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Ilens — oneHka 3HAYMMOCTH KHCJIOPO/IHBIX NOKa3aTeeil KamWLISIPHONH KPOBH JUIsl IPOTHO3a JUIUTEJIbHO COXPAHSIONIErocs re-
MOJMHAMHYECKH 3HAYHMOTr0 OTKPBITOro aprepuaabHoro nporoka (I'30AII) y HOBOPOKIEHHBIX € 9KCTPEMaIbHO HU3KON Maccoii
tena (QHMT). Mamepuan u memoowvt. Ha 8-it neus xusnu uccaenosamm pH, pkO,, %S0,c, Oyct, AkDO,, RIk kanmwuisipHoii
KpoBH, a Tak:ke napamerpsl UBJI (Pip, MAP, FiO,) y aByx rpynn HoBopo:xaenusix ¢ IHMT: nmeromux u He nmeromux I'30-
AIl. [lns cpaBHEHHs [BYX HE3aBHCHMBIX BHIOOPOK HCIOJb30BAJIU HENAPAMETPHUYECKHE METO/bI CTATHCTHYECKOTO AHAIM3A:
Mauna- Yurau, Basbsaa-Boasdosuna, Konvoroposa-CmupHosa. [[jisi OlleHKH CBSI3U H3YyYaeMbIX MIOKA3aTel el ¢ HAJIMYNEM WK
orcyrcrBueM I'3OATI npumeHsIM METOI JIOTHCTHYECKOH perpeccur. JIJIsi OleHKH PeICKa3aTeNbHOl CIOCOGHOCTH MOZIENH, CO-
3/IAHHOM NIPU OMOIIM METO/Ia JIOTHCTHYECKOI PErpeccuu, HCnoib3oBamu noctpoenne ROC-KPHUBBIX ¢ BHIOOPOM «TOYKH OTCE-
yenusi». Pesynvmamot. Co3anHasi MO/IeJIb IMEET BBICOKYIO UyBCTBUTEIBHOCTD U crienuduynoctdb (10 84,6 u 97% cootBerct-
BEHHO). YpaBHeHHWe JIOTUCTHYecKoil perpeccun umeer Bua: -0,479°+0,ct+0,708+Pip-6,823. 3axmouenue. Kucnoponusie
TOKa3aTe M KalWLISIPHOI KPOBH OKa3aJMCh IIPUTOIHBIMH /Il IPOTHO3UPOBaHH yUTeIbHOCTH (pyHKunonuposanus I30AIL.
IToyuyennas xopouiasi mpeCKa3pIBaoNIasi CIOCOGHOCTh MOJIENH, CO3/IAHHOM ISl 8-T0 IHS ’KU3HH, YKa3bIBaeT Ha TO, YTO JaH-
HBII NIEPHO/L SIBJISIETCSI IEPEJIOMHBIM B CMbICJIE Pa3pelIeHNs] PeCHHPATOPHOro JucTpecc-cuHapoma HoBoposkaeHusix (PIICH)
wim popMupoBanus Gponxoserounoii aucmiazuu (BJIJL), 4To NPUHIMIKMAIBHO 3HAYMMO /I JyTeabHoctd UBJI u nanpueiinie-
ro nporxosa. FT30AII siBjisieTcst OTHUM U3 BaskHeHIHX (PaKTopoB, CIoco6CTBYIONMX (POPMUPOBAHHIO GPOHXOJIETOYHOI AUCILIA-
3un y HoBopo:kIeHHBIX ¢ IHMT. Knouesvie cnoséa: kucaopoaupie Noka3aTe, KAMWIISIPHAs KPOBb, IPOTHO3, TeMOHHAMIYe-
CKH 3HAYMMBIIl OTKPBITBIH apTepHAaJIbHBII IPOTOK, HOBOPOSK/I€HHbIE KCTPEMAJIbHO HU3KOI MacChI TeJsla.

Objective: to estimate the significance of capillary blood oxygen parameters for the prognosis of longstanding hemodynami-
cally significant patent ductus arteriosus (HSPDA) in extremely low birthweight (ELBW) neonates. Subjects and methods.
On day 8 of their life, two groups of ELBW newborn infants with and without HSPDA were examined for capillary blood pH,
pk0O,, %S04c, Oyct, AkDO,, and RIk, as well as mechanical ventilation (MV) parameters (Pip, MAP, and FiO,). Comparison
of two independent samples used nonparametric statistical tests: Mann-Whitney test, Wald Wolfowitz test, and Kolmogorov-
Smirnov test. A logistic regression analysis was used to assess the relationship between the examined parameters and the pres-
ence or absence of HSPDA. ROC curves were constructed, by choosing the cut-off point, to estimate the predictive power of
the model developed using logistic regression. Results. The developed model has high sensitivity and high specificity (84,6 and
97% respectively). The logistic regression equation takes the form: -0.479¢0,ct+0.708 Pip-6.823. Conclusion. Capillary
blood oxygen parameters proved suitable for predicting the duration of HSPDA functioning. The resultant good predictive
power of the model developed for day 8 of life points to the fact that this period is critical from the viewpoint of resolution of
respiratory distress syndrome or development of bronchopulmonary dysplasia, which is crucially significant for MV duration
and further prediction. HSPDA is one of the most important factors contributing to the development of bronchopulmonary
dysplasia in ELBW neonatal infants. Key words: oxygen parameters, capillary blood, prognosis, hemodynamically significant
patent ductus arteriosus, extremely low birthweight neonates.
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BBenenne

Koppekius HapyieHuii rasooOMeHa pu KpuTudec-
KHUX COCTOSIHMSX — OJIHA M3 HauboJiee BaKHBIX HPOOJIEM
pearnMarosiorun [1—4].

Oco06EHHOCTBIO HOBOPOKIEHHBIX € IKCTPEMAIBHO
Hu3Koi mMaccoii teia (OHMT) sBasiercst hyHKITMOHUPYIO-
HIUI TEMOJIMHAMUYECKH 3HAYMMBII OTKPBITHII apTepuasib-
Hb1ii 1poTok (F30AIT). Ero Hasmmune mpuBOINT K TIepernoJi-
Kpyra KpOBOOOpAIeHus,
HApPYIIEHNIO BEHTUISIIMOHHO-TIeP(hY3UOHHBIX OTHOIIEHMI,

HEHWIO KPOBBIO MasloTo
VXYAIMIEHUIO PACTSHKUMOCTH JIETOYHOH TKauu [5], 9To, B
CBOIO Ouepeslb, MOJICP;KUBACT PA3BUTHE PECIUPATOPHOTO
mcTpecc-cuaapoma nosopoxkaeanbix (PICH), ciiocober-
BYeT COXPAHEHMIO JIbIXaTeJIbHOM HEIOCTATOYHOCTH U 3aBU-
CUMOCTH MAIMEHTA OT UCKYCCTBEHHON BEHTHUJISITIMN JIETKUX
(UBJI) [6, 7]. COBOKYIIHOCTD 9THX MATOJOTHYECKUX IIPO-
[[ECCOB MPUBOANT K (POPMUPOBAHUIO GPOHXOJIETOUHON JIHC-
wrazuu (BJI) [6, 7]. BJI, B cBOIO Oueperp, CHIKAET Be-
POSITHOCTD 3aKPBITUSI OTKPBITOTO apTepHAIbHOTO IMPOTOKA
13-32 BTOPUYHOI JIETOUHOM TUIiepTeHsnn [8].

[Tporunosuposanue anuresabaoro coxpanenus [3OATT
B [IEPBbIE IHU )KU3HU HOBOPOKIIEHHOTO MOKET ObITh OCHOBA-
HUeM /151 GoJiee PAHHETO HAYAJIa MPELYTPEKICHHUST PA3BUTHSI
BJI/I. Oxokapanorpadudeckoe UCCIeI0BAHNE AT BO3MOK-
HOCTb OLIEHUTb TEMOJIMHAMIYECKYIO 3HAYMMOCTD ITPOTOKA B
KOHKPETHBII MOMEHT, OJIHAKO He TI03BOJISIET TPOTHO3MPOBATD
IIPO/IOJKUTETBHOCTD COXPAHEHHST TeMOITHAMITYECKN 3HAUM-
Moro mpotoka. CBoeoGPasHbIM MAPKEPOM TeMOJMHAMUYEC-
Kux HapyureHuil, BbsBaHHBIX [3OAIL, MoryT ciry:knuTh moka-
3aTesM KUCJTOPOAHOTO obectiedenust TKareld. OHAKO PHCK
Pa3BUTH OCTIOKHEHUH TP MCTIOIb30BAHNH JIJLST AHAJIA3A ap-
TepUATbHOI KPOBU (PUCK Pa3BUTHSI MH(MEKINIT, reMaTOMBl,
ApPTEPHOIIOCTIa3Ma, TPOMGO3a, IMOOJIMH € TIOCJELYIONNM He-
KPO30M MOPA’KEHHOTO YYacTKa) y JIAHHOH KaTerOpHy Ialfi-
€HTOB MOJKET TPEBBIIIATH MOJb3Y It AarHoctiku [9—11].
ITO WKTYET HEOOXOMMMOCTD MCCIEI0BAHNS BOZMOKHOCTH
UCIIOJIb30BAHMS KAIWJIJIIPHONH KPOBH /IS OLICHKH TSDKECTH
HOBPEKIEHNS JIETKUX, IIPOTHO3UPOBAHUS ITPOIOIKUTETEHO-
ctr UBJI u mymresibro coxparnstiorierocst [3OATL

JlanHble TIOKa3aTes i, U3MepPEeHHblE B apTepUabHON
KPOBH, 3aPEKOMEH/I0BAJIN CBOIO IIPUTO/THOCTD B OLICHKE TSDKe-
crut PIICH [12]. TTo manmbiv Yildizdas D et al. [13], mokasa-
tesn KOC aprepuasibHOi KPOBM KOPPEIUPYIOT € TI0Ka3aTe-
JISIMI KQIIWJULIPHOM KPOBH JIasKe B YCIIOBUSIX rutnomepdysun
1 TUNIOTEPMUU, HO HE Y MAIMEHTOB C THIIOTEH3Uel. ABTOPbI
[13] moxasasm 3HAYUTEIBHYIO KOPPEJISIHIO napamMeTpoB pH,
PCO,, BE, HCO4 B apTepnalbHOl, KaIUJIIPHON 11 BEHO3-
HOH KpoBH, 151 PO, 10cTOBEpHAs CBA3D TAKKe MOIydeHa, HO
3HAYNTETHHO MEHEe BBIPAsKCHHASL.

[lesp ncceoBaHms — OIEHKA 3HAUUMOCTH KHCJIO-
POIHBIX MOKa3aTesell KamIJIIPHON KPOBH JIUISI TIPOTHO3A
mntenbHo coxpansionierocss I3OAIL y HOBOPOKIEHHBIX
c OHMT.

Marepuan u MeTObI

BbImonHeHO peTpoCIieKTHBHOE HCcefoBaHme (pa3pelieHue
JIOKQJIBHOTO aTndeckoro komurera Ne 49, ot 13.10.2012) nannbix

Introduction

Corrections of gas disturbances in critical illness is
one of the most important issues in reanimatology [1—4].
Functioning hemodynamically significant preterm patent
ductus arteriosus (HSPDA) is a specific feature of new-
borns with extremely low birth weight (ELBW). Its pres-
ence leads to pulmonary circulation congestion, ventila-
tion-perfusion imbalance and deterioration of the lung
tissue compliance [5], which facilitate the respiratory dis-
tress syndrome development (RDS) in infants keeping of
the respiratory failure and patient's dependence on the
artificial lung ventilation (ALV) [6, 7]. Aggregation of
these pathological processes induces the development of
bronchopulmonary dysplasia (BPD) [6, 7]. BPD, in turn,
reduces the possibility for patent ductus arteriosus closure
due to the secondary pulmonary hypertension [8].

Prognosis of prolonged functioning HSPDA during
the first days of life in newborns is considered as a reason
for the BPD.
Echocardiography is aimed to evaluate the hemodynamic

early preventive measures of
significance of patent ductus arteriosus at a particular
moment, but is not allowed to prognosticate the prolonged
functioning HSPDA. A distinctive marker of the hemody-
namic disturbances caused by HSPDA can be the tissue
oxygen supply indicators. However, the risk of complica-
tions while using arterial blood (including the risk of infec-
tion development, hematoma, arteriolospasm, thrombosis,
and embolism followed by necrosis of affected area) in
these patients may exceed the benefit for diagnosis [9—11].
Thus, it is necessary to evaluate the possibilities of capil-
lary blood by assessing the body oxygen status, the lung
injury severity, prognosis for ALV duration and long-last-
ing HSPDA.

These indicators measured in arterial blood have
already proved their usefulness when assessing the RDS
severity [12]. According to Yildizdas D et al. [13], the acid-
base values of the arterial blood are correlated with the
capillary blood parameters even in hypoperfusion and
hypothermia, but not in patients with hypotension [13].
The authors showed a significant correlation of pH, PCO,,
BE, HCO4 parameters in the arterial, capillary and venous
blood; a significant correlation was also obtained for PO,,
but it was much less expressed.

Objective of the study was to assess the significance
of oxygen parameters in the capillary blood for prognosis of
prolonged functioning hemodynamically significant
patent ductus arteriosus (HSPDA) in newborns with
extremely low birth weight (ELBW).

Materials and Methods

The retrospective study was carried out (Verdict of the
Local Ethics Committee Ne 49 dated 13.10.2012) based on the
data taken from the case histories of 46 newborns with ELBW,
who were treated in the Intensive Care Unit of the Omsk Clinical
Perinatal Center from 2008 to 2012. The standard examination
included neurosonography, echocardiography and chest X-Ray.
Newborns were divided into two groups. Group I included babies
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ucropuii 6osesnu 46 Hosopoxaenubix ¢ IHMT, HaxoauBIIUXCS
Ha JIeYeHUN B OT/IEJIEHNN PEaHUMAI U WHTEHCUBHOW TePaIii
Topozickoro KIMHNYECKOTo TepUHATAIbHOTO IeHTpa . OMcka 3a
nepuoz 2008—2012 rr. CranzaprHoe oOcjefoBaHue BKIIOYAIO
HeiipocoHorpaduio, axokapaunorpabuio, perrrenorpaduio opra-
HOB TPYAHOU KjeTKu. HOoBOPOsKIeHHbIE ObLIM PasjieJieHbl Ha [IBE
rpymmsl. B 1 rpymmy Bonm noBopoxkaenubie, numeninne [3OATI,
KOTOPBIH JUTHTEIBHO COXPAHSJICS WM TOTPeGoBal XUpyprudec-
KOTr0o 3aKpbITH, BO 1 — HOBOpOKIeHHbIE, HE MEBIIINE OTKPBITO-
IO apTepUaIbHOTO IIPOTOKA MJIM UMEBIIIE OTKPBITHII apTeprasib-
HBII MIPOTOK, T€MOIMHAMUYECKN HE 3HAYMMBII 1 3aKPBIBIITHIICS
CaMOCTOSITEJIPHO K KOHILy HepBOil Hemean skuaHu. Kpurepusamu
HCKJIOYEHUsT OBbUIN: HeKPOTH3UpYIomuii axrepokoaut I11—IV
CTEIeHN, CMEPTh MAlMeHTa Ha ATare OTAEIEeHIs] PeaHuMaIlH, T1e-
PEBO/L B IPYTOM CTAIMOHAD /10 IKCTYOAIHH.

HoBoposkieHHbIe ByX TPy He OTIMYAINCD APYT OT pyra
1Mo Macce Tea npu posxkzaernn: 864+99,6 r B I rpynme n 897+96,2
r Bo II rpynmne. Cpok recranuu cocrasui B I rpymnme 26,2 Heznenb
(+1,08), Bo II rpymime — 26,8 (+1,06), 3nauenust ppaxiuu BoIGPO-
ca JieBoro xkemmynouka — 69£5,1 u 68+4,7%, COOTBETCTBEHHO.

Opnako Hooposkenubie ¢ FT3OAIT nyskuanucs B 6oJiee -
tesbroit UBJI, mpomoskuTesbHOCTD KOTOpOi B | TpyIime coctaBu-
ma 1091,8+386,06 4, a Bo 11 rpynme — 462,3+268,02 4. B I rpymme
BJXK III cremnenu Berpevasucs B 50% (6 cayudaes), Bo 11 rpyrmie
— B 20% (7 ciydyaeB), 4TO COTJIACYETCSI C JINTEPATYPHBIMH J[AHHbI-
mu — cpeau maimenTtoB ¢ [3OAIT wamte Betpevarores BJKK Tsoke-
abix crenedeit [11]. [IHeBMOHUS PEHTIeHONIOIMYECKU OIUCAHA Y
75% 6ombHbBIX (9 HOBOpOsKAEHHBIX) I rpymimbst 11y 70,5% G0IBHBIX
(24 nosoposxaenupix) 1T rpymnst. BosibHble 06enx TPy MoIyda-
JI aHTHOAKTEPUAILHYIO TEPAIUIO B OJIHOM COOTBETCTBUM C Pe-
3yJbrataMit GaKTePUOTIOTNYECKOTO AHAI3a OTAENSIEMOTO U3 TPa-
Xe0OPOHXUAIBHOTO JIePEBa.

WcenenoBanne KanuiisipHON KPOBH IPOBO/INIIOCH TIPH ITOMO-
1 ananusatopa EasyBloodGas. [TokasaTenu, BoIGpaHHbIe IS HC-
CJTe/IOBAHNS: 3HAYEHNE KHUCJIOTHO-OCHOBHOTO COCTOSTHUSI KallWJ-
ssipuoit kpoBu (pH), HampspkeHue KuUcaopoaa B KaIMLISIPHOI
kpoBi (pkO,), HACHIIIIEHITE KHCTOPOIOM KAMILISIPHON KPOBH TIPU
nopmazibHoM P50 (%S0O4c), coneprkanne KNCJA0Pojia B KaIUILISAP-
Hoit kpoBH (Oyct), aTbBEOJISIPHO-KAIMIIIAPHBII KUCJIOPO/IHBII
rpamuent (AkDO,), pecriuparopusiii koadduient (RIK).

B uiccesoBanme GbLN BKIIOYEHBI TAKIKE OCHOBHBIE ITAPAMETPDI
WBJI: tukoBoe nasiene Ha Broxe (Pip), cpentee nasienue B ibixa-
TespHbIX My TsIX (MAP), koHIeHTpaIs KUucaopoaa B IbIXaTeTbHOi
emecn (FiO,). ITapamerper IBJI annamudeckn n3MeHSINCD C yde-
TOM TIOKa3ateJsieil KallmIAPHON KPOBH, OKCUTCHAIMN U KJIMHUYeC-
KOI1 KapTUHBI ¥ KOPPEKTHPOBAINCH COOTBETCTBEHHO ITPU M3MEHEHUH
HTHUX MOKa3aTesIel He MeHee 2-X pa3 B CyTKH /st 00eCTieYeH st MUHHI-
MaJIbHO IIPHEMJIEMBIX [10Ka3aTeJieil ra30Boro cocTaBa KPOBH.

Boi6op uccienoBarebekoil Touku (8-it eHb KusHu) obyc-
JIOBJIEH, BO-TIEPBBIX, BO3PACTOM TOCTYTIeHN HanneHToB ¢ IHMT
B CTAIlMOHAP, BO-BTOPHIX, BDEMEHEM pa3peleHNs MaTOJ0rHYeCKUX
rporieccos, cBs3anubix ¢ P/ICH, 4To pu oTcyTCTBUM OCTIOKHEH I
JIOJKHO TIPUBECTH K JIMKBU/IAINH JBIXaTETbHON HEIOCTATOUHOCTHI
1 TIePeBo/Ly HOBOPOXK/ICHHOTO Ha CIIOHTaHHOe jibixaHue [14].

Jlnst cpaBHEHUST IBYX HE3ABUCHMBIX BBIOOPOK HUCIIOIB30BATIN
HelrapaMeTpuiecKie MeTO/bl CTATUCTUIECKOro anann3a: ManHa-
Yurau, Banbpa-Boabdosuna, Koamoroposa-Cmupnosa. /[l
OIIEHKH CBSI3M M3Y4aeMbIX IIOKa3aTesell ¢ HallmdneM M OTCYTCT-
BrueM ['3OAIT mpumensaan MeToz JorncTuueckoii perpeccun. st
OIIEHKHU MTPE/ICKA3aTENbHOI CIOCOGHOCTU MOJIEJIH, CO3[IAHHOI TIPU
IIOMOIIN METO/Ia JIOTUCTUYECKON Perpeccuil, NCHOIb30BaIN TI0CT-
poernie ROC-KpUBBIX ¢ BBIOOPOM «TOYKM OTCedeHus» [15, 16].
VccneoBanyie BBINIOJIHEHO C MCIIOJIb30BAHNEM KOMIIBIOTEPHBIX
nporpamm cratuctimyeckoro anammsa STATISTICA 6 u SPSS 17.

PesyubraThl U 00CyKA€HUE

Ol[HOpOZ[HOCTb TPYTIIT TIO MaccCe TeJa IMPpU pOKIACHNN
ITO3BOJIACT UCKJIIOYUTDH BJANAHHUC 3TOI'O ITOKa3aTeJIsd (‘ICpCS

with long- lasting HSPDA required surgical intervention; group
IT consisted of infants without a patent ductus arteriosus or hav-
ing non-hemodynamically significant patent ductus arteriosus or
closed independently by the end of the first week of life. Exclusion
criteria were necrotizing enterocolitis [II—IV, death of the patient
in the intensive care unit and transfer to another hospital before
extubation.

Baby birth weight was similar in infants in both groups:
864+99.6 g in group I and 897+96.2 g in group II. Gestation peri-
od was 26.2 weeks in group I and 26.8 (+1.06) in group II, values
of the left ventricular ejection fraction were 69+5.1% and
68+4.7% respectively.

However, infants with HSPDA needed more prolonged ALV
with 1091.8+£386.06 h in the group I and 462.3+268.02 h in the
group II. Interventricular hemorrhage (IVH) occured in 50% (6
cases) in group I and in 20% (7 cases) in group II that corre-
sponded to published data. Severe ITVH was frequently observed
in patients with HSPDA [11]. Pneumonia was proved by X-Ray
in 75% (9 neonates) in group I and in 70.5% (24 infants) in group I1.
Patients in both groups received antibiotic therapy according to
the results of bacteriological analysis of discharge from the tra-
cheobronchial tree.

Investigation of the capillary blood samples was performed
with Easy Blood Gas analyzer. The indicators selected for the study
were acid-base value of the capillary blood (pH), capillary partial
pressure of oxygen (pkO,), capillary blood oxygen saturation in
normal P50 (%SO,c), capillary oxygen value (O,ct), alveolar and
capillary oxygen gradient (AkDO,) and respiratory rate (RIK).

The main ALV parameters, such as peak inspiratory pressure
(Pip), mean airway pressure (MAP) and oxygen concentration in
breathing gas (FiO,) were also evaluated in the study. ALV para-
meters were dynamically changed due to the indices of capillary
blood, oxygenation and clinical picture and were adjusted in case
of changes of these parameters at least twice a day to ensure min-
imum acceptable figures of the arterial blood gas.

Study points selection (the 8th day of life) was stipulated by
the age of patients with ELBW admitted to the hospital and a
period of time needed for the resolution of pathological processes
due to RDS that should lead to respiratory distress elimination if
no complications occur, and transferring infants to spontaneous
breathing [14].

Nonparametric statistics including Mann-Whitney, Wald-
Wolfowitz, and Kolmogorov-Smirnov tests were used two evalu-
ate significance between variables from two independent samples.
The logistic regression was applied to identify the relationship
between the studied parameters with or without HSPDA. To
evaluate the predictive ability of the model created by means of
the logistic regression the ROC-curves with «cut-off point» was
implemented [15, 16]. Statistics data processing was carried out
on a personal computer using the software packages STATISTI-
CA 6.0 and SPSS 17.

Results and Discussion

The same baby birth weight in both groups allowed
excluding the impact of this parameter (via the respiratory
muscle mass, CNS maturity and, therefore, the breathing
control mechanisms) on ALV duration. Group uniformity
as per LVEF value indicated the absence of significant sys-
tolic dysfunction followed by hemodynamics disorders in
the systemic circulation [5] in both groups.

Apparently, in the first 10 days of life in a newborn
with ELBW (when BPD is not formed yet) the HSPDA
enhanced ALV duration not because of the lung injury, but
due to the hemodynamic disturbances (left-to-right shunt)
with the pulmonary circulation enrichment and the sys-
temic circuit stealing.

OBIJAA PEAHMUMATOAOI' M, 2015, 11; 2
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. Critical Illness in Newborns
Ta6imua 1. YyBCTBUTENBHOCTD M clIEU(UYHOCTD B IOTHCTUYECKON PErPECCUBHOI MOIeH Ha 8- I€Hb 3KU3HU HOBO-
POK/IEHHBIX € IKCTPEMAJIFHO HU3KOI Maccoii Tena.

Table 1. Sensitivity and specificity values in the logistic regression model on the 8th day of life in newborns with
extremely low birth rate.
Predicted data (incidence rate)

Actual data (incidence rate) Sensitivity/specificity

HSPDA PDA no
HSPDA 1 1 84.6%
PDA no 2 32 97%
13 33

Note (upumeuanue): HSPDA (hemodynamically significant patent ductus arteriosus) — reMoAUHAMUYECKY 3HAYUMBINA OTKPBITHIN
aprepualibibiii ipotok; PDA (patent ductus arteriosus) — oTKpbITHIN aprepuaibhbiii nportok; predicted data (incidence rate) —
npejicKa3atnubie ganubie (ducsio caydaes); actual data (incidence rate) — dakriyeckue ganmbie (4UCIo caydaes); sensitivity /specifici-
ty — YyBCTBUTEIHLHOCTH/CHEIUMUIHOCTD.

TaGauna 2. [lokasaTean NPOrHOCTHYECKOH MOJENH JIMTENbHO (DYHKIMOHUPYIOIEr0 TeMOAMHAMUYECKH 3HAYMMOTO
OTKPBITOTO apTePHAIBHOTO MPOTOKA Ha 8- IeHb >KU3HU HOBOPOSK/IEHHBIX C 9KCTPEMATIbHO HU3KO Maccoi Tesa.
Table 2. Description of the variables for the prognosis model of the long-term functioning HSPDA in newborns with
extremely low birth weight on the 8th day of life.

Variable Parameter Standard mistake Wald chi-square Significance level
Oyct -0.479 0.202 5.643 0.018
Pip 0.708 0.258 7.532 0.006
Constant -6.823 4.404 24 0.121

Note (npumevanue): Variable — nepemennas; parameter estimation — orenka mapamerpa; standard mistake — crangaprhas omu6-
ka; Wald chi-square — y* Basnbza; significance level attained — mocturaytsiit yposens snaunmocti; Oqct (capillary oxygen value) —
coziepKatue KUCJI0pojia B KanuispHoil kposu; Pip (peak inspiratory pressure), mmHg — nukoBoe naBjieHue Ha BAOXE, MM PT. CT.;

constant — KoHcTaHra.

MAcCCy JBIXaTeJNbHOI MYCKYJIaTypbl, CTENEHb 3PEJTOCTH
HHC, a 3HaunT, MEXaHM3MOB PETYJAINNN bIXaHUS) HA
nmutenbHocTh VIBJL. OmHOpOaHOCTD TPYMIT IO BesTMYMHE
(bpakimu BBIGPOCA JIEBOTO JKENYA0UKA CBUAETETLCTBYET 00
OTCYTCTBMHM 3HAYUMOTO HAPYUIEHUS CHCTOJUIECKOM
(byHKIIMM cep/ia U CBA3aHHBIX ¢ 9TUM HAPYIIECHHUI TeMo-
JMHAMUKY B OOJIBIIOM Kpyre KpoBooOparienus [5] B 0be-
UX TpyIIax.

OueBuno, 4To B 1epsbie 10 aHel KU3HI HOBOPOXK-
neraroro ¢ IHMT (moka eme ne copmuposanace BJLJI)
nvento 30AII crmocobeTBYeT yBEeTNUEHHIO JUTHTETHHOC-
i VIBJI, mpudem He cTOBKO M3-3a TIOBPEKICHUS JIETKUX,
CKOJIBKO W3-3a TeMOJAWHAMWYECKUX HapyleHuil (JeBo-
npasblii cOpoc) ¢ oboraleHneM MaJIoTo Kpyra KpoBooOpa-
eHus 1 0OKpazibiBaHueM OOJIBIIOTO.

[TpuHIUIT METO/A JIOTUCTUYECKOH perpeccun — Iio-
IIaroBO€ BKJIIOUEHHE U MCKIIIOUEHUE TTOKa3aTeiell /71 Bbl-
SIBJIEHWST OMTUMAJIBHOTO UX cooTHorenus [15]. B macros-
eM KCCJIEIOBAHUU 9TO OBLIN KUCJIOPOIHbBIE TOKA3ATEIIH
KaluJUISIPHOU KpoBu u ttapametpbl IBJI. Beibop ypashe-
HUs perpeccuu ObLI C/eJIaH B 110Jb3Y BapUAHTa ¢ MAKCHU-
MaJIbHBIM CYMMAapHbBIM 3HAYeHUEM YYBCTBUTEJIbHOCTU W
cnenupuunocTr. CozaHHas MOJIENIb UMEET JI0BOJIbHO BbI-
COKYIO UyBCTBUTEJIBHOCTD U criennuuHOCTh. Makcumasib-
HbI€ 3HAUEHUS YYBCTBUTEJIBHOCTH M CHEIU(DUUHOCTH 1TPO-
THOCTUYECKOM Mojiesin Ha 8-il JIeHb HOBOPOKIEHHBIX C
IHMT 6buin — 84,6 u 97%, coorsercrenHo (tabu. 1).
KoahduimenTs! 1715 cocTaBieHust ypaBHEHUS JIOTUCTHYE-
CKOU perpeccuu, paCCYnTaHHOTO Ha 8-if IeHDb JKMU3HU HOBO-
poskaenubix ¢ IHMT, npeacrasietsl B TabiL. 2.

The logistic regression principle is a step-by-step
inclusion and exclusion of indicators to identify their opti-
mal ratio [15]. In the present study these parameters
included oxygen values of the capillary blood and ALV
parameters. The selection of the logistic regression equa-
tion was made in favor of a maximum total value of sensi-
tivity and specificity. The developed model had a relative-
ly high level of sensitivity and specificity. Maximum values
of sensitivity and specificity in a prognostic model detect-
ed on the 8th day of life in infants with ELBW were 84.6%
and 97%, respectively (Table. 1). The coefficients for the
logistic regression equation calculated on the 8th day of
life in infants with ELBW are presented in Table. 2.

The accuracy of Nadelcercess method indicates that
the model explains of 61.8% of dispersion. Logistic regression
equation is presented as: -0.479 ¢ O,ct+0.708 * Pip-6.823.

To assess a prognostic ability of the model the ROC-
curve was built (Fig. 1), where the actual data regarding
HSPDA presence or absence were correlated with the
probability values calculated using a logistic regression
equation for each case. The resulting area under the curve
(0.907) defines the created model quality as an excellent.

Pip parameter relationship with a risk for HSPDA
further development was determined as considerably
high. (Table 2, 3). This relationship can be explained from
two points of view. Firstly, Pip elevation is a HSPDA
sign, since in case of the left-to-right shunt the pul-
monary circulatory congestion occurs worsening the pul-
monary edema, reducing lung compliance and requiring
higher pressure for lungs disclosure in ALV. Secondly, in
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Ta6immua 3. IlapameTpnl ra3oB B KanWUISIPHOH KPOBH U 3HaueHusi ALV y HOBOPOIKIEHHBIX € 9KCTPEMAIbHO HUBKOU

Maccoi Tejia Ha 8-if leHp JKU3HH.

Table 3. Parameters of capillary blood gas and ALV in newborns with extremely low birth weight on the 8th day of

life.
Parameters Values of parameters in groups Significance of differences (P),
with HSPDA, n=13 without PDA, n=33 Mann-Whitney U-test

FiO, 31,2+9.08 26.3+4.46 0.067

pH 7.249%0.07 7.275%0.06 0.180

pkO, 35.5+£5.83 37.8+6.95 0.328

%6S04c 58.1+11.27 63.7£11.8 0.168

Oyct 11.1£2.07 14.8+3.45 0.0007

AkDO, 140.5+61.6 92.7+34.8 0.0056

RIk 3.9+21 2.4%0.97 0.0076

Pip, mmIg 18.4+3.04 15.2+1.76 0.0004

MAP, mmHg 8.0+x1.15 6.9+0.82 0.0015

Note (npumeuanue): Parameters — nokasaresu; values of parameters in groups — 3nadenue nokaszareseil B rpyrmnax; HSPDA (hemo-
dynamically significant patent ductus arteriosus) — reMogMHAMUYECKY 3HAYMMBbII OTKPBITHINA apTepUaIbHbIil MPpoToK; without PDA
(patent ductus arteriosus) — 6e3 OTKpPBITOTO apTepraibHoro nmpoToka; significance of differences (P), Mann-Whitney U-test — 3nauu-
Moctb pasinanii (P) no U-kputepuio Manna-Yuruu; FiO, ( oxygen concentration in breathing gas) — koHmenTpamus Kuciopoja Bo
BabixaemoM Bosnyxe; pH (acid-base value of the capillary blood) — 3HaueHne KuCJIO0THO-OCHOBHOTO COCTOSIHUS KAUJLISIPHON KPOBH;
pkO, ( capillary partial pressure of oxygen) — HampszkeHune Kiciopoja B Kamuuisipoit kposu; %SO,¢ (capillary blood oxygen satura-
tion) — HackIeHne KUCAOPOgoM Kanumiisipaoil kposu; O,ct (capillary oxygen value) — cozepskanne Kuciopoa B KalnJIsipHON KPo-
Bu; AkDO, ( alveolar and capillary oxygen gradient) — anbBeosistpHO-KanuIApHBI Kucaopoausiii rpagauent; RIk (respiratory rate )
— pecrtiparophbiii koadduiment; Pip (peak inspiratory pressure), mmHg — nukoBoe paBjienue Ha Bioxe, MM pT. ¢T.; MAP (mean air-

way pressure), mmHg — cpeznnee gaBienne B AbIXaTeIbHBIX MYTX.

[TokaszaTesb MepbI ompe/iesieHHOCTH 110 MeToay Ha-
JIeJIbKEPKeca YKa3bIBaeT, UTO JaHHash MOJIEIb OObCHSIET
61,8% mucrepcun. YpaBHEHUE JOTHCTHYECKON PETPECCUn
nmeet BU: -0,479 ¢ O,ct+0,708 « Pip-6,823.

[t OlLIEHKYW NpeCcKasaTelbHOl CIOCOOHOCTH CO-
3mantoit Mozgenn Obita moctpoera ROC-kpuBas (puc. 1),
rae (akTuueckue JaHHbIE O HAJUYUU UM OTCYTCTBUH
T'30AII 6bLIM COOTHECEHBI CO 3HAYECHUSIMU BEPOSITHOCTH,
pPacCUUTAHHBIMU MTPHU TOMOTIU CO3/IaHHOTO YPaBHEHUSI JIO-
THCTUYECKOI perpeccuu s Kaxaoro ciaydas. [loayden-
Hag Tromanas mox kpusoi (0,907) xapaktepuayeT xKadecT-
BO CO3/IaHHON MOJIEJIN KaK OTJINYHOE.

Bricoko 3HaumMoit okazazach ¢BsI3b mapaMmeTpa Pip ¢
puckom coxpanstorerocss T3OAIL (taba. 2, 3). Jlannyio
CBSI3b MOKHO OOBSCHHTH C JIBYX TOYEK 3peHus. Bo-mep-
BBIX, ToBbIeHust Pip siBistercst mpusnakom ['30AII, tak
KaK MPH JIEBO-TIPABOM IITYHTE TIPOUCXOIUT TIEPETIOTHEHNE
MaJIOTO Kpyra KpOBOOOPAIeHUs, HApacTaeT OTEK JIErKUX,
CHIKAETCS X PACTSKUMOCTD, TpebyeTcst 60bIee maBie-
HUe JIJIsI PACKPBITUS JIETKUX TIPU UCKYCCTBEHHON BEHTUIIS-
1nn. Bo-BTOpBIX, BEICOKOE Pip momosHnTeIbHO TTOBpEsKIa-
€T JIETKUE U MOBbIIIAET JABJICHUE B JIETKUX, CIIOCOOCTBYET
(hopMHUPOBaHUIO TIPABO-JIEBOTO HIYHTA U YXY/IIEHUIO OK-
CHUreHAIMK OPraHOB U TKAHEM, MOAIePKUBast TaKUM 0Opa-
30M apTepUaIbHBIN MPOTOK OTKPBITHIM. [lokazaTems Pip
oTpaskaeT skecTKOCcTh TmapameTpoB MBJI, omHako crernenn
MTOBPEK/ICHUS JIETKUX, B TIEPBYIO OUepe/lb CBSI3bIBAIOT C BbI-
cokum MAP [14]. Tlocieanunii nmokasaTesib B HACTOSIIIEM
HCCJIEIOBAaHNM OKA3aJICsl MeHee 3HAYMMbIM, UYTO JIEJIaeT
nepBoe 00bsiCHeHMe HOJIee MOAXOISIIMM,

BbisiBJIeHBI CTAaTUCTUYECKM 3HAYMMBIE Pa3JIUUUs
MESKJLy TPYIITaMU HOBOPOXKIEHHBIX 10 O,Ct KanmsisspHOit
kpoBu (1abi1. 3). [TokasaTenb OTpakaeT cogepKaHue KICI0-
PO/ia B KPOBH, CJIATAETCS U3 KOJIMYECTBA KUCTOPOJIA, CBSI3aH-

ROC Curve
1 srammany
0.8
2 :
= :
= 0.6
a
[-5]
»
0.4 -
0.2 -
| | | | |
0 0.2 0.4 0.6 0.8 1
1 — Specificity

ROC-kpuBasi nporHocTu4ecKoil Mojeau aureabHo GyHKIuo-
HHUPYIOIETO F€MOTMHAMUYECKH 3HAYHMOTO OTKPBITOTO apTepH-
aJIbHOTO NMPOTOKA y HOBOPOK/IECHHBIX € IKCTPEMAJIBHO HU3KOH
Maccoii Tea.

ROC-curve of the prognostic model for the prolonged func-
tioning and hemodynamically significant patent ductus arterio-
sus in newborns with extremely low birth weight.

Note (npumeuanmue): Specificity — cnerupuuanocts; Sensitivity —
YYBCTBUTEILHOCTD.

addition, a high level of Pip parameter damages the lungs
and increases the pressure in the lungs contributing to
the right-to-left shunt development and poor oxygena-
tion of organs and tissues keeping the ductus open. Pip is
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HOTO € TeMOTJIOOMHOM, U KOJMYECTBA PACTBOPEHHOIO KHC-
sopozia. ITpu 3HAUNTENIBHBIX pa3Mepax MPOTOKa B MOMEHT
JIMACTOJIbI BO3HUKAET PETPOrPaHbIN TOK KPOBH B OPIOITHON
aopTe, MarucTPaIbHBIX APTEPUSIX OOJBIIOr0 KPyra KPOBOOO-
paIlleHNs, YTO BBI3BIBAECT HAPYIICHUSI MUKPOIMPKYJISIINN 1
unemuto TkaHeit [5]. Takum o6pasoM, coaepKaHue KUCI0-
pojia B KalMJLISIPHON KPOBU 3aBUCHT, C OJTHOI CTOPOHBI, OT
€T0 TIOTJIONIEHNUST B JIETKUX, C IPYTOi — OT KayecTna ero J10-
CTaBKHU U CTEIIeHU TIOTPEOIICHUS TKAaHSIMHU, IO9TOMY MOKET B
GoJrblieil Mepe oTpaxkarh THIokcHio TKaHeil [17, 18]. B to
5Ke BPeMst, TIepPEIoJIHEeHE KPOBBIO MaJIOro Kpyra KpoBooo-
palleHus MPUBOIUT K HAPYIICHUIO ee OKCUTEHAIIUH B JieT-
KHUX, 4TO ycyryOJIsieT TUToKCeuIo TKaHeit [5].

Hapyiienue okcureHaimu u CTeeHb IyHTUPOBAHUS
KPOBH B JIETKUX OTpakaeT mokasaTenb RI. /lannbrii mokasa-
Tesib B KanuuisipHoii kposu (RIK) cratucrimyecku sHaunmo
OT/TMYAJICST B IBYX TpyMiax maruentos (tadu. 3). Crmken-
HOE CcoiepsKaHke KUCIOPOoJIa B KAIMJUISIPHON KPOBU MOJKET
ObITH CBSI3aHHO, C O/IHOIT CTOPOHBI, ¢ HAPYIIEHUEM OKCUTEHA-
UK KPOBH B JIETKKX, C IPYTOI — € HAPYIIEHUEM €ro I0CTaB-
KU K TKaHSIM ¥ TIOBBIIIEHHOTO T10Tpedienust Tkansmu [ 18].

3akjaoyeHue

[TprHIMTTHATBHO BAXKHBIM /LISl KATETOPUU HOBOPOIK-
nearbpix ¢ DHMT gBasercs yMmenblenne IInTeTbHOCTH
PeCIupaTopHOil MOJIEPKKA W YMEHbIIIEHNE ee MHBAa3UB-
HOCTH, JIIST 9€T0 TPeOYEeTCsT CBOEBPEMEHHOE BBISIBICHUE U
ycerparenue ['3OAIL TIpensnoskena Mojiesib, KOTOpast 03-
BOJISIET TIPOTHO3MPOBATH JTUTEIbHOE (DYHKIIMOHUPOBAHUE
T'30AII na BTOpOIT HeEmesNe KU3HU HOBOPOKIACHHOTO TIPU
MOMOIIN HEOOJIBIIOTO YKCIa PYTUHHBIX [IOKA3aTeIeH.

Kucroponnsrii mokazarens O,ct KaMWIIIPHON KPO-
BU OKa3aJICSl CTATHUCTUYECKN 3HAYMMBIM JIJISI TIPOTHO3UPO-
Banus quutenabHoctu Gynkironupoanus [3OAIL Ipo-
THOCTMYECKAST 3HAYMMOCTH MOKa3aTeqss 060CHOBaHA
CTaTUCTUYECKH, a TAK/Ke 00DBICHUMA C MTATOTEHETHIECKUX
nosnnmil. [lomyuernas xopomas mpeacKasbiBaonias Cro-
COOHOCTD MOJIEJIH, CO3JAHHON U151 8-T0 JIHS, YKa3blBaeT Ha
BEPHBIN BBIOOP CPOKA UCCIIEA0BAHUS IS [IPOTHO3UPOBA-
Hust uuTeabHo pynknnonupyiomiero F3OAIT y HoBopok-
nenabix ¢ JHMT. [lannsiii meproa sSBISETCS TEPEIOM-
HBIM B cMbice pasperieaus PACH wmm dopmupoBanus
BJI/I, 9To mpUHIUTTHAIBLHO 3HAYUMO JJIS JJTUTETHHOCTH
WBJI u ganpueiinrero npornosa. 3OAII ssistercst ognum
U3 BaKHEHIMX (GakTopos, crocoOCTBYOIMX (POpMUPOBa-
nuio BJI/1 y nosopoxaennbix ¢ IHMT.
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indicated on the toughness of ALV parameters, but the
degree of lung injury is primarily associated with high
level of MAP [14]. The last indicator in this study has
been less significant, which makes the first explanation
more appropriate.

The statistically significant differences between two
groups of newborns as per O,ct capillary blood have been
revealed (Table. 3). The indicator reflecting the oxygen
content in blood is summed up the amount of oxygen
bound to hemoglobin and the amount of dissolved oxygen.
If PDA is considerably large, the retrograde blood flow in
the abdominal aorta and in main arteries of the systemic
circulation during diastole occur caused disturbances in
microcirculation and tissue ischemia [5]. Thus, on the one
hand, the oxygen concentration in the capillary blood
depends on the oxygen obtained in the lungs. On the other
hand, it depends on the quality of oxygen supply and its
consumption by the tissues indicating tissue hypoxia [17,
18]. At the same time, the pulmonary circulation conges-
tion leads to the violation in blood oxygenation in the
lungs exacerbating tissue hypoxia [5]. Therefore, the
deficit of oxygen concentration in the capillary blood
occurs because of impaired consumption in the lungs and
violation in oxygen delivery and excessed consumption in
the tissues [18].

Conclusion

The shortening period of respiratory support and its
invasiveness reduction is fundamentally essential for the
newborns with ELBW including early diagnosis of
HSPDA and its complete elimination. The proposed model
allows predicting the HSPDA prolonged functioning on
the second week of life in infants using a small number of
routine indicators.

Capillary blood oxygen indicator O,ct was demon-
strated to be significant for prognosis of prolonged func-
tioning HSPDA. The prognostic significance of these indi-
cators has been statistically proved and pathogenetically
explained.

Good prognostic potential of the model developed
for the 8th day of life clearly demonstrates that this period
is a turning point for RDS resolution in newborns or for
the BPD development, and is essential for an ALV prolon-
gation and further prognosis. HSPDA is one of the most
important factors inducing BPD development in newborns
with ELBW.
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