE
atenekrasbl 1 M. HebmaronpusitHbiM (hakTopoM
SBJISIETCS MHTPaHaTaTbHAS acTIUpalns OKOJOIION-
HBIX BOJI, TIPETSITCTBYTONIAST CTAHOBJIEHNIO HOPMAJTh-
HOTO Ta3000MeHa, CIMOCOOCTBYIOMAS MTOBPEKIECHNIO
AJTbBEOJISIPHOTO AMUTEJUS U MOBBIIEHUTO TPOHUIIAE-
MOCTHU KanmIsIpoB 1 pa3sutuio M. Xapaxrep mop-
(bosornyeckux M3MeHEHUN B JIETKUX 3aBUCUT OT
MHOTHX (PaKTOPOB: 0COGEHHOCTEN TeueHUsT GepeMeH-
HOCTHU, TECTAIIMOHHOTO BO3pacTa, IPUMEHEHUS Cyp-
(bakTaHTOB, TPOAOIKUTEIBHOCTH JKU3HU OOJIBHOTO.
IbPeKTUBHOCTD Tepanuu HK30TEHHBIMHU Cypdak-
TAaHTAMW 3aBUCUT OT KauyecTBa OKa3bIBAeMOI TOMO-
my pebGeHKy NPHU POKAEHWM, BPEMEHHU IepeBoja
6osbHOTO Ha VIBJI 11 cpoKOB BBeeHUs cypdaKkTaHTa
[IPU CTPOTOM COOJIFOJIEHUE PEKOMEHAAIMIT 110 MPH-
MeHeHno nipenapara [11—13].

CoBpeMeHHbIe METOJIbI JIEYeHUS TIPUBEJIN K 13-
MEHEHWTO KIMHUYECKUX U, OTYACTH, Mopdoormiec-
kux nmpusHakoB P/ICH, a Takke mosBiIeHNIO HOBOM
dopmbl GpoHxoJerouHoil ancriasun. CyliecTBeH-
Hast POJIb B 9TOM MPUHAJIECKUT TPUMEHEHNIO TIpeTa-
paToB cypdakTanTa st MPOPUIAKTUKI U JIeUeHUS
PIICH, pecnimpaTopHO# Tepanuu B Pa3JIMYHBIX MO-
mubukanusx [12, 14, 15]. Basxkuast posib B pa3Butuu
MATOJIOTUYECKOTO TIPOIecca B JIETKUX MTPUHAJIEKIT
paccTpoiicTBaM KpOBOOGpaleHusi, KoTopbie 06yc-
JIOBJIEHBI, B TOM YHCJ€, 1 MOP(HOTOTUIECKUMU U3Me-
HEHUSIMU B COCY/IaX JIETKIX.

[lens nccmemoBaHmsT — olleHKa MOPGhOJIOTHYIEC-
KUX M3MEHEHWI COCY/IOB JIETKUX Y HEOHOIICHHBIX
HoBopoxeHasix ¢ PIICH.

Marepuan u MeTObI

ITpoBesu anajm3 UCTOpuii 6OJE3HN ¥ IPOTOKOJIOB T1a-
TOJIOTOAHATOMUYECKOTO Mccae[0BaHust 70 HeIOHOTIEHHBIX
HOBOPOJKJIEHHBIX, YMEPIINUX OT TSIKEJION IbIXaTeTbHOM He-
JIOCTaTOYHOCTH. BceX HOBOPOJKIEHHBIX pas/esnin Ha 3
TPYIITID:

1 «PHCH» — 25 (35,7%) neteii, ymepiux ot PIICH,
KOTOPBIM JieueHne cypdhakTaHTaMu He TPOBOIUIIOCH.

2 «Kypocypd» — 26 (37,2%) nereii, moTy4InBIINX
B kommztekcHoit Tepanuu P/ICH cypdakrant xypocypd.

course of the disease, the structural changes in the
lungs worsened: greater amounts of hyaline mem-
branes were found; a significant part of alveoli was
willed with corpuscles; foci of atelectasis and newly
formed connective tissue were found [8].

Early stages of IRDS are associated with severe
metabolic disorders due to antenatal and intranatal
hypoxia with underlying severe morphological
immaturity of a preterm infant [3, 6, 9, 11]. Primary
atelectases and HMs are basic clinico-morphological
types of respiratory disorders in preterm infants.
Intranatal aspiration of amniotic fluid is an adverse
factor impairing a normal gas exchange and con-
tributing to impairment of alveolar epithelium and
enhancement of capillary permeability and HM for-
mation. The type of morphological changes in lungs
depends on multiple factors, namely: characteristics
of the course of pregnancy, gestational age, adminis-
tration of surfactant and patient's life span. The
effectiveness of the therapy with exogenous surfac-
tants depends on the quality of the neonatal care, the
time of switching to mechanical ventilation and the
time of surfactant administration, provided the pre-
scription instructions are strictly kept [11—13].

Application of modern treatment options led to
changes in clinical and morphological (in part) man-
ifestations of IRDS, as well as to emergence of a new
form of bronchopulmonary dysplasia. A significant
role is played by surfactants prescribed for preven-
tion and treatment of IRDS and different modifica-
tions of respiratory therapy [12, 14, 15]. Important
impact might have circulatory disorders caused by
morphological changes in pulmonary vessels.

The purpose of the study is to evaluate mor-
phological changes in lung vessels of preterm infants
with the IRDS.

Materials and Methods

Case history records and postmortem examination
protocols of 70 preterm infants who died because of severe
respiratory compromise were analyzed. All newborns were
divided into 3 groups:

e the IRDS group included 25 (35.7%) infants who
died due to IRDS (no surfactant);

*  the Curosurf group was composed of 26 (37.2%)
infants who received an exogenous surfactant Curosurf as
a part of a complex therapy of IRDS; usually, Curosurf was
administered within first 2—5 minutes of life.

e the Surfactant BL group included 19 (27.1%)
infants who received Surfactant BL as a part of a complex
therapy within 2—5 hours after birth.

In all cases, the following factors were observed: unfa-
vorable course of the pregnancy, maternal and fetal ante-
natal and intranatal risk factors, as well as inflammatory
changes in placenta and umbilical cord (chorioamnionitis,
deciduitis, intervillusitis, and funiculitis) with underlying
subcompensated and decompensated placental insufficien-
cy. Antropometric characteristics of experimental groups
of newborns are presented in Table 1.
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Ta6auna 1. XapakrepucTuka HeJOHOUIEHHbIX HOBOPOKAeHHbIX (M*0; Me[LQ;UQ]).
Table 1. Characteristics of preterm infants (M+0; Me[LQ;UQ]).

Groups Values of parameters in groups

Gestational age, weeks Body weight, g Height, cm Life span, hours
IRDS (n=25) 27.0£0.5% 1035+91* 34.2+0.8* 55.0£8.4
Curosurf (n=26) 291427 1455.62521.6 39344 55[21; 145]
Surfactant BL (n=19) 31.7+£0.7 2071+1471 43+1.2 47+11.8

Note. * P<0.05 — significance of difference as compared to Curosurf and Surfactant BL groups.

Ipumevanue. /st tabau 1, 2: Groups — rpynms;; IRDS — PIICH, Curosurf — Kypocypd, Surfactant BL — Cypdakrant BJI (To &e
naist puc. 1, 2); Values of parameters in groups — sHauenus mapametpos B rpynnax. Gestational age, weeks — cpox recraiuu, Hezesnb;
Body weight, g — macca tena, rp; Height, cm — pocr, cm; Life span, hours — nipogoskut. skusmu, yacos. * — p<0,05 — 10cTOBEPHOCTD
passnunii mo cpasHennio ¢ rpynmnamu «Kypocypd» n «Cypdaxrant BJl».

Beeznenue kypocypda ocymiecTBisI0Ch, Kak IPaBUIo, Ha
2—5 MUHYTaX KU3HU.

3 «Cypdaxrant BJI» — 19 (27,1%) nereit, mony-
quBmUX cypdaktant BJI gepes — 2—5 9acoB mocse poK-
JIEHUsI B KOMILJIEKCHOU Teparinu 3a00J1eBaHusL.

Bo Bcex ciryuasix numesu Mecto HebJIAronpusiTHOE Te-
yeHre OepPeMEHHOCTH, AHTEHATAIbHbIE U MHTPAHATAIbHbIE
(haxTopbl pricka co cTOPOHBI MaTEPH U IJI0/1A, & TAKXKeE, BOC-
MaJMTebHble M3MEHEHUS B IIJIAlleHTe, TyNoBUHE (XOPHO-
AMHUOHUT, JCIU/YNUT, UHTEPBUILIY3UT, (QYHUKYJIUT) Ha
(one cy6- 1 TEKOMIIEHCMPOBAHHOM XPOHUYECKON TIIalleH-
TapHOI1 HEZIOCTATOYHOCTH. AHTPOIIOMETPUYECKAd XapaKTe-
PHUCTHKA HOBOPOXK/IEHHBIX UCCJIE/yEMbIX IPYIII ITPE/ICTaB-
JieHa B Tabr. 1.

Hosopoxaennsie rpyrinst «P/ICH» nmenu nocrosep-
HO MEeHbIIINe TeCTAl[HOHHBII BO3PACT, Maccy Teja U pocT
mpu poxaenun (p<0,05). B uccnenosanue Briaiounnn 44
(62,9%) peberka ¢ MaJIbIM TeCTAI[IOHHBIM BO3PACTOM 1 C
IHMT npu poxnenunn. B rpynme «PCIH» 21 (84%) Ho-
Boposkaennpiii numesr IHMT, B rpynne «Kypocypd» — 8
(30,7%) nereit, B tpynme «Cypdakrant BJI» Takux HOBO-
POKICHHDBIX HE OBLIO.

Bo Bpems: 11aTo/10roaHaTOMIUYECKOTr0 BCKPBITHS [IPOBO-
JIUJTA MAaKPOCKOTIMYECKYIO OIeHKY Jierkux. JlJis rucrosioru-
YECKOTO MCCJICIOBAHMSI GPaI KYCOUYKH U3 PA3HbIX CEIMEH-
TOB JIETKUX, KOTOpBIe ukcupoBaan B 10% HeliTpasbHOM
dopmanune u 3anuBasu B mapadun. [ucronmornyeckue cpe-
3bl OKpPAIMBAJIM TI'eMAaTOKCUJINH-D03UHOM, PEaKTUBOM
lIudda, cymanom, nmo Ban-Twsony. [mcronorunueckue u
MOpGhOMETPUYECKUE MCCJIe/IOBAHUS TPOBOANIN C IOMO-
mpto Mukpockona «Olympus BX 41> u KoMIbooTepHOIt
nporpammbl «Image Scope M». Perucrpaiiusi uameHenuii B
nperaparax JErkix y4uTbiBaIa COCTOsTHITE OPOHXOB Pa3HO-
ro Kasnbpa; albBeoJI, AIbBEOJISIPHBIX XO/0B; AJIbBEOJISIPHO-
r0 1 OPOHXUOJISIPHOTO SIHUTEJIHST; MEJKAIBBEOJISIPHBIX TIEpe-
TOPOJIOK; PAcCIIOJIOKEHUE, BHJI, KOJMYECTBO M CTEHEHb
BoIpakennoct I'M; orenuBaan cocrosinue KPOBEHOCHBIX
1 MMGATUIECKUX COCYIOB, COEMHUTEIBHOI TKaHU. Pe-
3yJILTaThl MOP(OJIOTNUECKOr0 UCCAEAOBAHIS COOCTABIIS-
JIML € TECTAIIMOHHBIM BO3PACTOM, COCTOSIHUEM PeOeHKa 1pu
POSKIEHVHU, KITMHUYECKUMU MTPOSIBJIEHUSIME 3a00JI€BAHUST 1
JUTUTEIBHOCTBIO Teverust Gosiesnn. [IpoBopnmiu omenky
3PEJIOCTH JIETOUHOI TKaHH, COOTBETCTBHUS ee TeCTAllMOHHO-
MY BO3pacTy.

B rucrosiornueckux cpesax JIErkux BbITOJHUIM MOP-
(omerpuueckoe namepenune BayTpeHtero auamerpa (DV)
n rosmmnbl crenku aprepuii (TC,), BHyTpenHero quamer-
pa Ber (DV) u tommunet crenku Ben (TCy). Ha octosa-

Newborns in the IRDS group had significantly less
gestational age, body weight and height at birth (p<0.05).
44 (62.9%) low-gestational-age and ELBW infants were
enrolled in the study. In the IRDS group, 21 (84%) new-
borns had ELBW, in the Curosurf group, there were 8
(30.7%) such infants; in the Surfactant BL group, there
were no such infants.

Macroscopic examination of lungs was performed dur-
ing the postmortem examination. Samples from different
lung segments were taken for the histological test; they
were fixed in 10% neutral formalin and embedded in paraf-
fin. The histological sections were stained with hema-
toxylin-eosin, Schiff's reagent, sudan, and Van Gieson's
stain. Histological and morphometric studies were per-
formed using the Olympus BX 41 microscope and Image
Scope M software. The registration of changes in lung
specimen took into consideration the state of bronchi of
various sizes; alveoli and alveolar ducts; alveolar and bron-
chiolar epithelium; alveolar septa; location, type, amount,
and severity of HMs; in addition, the state of blood and
lymphatic vessels and connective tissue was assessed. The
morpho-histological findings were compared with the ges-
tational age, infant's state at birth, clinical manifestations
of the disease, and the duration of the disease. The maturi-
ty of the lung tissue and its compliance with the gestation-
al age was assessed.

Morphometric measurements of arterial lumen diame-
ter (DA) and wall thickness (TC,) and venous lumen
diameter (DV) and wall thickness (TCy) were performed
in histological sections of lungs. Based on the data
obtained, a vascular index, Kernogan index, was calculated
as the ratio between the lumen diameter and the wall
thickness (DA/TC,, DV/TCy). Based on the measure-
ments, all vessels were subdivided into three groups
depending on the vessel diameter:

D, — the vessel diameter is more than 100 pm, D, —
51—100 um, D4 — less than 50 pym. DA — arterial lumen
diameter is more than 100 pm; DA, — 51—100 um; DA; —
less than 50 um. DV, — venous lumen diameter is more
than 100 pm; DV, — 51—100 um; DV, — less than 50 um.
The corresponding wall thickness is

TC,y, TC,y, TC,; for arteries, and TCy;{, TCyy, TCys
for veins. DA/TC,, DA,/TC,, DA;/TC, are correspond-
ing ratios for arteries and DV,/TCyy, DV,/TCy,,
DV;3/TCys for veins.

Thirty measurements were performed per each obser-
vation. Based on the data obtained, the arithmetic mean,
standard deviation, and median were determined.
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HUU TIOJYYEeHHBIX JAHHBIX MPOBEIEH MaTeMaTH4YeCKUui
pacuer cocyMcToro nnjiekca — unaekca Keprorana, orpa-
JKAIOIIET0 COOTHOIIEHVE BHYTPEHHETO IMaMeTpa 1 TOJITIH-
uel crenku cocyna (DA/TC,, DV/TCy). Ha ocnoBannm
IIPOBE/ICHHBIX U3MEPEHUIT BbIZIEJEHBI TPU TPYIIIBI COCY-
JIOB, B 3aBUCUMOCTH OT BEJIMYUHBI aMeTpa cocyaa: Dy —
muametp cocyna 6osee 100 mxm, Dy — 51—100 mxm, Dy —
menee 50 Mmxm. DA, — BHYTpeHHUIT [uameTp aprepuii 6o-
gee 100 mxm; DA, — 51—100 mMkM; DA5 — mMenee 50 MKM.
DV, — BHyTpeHHuii auamerp Ber 6osee 100 mxm; DV, —
51—100 mrMm; DVy — menee 50 Mxm. VM COOTBETCTBYIOT
tosmuHa cocyauctoit crenku aprepuii: TCyy, TCyy, TCys
n BeH: TCyy, TCyyy, TCys, a Takske cootHomenue DA /TCy,
DA,/TC,, DA3;/TC; pmna aprepuit u DV,/TCyy,
DV,/TCyy, DV3/TCy5 s Ben.

[TpoBommIoCh TPHUANIATH M3MEPEHUII B KaskKAOM Ha-
Guroziernn. Ha OCHOBaHUY TOJIyYeHHBIX [TaHHBIX OIpejie-
JIAJIach BeJIMYMHA CpejiHell apudMeTH4ecKoii, cpeiHee
KBaJ[paTUYHOE OTKJIOHEHNe 1 Mearana. [Ipu cratucruyaec-
KOil 06pabOTKe MOJTyYEHHbBIX [TAHHBIX TPUMEHSIIN METOIbI
JECKPUINITUBHOI 1 BAPUAIIMOHHON CTATHCTHKH, Hellapame-
TpUYECKKe MeTO/bI OlleHKU. OTJINYUs CUUTAIN JIOCTOBEP-
HBIME TIPU YPOBHE cTaTHCTHIeCKON 3HaunmMocTu p<0,05.

PesyabraThl U 00CyK/IEHHE

[lnsg BcexX HEMOHOIIEHHBIX HOBOPOJK/EHHBIX,
BKJIIOUEHHBIX B UCCJIE0OBAHNE, XapaKTePHO HebIaro-
npusaTtHoe Tedenne P/ICH. Bemymum cummntomom
SIBJISLTIACH JIBIXATEJIbHAS HEOCTATOUHOCTD, 00YCI0B-
JIEHHasT TIEPBUYHBIM JlehuniutoM cypdakranra. [lo-
cJie OKa3aH!s MIePBUYHON M peaHNMaIlMOHHOH TOMO-
T BCeX HOBOPOJK/IEHHBIX TIePEBOINIIHN B OT/eJIeHIe
peaHuManuu W WHTeHCUBHOW Teparmnu. HoBoposk-
JIEHHBIM BCeX TPYMI MPOBOAWIN WCKYCCTBEHHYIO
BeHTHIATINIO Terkux (MBJI).

Mopdomornueckoe mccieoBaHue JIETKUX HO-
BoposkaeHHbIX Tpymibl «P[ICH» BhigBuio Hammume
IMaJUHOBBIX MeMOpaH PasJUYHON JIOKATM3AIIH.
Brrsgsuim xapakTepHble 3MEHEHUSI MUKPOIIMPKY JIsi-
TOPHOTO PYyCJia: TIPOCBET apTepuii U BeH PacIInpeH,
DHIOTEJIHIT HAOYXIIUI, MECTAMU «CJIOUCTbIIT». ApTe-
puanbHasg CTeHKa yToJieHa. Bokpyr cocy/10B BbIpa-
JKeH OTeK TKaHel. MHorouncienHble apTepruosio-Be-
HO3HBIE aHACTOMO3bl pacuiupeHbl. B mupoxrmx
MeKaJTbBEOJSIPHBIX TEPEeropo/ikaX BBIPAKEHO MOJI-
HOKPOBHE KaIlMJLISIPOB, OOJIBIIOE KOJTUYECTBO aHAC-
TOMO30B, JUM(aTHYeCKre COCYbl NMEIT paclliu-
pennblii mpocset. Ilox mieBpoit, BOKpyr cOCysoB u
PECIUPATOPHBIX OPOHXOB BU3YATM3UPYIOTCS MEJIKO-
OuYaroBble CKOIJIEHUS 3PUTPOIUTOB. [[y11 HOBOPOIK-
nenabix ¢ JHMT, nmpoxusmmx 49—72 yaca, xapak-
TEPHO TIOJTHOKPOBUE KPOBEHOCHBIX COCY/IOB,
MHOKECTBEHHbIE MeJIKWe 1 KPYITHbIe KPOBOM3JIHSI-
HUS B TUIEBDY, CENTHI, BOKPYT COCYA0B 1 GPOHXOB. Y
HEKOTOPBIX OOJIbHBIX BHU3YaJU3UPYIOTCSI OYaroBble
KPOBOU3JIUSHUS B AJIbBEOJIBI.

Y Bcex HOBOPOKIEHHBIX Ipymiibl «Kypocypd»
TaKsKe BBISIBUJIM THAJWHOBBIC MEMOPAHbI, PA3JIMIHON
TOJIIIIMHBI 1 JIoOKanm3annu. PaccrpoiicTBa MUKpore-

Methods of descriptive and variation statistics, as well
as nonparametric methods were applied for the statistical
treatment of findings. The difference was considered sig-
nificant with a confidence level of P<0.05.

Results and Discussion

Unfavorable course of IRDS was typical for all
newborns enrolled in the study. Respiratory compro-
mise caused by primary surfactant deficiency was the
leading symptom. All newborns were transferred
into the intensive care unit after primary care and
neonatal resuscitation. Mechanical ventilation
(MV) was applied for newborns in all groups.

The morphological examination of IRDS group
newborns' lungs demonstrated the presence of hya-
line membranes in various locations. Typical changes
of the microcirculatory bed were found: the arterial
and venous lumens were dilated; the endothelium
was swollen and laminated in some areas. The arteri-
al wall was thickened. There was severe perivascular
tissue edema. Multiple arteriovenous anastomoses
were dilated. There were marked capillary plethora
and a great number of anastamoses in wide alveolar
septa; lymphatic vessels had dilated lumens. Small-
focal deposits of red blood cells were visualized
under the pleura and around vessels and respiratory
bronchi. Vascular plethora, multiple small and large
hemorrhages into pleura and septa and around ves-
sels and bronchi are typical for newborns with
ELBW at 49—72 hours of age. Focal hemorrhages
into alveoli were visualized in some patients.

Hyaline membranes of various thickness and loca-
tion were found in all Curosurf group newborns, as well.
Disorders of microhemocirculation depend on a num-
ber of factors: gestational and postnatal age and the
duration of MV. In very preterm infants with ELBW
who died within 6—16 hours after delivery, the lumen of
blood vessels was dilated, the wall was thickened, the
endothelium is loose, and there were red blood cell
aggregations in the lumen. The number of arteriove-
nous anastmoses varied. Hemorrhage of different sever-
ity and location were typical for this group of newborns:
large hemorrhage were detected around vessels and
bronchi, and the mall ones were located subpleurally.
When the life span expanded to 66 hours, capillary
plethora was found in alveolar septa; there was also a
great number of empty arteriolovenular anastomoses.
There were small single hemorrhages under the pleura,
into septa, and around vessels and bronchi.

In the Surfactant BL group newborns, circulation
disorders depending on the life span were found in addi-
tion to hyaline membranes of various degrees of severi-
ty. In the event of a lethal outcome within 6—12 hours
after the delivery, hemorrhages into the interlobular tis-
sue were found. Multiple RBC aggregations were locat-
ed around vessels and bronchi and in the interstitial
space. All vessels were dilated, the wall was thickened,
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

MOIIUPKYJISIIIAN 3aBUCAT OT Psijia (DaKTOPOB: TeCTaIH-
OHHOTO M TIOCTHATAJILHOTO BO3PACTa, JJIUTEIHLHOCTH
MBJIL ¥ riyGOKOHEIOHOIIEHHBIX HOBOPOKIEHHBIX C
IOHMT, ymepmmx yepes 6—16 wacoB mocse poxie-
HUSI, TPOCBET KPOBEHOCHBIX COCY/IOB PACIIUPEH, CTEH-
Ka YTOJIIEHA, 9HIOTEIUI PBIXJIbIH, B TPOCBETE — CJia-
JUKK 9puTponuToB. KoimyecTBO apTepro-BeHO3HBIX
aHACTOMO30B BapbupyeT. /I HOBOPOKIEHHBIX ITOM
TPYIIIBI XapaKTePHbI KPOBOUBJIUSHUS PA3JINIHOM cTe-
MEHW BBIPAKEHHOCTH W JIOKAJTU3AI[UH: BOKPYT COCY-
JIOB 11 OPOHXOB HAXOATCS KPYITHbIE KPOBOM3JIUSTHIIS;
MeJIKHe — pacioJiaraorcest cyoriespaibto. [Ipu yBe-
JIMYEHWH TTPOOKUTENTbHOCT! KU3HU /10 66 4acoB B
MeKaJTbBEOJISIPHBIX TIEPETOPO/IKAX BbIPAKEHBI KaIlNJI-
JISPHOE TIOJTHOKPOBHE, OTPEAESETCS OOJIBIIOE YHUCIO0
IIyCTBIX apTEPUOJIO-BEHYJISPHBIX aHACTOMO30B. BbI-
SBJISIOTCS MEJIKUE e/JAHMYHbIE KPOBOU3JIUSHUS TIO]T
ILJIEBDY, B CEIThI, BOKPYT COCY/IOB U OPOHXOB.

g HoBopoxknenubix rpymnmbl «Cypdakrant
BJI», B JIerkux Hapsiy ¢ THAIMHOBBIMU MeMOPaHAMU
Pa3JIMYHON CTEIeHN BbIPA)KEHHOCTH, BBISIBUJIN HapY-
[IEHUsT PAcCTPOiiCTBAa KPOBOOOPAIEHMs], KOTOPbIE
TaKIKe 3aBUCEJIN OT IPOIOJIKUTENbHOCTH Ku3HU. [Ipn
HACTYIJIEHUM JIeTaJIbHOIo ucxoja yeped 6—12 yacos
ocJie POKAEHUS BBISBJSIOTCS KPOBOWBJIUSHUS B
MEK/I0TIEBYIO TKaHb. MHOKECTBEHHbIE APUTPOITUTAP-
HbIe CKOTJIEHWS PACIIOJIATAIOTCS BOKPYT COCY/IOB, Tie-
PUOPOHXUATBHO, B HHTEPCTUIIHATBHOM IPOCTPAHCT-
Be. Bce cocynbpl pacuiupeHbl, CTEHKA YTOJIIEHA,
SHIOTENNI HAOYXIIU; BU3YaIU3UPYyeTCs: OOJIBIIOEe
KOJIMYECTBO TOJHOKPOBHBIX aHACTOMO30B, CJA/KH
ApUTPOIUTOB. [Ipu yBeMIeHnn MPOAOLKUTETHLHOC-
T sKku3HK 10 12—36 yacos paccrpoiictBa KpoBooOpa-
IIEHUsT yCyTyOIISIOTCS, TPOUCXOIUT JajbHEHIIast -
JlaTaiisi KPOBEHOCHBIX COCY/IOB, B TOM YHCJe
eprOPOHXHUATIBHO, B UX MPOCBETAX — CJIAJKK IPUT-
poruToB. CTEHKH apTepuil U apTepuoJi YTOJIIEHBI,
SHIOTEJINI COCYZI0B HAOYXIIHA, ¢ 3ePHUCTON IIUTO-
mazmMoit. [IoJTHOKpOBHBIE apTEPUOBEHO3HbBIE AHACTO-
MO3BI PACIOJIATAIOTCS TIPEUMYIIIECTBEHHO MePHOPOH-
XUaJbHO U cyOrieBpaibHo. IIporpeccupoBanue
3a00JIeBAaHUST COIIPOBOXK/IAETCS HAPYIIEHUSIMU MUK-
POTEMOITUPKYJISIINN, TTPOSIBISIONINAECS MTOJHOKPOBH-
€M BeHYJI ¥ KalluJJISIPOB, MIPOCBET COCY/IOB MTPH 3TOM
paciipet, GOJIbIIOe YKCIO apTEPHO-BEHO3HBIX aHaC-
TOMO30B. [IepuOPOHXHANBHO OTMEYaeTcst OOJIBIIoe
KOJIMYECTBO COCY/IOB PA3HOrO KauuOpa O CriIaKeH-
HBIM, TIOUTH TJIOCKUM aHzpoTeaneM. He XapakTepHbI
KPOBOMBJIUSHUS B CEIITHI BOKPYT COCYOB I OPOHXOB.

Takum 06pasoM, HE3aBUCUMO OT BHIA MPUMe-
HeMOTO cyp(haKTaHTa, y HeJJOHOTIEHHBIX HOBOPO:K-
JICHHBIX BBISIBUJI aHAJIOTHUHbIE 3MEHEHWST MUKPO-
MUPKYJISIUNA B JIETKUX: paclidpeHre IPOCBeTa
apTepuil M BeH, YTOJIIIEHUE CTEHKHU cocy/os. IIpo-
rpeccupoBanne PIICH compoBoxmaeTcs maabHEl-
11eit Jiusrataueil KpOBEHOCHBIX COCY/IOB JIETKHX.

PesymbraThl MOP(hHOMETPUUECKOTO UCCITEI0BA-
HUS apTepUabHOTO COCYIUCTOTO PYyCJa JIErKUX

and the endothelium was swollen; a great number of
plethoric anastamoses and RBC sludge were visualized.
When the life span was expanded to 12—36 hours, the
circulatory disorders worsened, further dilation of
blood vessels took place (including those located peri-
bronchially); there was RBC sludge in their lumens.
Arterial and arteriolar walls were thickened, the
endothelium was swollen, with polioplasm. Plethoric
arteriovenous anstamoses were located mainly peri-
bronchially and subpleurally. The diseases progression
was associated with disorders of microhemocirculation
in the form of plethoric venules; at that, the vascular
lumen is dilated; there were a lot of arteriovenous anas-
tamoses. In the peribronchial space, there was a great
number of vessels of various sizes with smoothened,
almost flat endothelium. Hemorrhages into septa and
around vessels and bronchi were not typical.

Therefore, irrespective of the type of the surfac-
tant applied, preterm infants presented similar
changes in the lung microcirculation that included
dilation of arterial and venous lumen and vascular
wall thickening. The TRDS progression was associat-
ed with further dilation of pulmonary blood vessels.

Results of the morphometric examination of
the pulmonary arterial bed are presented in Fig. 1.
The arterial bed of newborns in the TRDS and
Curosurf groups was composed of vessels having up
to 50 um in diameter. Larger arteries (51—100 pm in
diameter) and arteries of more than 100 pm in diam-
eter are distributed uniformly and comprise 1/3 of
the total number of visualized vessels. The invert
correlation of the arterial vascular bed was typical
for the infants in the Surfactant BL group: arteries of
50 um in diameter comprise 30% of all vessels, and
arteries of more than 100 um in diameter prevailed.

The venous bed of newborns consisted mainly of
vessels with a diameter less than 50 pm (Fig. 2). For
instance, in IRDS group newborns, 86.3% of vessels
were small-diameter blood vessels; in infants from
other groups, the percentage of venous vessels was
about 70%. Veins, diameter of which is 51—100 pm,
were significantly more common (P<0.05) in infants
from the Curosurf group, whereas the venous vessels
with a diameter more than 100 um were typical for
newborns from the Surfactant BL group (P<0.05).

TC, and the D,/TC, ratio is one of criteria for
assessment of the vascular bed (Table 2). In the
Surfactant BL group newborns, the DA, TC,, val-
ues differed significantly from those in IRDS and
Curosurf groups (P<0.05). In vessels of a smaller
diameter (51—100 pm), the morphometric parame-
ters changed as follows:

DA, was significantly higher in the IRDS group
infants; at that, TC,, was significantly lower as com-
pared to other groups (P<0.05). DA, was significant-
ly lower in Curosurf group newborns versus IRDS
and Surfactant BL groups (P<0.05). Irrespective of
the treatment type, the following general regularities
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npezicTaBeHbl Ha puc. 1. Y HOBOPOXKIEHHBIX TPYII
«PIICH» u «Kypocypd» aprepuanbHoe pycJo Jier-
KUX MPECTABIEHO, B OCHOBHOM, COCY/IaMU JTUAMET-
pom j10 50 MrM. Aprepun 6oJiee KPYITHOTO AHaMeTpa
51—100 mkMm 1 aprepun, guamerpom 6osee 100 Mkm
pacrpenessioTcsi paBHOMEPHO U cOCTaBAIoOT 1/3 ot
00IIeT0 KOJUYECTBA BU3YaJU3UPYEMBIX COCYIOB.
Mg nereit rpynmsl «Cypdakrant BJI» xapaktepHo
obpaTHOE COOTHOIIEHNE aPTEPUATBHOTO COCYIUCTO-
rO pycJjia: apTepuu quamMmeTpom 10 50 MKM cocTaBisi-
10T 30% OT Bcex cocy10B, IPeobIaatoT apTepun au-
amerpoM Gosiee 100 MKM.

BenosHoe pycio HOBOPOXKIEHHBIX BCEX IPYIII
MIPEJICTABIEHO, B OCHOBHOM, COCYZIAaMU JUAMETPOM
meree 50 MM (puc. 2). Tak, y HOBOPOKIEHHBIX
rpymibl «PICH» 86,3% cocynoB siBJsIIOTCS BeHaMu
MAaJIOTO IUaMETPA, Y IeTeH OCTAIbHBIX TPYII y/I€Th-
HBII BeC BEHO3HBIX COCYIOB COCTABJISIET OK0JIO 70%.
Bennr gmamerpom 51—100 MKM [0CTOBEPHO
(p<0,05) yamie BcTpevatorcs y aeteit rpymiibt «Kypo-
cypd», a BeHO3HbIe cocybl, qramerpom Gosee 100
MKM XapaKTePHBI JJIsi HOBOPOKIEHHBIX TPYIIIIBI
«Cypdakrant BJI» (p<0,05).

OnHuM #W3 KpPUTEPHEB OIEHKU COCYIUCTOTO
pycaa siisiercss TC, u coorromerue D, /TC, (Tabi1.
2). Y nereii rpynmsl «Cypdakrant BJI» BemunHb
DA,, TC,, cratnctuyeckn 3HAYNMO OTJINYAIOTCS OT
nereit rpymn «PIICH» u «Kypocypd» (p<0,05). Ilpu
yMeHbIlleHnn auamerpa cocya 1o 51—100 mxm, Mop-
(omerpuueckue mokazatesn uamensiorcs: DA, mo-
croBepHo Gouibiiie y gereit rpymmbl «PICH», tpu
a1oM TC,,y IOCTOBEPHO YMEHBIITAETCS TI0 CPABHEHUIO
¢ gerbmu apyrux rpyin (p<0,05). DA; nocrosepHo

Puc. 1. [luamerpsl (MKM) COCYZOB apTePUATIBHOIO PyCJia B Jier-
KHX HOBOPOJK/JI€HHbIX.

Fig. 1. Diameters (um) of arterial bed vessels in newborns' lungs.
Note. * — P<0.05 — statistically significant difference in diame-
ters of pulmonary arterial bed vessels in the Surfactant BL as com-
pared to IRDS and Curosurf groups.

IIpumevanue. * — p < 0,05 — craTUCTHYECKN 3HAYNMbIE PA3JIH-
YISl IIaMETPOB COCYZ0B apTEPHAIBHOIO PYCJIa JIETKUX HOBOPOXK-
nennbix rpymibl «Cypdaxrant BJl», o cpaBHEHUIO ¢ TpyIIIaMu
«PIICH» u «Kypocypd».

were found: despite the decrease in arterial diameter,
the DA,/TC,, and DA,/TC,, ratios were stable; only
in arteries of 50 pm in diameter, the DA,/TC,; value
became lower than DA,/TC,,. The changes are sta-
tistically significant (P<0.05).

Ta6auua 2. MopgomeTpuyeckas XapakTepPUCTHKA COCY/IOB JIETKUX y HoBoposkaAennbix ¢ PIICH (M+ag; Me[LQ;UQ)).
Table 2. Morphometric characteristics of pulmonary vessels in newborns with IRDS (M+0; Me[LQ;UQ]).

Parameters Values of parameters in groups

IRDS (n=25) Curosurf (n=26) Surfactant BL (n=19)
DA{, pm 91.3£47.3 100+58 109 [70.2; 340]*
TCyay, um 74.3£32.8 75.9£35.9 125+82.9*
DA,/TCy,y 2.3+1.5 1.8+0.7 2+1
DAy, pm 51.5+22.1* 38.4%+11.8 39.4+15
TC g pm 29.9+115* 35948 36.479.7
DA,/TCyy 2+1 1.4+0.5 1.9+0.7
DA3, pm 19.2+9.8 13.7+8.6* 16.3+4.8
TC s pm 201564 20.756.2 21552
DA,;/TCns 152097 12067 165037
DV, um 192.6+99.5 98.9£20* 102 [80.6; 183.5]
TCv1, um 42.7+18.2 18.1£7.4* 49.4%32.5
DV,/TCy, 57416 7253 51438
DVy, um 54.6£10.8 46.8+£5.4 58.9+14.6
TCvy, pm 14.9+6.9 11.4+2.6 15.9+6.7
DV,/TCy, 1852 48518 54523
DVj3, um 23.4%8.2 19.4£7.8 20.7£7.2
TCvs, pm 8.5+2.3 9.5+3.6 9.8+3.1
DV,/TCys EWESE] 28%1.177 325097

Note. For explanation of abbreviations see materials and methods.* — P<0.05 — statistically significant difference as compared to
other groups. # — P<0.05 — statistically significant difference as compared to DA;/TC,; and DV1/TCy;.

IIpumeuanue. Pacuidposka ab6peBHaTypsl B MaTeprasiax u Metogax. * — p<0,05 — craTHCTHYECKH 3HAUNMbIE Pa3INys [0 CPaBHe-
HUIO C OCTAIbHBIMK rpyrnnamu. ¥ — p<0,05 — crarncrnyecku 3HaunMble pasiandus 1o cpasiennio ¢ DA{/TCyq u DV1/TCy;y.
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Puc. 2. luamerpsl (MKM) COCYZI0B BEHO3HOTO PYCJa B JIETKHX
HOBOPOZK/I€HHBIX.

Fig. 2. Diameters (um) of venous bed vessels in newborns' lungs.
Note. *— P<0.05 — statistically significant difference in diameters
of pulmonary venous bed vessels in the Curosurf group as compared
to IRDS and Surfactant BL groups. # — P<0.05 — statistically sig-
nificant difference in diameters of pulmonary venous bed vessels in
the Surfactant BL as compared to IRDS and Curosurf groups.
Ipumeuanue. * — p<(0,05 — cTaTUCTUYECKY 3HAUNMbIE DAY
ZIMAMETPOB COCY/IOB BEHO3HOTO PYCJTA JIETKUX HOBOPOKIEHHBIX
rpyunbsl «Kypocypd», no cpasnenunto ¢ rpynnamn «PACH»> n
«Cypdaxrant BJI». # — p<0,05 — craTuCTHYECKN 3HAYNMbIE Pa3-
JIMYNST INAMETPOB COCYIOB BEHO3HOTO PYCJa JIETKUX HOBOPOXK-
nennbix rpynisl «Cypdakrant BJI», o cpaBHeHuio ¢ rpynmnamu
«P[ICH» u «Kypocypd».

MeHBbIIIe Y HOBOPOXK/IEHHBIX TPYTITHI «Kypocypd» mo
cpaBHeHUIO ¢ HOoBopoxkaeHHbIMU Tpyrm «PJICH» n
«Cypdakrant BJI» (p<0,05). HesaBucumo ot Buza
JIEUEHNsT, B ICCJIEIOBAHNH BBISIBJIEHA 00T 3aKOHO-
MEPHOCTB: HECMOTPS Ha yMEHblIIeHUe JuaMeTpa apre-
puit, cootnomerus DA, /TC,, u DA,/TC,, octatorcs
CTabOIBHBIMH, JIUIITH TIPU AUAMETPE apTepuil MeHee
50 MKM, TIPOUCXOJAUT YMEHbIIEHUE BEJIUIHMHbBI
DA,;/TC,; no cpaBrenuio ¢ Benmunaoir DA /TC,;.
Borasiennble U3MeHeHUs SBJAIOTCS CTaTUCTUYECKU
snaunmbiMu (p<0,05).

Bemuuuna DA;/TC,; mocTtoBepHO MeHbIIe y
neteil Tpynibl «Kypocypd» 1mo cpaBHeHHWIO ¢ HOBO-
poxzaennubivu rpynn «PIICH» u «CypdaxranTt BJI»
(p<0,05). MameHeHue TOJIMHBI CTEHKU COCYIIOB U
JIaMeTpa TIPOCBETA COCYOB OGYCIOBIEHO, BEPOST-
HO, pa3BUTHEM €€ OTeKa.

[L7151 BeHO3HOTO pycJia, KOTOPOe OTPasKaeT eMKO-
CTHYIO (PYHKIMIO OT/IeJIa JIETKUX, XapaKTepHbl CJIe/ly-
I0IIMEe U3MEHEHU: Y HOBOPOXK/IeHHbIX IpyIbl «Ky-
pocypd» Bemmuunbl DV, u TC,, craTuctmyecku
3HAYUMMO MeHblIe II0 CPaBHEHMIO C JAeTbMU Pyl
«PICH» u «Cypdaxrant BJI» (p<0,05). IIpu cpas-
HeHuu cocyzos juamerpom o 51—100 mxm DV, u
TCy, oTsinunii He BIABUIN. Y /1eTell BCeX TPYIII IpU

The DA,/TC,; value was significantly lower in
Curosurf group newborns versus IRDS and
Surfactant BL groups (P<0.05). Alterations in the
vascular wall and lumen diameter could be caused by
their swelling.

As for the venous bed reflecting the capacitive
function of a lung segment, the following changes
were typical: in the Curosurf group newborns, the
DV, and TC,, values were significantly lower as
compared to IRDS and Surfactant BL groups
(P<0.05). A comparison of vessels with a diamater of
up to 51—100 pm, no differences in DV, and TC,,
values was found. In all groups, in the event of a
decrease in a vein diameter, the DV,/TC, ratio was
lower than the DV,/TC,, ratio; in addition, the
DV,/TC,4 value was significantly lower in the
Curosurf group infants as compared to infants from
other groups (P<0.05).

Therefore, certain difference in morphometric
parameters of lung vessels was found. The most sig-
nificant changes in the arterial wall thickness (TC,)
and its swelling were typical for arteries with a total
diameter of more than 51 um, as evidenced from this
study. In babies of the IRDS group, the greatest
(TC,) changes were typical for arteries of 51—100
pm in diameter. Changes in walls of large arteries
were typical for the Surfactant BL group. In the
Curosurf group, no significant changes in the para-
meters under the test were found (P>0.05). In this
group (as compared to IRDS and Surfactant BL
groups), there were minimal changes in vein charac-
teristics and the minimal venous wall thickness
(TCy) (>100 pm in diameter). The Kernogan index
for veins with small diameter was minimal.

The gas exchange after the delivery depends on
the morphological maturity of lungs and biochemical
maturity of endogenous surfactant. These processed
are controlled by different mechanisms and transcrip-
tion bonds [16]. Any impairment of the gas-exchange
function of lungs in preterm infants is caused by fea-
tures of structural and topological maturity of the pul-
monary microcirculatory bed and depends on the ges-
tational age. Many factors affect the process of
morphological and biochemical maturity of lungs and
surfactant. Experiments in newborn rats demonstrat-
ed that chronic perinatal hypoxia affected the weight
of lungs and the number of alveoli at birth; these para-
meters were significantly lower in rats that underwent
hypoxia, than those in normoxia. Chronic hypoxia
regulates the expression of genes which are involved
in the pathogenesis of pulmonary hypertension and
postnatal lung remodeling [17]. The persisting pul-
monary hypertension, which complicates the course of
the IRDS, is associated with the increase of total
cross-sectional area and the thickness of the external
layer of blood vascular walls. Selection of a treatment
option based on the disease pathogenesis is essential.
MYV, non-invasive methods of respiratory support in
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yMeHbIIIeHnH inaMeTpa BeH cooTHotnerne DV, /TCy;,
YMEHBINAETCS, M0 CPAaBHEHWIO C COOTHOIIEHUEM
DV,/TCy, xpome Toro Bemmunnaa DV,/TCy4 mocTo-
BEPHO MeHbIe y zeTeir rpymmbl «Kypocypd», 1o
CpaBHEHUIO ¢ TarenTaMu apyrux rpym (p<0,05).
Takum 06pasoM, BBISIBUJIA HEKOTOPBIE OTIINYMS B
MOP(hOMETPUUECKUX TOKA3ATEJSIX COCY/IOB JIETKHX.
HawuGoupime msmererust TC,, ee 0TeK XapaKTepHbBI
JUIsT apTepuii ¢ oOImuM guaMerpoM Gosiee 51 MKM, 4TO
TIOJITBEP;KIAETCST TIPOBE/IEHHBIMU UCCIEOBAHUSMU. Y
neteii rpyrimbt « PIICH» nanGosbiiie nsmeHernst TCA
XapaKTepHbl /it aprepuii ¢ auamerpoM 51—100 Mim.
V3mMeHeHre CTEHOK KPYIHBIX apTEpUil XapaKTepHBI
2t HoBoposkaeHHbIX rpyiibl «Cypdakranta BJI». B
rpymnre «Kypocypd» He BBISIBUIN JOCTOBEPHBIX U3Me-
HeHUiT nccsenyeMbix mokasaresneit (p>0,05). B atoii sxe
rpyte, 1o cpaBHernio ¢ rpynmamu «P/ICH» u «Cyp-
dakxranT BJl», oTMeuamnn MUHUMAIbHBIE M3MEHEHWS
ToKasaTesiell BEHO3HBIX cOoCcyZioB, HamMmenbimasg TCy
BeH ¢ auamerpom Gostee 100 mrm. Mnpexe Keprorana
JUIST BEH MAJIOTO IHaMeTpa ObLI MUHIMAJIbHBIM.
Ta3006MeH mocJie POsKAEHNS TIOJTHOCTBIO 3aBHCHT
0T MOP(OJOrNYECKON 3PEIOCTH JIETKUX 1 OUOXUMUYE-
CKOI 3PeJIOCTH H/IOTEHHOTO cypdakTanTa. ITH Mpo-
1IECCHI KOHTPOJUPYETCS PA3TNIHBIMU MEXAaHU3MAMU U
TPAHCKPUIIIIHOHHBIMI cBsi3siMu [ 16]. Jlrobast dopma
HapyIeHNsT Ta3000MEHHON (DYHKI[MM JIETKUX Y HEI0-
HOIIIEHHBIX HOBOPOJKICHHBIX 00YCJIOBJIEHa 0COOEHHOC-
TSIMU CTPYKTYPHOTO M TOIMOJIOTUUECKOTO CO3PEBAHUS
MUKPOIMPKYJISSTOPHOTO PYCJIa JIETKUX U 3aBUCHT OT Te-
CTaIMOHHOTO Bo3pacTa. Ha mporecc mopdomormyec-
KO 1 GHOXUMIYECKON 3PeJIOCTH JIETKUX U CypdakTaH-
Ta BJUSIOT MHOTrHMe (hakTopbl. B skcmepuMenTte Ha
HOBOPOK/IEHHBIX KPbICAX MMOKA3aHO, YTO XPOHMUECKAsT
NepuHaTaIbHAsT THITOKCUST BJIUSIET HA Maccy JIETKUX,
KOJIMIECTBO aJIbBEOJI TIPH POKAECHUH, Y KPBIC, TOJIBEPT-
MIAXCST THTIOKCHUW, 9TH TIOKA3aTeH 3HAUNTETbHO MEHb-
11e, YeM TP HOPMOKCHH. XPOHUYECKAsT THIIOKCHS Pe-
TYJIUPYeT 9KCIPECCUIO T€HOB, KOTOPBIE yYacTBYIOT B
naroreHese JIETOUHOH TMIEPTEeH3UN U TIOCTHATATILHOTO
pemosiespoBanust erkux [ 17]. Ilepcuctupyromas Jie-
TOUHas TUTIEpTeH3UsI, ocaoxHsromas teuenue P/ICH,
COTIPOBOKIAETCST YBEJIITUEHNEM OOTIEH MITOIa/M MoTIe-
PEUYHOTO CEYeHUsI, TOJIUHBI HAPYKHOTO CJIOS CTEHKU
KPOBEHOCHBIX COCY/IOB. BaskHbBIM SIBJIsIETCS BHIOOP Me-
TOJIa JIEYEH NS, KOTOPBIi OCHOBAH Ha ITaToreHese 3aboJre-
Banust. Crangaprom B sreueranu PIICH saBmsrorest mpo-
Bezienne V1 BJI, HenHBa3nBHBIE METO/bI PECITUPATOPHON
TIO/UIEPSKKN B COUETAHUN C 3aMECTUTENIbHON Teparueit
cypdakranramu. [Ipn kpaiine TsKes10M BapraHTe Teve-
nusg PIICH nipumensieTcst 9KCTpakopriopaibHast MeMo-
panHast okcureHarusg (OKMO). [Ipuvenenne metoza
He TOJIBKO BOCCTAHABJIUBAET OKCUTEHAITHIO, HO U BITUSIET
Ha yMeHbBIIIeHNe TOJIIIUHBI CTEHKU KPOBEHOCHOTO COCY-
12, METMAJIBHON TLTOIIAJIA TTOTIEPEYHOTO CeYeHUs B ap-
TEPUSIX C HAPY/KHBIM THAMETPOM MEHee 75 MKM, U CHU-
JKEHWMe TOJIUHBI CTEHKU KPOBEHOCHOTO COCyla U
OOIILYIO0 CTEHKY IO b [IOTIEPETHOTO CEYEHNST B apTe-

combination with the surfactant replacement therapy
are standard options for the IRDS treatment. In
extremely severe IRDS, extracorporeal membrane
oxygenation (ECMO) is applied. This technique not
only restores oxygenation, but also affects the
decrease in the blood vascular wall thickness, the
cross-sectional medial area in arteries with an external
diameter of less than 75 pm, as well as the decrease in
the thickness of a vascular wall and total cross-sec-
tional area of arteries with an external diameter of
75—150 pm; therefore, the ECMO decreases the
severity of morphometric changes in small pulmonary
arteries. These results should be taken into considera-
tion in the clinical practice [18].

Chemotaxis activity, cytokines TNF-¢, IL-1,
IL-6, IL-11, VEGF, TGF-a and TGF-g, cause serious
impairment of capillary endothelium and alveolar
epithelium resulting in formation of hyaline mem-
branes [19]. The lung sonography demonstrated the
correlation between sonographic findings and all
oxygenation parameters irrespective of the gesta-
tional age; and it is the indication for prescription of
surfactants for preterm infants with the gestational
age of less than 34 weeks and respiratory support in
the continuous positive airway pressure mode [20].

Surfactants used for prevention and treatment
of IRDS are known to increase the functional resid-
ual capacity by improving the blood flow in regions
with increased ventilation [21, 22]; they enhance
oxygenation [22, 23] and decrease the pulmonary
vascular resistance [24, 25]. The normalization of
infant's oxygenation status helps to eliminate the tis-
sue hypoxia; the regulation of the vascular tone,
including that in pulmonary vessels, is restored thus
leading to improved blood supply of lungs. At the
same time, the persistent hypoxia sustains decreased
pulmonary vascular lumen. It is caused by a cascade
of pathological reactions typical for IRDS.

Conclusion

Evaluation of the microcirculatory bed of lungs
in IRDS patients is an urgent problem because the pul-
monary gas exchange impairment in preterm infants is
primarily caused by circulatory and microcirculatory
disorders of various degrees of severity that result from
anatomic and functional immaturity of the pulmonary
microcirculatory bed. In cases of unfavorable out-
comes, dilation of arterial and venous lumen and vas-
cular wall thickening might be considered as main
signs of microcirculatory disorders. Surfactants affect
changes in the diameter of lumen of pulmonary vessels,
especially those with a diameter more than 50 pm, pre-
sumably improving the blood supply of the lungs.
Minimal changes of tested parameters were typical for
newborns on Curosurf versus IRDS and Surfactant BL
groups of infants. Due to administration of surfactants,
the improved tissue oxygenation triggers the mecha-
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

PUSIX € HAPY/KHBIM fuameTpoM 75—150 MM, Tem ca-
MbIM DKM O ymeHbIaer creresb BBIPAKEHHOCTH MOP-
omeTpruecKknX U3MeHEHNH B MEJIKUX JIETOYHBIX apTe-
pusix. OITU Pe3YJbTaTbl HYKHO YUYUTHIBATH B
KJIHITYecKko pabote [18].

AxtuBHOCTD XemoTakcuca, 1uTokuHbl TNF-a,
IL-1, 1JI-6, NJI-11, VEGF, TGF-a u TGF-f, Bbi3bi-
BaIOT cepbe3HOe HOBPeXK/IeHIe SHI0TeU KalluJLis-
POB U 3MUTEJNS aTbBEOJI, B Pe3yJIbTaTe Yero Impouc-
X0UT (DOPMHUPOBAHUE TMAJMHOBBIX MeMOpaH [19].
YiIBTpa3sByKOBOE UCCIEeJ0BAHNE JIETKUX [10KA3aJ10 Ha-
Jiyye KoppeJsiuu Y 3 — [IPU3HAKOB CO BCeMU [10Ka-
3aTesIIMU OKCUTEHAINH, He3aBUCUMO OT TeCTal[MOH-
HOIO BO3PacTa, 4TO 4BJIAETCS IIOKasaHueM [
MpUMeHeHUs Cyp(haKTAHTOB Y HEJIOHOIIIEHHBIX JleTei
C TeCcTallMOHHBIM BO3PAcTOM MeHee 34 Henesb U pec-
MMUPATOPHON MOAJIEPKKU B PEKMMeE TIOCTOSTHHOTO T10-
JIOKUTETBHOTO IABJIEHUS B IbIXaTeTbHBIX Ty TX [20].

W3BectHO, uTO TIpenapaTsl CypdakTaHTOB, IPH-
MeHsonecs 1 mpodunaktuku u gedenus PIICH,
YBETMYUBAIOT (QYHKITHOHATLHBIH OCTATOUHBIN 00HEM
JIETKUX, BBI3bIBAS YJIyUlIeHre KPOBOTOKA B PETMOHAX
yBesueHHol Bentusanuu [21, 22]; nosplaior ox-
cureHanuio [22, 23] u cHmXKaloT Jero4Hoe Cocy/iuc-
Toe conporusienue |24, 25]. Hopmanusaiius Kucio-
pojHoro cTaryca pebeHka cocoOCTBYeT TMKBUAATTIT
TKaHEBOM I'MIIOKCUM, BOCCTAHABIMBAECTCS PEryJIsaIus
COCYJIUCTOrO TOHYCa, B TOM YHUCJIE, COCY/IOB JIETKUX,
YTO HAINPaBJIEHO Ha yJydllleHrne KPOBOCHAOKEHUS B
Jerkux. B To ke BpeMs, coXpausomasics rUIoKCus
MO/I/IEPKUBAET yYMeHbIeHNe IPOCBeTa COCYZOB B
JIETKUX 06YCTOBIIEHO 3aMyCKOM KacKajia aToIornye-
CKUX peakInii, XxapakTepHbIX Ay Teuenns PICH.
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nism of regulation of the vascular tone; it also can con-
tribute to the improvement of blood supply of lungs
and favorable course of the disease.

3akiouyeHue

WccenenoBanue MUKPOLUPKYJIATOPHOIO pyciia
serkux nipu P/ICH siBisieTcst akTyasbHOM MTpaKkTHye-
CKOIT 3aj1aueil, T.K. HapyIenne ra3000MeHHON (hyHK-
MU JIETKUX y HEeJOHONIEHHBIX HOBOPOKIEHHBIX
06yCTOBJIEHO, B TIEPBYIO OYEPE/Th, HAPYIIEHIEM KPO-
BOOOPATIEHST I MUKPOTIUPKYJISITIAT PA3IMIHON CTe-
TeHN BBIPAKEHHOCTH Ha (hOHE aHATOMO-(YHKINO-
HaJIbHOI HE3PeJoCTH MUKPOLUPKYJISITOPHOIO pycJia
serkux. [Ipn HeGIArOMPUATHOM UCXO/€e 3a60T€BAHIST
OCHOBHBIMU TIPU3HAKAMU HapyNIEHUS MUKPOIMPKY-
JSIMM B JIETKUX SBJIAIOTCS PacLIMpeHue [IPocBeTa
apTepuil u Bew, yToJllleHue cTeHku cocynos. Ilpena-
patel CyphaKTaHTOB OKA3bIBAIOT BIMSIHIE HA I3MEHe-
HIIe TTPOCBETA apTePHil U BEH JIETKUX, OCOOEHHO [Ha-
MeTpoM Gostee 50 MKM, 4TO HATTPABIEHO, BEPOSTHO, HA
yIIydIenne KpoBOCHaGKeHnsT B JeTKuX. J[st HoBo-
POXKIEHHBIX, TOJYIUBINUX Kypocypd, XapakTepHBI
MUHUMAaJIbHBIE 3HAUEHUs ITOKa3aTesell, 10 CpaBHe-
Huto ¢ HoBopoxkaeHHbIMU Tpymn «PIACH» n «Cyp-
¢akrant BJl». Ha done npumenenus cypdaktanToB
yJIydlleHue OKCUIeHallMM TKaHell 3alyckaeT Mexa-
HU3M PEryJIsaluyu COCYUCTOIO TOHYCa, 4TO TaKKe MO-
KET CTOCOOCTBOBATD YIYUIIEHNIO KPOBOCHAOKEHIIST
JIETKUX ¥ OIATOTIPUATHOMY TeYeHUIO 3200 T€BAHIS.
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