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BbBegeHue. MpoabmkntenHata nHeasveHa 6enogpobra sentunauus (MWBB) e nobpe npoyyeH dakTop, kaTo nokasa-
Ten 3a Ka4yecTBOTO Ha JleYeHune B feTckata kapavoxupyprus. MoseyveTo puckosu haktopm 3a MNMUBEB ca onucanu n fobpe
aHanuaupaHu. Hskou aBTopu ca cb3ganu NPOrHOCTUYHW MOAENM 3a NPEBaHTUBHO OTKPMBAHE Ha MAaLMEHTU B PUCK 3a
MWBB. LlenTa Ha ToBa npoyysaHe e aa ce pa3pabotn HOB NporHocTUyeH Mogen 3a MWBB cnep cbpgeyHa onepauus B
AeTcka Bb3pacT, 6a3npaH Ha Ba3oakTBEH BeHTUNaTopeH 6bopeyeH ckop (BBEC). MaTepuan u Metoamn. AHanuamnpaHm
ca MedMuMHCKMTE JocKueTa Ha naumeHTu Ha Bb3pacT 0-18 r., npeTbpnenu cbpaeyHa onepauns npes 2016 n 2017 r.
MWBB ce pedmHMpa kaTo MHBa3MBHa 6enogpobHa BeHTUNaLmMs = 96 4. lMaumeHTuTe ca pasaeneHu B ABe rpynu cnopes
NPOLbITKATENHOCTTA Ha BeHTUNauusaTa: rpyna 1 — naupwenTn ¢ MUBB, rpyna 2 — nauneHtn 6e3 MNMNBB. ®okycwbT Belwe
nocraBeH Bbpxy BBBC 1 06emHOTO 06pemeHsiBaHe npe3 mbpauTe 48 yaca cnep onepauusTa. [laHHUTe ca npeacTaBeHu
kato Meauanm ¢ IQR unm kato cpegHu CTONHOCTK + CTaHAAPTHO OTKIMOHeHWe. 3nonasaxu ca HenapameTpuyeH U-tect
Ha Mann-Whitney, 6uHapeH norucTyeH perpecvoreH Tect u ROC aHanu3 Ha kpuBaTa, MHTErpupaHu B CTaTUCTUYECKUS
cogpryep SPSS 24.0. CroitHocT Ha p < 0,05 Gelwe npueTa 3a ctatuctudeckn sHaumma. Pesyntatu. Mpes aHannavpaxns
nepuog ca onepupanu 438 nauueHTy, kato 384 ot TAX ca BKIo4eHu B npoyyBaHeTo. Mpu 80 naumeHTn (20,8 %) e buna
Heobxoguma MWBB (rpyna 1), a npu 304 nauuneHTu (79,2 %) — He (rpyna 2). [iBa oT chakTopuTe, KOUTO NOKa3axa BUCOKa
cratuctuyecka aHaummoct (p < 0,001) no oTHowweHve Ha pucka oT NMUBB ca nukosus BBEC 3a aeHs Ha onepauusta 58,25
(33,48) cpeuy 25,65 (19,8) u kymynatneHoTO 06eMHO 0bpemeHsBaHe B % 3a mbpauTe 48 yaca +2,54% (13,29) cpey -
1,19% (3,4 ). Ha 6a3ata Ha Tean aBa thaktopa b€ cb3aazfeH NPOrHoCTUYEH MOAEN C BiCoKa npeauktueHocT 93,30% (AUC
= 0,903, 95% Cl: 0,863-0,944), ¢ uyscTBUTENHOCT 86,25% M CcneumdmnyHocT 82,57%. 3akntoueHue. KombuHMpaHeTo Ha
BBEC 1 kymynaTtuHOTO 06eMHO 06peMeHsiBaHe, JaBa Bb3MOXHOCT 3a Cb3[aBaHETO Ha HOB HALEXAEH MPOrHOCTUYEH
mogen 3a [MMNBB cnep cbpgeyHa onepauys npu neanaTpUyHN NaLMEHTH B HaLWNS LEHTHP.

Aella, BpoZeHU CbpaeyHn MandopmaLum, CbpaeyHa onepauus, NpoabKUTENHA MHBA3NBHA GenoapobHa BeHTUNaLus,
prckoBK dpakTopy

A-p AumuTbp Meunnkos, KnvHuka no aeTcka kapauonorus, HauyoHanHa kapavonoruiHa 6onunua, yn. KoHsosuua
Ne 65, 1309 Codpmsi, Ten: +359878332948, e-mail: pedilkov@gmail.com

Introduction. Prolonged mechanical ventilation (PMV) is a well-recognized factor as a quality metric for pediatric cardiac
surgical programs. Most of the risk factors for PMV are described and analyzed. Some authors had established predictive
models to detect proactively patients in risk for PMV. This study aims to develop a new predictive model, based on
vasoactive-ventilation-renal (VVR) score, for PMV after congenital heart surgery (CHS) in pediatric patients. Material and
Methods. Medical files of patients 0-18 y who underwent heart surgery in 2016 and 2017 were reviewed. Patients that met
the inclusion criteria were studied. PMV was defined as invasive mechanical ventilation = 96 h. The patients were divided in
two groups according to duration of mechanical ventilation: group 1-patients with PMV, group 2-patients without PMV. The
focus was set on VVR score and fluid overload in the first 48 hours after the operation. Data were presented as medians
with IQR or as means + standard deviation. A non-parametric Mann-Whitney U test, binary logistic regression test and ROC
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curve analysis integrated in the statistical software SPSS 24.0 were used. A value of P < 0.05 was considered significant.
Results. 438 patients were operated in 2016 and 2017 and 384 of them were included in the study. 80 patients (20.8%)
needed PMV (group 1) and 304 (79.2%) did not need PMV (group 2). There was a statistical significance between group 1
and group 2 concerning the peak VVR for the day of operation 58,25(33,48) vs. 25,65(19,8) and cumulative fluid overload
in % for the first 48hours +2,54(13,29) vs. — 1,19(3,4). After combining this two factors in a predictive model, the ROC
curve analysis showed AUC 0,903 (95% Cl 0,863-0,944) with sensitivity of 86.25% and specificity of 82,57%. Conclusion.
Combining VVR and cumulative fluid overload, resulted in establishment of a new reliable predictive model for PMV after

CHS in pediatric patients in our Center.
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BbBEOQEHMUE

OnepaTnBHOTO NeveHne Ha geuarta CbC CbpAeYHU
3abonaBaHMsa € NPOMEHUNIo OraronpusiTHO ecTecT-
BeHaTa eBONUMS KakTO Ha BpOOEHUTE CbpAEYHU
Mandopmaumm (BCM), Taka n Ha npugobutnte cbp-
OeydHun 3abonaBaHus.

Mpu geuarta 3a pa3nuka oT Bb3pacTHUTE OCHOBEH
09N Npy CbpAeyYHUTE onepauumn 3aemart onepauuuTe
Ha BCM (Hag 90%). XvpypruyHoTto neyeHme Ha BCM
npu gela 3anoyvsa pas3BUTMETo cu npes 50-te roamHu
Ha XX Bek [1]. B HayanoTo onepaTuBHaTa CMbPTHOCT
poctura Hag 90%. B Hawwm gHu pesynTtatuTe OT onepa-
TMBHOTO NneveHne Ha BCM ca 3HaumTenHo nogobpexn,
KaTo B MOBEYETO LIEHTPOBE MO CBETA paHHaTa onepa-
TMBHA CMBbPTHOCT € nog 5%. PoKyCcbT 3a OLEHKa Ha
pesynTatuTe OT ONepaTUBHOTO fle4EHNE € U3MECTEH OT
onepaTMBHaTa CMbPTHOCT BbPXY OpPYrv nokasatenu —
NPOOBIMKUTENHOCT Ha MHBa3uBHaTa 6enogpobHa BeH-
Tunauus (MBB), npecton B UHTEH3MBHOTO OTAENEHUE,
DonHMYeH npecTon n ap.

MpogbmxkuTtenHoctTa Ha MIBB ce usnonsesa kato
€0WH OT nokasaTenuTe 3a YCMNeLHO OCbLLeCTBeHa Xu-
pypryyHa KOpEeKUMsa U HEYCINOXHEHO creaonepaTtuBHO
Bb3CTaHoBsBaHe [2, 3]. MoBeyeTo naumeHTn ycnsasart Aa
ObaaT OTBMKHATK OT anapaTHa BEHTUNauUms B UHTEH3UB-
HOTO OTAENeHWe OLle B AEHS Ha onepauusata unuv npes
nbpBuTe 24-48 h, a npy gpyru, Han-4ecTo C YCIOXKHEH
crneponepaTvBeH Nepuoa, ce Hanara NpoabikaBaHe Ha
anaparHaTa BeHTUnauusi 4O Bb3CTaHOBSABAHE Ha (PYHK-
uuMTe Ha opraHmsMa. [lokasaHo e, Ye NpoabInKUTen-
HaTa nHBasuBHa benogpobHa BeHTunaumsa (MABB) ce
acouuvpa ¢ peguua HeraTuBHU eheKTu, BKIYUTENHO
1 MO OTHOLLEHME Ha NPEeXMBSIEMOCTTa.

CwmbpTHOCTTa B rpynata ¢ [MMWBB goctura go 40%
npyv Bb3pacTHM NauMEHTU crnea CbpAevHa onepauusi
[4]. NauneHTuTe c MNMMNBB aHraxupart u cepruosHu u-
HaHcoBU pecypcu [5, 6].

Yectotarta Ha MBB npu geua Bapupa ot 11 go
35% B 3aBMCUMOCT OT AebmHMLMATa 3a NPOabIHKNTEN-
HOCTTa Ha BeHTUnauuaTta [7, 8, 9] .

INTRODUCTION

Surgical treatment of children with heart diseases
has favorably altered the natural evolution of both con-
genital heart diseases (CHD) and acquired heart dis-
eases.

In children, in contrast to adults, the major propor-
tion of cardiac surgery is congenital heart surgery (over
90%). Surgical treatment of CHD in children started
in the 1950s [1]. In the beginning, operative mortality
was over 90%. Nowadays, the performance of surgical
treatment of CHD has improved considerably, with an
early postoperative mortality of less than 5% in most
centers worldwide. The focus for evaluating the out-
comes of surgical treatment has shifted from operative
mortality to other indicators — length of mechanical ven-
tilation (MV), length of intensive care (ICU) stay, length
of hospital stay, etc.

The duration of MV has been used as one of the
indicators of successful surgical repair and uncompli-
cated postoperative recovery [2, 3]. Most of the pa-
tients manage to be weaned from ventilator support in
the intensive care unit on the day of surgery or in the
first 24-48 h, while others, most often with complicated
postoperative period, require continued ventilator sup-
port until recovery of major organ functions. Prolonged
mechanical ventilation (PMV) has been shown to be
associated with a number of negative effects including
survival.

The mortality rate in the PMV group is as high as
40% in adult patients after cardiac surgery [4]. Patients
with PMV also commit significant financial resources
[5, 6].

The incidence of PMV in children ranges from 11%
to 35% depending on the definition of ventilation dura-
tion [7, 8, 9].
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OCHOBHUTE CUCTEMU, MMALLUM OTHOLUEHWE KbM
HEBb3MOXHOCTTa 3a oTBukBaHe oT VBB n Hyxpga ot
NMNBB cnea cbpaeyHa onepawms B AeTcka Bb3pactT, ca
auxaTenHarta, cbpgedHo-cbaoBata cuctema (CCC) wm
oTaenuTenHara.

YCTaHOBEHN ca pPUCKOBWU aKTopu, CBbp3aHu C
ONCYHKUMATA Ha BCsSKa efHa OT TdX, C Uen Ja ce
N3Mnon3BaT KaTto NpeauKTUBHM (hakTopu 3a NPOabIKK-
TenHocTTa Ha VIBB.

YacTt oT Te3an aktopu, Kato Bb3pacT, HEeOOHO-
CEHOCT, HeJOXPaHEHOCT, npegonepaTnBHa Hyxxga oT
VBB, npoob/mKUTENHOCT Ha eKCcTpakoprnopasiHo Kpb-
BooOpauweHne (EKK), knamnax Ha aoptarta, NOBULLEH
nakTtaT, NOBULLEHM TPOMOHMHU, ca Jobpe NpoyYeHn u
KaTeropnyHo yTBbpaeHu kato puckosu 3a MNABB.

MMpe3 nocrnegHWTe roavHKM ce u3paboTBaT npeauvik-
TUBHWM MOAENW, BKIMOYBALLM KOMOMHaUWS OT 2-7 PUCKOBU
dakTopa, nnu T.Hap. ckopoBe. Han-CbBPEMEHHUAT OT TAX
€ BasoaKTVBeH BeHTunatopeH 6bopedeH ckop (BBBC),
konTo e BbBeaeH npe3 2015 . [10]. LlenTta Ha cb3pageHuTe
NPeaVKTUBHUTE MOAENM Y CUCTEMU € Bb3MOXHO Hal-paH-
HO MaeHTUdMLMPaHe Ha rpynarta nauvMeHTH, 3acTpalleHmn
o1 NMMBB. o To31 Ha4YMH HAcCOYEHO Le MoraTt Ce TbpCAT
NMOTEHLMarHN NPUYMHA 3a Hesl, a Ypes3 OTCTPaHSBAHETO MM
LLie CTaHe Bb3MOXHO U3DSrBaHETO Ha criegonepaTuBHUTE
YCNOoXHeHus, acoummpanm ¢ MNMYBB.

MATEPUAN U METOOMU

M3BbpLUEH e peTpoCneKkTVBEH aHanuM3 Ha Meau-
LMHCKaTa OOKYMEHTauus U KOMMTbpHUTE dannose
Ha BCWYKM MaumeHTn Ha Bb3pact ot 0 go 18 r., npu-
eTn B [JeTCKOTO KapAMONOrMyHO UHTEH3MBHO OTAere-
HMe B [EHS Ha OCbLUECTBEHA CbpAeyHa onepauuns 3a
nepuoga 01.01.2016 r. go 31.12.2017 r. AHanuanpaHu
ca JaHHWTE Ha NaumneHTUTe, OTroBapsLLN Ha BKIIOYBa-
LMTE KPUTEPUN — MbIHA MEAMLMHCKA OOKYMEHTauus,
npexueenn nbpeute 96 h cnen cbpaevHa onepauus,
OOHOCEeHN NaumeHTn (Hag 37-ma r.c.) npu cbpaeyvHa
onepauus 3a nuratypa Ha nepcuctupall, aptepuaneH
kaHan (MAK), oa He ca Manu Hy>xga OT eKCTpakopno-
panHa membpaHHa okcureHaumst (EKMO) npes nbpsu-
Te 96 h, ga He ca 6unu ¢ TpaxeocToMa npu NocTbNBa-
HeTOo, Aa He ca Gunu ekcTybmpaHu B onepaumoHHaTa.
Kato NMMBB e npreta MBB ¢ npogbmkutenHoct = 96
yaca. KaTto Ha4yano Ha VBB e npueT YyachbT Ha NOCTbM-
BaHe Ha nauuweHTa ot OnepauynoHHaTta B [JeTCKOTO UH-
TEH3UBHO KapAWMOSIOrMYHO OTAENEHME, a KaTo Kpan ce
nprvemMa 4achbT, B KOWTO NMaUMEHTLT e ekcybupaH, T.e.
npekpaTeHa e MHBa3MBHaTa benoapobHa BeHTUNaUuS.

MpocneneHn ca crnegonepatyMBHU hakTopu, Kou-
TO ca pasgeneHy AOMbIHUTENHO Ha OOLUM U paHHW.
ObuwumTe dakTopu ca npocneneHn ao 96-ms yac crneq
onepaumdaTa: Hanmyne Ha Cencuc, auxaTernHu yCcriox-
HEeHWs, OPYru YCNOXHEHWS, HeyCneLllHa ekcTybauuns m

The major systems relevant to weaning failure from
MV and the need for PMV after cardiac surgery in child-
hood are the respiratory, cardiovascular (CV) and uri-
nary excretory systems.

Risk factors associated with dysfunction of each of
them have been identified as predictive factors of the
duration of MV.

Some of these factors such as age, prematurity,
malnutrition, preoperative need for MV, cardiopul-
monary bypass time (CPB), aortic cross clamp time
(AoX), elevated lactate, elevated troponins have
been well studied and established as risk factors for
PMV.

Recently, predictive models including a combina-
tion of 2-7 risk factors and different score systems have
been developed. The most advanced of these is the
vasoactive-ventilatory-renal score (VVR) introduced in
2015 [10]. The aim of the established predictive mod-
els and systems is to identify as early as possible the
group of patients at risk for PMV.

MATERIAL AND METHODS

Retrospective analysis of medical records and
digital files of all patients aged 0 to 18 years admit-
ted to the pediatric cardiac intensive care unit on the
day of cardiac surgery for the period 01.01.2016 to
31.12.2017. The data of the patients meeting the
inclusion criteria were analyzed: complete medical
records, surviving the first 96h after cardiac surgery,
premature neonates if undergoing cardiac surgery for
patent ductus arteriosus (PDA) ligation, not requiring
extracorporeal membrane oxygenation (ECMO) in
the first 96h, without a tracheostomy on admission,
not extubated in the operating theatre. PMV was de-
fined as invasive ventilation greater than or equal to
96. Measurements obtained after extubation from
mechanical ventilation were not included in analyses
focused on identifying postoperative predictor vari-
ables for PMV.

Postoperative factors were further divided into
common and early factors. Common factors were
followed up to 96 hours postoperatively: presence of
sepsis, respiratory complications, other complications,
failed extubation and administration of inhaled nitrous
oxide. Early postoperative factors included: vasoactive
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NPUNOXEHNE Ha UHXanaTopeH a3oTeH okuc. KbMm paH-
HWUTEe cnegonepaTMBHU PAKTOPY Ca BKITHOYEHW: Ba30ak-
TMBEH MHoTponeH ckop (BUC), BBBC, nakrart, dnyu-
OeH B6anaHc n KymynatMBHo o6eMHO ObOpemeHsiBaHe.
BWC e nsumcneH no copmynara:

BUC = po3a Ha gponamuH (ug/kg/min) + no3a Ha
poobyTtpekc (pg/kg/muH) + 100 x go3a Ha agpeHanuH
(ng/kg/min) + 10 x go3a Ha MunpuHoH (Hg/kg/min)
+ 10 000 x po3a Ha Ba3onpecuH (U/kg/min) + 100 x
po3aTta Ha HopaapeHanuH (ug/kg/min).

BBBC e nsuncneH no opmynara:

BBBC = BUC + BeHTunartopeH nHgekc (BU) +
6Bb6peueH nHpgekc (BU).

BWU =4 x (MUH — NHKE) x MHCO,/1000, kbaeTo
04 e gnxatenHa yectota, [NMNH —nnKoB MHCNnMpaTopHO
HansaraHe, NHKE — no3uTuMBHO HansraHe B Kpasi Ha ekc-
nupuyma, NMHCO, — napymanHoTo HansraHe Ha Bbrie-
pogHus anokeua. bU = A kpeatHuH *10 — naMeHeHne
Ha HMBOTO Ha criefonepaTuUBHUS CEPyMEH KpeaTUHVH B
CpaBHeHWe C npegonepaTuBHUS.

MMpenopbyBa Ce CTOMHOCTUTE Ha KpeaTMHUHa Aa
6baat B munurpamal/geumnutbp (mg/dl), kaTto 3a npe-
BPbLUAHETO UM OT Mukpomon/nutep (umol/l) (T.e. npu
oTuMTaHe no cuctemarta Sl) B mg/dl ga ce nsnonsea
dopmynara pmol/l x 0,0113 = mg/dl.

B cnydauTe, Korato CTOMHOCTUTE Ha crnegonepa-
TMBHMWS KpeaTUHWH ca MO-HUCKKU OT NpeJonepaTmuBHUTE,
ce npuema, ye b/ = 0. HuBarta Ha nakTata ca mu3me-
peHn B apTepuanHa kpbB B mmol/l. CtorHocTUTE Ha
BWNC, BBEC 1 naktaT ca oT4YETEHU B TOMHO OnpeaeneH
MOMEHT UMM uHTepBan — npu npuemaHe ot Onepa-
LIMOHHAaTa, Ha 12-1sa yac, NMKoB npes3 nbpeuTe 12 yaca,
NVKOB 3a AeHHA Ha onepauusTa, Ha 24-us yac cneg
onepauudaTta, NUKOB 3a cnegonepaTueeH aeH 1, Ha 48-
ns Yac crneg onepauuvsita, NMMKOB 3a criegonepaTuBeH
OeH 2. NamepBaHusTa, HanpaBeHW crneq npekpartsisa-
He Ha MHBa3uWBHaTa GenogpobHa BeHTMNauUKWs, He ca
BKITHOYEHU B aHanmauTe.

O6emHoTo obpemeHsBaHe (OO) e nsdncneHo KaTto
dnyungeH 6ananc (PB) B ml no hopmynata: ®b = Ko-
NIM4eCcTBOTO Ha NpUeTUTe TeYHOCTU — KONUYEeCTBO-
TO Ha oTgeneHuTe Te4HocTU. Ob e nHOeKcMpaH KbMm
TENecHOTO Terno npeam onepaumnsita, Kato ce pasgenu
fanaHCbT Ha TEYHOCTMTE Ha TernecHata maca Ha na-
uneHTta — ml/kg. CtorHocTuTe Ha ®b ca peructpupanu
B [IEHA Ha onepauuaTa, Nnpes crnegonepatyBeH geH 1,
npes crieqonepaTtyBeH AeH 2, 0010 OT AeHs Ha onepa-
uusaTa 4o cnegonepatvBeH AeH 2, BKI. (T.Hap. Kymyra-
mueHa cmotHocm). Nauncnero e OO 3a criegoneparu-
BEH AeH 1, npes cnegonepaTvBeH AeH 2, 0610 OT AeHs
Ha onepauusaTa OO CriegonepaTtMBeEH OeH 2 BKIYU-
TenHo (T.Hap. KymynamueHa cmotiHocm). Pesyntature
ca npencTaBeHn KaTo MPOUEHT OT NpeaonepaTtuBHOTO
TErno Ha nauueHTa, KaTo MoraT Aa UMart NonoXUTENHU
W oTpuuaTtenHn ctonHocTu. NamepBaHusita, Hanpase-

inotropic score (VIS), VVR, lactate, fluid balance and
cumulative volume overload. VIS was calculated using
the formula:

VIS = dose of Dopamine in mcg/kg/min + dose
of Dobutamine mcg/kg/min + 100 x dose of Adren-
aline mcg/kg/min + 10 x dose of Milrinone mcg/kg/
min + 10,000 x dose of vasopressin E mcg/kg/min +
100 x dose of noradrenaline mcg/kg/min.

The VVR was calculated using the formula:

VVR=VIS + ventilatory index (VI) + A Creatinine

VI = ([ventilator respiratory rate] x [peak inspi-
ratory pressure—positive end-expiratory pressure]
x Paco,)/1,000) A Creatinine — baseline preoperative
serum creatinine was subtracted from each postoper-
ative serum creatinine measurement which we labeled
change in creatinine from baseline x 10 (ACr).

According to the original formula [10] that creatinine
values should be in mg/dl, using the formula pmol/l x
0.0113 = mg/dl to convert them from umol/l (i.e. for Sl
system) to mg/dl.

For patients in which postoperative serum creati-
nine measurements were less than or equal to base-
line, ACr equal to 0. Lactate levels were measured in
arterial blood in mmol/l. VIS, VVR and lactate values
were recorded at a specific time point or interval — on
admission, at 12 hours postoperatively, peak in the first
12 hours, peak on the day of surgery, at 24 hours post-
operatively, peak on postoperative day 1, at 48 hours
postoperatively, peak on postoperative day 2. Mea-
surements obtained after extubation from mechanical
ventilation were not included in analyses.

Volume overload (VO) was calculated as fluid
balance (FB) in mL using the formula FB = amount
of fluid intake — amount of fluid output. The FB
was indexed to the preoperative body weight by di-
viding the fluid balance/patient's body weight. The
FB values were recorded on the day of surgery, on
postoperative day 1, on postoperative day 2, in total
from the day of surgery up to and including postop-
erative day 2 (so-called cumulative value). VO was
recorded for postoperative day 1, through postoper-
ative day 2, in total from the day of surgery up to and
including postoperative day 2 (so-called cumulative
value). Results are presented as % of the patient's
preoperative weight, and may have positive and neg-
ative values. Measurements obtained after extuba-
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HW crep npekpaTtsiBaHe Ha WHBa3uBHaTa GenogpobHa
BEHTWUMNALMS, HE Ca BKMOYEHU B aHanNM3uTe.

Mo oTHoWeHMe Ha nokasaTtenuTe 3a KadecTBOTO
Ha onepaTyMBHOTO feYeHMe ca MPOCHedeHN: NPoabIl-
XKMTENMHOCT Ha NPecTosi B MHTEH3MBHO oTAerneHue, oob-
LLOBOMHUYEH NPECTON, NPOABLIPKUTENHOCT Ha MHBA3MB-
HaTa GenogpobHa BeHTWMNAUMS U paHHa onepaTvBHa
CMBPTHOCT, AedurHMpaHa kaTto CMbpT, HacTbnuna ao
30-ua geH cnep onepauuaTa Unm oo M3nvMceaHe oT ne-
4ebHOTO 3aBefeHMe. 3a onpeaernsiHe Ha pucka OT paHHa
onepaTtMBHa CMBPT € nsrnonseaHa cuctemara RACHS-1
[11]. B Hesa pasnuyHuTe BMOOBE CbpAevHM onepauun
ca pasgerneHn B kateropumn ot 1 o 6, kato Bb3pacTTa
Ha nauMeHTa ce M3Mnornaea KaTo OMbIHUTENEeH akTop
(T.e. eavH TN onepaumsa Moxe Aa nonagHe B pasnmyHun
KaTeropmMm B 3aBMCUMOCT OT Bb3pacTTa Ha MauueHTa).
OnepauuunTe, nonagaLum B kateropus 1, ca ¢ Han-HUCHK
pYCK, a Te3N B kaTeropus 6 ca c Han-BUCOK PUCK.

MbpBUYHA Len Ha NPOYYBaHETO — ONnpeaensHe Ha
yecrtoTa Ha NMBEB 1 cnegonepatMBHUTE PUCKOBM hak-
Topu 3a MNMNBB.

BropuuHa uen — oueHka Ha edpekTa Ha INMNBEB Bbp-
Xy onepaTtuMBHUTE pesynTaTu.

CTaTUCTUYECKM MeTOAM U aHanusun

AHanunsnpaHa e yectotata Ha [MMBB. MauneHTuTe
ca pasgernenu B 2 rpynu cbe 1 6e3 NWBB. [eeTe rpynu
Ca CpaBHEHM MO OTHOLLEHWE Ha ObLUM U paHHW cnepo-
nepaTvBHN puckoBu haktopu 3a NMNBB. AHanuaupaH e
edekTbT Ha MNBB BbpXy: paHHaTa onepaTtuBHa CMbPT-
HOCT, NPECTOs B MHTEH3MBHO OTAENeHne, 06LLOBONHNY-
HUs npecTton. N3paboTeH e ABymMepeH MpPOrHOCTUYEH
mogen 3a pucka ot NYBB ¢ npegukTopu paHHW cnego-
nepatMeBHU bakTopu. [aHHUTe ca npeacTaBeHu KaTto
CpedHM CbC CTaHOApTHO OTKIOHEHWE U MegmaHu ¢
nHTekBaptuneH gnanasoH (IQR). MNpn ananu3a Ha ga-
HHWUTE Ca M3MOoN3BaHM HenapaMeTpuyeH aHanu3 TecT
Ha MaH-YutHu KO (Mann-Whitney U), Tect Ha ®uwep
(Fisher’s exact test), Tect Xu-kBagpat (Chi-square),
aHanus ¢ ROC kpuBa ¢ nnouy nog kpusata (AUC), cboT-
HoweHune Ha waHca (Odds Ratio). MsnonssaH e SPSS
24.0. Benykn aHanuam ca npoBefeHn npu SOonycTUMO
HKMBO Ha rpeLuka (alpha) 5% (p < 0.5), kaTto pesyntatute
ca rpaguMpany no 3Ha4YMMmocCT B CredHuTe KaTeropuu: ¢
MHOrO BUcoka 3Ha4ymmocT npu p < 0.001; ¢ B1ucoka 3Ha-
yumocT npu p < 0.01; cbe 3HaummocT npu p < 0.05.

PE3YNnTATU

3a aHanuaupaHus gByroguileH nepuog npes [et-
CKOTO WHTEH3VBHO KapAWOIIOMMYHO OTAENEeHMETO ca
npemuHanu 417 geua crnep cbpaedyHa onepaums. 33-
Ma nauuMeHTU ca oTnagHanM oT aHanuauTe: ekcTyou-
paHu B onepaumoHHaTta — 3, HegoHoceHu ¢ MAK — 5,
noynHanu B onepaumoHHata — 9, EKMO — 1, nounHanu
npean 96-usa yac — 8, ¢ HeMbfHM AaHHU — 7.

tion from mechanical ventilation were not included
in analyses.

To analyze the quality surgical treatment, the fol-
lowing parameters were recorded: length of intensive
care unit stay, length of hospital stay, duration of MV
and early operative mortality, defined as death occur-
ring within 30 days of surgery or until discharge from
the hospital. The RACHS-1 system was used to deter-
mine the risk of early operative death [11].

Our primary outcome variable was prolonged du-
ration of mechanical ventilation and postoperative risk
factors for PMV.

Secondary outcome of interest was to assess the
effect of PMV on quality indicators for surgical treat-
ment.

Statistical analyses

The incidence of PMV was determined. Patients
were divided in two groups according to duration of
mechanical ventilation: group 1 — patients with PMV,
group 2 — patients without PMV. These 2 groups were
compared in terms of common and early postopera-
tive risk factors for PMV. The effect of PMV on early
postoperative mortality, ICU stay, and general hospital
stay was analyzed. A bivariate prognostic model for the
risk of PMV with early postoperative predictors was de-
veloped. Data are presented as means with standard
deviation and medians with interquartile range (IQR).
Non-parametric analysis was used Mann-Whitney U
test, Fisher's exact test, Chi-square test, ROC curve
analysis with area under the curve (AUC), Odds Ra-
tio. All analyses were performed at a margin of error
(alpha) of 5% (p < 0.5), and results were graded by
significance into the following categories: very high sig-
nificance at p < 0.001; high significance at p < 0.01;
significance at p < 0.05. All statistical analysis was per-
formed with SPSS version 24.0.

RESULTS

We reviewed 417 patients of which 33 patients
were excluded due to extubation in the operating
theatre — 3, premature neonates with PDA — 5, died
in the operating theatre — 9, ECMO-1, died in the
ICU before 96 hours postoperatively — 8, incomplete
data - 7.
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Ot nauuneHTnTe 384 OTroBapAT Ha BKIIKOYBALLUTE
KpuTepumn. [emorpadckute, aHTPOMOMETPUHHUTE U
npegonepaTMBHUTE AaHHU ca NpeacTaBeHy Ha Tabn.
1. CpegHata Bb3pacT Ha nauyueHtute € 300 gHum (1
neH—18 r.). Ot 1ax 216 ca momyeta (56.30%) n 168
ca MomuyeTa (43.70%). 122 peua (31,8%) ca ¢ nog-
HopmeHo Terno, 44 (11,5%) ca HemoHoceHu, npu 47
(12,2%) ca puarHocTUuMpaHu OONBAHUTENHU U3BLH
CbpaeYHN aHOManum Unu reHeTudeH cuHapom. Mo oT-
HOLLUEeHMEe Ha hakTopuTe, Kacaelum cbpaeyHata one-
pauus: 246 (64%) ot geuarta ca knacuduumpaHi B
KaTeropmsita HUCbHK onepaTtmBeH puck (1 1 2 kateropusi
no RACHS-1), 134 (34,9%) kato BMCOK onepaTuBeH
puck (3 n 4 kareropusa no RACHS-1) n 4 (1,1%) kato
MHOrFO BMCOK ornepaTtuBeH puck (5 u 6 kateropusi no
RACHS-1). lMpu 352-ma (84,6%) naumeHTn e Hanpa-
BeHa pagukanHa kopekuus, a npu 59 (15.4%) — nanu-
aTuBHa onepauud. [iBykamepHa KOpeKUns e oCbLLecT-
BeHa npu 346 peua (90,1%), a egHokamepHa npu 38
(9.9%).

Mo guarHo3n nauneHTUTe ca pasgeneHu B 9 rpy-
nn, KaTo Han-4yecTn ca centanHuTe aedektn — 42,7%
(Tabn. 2).

B 3aBucumocT ot HeobxoaumocTTa ot [MMBB nayu-
eHTuTe ca pasgenenu B 2 rpynu: rpyna 1 ¢ NBB — 80
(20,8%), n rpyna 2 6e3 NNBB — 304 (79,2%) (Tabn. 3).

Mo oTHOWeEHNe Ha Ka4yecTBEeHWUTEe MnokasaTenu 3a
OMnepaTMBHOTO JleyeHue, 0e3 U3KIYEHNEe, BCUYKM
(hakTopy Mokasaxa pasfnukn OT BUCOKa CTaTUCTUYECKa
3HaummocT (p < 0.001) mexay naumeHTUTE CbC U 6e3
MABB (tabn. 3).

Maumentute ¢ Hyxga ot MNMNBB umat 1,8 nbTH
no-npogbrxuTeneH 6onMHUYeH NpecTon, NPecTosT B
WHTEH3MBHO oTaeneHne e 3,5 nbTu No-NpoabIDKUTE-
neH, npoavmknTenHocTtTa Ha MIBB e 30,85 nbTu no-ro-
nsiMa, paHHaTta onepaTtuBHa CMbpTHOCT € 35% B cpaB-
HeHune ¢ 0,3% npu naumeHTuTe 6€3 Hyxaa ot MNBB.

C uen makcumarHo paHHO OTKpMBaHe Ha NauneHTu-
Te B puck ot [NMBB aBeTe rpynu ca cpaBHEHW MO OTHO-
LUEeHVe Ha crnegonepaTvBHUTE PUCKOBMK dbakTopun. Tesu
dakTopu ca pasgerneHu B ABE rpynu — obLm 1 paHHW.

OT HanpaBeHWTe aHanuan CTaTUCTUYECKU 3HAYUMU
pUCKOBM hakTopu OT obwmnte crnegonepaTtMBHU dhak-
TOpW ca: HeobXoaUMOCT OT MepuTOHeanHa guanuaa,
Cerncuc, HeycnewHa ekctybauus, apyrm 3Hadmmmn yc-
NOXHEHWS, AUXaTENHN YCNOXHEHMs, He0OX0aUMOCT OT
NPUNOXEHNe Ha MHXanaTopeH a3oTeH OKuC (Tabn. 4).

[MauneHTUTe C ycTaHOBEH cencuc npes nbpeute 96
h crnen cbpgedHa onepaumsi ca ¢ Han-BMCOK PUCK 3a
NMNBB ¢ OR — 39.86, nocneaeaHu OT Te3M C HeycneLl-
Ha ekcTybauus ¢ OR — 9.98 (Tabn. 5).

OT paHHUTe criegonepaTUBHU PUCKOBU dhakTopw
C Han-BUCOKa NpefVKTMBHA CTOMHOCT MO OTHOLUEHME
Ha pucka oT NMNBEB ca nukoBuTe CTOMHOCTU B OEHS
Ha onepaundata Ha BVC, BBBC n nakrtata un kymy-

The study population therefore consisted of 384
patients. Demographic, anthropometric and preopera-
tive data are presented in Table 1.

The median age of the patients was 300 days (1
day-18 yrs.). 216 of them were boys (56.30%) and 168
were girls (43.70%). 122 children (31.8%) were mal-
nourished, 44 (11.5%) were premature, 47 (12.2%)
had additional extracardiac anomalies or genetic syn-
drome. Regarding factors concerning cardiac surgery:
246 (64%) of the children were classified in low op-
erative risk group (RACHS-1 category 1 and 2), 134
(34.9%) in high operative risk group (RACHS-1 cate-
gory 3 and 4) and 4 (1.1%) in very high operative risk
group (RACHS-1 category 5 and 6). Complete repair
was performed in 352 (84.6%) of the patients and pal-
liative surgery was done in 59 (15.4%). Biventricular
repair was performed in 346 children (90.1%) and sin-
gle ventricle repair in 38 (9.9%). According to CHD di-
agnosis patients were divided in 9 groups, with septal
defects being the most common — 42,7% (Table 2).

Patients were divided in two groups according to
duration of mechanical ventilation: group 1 — patients
with PMV — 80 (20,8%), and group 2 — patients without
PMV — 304 (79,2%).

Regarding the qualitative indicators of surgical
treatment, without exception, all factors showed sig-
nificant differences of high statistical significance (p <
0.001) between patients with and without PIBV (Table
3).

PMV patients had 1.8 times longer hospital stay,
ICU stay was 3.5 times longer, length of ICU stay was
30.85 times longer, early operative mortality was 35%
compared to 0.3% in patients without PMV

In order to maximize early detection of patients at
risk of PMV, the two groups were compared in terms
of postoperative risk factors. These factors were divid-
ed into two groups, common and early postoperative
factors.

Statistically significant risk factors from the com-
mon postoperative factors were: need for peritone-
al dialysis, sepsis, failed extubation, other significant
complications, respiratory complications, inhaled nitric
oxide administration (Table 4).

Patients with sepsis in the first 96h after cardiac
surgery had the highest risk for PMV with OR 39.86,
followed by those with failed extubation with OR 9.98
(Table 5).

From the early postoperative risk factors, the ones
with highest predictive value regarding the risk of PMV
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naTuBHaTa CTOMHOCT Ha O0BEMHOTO obpeMeHsiBaHe
(Tabn. 6 n 7).

Ot 1ax nukosuaT BBEC B AeHst Ha onepauusaTa e
C Ha-BMCOKa MpeauKTUBHA CTOMHOCT MO OTHOLLEHWE
Ha HeobxogmmocTTa oT NMUAB ¢ rpaHnyHa kKpuTepuiHa
cTomnHocT 38.84.

CneumanHo BHUMaHue 6e obbpHato Ha OO. Ky-
MynaTtmBHaTta cTomHocT Ha OO nokasa NonoXuTenHu
cpenoHu ctorHoctu npu rpynata ¢ MNMABB (meguana
2.54%; cpegHoaputmeTnyHa 3.58 + 10.80%) n oTpuua-
TenHu npu rpynara 6es NMNBB (meanana -1.19%; cpen-
HOoapUTMETUYHa cTonHoCT -1.17 £ 3.47%), p < 0.001
(Tabn. 8).

OTHOCUTENHUAT OAN Ha naumeHTuTe ¢ 0B6eMHO
obpemeHsiBaHe > 5% Bb3nu3a Ha 39% B rpynata c
MNBB n Ha 4.60% B rpynata 6e3 NMNBB, cbc 3Ha4Ynma
pasnuka ot 34.40%, p < 0.001. lNporHocTnyHaTa pons
Ha OO oTHocHO HeobGxogumocTtTa OT [MMNBB 6Gelwe
n3crnegBaHa 4pe3 egHomepHa OuHapHa norncTud-
Ha perpecusi ¢ NpeaukTop KymynaTuBHata CTOMHOCT
Ha obemHO obpemeHsiBaHe. Pesyntatute nokasaxa
3HayMMa npegukTMBHa OYHKUMS Ha KymynaTtuBHaTa
CTOMHOCT Ha 00eMHOTO 0GpeMeHsiBaHe Mpu NMPOrHo-
3MpaHe Ha HeobxogmmocTTa oT NMNBB (p < 0.001). Ha
Oasata Ha Tasu BenuuuHa, 83.30% OT naumMeHTuTe
Os1xa NpaBUITHO KNacuguumnpaHm B rpynuTte cbe 1 6e3
MNBB (Tabn. 7).

C uen makcumarnHo paHHO OTKpMBaHe Ha nauueH-
TuTe B puck ot NMNBB ce noctaBu oKkyc BbpXy paH-
HUTe criegonepaTmMBHU hakTopu (MUKOBUTE CTOMHOCTU
B [eHsA Ha onepauusita Ha BUC, BBBC n naktart u
KymyrnatmHaTta ctonHocT Ha OO). B TbpceHeTo Ha
NPaKTUYECKN ONTUMArieH MPOrHOCTUYEH MOAXOA Te-
CTBaxme M CbMNoCTaBUXMe pesyntatute OoT Mogen, B
KOWTO Bsixa BKIMHOYEHN BCUYKN PaHHU CriedonepaTtuBHm
dakTopy, KOMTO MOKasaxa MPOrHOCTMYEH MOTeHuman
KaTo caMOCTOSATENHW npeavkTopu (tabn. 7). MNbpea-
Ta NMHenHa OuHapHa perpecus BKOYBa KaTo npe-
OVKTOpU paHHUTE crnegonepatvBHU hakTopu, KOUTO
npv aHanua3nTe OeMOHCTpUpaxa Han-BUMCOKa CTeneH
Ha MPOrHOCTUYHa HaOEeXOHOCT KaTo CaMOCTOSTENHU
npeauktopu 3a NMWBB: nukos BUC 3a geHsa Ha onepa-
umaTa, nukos BBBC 3a geHa Ha onepauusaTa, NuKoB
nakTaT 3a [eHs Ha onepauusita U KymyrnaTmBHo obem-
HO obpemeHsiBaHe. BuHapHaTta norncTuyHa perpecums
felwe npedwecTBaHa OT TeCcT 3a KonvHeapHocT. Ha
Ta3n ocHoBa nukoBuAT BMC 3a geHs Ha onepauusita
nokasa komnvHeapHocT ¢ BBBEC u Gelue m3skmnodeH ot
perpecnmoHHus aHanus. bBuHapHaTta nuHenHa perpecus
Oelwe n3BbpLLEeHa no meTtoga Ha Yona (Wald backward
method). PaHHWTe crniegonepatmMBHUTE hakTopu, KOUTO
nokasaxa 3Ha4vMmMa MporHoCTMYHa pons B obLms npe-
ONKTUBEH Mogen 3a pucka ot MNNBB, skntousat Nnkos
BBBC B oeHs Ha onepauudata n KymynatvMBHaTa CTOM-
HocT Ha OO (Tabn. 9).

were the peak values on the day of surgery of VIS,
VVR and lactate and the cumulative value of volume
overload (Table 6 and Table 7).

From early postoperative risk factors, the peak
VVR on the day of surgery had the highest predictive
value regarding the need for PMV with a cutoff value
of 38.84.

VO was analyzed in deep. The cumulative value
of VO showed positive mean values in the PBV group
(median 2.54%; mean 3.58+10.80%) and negative in
the non-PIAB group (median -1.19%; arithmetic mean
-1.17+£3.47%), p < 0.001 (Table 8).

The relative proportion of patients with VO > 5%
was 39% in the PMV group and 4.60% in the non-
PMV group, with a significant difference of 34.40%,
p < 0.001. The predictive reliability of VO for PMV
was examined by univariate binary logistic regres-
sion analysis with the predictor cumulative value of
VO. The results showed a significant predictive value
of the cumulative value of VO in predicting the need
for PMV, p < 0.001. Based on this value, 83.30% of
patients were correctly classified into the groups with
and without PMV (Table 7).

In order to maximize early detection of patients at
risk for PMV, we focused on early postoperative fac-
tors. We tested and compared the results of a mod-
el that included all early postoperative factors that
showed prognostic potential as independent predictors
(table 7). The first linear binary regression included as
predictors early postoperative factors that showed the
highest degree of predictive reliability in the analyses
as independent predictors of PMV: peak VIS on the
day of surgery, peak VVR on the day of surgery, peak
lactate on the day of surgery, and cumulative VO. Bi-
nary logistic regression was preceded by a collineari-
ty test. On this basis, peak VIS for the day of surgery
showed collinearity with VVR and was excluded from
the regression analysis. Binary linear regression was
performed using the Wald backward method. Early
postoperative factors that showed a significant predic-
tive role in the overall predictive model for PMV risk in-
cluded peak VVR on the day of surgery and cumulative
value of VO (Table 9).
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Ta6nuua 1. Jemorpadcku, aHTPONOMETPUYHU U NpeaonepaTUBHU AaHHU NPU U3cneABaHaTa rpyna nauueHTm
Table 1. Demographic, anthropometric and preoperative data

dakTopu Variables CronHocT
(N = 384 naumenTa)
All patients (N=384)
Bb3pacr (gHu) Age at surgery (days)
e MepauaHa (IQR) o Median (IQR) 300 (1620)
Mon 6p. (%) Sex n (%)
e Momueta e Male 216 (56.30%)
e Momuueta o Female 168 (43.70%)
Terno (kg) Weight (kg)
o Meauana (IQR) o median (IQR) 7.15(12.6)
TenecHa maca, 6p. (%) WHO weight n (%)
e HopwmarHo Terno e Normal 252 (65.6%)
e [MogHopMeHo Terno o Underweight 122 (31.8%)
¢ HagHopmeHo Terno o Overweight 10 (2.6%)

HepoHoceHocr, 6p. (%)

Prematurity < 37wk n (%)

* Jla o Yes 44 (11.5%)
e He e No 340 (88.5%)
MpuapyxaBawm U3BHLH cbpAeyHn aHomanum unm re- | Noncardiac anatomic and genetic anomalies n (%)

HeTUYeH CUHAPOM, Bp. (%)

. la e Yes 47 (12.2%)
e He e No 337 (87.8%)
Onepauwms ¢ EKK On-pump operation

e [la o Yes 337 (87.8%)
e He e No 47 (12.2%)
EKK (min) Cardiopulmonary bypass (min)

o Meguana (IQR) « median (IQR) 85 (85)
Knamnax Ha aopTarta (min) Aortic cross clamp (min)

 Meauana (IQR) o median (IQR) 44 (44)
RACHS-1 kateropuu, 6p. (%) RACHS-1 score, n (%)

e Hucbk puck (RACHS-1 1 1 2) o low risk (RACHS-1 11 2) 246 (64%)
o Bucok puck (RACHS-1 3 11 4) e high risk (RACHS-1 3 1 4) 134 (34.9%)
e MHoro Bucok puck (RACHS-1 5 1 6) o very high risk (RACHS-1 5 n 6) 4 (1.1%)
Tun Ha n3BbLpLIEHaTa Kopekuus, 6p. (%) Type of repair, n (%)

e PapgukanHa o Complete 352 (84.6%)
e ManuatueHa o Palliative 59 (15.4%)
Tun Ha n3BbpLIEHaTa Kopekuus, 6p. (%) Type of correction, n (%)

¢ [IBykamepHa e Biventricular 346 (90.1%)
¢ EnHokamepHa ¢ Single ventricle 38 (9.9%)

EKK — ekctpakopnopanHo kpbBoobpalleHue, IQR — nHTepkBapTuneH avanasoH

IQR - interquartile range; WHO — world health association; PMV — prolonged mechanical ventilation
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Ta6nuua 2. [lnarHo3v Ha BpoAeHUTe cbpAeyHu MandopMauuu npuy uscneaBaHata rpyna naumeHTm
Table 2. Diagnosis of congenital heart defects

OuarHosa Type of diagnosis Bpon naunenTn / N % ot 384
1. Centannu gedektun 1. Septal defects 164 42.70%
2. AHomanumn Ha 6enoapobHuUTe BEHN 2. Pulmonary venous anomalies 15 3.90%
3. AHOManmun Ha AACHOTO CbpLe 3. Right heart defects 63 16.40%
4. AHomanum Ha nNsaBoOTO CbpLe 4. Left heart defects 31 8.00%
5. EaHokamepHu cbpua 5. Functionally single ventricle 30 7.90%
6. TpaHCNO3MLmMsA Ha ronemMmmnTe apTepun 6. Transposition of the great arteries 22 5.70%
7. 0AcHa kamepa ¢ ABOEH MU3X0[, 7. Double outlet right ventricle 13 3.50%
8. AHOomManuu Ha TopakanHuTe CbaoBe 8. Thoracic vessels anomalies 44 11.40%
9. CbpaeyeH Tymop 9. Cardiac tumors 2 0.5%
O6uwo Total 384 100%

Ta6bnuua 3. CbnocTtaBka Ha naumeHTUTe ¢ U 6e3 NMNBB OTHOCHO 06K XapaKTEPUCTUKM M NMOKa3aTesNu 3a Ka4eCTBOTO Ha

onepaTuBHOTO Nle4YeHune

Table 3. Comparison of PMV and non-PMV group regarding common variables and indicators surgical treatment quality

BenuuuHa C nneB Bes NNBEB 3HaumMmocTt
Variable PMV group Non- PMV group (p)
N =80 N =304

Bb3pacT (gHM) Age (day)
¢ MeguaHa (IQR) ¢ median (IQR) 60 (169) 360 (1980) 0.000U***
Mon Bpow (%) Sex n (%)
e Momueta o Male 50 (62.50%) 166 (55%)
¢ Momuyeta e Female 30 (37.50%) 138 (45%) 0.255f
Terno (kg) Weight (kg)
¢ MeguaHa (IQR) e median (IQR) 3.52 (3.10) 9.00 (14.45) 0.000U***
BonHu4yeH npecTon (aHM) In hospital stay (days)
e MeguaHa (IQR) ¢ median (IQR) 25 (17) 14 (8) 0.000 U***
MpecTol B MHTEH3UBHO otaeneHue (aHu) | ICU stay (days)
e Megunana (IQR) ¢ median (IQR) 14 (15) 4 (3) 0.000 U***
MpoabmkuTenHocT Ha UBB (min) Mechanical ventilation time (min)
¢ Meauana (IQR) ¢ median (IQR) 12960 (18720) 420 (1200) 0.000 U***
PaHHa onepaTtumBHa cMbpT 6p. (%) Early operative mortality, n (%)
e [la e Yes 28 (35.00%) 1(0,3%)
o He e No 52 (65.00%) 303 (99.7%) 0.000f***

MVBB — npogbmkuTenHa nHBa3vnBHa 6enogpobHa BeHTUNaums, IQR — nHTepkBapTuneH avanasoH // interquartile range; ICU — intensive care
unit; U — Mann-Whitney U-test; f — Fisher’s exact test; ***Cratuctnyecka aHaunmoct npum p < 0.001

Tabnuua 4. CbnocTaBka Ha nauneHTuTe ¢ U 6e3 NNMBB oTHOCHO o6WMTe cneponepaTMBHU hakTopu

Table 4. Common postoperative risk factors — comparison between PMV and non-PMV groups

O6wu cnegonepaTuBHU pakTopm C NBB Be3 NNEB 3HaummocT
Variables PMV group Non- PMV group (p)
N =80 N=304
HeycnewHa ekcty6auus, 6p. (%) Failed extubation, n (%)
e [la e Yes 17 (21.20%) 8 (2.60%)
o He e No 63 (78.80%) 296 (97.40%) 0.000***
Hanuuue Ha cencuc, 6p. (%) Sepsis, n (%)
e [la e Yes 32(40.00%) 5 (1.60%)
e He e No 48 (60.00%) 299 (98.40%) 0.000***
[pyrv 3Ha4Mmm ycrnoxHeHnus, 6p. (%) | Other major complications, n (%)
e [la e [la 47(59.00%) 44 (14.50%)
e He e He 33(41.00%) 260 (85.50%) 0.000***
OuxaTernHn ycrnoxHeHus, 6p. (%) Respiratory complications, n (%)
e [la e Yes 24(30.00%) 18 (6%)
e He e No 56(70.00%) 286 (94%) 0.000***
MpunoxeHune Ha iNO, 6p. (%) iNO use, n (%)
e [la e Yes 19 (24%) 17 (6%)
e He e No 61 (76%) 287 (94%) 0.000***

MVBB / PMV — npogbmkuTenHa uHeasmBHa 6enogpobHa BeHTunauums / prolonged mechanical ventilation; iNO — nHxanatopeH a3oteH okuc /
inhaled nitric oxide; *** Ctatuctnyecka aHaummoct npu p < 0.001
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Tabnuua 5. CTOMHOCTU Ha CbOTHOLIEHUETO Ha wWwaHca (OR) 3a BeposATHocTTa oT [TUBB cBBLp3aHa ¢ obwmTe crnepgonepa-
TUBHM haKkTOopU

Table 5. Common postoperative risk factors Odds ratio (OR) for the probability of PMV

0O6wm cnegonepaTtuBHU hakTopu Variables OR 95% ClI p

Hanuuve Ha cencuc Sepsis 39.86 14.80 — 107.35 0.000***
HeycnewHa ekcty6auusi Failed extubation 9.98 412 -2414 0.000***
[pyrv 3HaYMK yCrnoXHeHust Other major complications 8.41 4.86 — 14.55 0.000***
[OunxaTtenHu yCnoxHeHus Respiratory complications 6.8 3.46 — 13.37 0.000***
MpunoxeHne Ha INO iNO use 5.25 2.58 — 10.69 0.000***

iNO — nHxanatopeH a3oTeH okuc / inhaled nitric oxide, OR — cboTHoweHne Ha waHca / Odds Ratio; Cl — JoseputeneHn nHtepsan / Confidence
interval; ***Ctatuctunyecka 3HaunmocTt npwm // Statistical significance at p < 0.001

Tabnuua 6. CbnoctaBka Ha nauueHTUTe ¢ U 6e3 NMNBB OoTHOCHO paHHU criegonepaTUBHU (haKTopu
Table 6. Early postoperative risk factors — comparison between PMV and non-PMV groups

MpomeHnuea C Nn6B Bes NMABB Mann-
Variable PMV group Non-PMV group | Whitney U (p)
N=80 N=304
MNMukoe BUC B paeHs Ha onepauusATa Peak VIS - day of operation
e CpepgHoaputmeTnyHa ctoHocT (SD) e Mean (SD) 28.05(x17.93) 10.21(+8.82)
e MeguaHa (IQR) e Median (IQR) 23.70 (26.55) 9.85 (11.00) 0.000***
MNukoe BBBC B AeHsi Ha onepauusTa Peak VVR score — day of operation
e CpegHoaputmeTnyHa ctorHocT (SD) e Mean (SD) 63.46(+31.16) 26.09(x14.29)
e Meguana (IQR) e Median (IQR) 58.29 (33.48) 25.18 (20.02) 0.000***
lMukoB nakTaT B AEHA Ha onepauunaTa Peak lactate — day of operation
e CpepHoaputmeTnyHa ctoHocT (SD) e Mean (SD) 4.75(+3.26) 2.82(+1.68)
e Megnana (IQR e Median (IQR) 3.60 (3.90) 2.30 (1.67) 0.000***
KymynaTuBHa cToMHOCT Ha 06eMHOTO Volume overload — cumulative
obpemeHsiBaHe % value %
e CpepgHoaputmeTnyHa ctorHocT (SD) e Mean (SD) 3.58(x10.80) -1.17(£3.47)
e Megnana (IQR) e Median (IQR) 2.54(13.29) -1.19 (3.40) 0.000***

MVBB / PMV — npopgbmkuTenHa nHBasneHa benogpobHa BeHTunaums / prolonged mechanical ventilation; BUC / VIS — BazoakTBeH MHOTpONeH
ckop / vasoactive inotropic score; BBBEC / VVR — BasoaktnBeH BeHTUnatopeH 6bbpevueH ckop / vasoactive-ventilation-renal score; SD — cTaH-
AapTHo oTknoHeHue / standard deviation; IQR — nHtepkeaptuneH gnanasoH / interquartile range; ***Ctatuctunyecka snadmmoct npu p < 0.001

Tabnuua 7. NMporHocTU4yHa xapakTepucTuka Ha paHHUTe cnegonepaTuBHU akTopu
Table 7. Prognostic values for PMV of early postoperative risk factors

®dakTop U3mepeHune lMporHocTU4Ha xapakTepucTuka

Variable Measurement Prognostic value

BBBC [MKkoB 3a geHs Ha onepauusTa e [paHuyHaTa KpUTEpUIHa CTOMHOCT: > 38.84
90% NpPOrHOCTUYHA HaAEeXAHOCT

82.50% 4yBCTBUTENHOCT

84.54 cneunduyHocT

CboTHowweHne Ha waHca OR = 1.092

Cut-off value > 38.84
90% predictive reliability
82.50% sensitivity
84.54 specifity

OR =1.092

[paHnyHaTa KpuTepuiiHa cTonHocT: > 16.80
82.90% NpOrHOCTUYHA HaZEXOHOCT
75.00% 4vyBCTBMTENHOCT

82.24% cneumndunyHocT

CboTHoweHne Ha waHca OR = 1.118

Cut-off value > 16.80
82.90% predictive reliability
75.00% sensitivity

82.24% specifity
OR=1.118

VVR score Peak value for the day of surgery

BUC MvkoB 3a AeHsa Ha onepaumaTa

VIS Peak value for the day of surgery
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Nakrtat mmol/l

[KkoB 3a geHs Ha onepaumsTa

[paHn4HaTa kpuTepuiiHa cTonHocT > 2.8
70.40% NpOrHOCTUYHA HadEeXOHOCT
65.00% 4yBCTBMTENHOCT

65.54% cneundunyHocT

CboTHoLeHMe Ha waHca OR = 1.41

Lactate mmol/l

Peak value for the day of surgery

Cut-off value > 2.8

70.40% predictive reliability
65.00% sensitivity

65.54% specifity

OR=1.41

00 (%)

KymynaTtmeHa CTOMHOCT

CboTHoLleHve Ha waHca OR =1.13

e 83.30% o1 nauneHTuTE BXa NPaBUHO KNacnuLnpaHun B rpy-
nuTe c n 6e3 NMNEB Ha 6a3aTta Ha KymynaTuBHaTa CTOMHOCT Ha
06emMHOTO 0bpemeHsiBaHe

Volume overload (%)

Cumulative value

e OR=1.13
o 83.30% of the patients were correctly classified in both groups —
PMV and non-PMV

MBB / PMV — npopgbmkuTenHa nHBasnsHa benogpobHa BeHTunaums / prolonged mechanical ventilation; BUC / VIS — BazoakTBeH MHOTPOMeH
ckop / vasoactive inotropic score; BBEC / VVR — BaszoakTuBeH BeHTMnaTopeH 6b6peyeH ckop / vasoactive-ventilation-renal score, OO - o6emMHo
obpemeHsiBaHe; OR — odds ratio

Tabnuua 8. O6eMHO oGpemMeHsiBaHe Npy nauuMeHTUTe cbe u 6e3 NMUBB

Table 8. Volume overload in PMV and non-PMV groups

O6emHo o6pemeHsiBaHe % C NUeB Be3 NNEB p
Volume overload (%) PMV group Non-PMV group
N =80 N =304
KymynaTtuBHa ctonHocTt / Cumulative value
e CpepHoapuTmeTnyHa ctorHocT (SD) / Mean (SD) 3.58(+10.80) -1.17(£3.47) 0.000 u***
e Megnana (IQR)/Median (IQR) 2.54(13.29) -1.19 (3.40)
e N 80 304
- <5% N (%) 49 (61.00%) 290 (95.40%) 0.000 y2***
- 25% N (%) 31 (39.00%) 14 (4.60%)

MVBB / PMV — npogbrxuTenHa nHeBasvneHa 6enogpobHa BeHTunauus // prolonged mechanical ventilation

U — Mann-Whitney U; f — Fisher’s exact test; ***Cratuctuyecka sHauumocT npu p < 0.001

Tabnuua 9. [1IBymMepeH nporHoctuyeH mopen 3a pucka ot NUBB c npegukTopu paHHM crneponepatuHu cakTopm
Table 9. Binary regression model with early postoperative risk factors as predictors for PMV

MpeaukTop B-koedmumeHT SE P) OR
Variable B-coefficient 95% CI
Mukos BBBC 3a aeHs Ha Peak VVR on the day of 0.0880 0.011 0.000*** 1,092 (1.069-1,12)
onepauusTa surgery

KymynatuBHa CTOMHOCT Ha Cumulative value of volume 0.0891 0026 0.000*** 1.093 (1.037-1.15)
(e]6] overload

KoHcTaHTa Constant -4.879 0.480 0.000***

MVBB / PMV — npoabmkutenHa nHeasmeHa 6enogpobHa BeHTunauus / prolonged mechanical ventilation; BBEC / VVR — BasoaktnBeH BEHTU-
natopHeH 6b6peyeH ckop / vasoactive-ventilation-renal score; OO — o6eMHo 06pemeHsiBaHe, SE — ctaHaapTHa rpewka / standard error; OR
— CbOTHOLLEHNEe Ha WwaHca / Odds ratio; 95% Cl — 95% poseputeneH uHtepsan / 95% Confidence interval;; ***Ctatuctuyecka 3Ha4MmocT npu

p < 0.001
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MporHocTuyHaTa NPeumnsHOCT Ha Moderna, BKIY-
Baw, nukosusi BBBEC B feHsA Ha onepauusita U Kymy-
natueHo OO, Gele ycTaHoBeHa 4ype3 aHann3 ¢ ROC
KpvBa. Pe3ayntatuTe nokasaxa BMCOKa HaOeXOHOCT OT
90.30% (AUC = 0.903, 95% CI: 0.863 pgo 0.944, p <
0.001), ¢ uyscTBUTENHOCT OT 86.25% 1 cneundruyHOCT
oT 82.57% (cour. 1).

100
B
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20

The prognostic accuracy of the model includ-
ing peak VVR on the day of surgery and cumula-
tive value of VO was established by ROC curve
analysis. The results showed a high reliability of
90.30% (AUC = 0.903, 95% CI: 0.863 to 0.944, p <
0.001), with a sensitivity of 86.25% and specificity
of 82.57% (Fig. 1).

AUC=0.903"* (95% CI: 0.863 to 0.944)
Sensitivity 86.25%
Specificity 32.57%

M I I T R |
o n Al 60 B0 100

100-Specificity

®wur. 1. ROC kpuBa n 95% pnoBepuTeneH nHTepBarn 3a npeuusHocTTa Ha NPOrHOCTUYHNSA Mofen ¢ npeavkTopu nukoB BBBC 3a aeHs Ha onepa-
uusita u kymynatneHo OO

Fig. 1. ROC curve and 95% confidence interval for the prognostic accuracy of the regression model with predictors peak VVR for the day of

surgery and cumulative value of volume overload

OBCBHXAAHE

YectoTtara Ha [MMBB cnen cbpaeyHa onepaums npu
Jeua Bapupa B LUMPOKK rpaHvumn. EgHa ot npnynHute
e, 4ye 3a geTckata Bb3pacT HAMa SCHM nNpaBuna n KOoH-
CEHCYyC NO OTHOLLEeHWE Ha onpefensHeTo, kora VIBB ce
cuuTa 3a npoagbikntenHa. edguHmumnte 3a NABB ca
C roremu BapvaLuu, NnogodHW Ha Bb3pacTHUTE — OT 6
yaca go 3 meceua. MNpu XMpypruyHUTE NaUMEHTU KaTo
NMNBB ce onpenens VBB ¢ no-manka npogbiikuTen-
HOCT — HaZ 4 OHW, B CpaBHEHME C OCTaHanuTe cryvau
B AeTcka Bb3pacT — Hag 7 unu 21 gHn [12]. YectoTaTta
Ha MNMNBB cnen cbpaevHa onepaums Npu gela sapvpa
oT 11 go 25-35% B 3aBMCUMOCT OT AedmHUUMATa 3a
npoabImkMTenHocTTa [7, 8, 9].

lMpe3 nocrnegHute roauHu ce npuema, ye NMNBB
€ Ta3u, Npu KOATO ce MpoBexaa HenpekbCcHaTa UHBa-
3uBHa 6enogpobHa BeHTMNaUMs C NPOABbIPKUTENHOCT
no-ronsima unu paesHa Ha 96 vaca [13, 14, 15]. Hama
paumoHanHo obsicHeHKe 3aLlo e npueTa Tasu rpaHuLa.
EnHa oT npuunHuTe e, Ye Ta cbBnaga c kog 96.72 Ha
MKB-10 (anapatHa BeHTUNauMs ¢ NPOABLIMKUTENHOCT
paBHa unu no-ronama oT 96 yaca). Hue cblwo cme
nsbpanu Tasm geduHuumnsa. Yectotata Ha MNMUBEB npu

DiscussION

The incidence of PMV after congenital heart sur-
gery in children varies widely. One reason for this is
that there are no clear rules and no consensus for
childhood regarding the determination of when me-
chanical ventilation is considered prolonged. The defi-
nitions for PIBV have wide variations ranging from 6
hours up to 3months. However, in surgical patients,
PMV is defined as ventilation of lesser duration —
more than 4 days, compared to other pediatric pa-
tients — more than 7 or 21 or more than 21 days [12].
The incidence of PMV after heart surgery in children
varies from 11% to 25-35% depending on the defini-
tion of duration [7, 8, 9].

Recently, it has been proposed that PMV is ven-
tilation greater than or equal to 96 hours. based on
previously published data of neonates recovering
from cardiac surgery and [16, 17] in which continu-
ous invasive pulmonary ventilation is performed for
a duration greater than or equal to 96 hours [13, 14,
15]. There is no rational explanation why this limit is
accepted. One reason is International Classification
of Diseases, 9th Edition, Clinical Modification (ICD-
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HaweTo mnacnegsaHe e 20,8%, KOATO € B pamMKutTe Ha
uuTMpaHara oT Opyrute aBTopwu.

MpoabrmkutenHoctta Ha VBB ce m3nonsea karto
€0WH OT nokasaTenuTe 3a YCMNeLHO OCbLUECTBEHA XU-
pypruyHa KOpekUuMsi U HEeYCIOXHEHO crieonepaTtuBHO
Bb3CcTaHoBsIBaHe [2, 3].

[okasaHo e, ye NMNEBB ce acouuupa ¢ peguua He-
ratuBHu ecpektn: 6enogpobHu, MHAEKUMO3HN N He-
WHMEKUMO3HN yCroxHeHus [6, 14]; HeBnaronpusaTHu
edeKkTn BbpXy XemoauHamukaTta; noBuLIEHA CMbpT-
HOCT [6]; moBuLEHa paHHa criegonepaTtMBHA CMbPT-
HoCT [16, 17]; Npoab/MKUTENEH NPECTON B MHTEH3MBHO
oTtaeneHne n obwobonHmnyeH npecrton [16, 18]; aobnro-
CpPOYHN ycrioxHeHus [19]; yBenuyasaHe Ha ouHaHCO-
BUTE pasxogm 3a rieveHue [6].

B HaweTo npoyyBaHe NNEB e cBbp3aHa CbC 3Ha-
YATENHO BriOLIaBaHe B Ka4yeCTBEHUTE MokasaTenu 3a
onepaTMBHO JlevyeHne — BONMHUYHMAT npecton e 1,8
MbTW NO-NPOABIBKUTENEH, MPECTOAT B MHTEH3UBHO OT-
aeneHve e 3,5 NbTu NO-NPOABIMKUTENEH, NPOABITKU-
TenHocTtTa Ha VBB e 30,85 nbTu no-ronsima, paHHaTa
onepatmBHa cMbpTHOCT € 35% B cpaBHeHue ¢ 0,3%
npv naumeHTuTe 6e3 Hyxaa ot MNNBB.

Mpu peuata cneq cbpaeyHM onepaumn OCHOBHUTE
CUCTEMU, MMALLM OTHOLLEHNE KbM HEBB3MOXHOCTTA 33
otBukBaHe ot MIBB n Hyxaa ot MNMAB, ca ot anxaTten-
HaTa, CbpAeYHO-CbAoOBaTa 1 OTAenuTenHaTa cucrtema
[20]. MpurunHmTe ca 0600WeHn B Tabnuua 10.

10-CM), procedure code 5A1955Z which is ventilato-
ry support of duration equal to or greater than 96 h.
We have also chosen this definition. The incidence of
PMV in our study was 20.8% — within the range cited
by other authors.

The duration of PMV has been used as one of the
indicators of successful surgical repair and uncompli-
cated postoperative recovery [2, 3].

It has been shown that PMV is associated with a
number of negative effects: pulmonary infectious and
non-infectious complications [6, 14], adverse effects on
hemodynamics, increased mortality [6], increased ear-
ly postoperative mortality [16, 17], prolonged ICU and
general hospital stay [16,18], long-term complications
[19], and increased financial costs of treatment [6].

In our study, PMV was associated with a significant
deterioration in the quality indicators for operative treat-
ment: hospital stay was 1.8 times longer, ICU stay was
3.5 times longer, length of ICU stay was 30.85 times
longer, early operative mortality was 35% compared
with 0.3% in non-PMV patients

In children after cardiac surgery, the three major
systems that may cause mechanical ventilation wean-
ing failure and the need for PMV are the respiratory,
cardiovascular, and urinary systems [20). The causes
are summarized in Table 10.

Ta6nuua 10. MpuyurHKM 3a HEBB3MOXHOCT 3a OTBMKBaHe OT MHBa3MBHa 6enoapobHa BeHTUauus cnep cbpAaeyHu one-

pauuu npu geua

Table 10. Etiology of ventilation weaning failure after congenital heart surgery in children

HapyweHne Ha MexaHuKaTa Ha AULLIAHETO
Breathing mechanics disorders

MpuyunHu
Reasons

e CTepHOTOMUA

1. pbgHaTa cTeHa
e TOpaKOTOMKSI

e sternotomy
o thoracotomy

1. Chest wall

e pbOHW ApeHoBe e chest tubes

. e cnabocT Ha guxaTtenHata Myckynatypa e respiratory muscle weakness
2. QuxaTtenHarta MmyckynaTtypa : . :
. e OCTaTb4HO AENCTBME Ha MUOPENaKcaHTu o residual neuromuscular blockage

2. Respiratory muscles : } .

e napesa Ha guadparmara o diaphragmatic nerve paralysis

e rapesa Ha rmacHuTe Bpb3KM1 e vocal cord paralysis
3. OnxaTenHuTe nbTuLLa e TpaxeobpoHxoManauus e tracheobronchomalacia

3. Airways e KOMMpecusa OT AnnaTtrpaHy CbAoBe, KyXuHu e compression from dilated vessels, heart
UM UMNNaHTUpPaHW matepuanm

chambers or implanted materials

e aTenekTasu
® [HEBMOHUN
e KPpbBOMUINNBU

IN

. Benogpo6eH napeHxnm:
. Pulmonary parenchyma

N

o atelectasis
e pneumonia
e hemorrhage

)]

. HapyLueHus B auwaneTo:

) . e OMNWeBM aHanreTUum
. Breathing disturbances

a

° ceaupalim MeankaMeHTn e sedative medications

e MapeHXMMHMN MO3bYHM Npobnemu e brain disorders

e opioid analgesics

HapyweHus B xemogmMHaMuKaTa
Haemodynamic disorders

1. ManuatnBHM KOpeKLMmn
1. Palliative surgery

e GeHauHr Ha 6enogpobHaTta apTepusi
e CUCTEMHO-NyNMOHarnHa aHacTomo3a
e oOLlOKamMepHa xemoavHamuka

e Pulmonary artery band
e Systemic-pulmonary shunt
e Functionally single ventricle




Puckosu (*)aKTOpI/I 3a npoAabJNKUTENHa NMHBa3nBHa 6enogp06Ha...

115

MpoabmkeHune Ha Tabn. 10 / Continuation of table 10

e LIBLHTOBE o residual shunts

2. OcTaTb4HM HekopurrpaHu npobnemu .

. e 0OCTpyKUMK e obstructions

2. Residual problems . L
e KranHu UHCyduumeHLmun o valvular insufficiencies

3. MuokapaHa ancdyHKUus e MMWOKapAaHa NpoTekuus e myocardial protection

3. Myocardial dysfunction e MYCKYNHU pe3ekuunu e muscle resections

4. PUTbMHO-NPOBOAHM HapyLUEeHWS

4. Disturbances in heart rate and rhythm

5. benogpobHa xunepToHus

5. Pulmonary hypertension

06emMHO o6pemeHsiBaHe
Fluid overload

1. EKK e CUCTEMEH Bb3nanuTeneH oTroBop e systemic inflammatory response
1. Cardiopulmonary bypass ® KanunsapeH fMNK CUHAPOM e capillary leak syndrome

2. Volume dependence and volume
resuscitation

raHnAa Ha cbpueTo

2. O6emosaBMcMMOCT 1 06emMHa pecycumuTaums | HeobXxoaMMOCT OT NO-BUCOKW MbfiHewwm Hans- | e preload dependence

3. OcTpo 6L6peyHo yBpexaaHe
3. Acute kidney injury

YCTaHOBEHN Ca pPUCKOBU (paKTOpu CBbP3aHU C
OucyHKUmMATa Ha BCsika egHa oT TpuTe cuctemu. Llen-
Ta e Te Aa ce M3Non3BaT KaTo NpeaukTUBHU dhakTopwm
3a npogbimknTenHocTTa Ha VBB.

YacT oT Te3an hakTopu KaTto Bb3pacT, HegoHOoce-
HOCT, HeJOXpaHEHOCT, NpeonepaTuBHa Hyxaa ot VBB,
npoabmxkutenHocT Ha EKK, knamnax Ha aoptaTta, no-
BYLLEH NaKTaT, MOBULLEHN TPOMOHWHM U Ap. ca gobpe
NPOYYEHN N KaTeropuyHo YyTBbPAEHM KaTO PUCKOBU 3a
MAAB. CunTa ce, Ye npes rognH1Te puckosute akto-
pu ce NpoMeHaT [21] n M3non3BaHeTo Ha KOMOUHaLUMs
OT PUCKOBWU (QaKTOpPW, MHTErpUpaHn B PasfimvyHU MWH-
OEeKCU 1 mogenu, uMaT no-ronsima NpeguKTMBHa CTOM-
HOCT. B npakTukaTta ce M3nons3BaT pasnuU4yHU MHOEKCU
3a TexecTTa Ha 3abonsiBaHETO U MPOrHo3upaHe Ha
n3xoga OT fevYeHne - NeguaTpuyHns NTIOTMCTUYEH WUH-
[OEKC 3a opraHHa OUCAYHKLMSA, NeaMaTpuyHUa MHOEKC
3a puck oT cmbpTHOCT Il U NneguaTpu4Husa nHOeKc 3a
cmbpTHOCT |l [22, 23, 24]. Te3an nHaekcu ca pesynrtat
OT CMNOXHW n34nucneHus BkniouBallm Hag 10 npomen-
nMBM 1 ca TPyAHW 3a NpunoxeHune B npaktukara. lo-
BEYETO OT TAX He ca BanvaupaHu 3a geua cref cbp-
[e4YHn onepaumm.

Mpe3 nocnegHuTe roguMHn Gelue NpeanoXeH eguH
nokasaren, obegnHsaBaly, PyHKUUATa Ha gnxartenHaTa,
CbpAeYHO-CbAoBaTa U oTAenuTenHara cucremu. Toea
e T.Hap. BBBEC [10], kOMTO e M3non3BaH Kato Npeauk-
TOp 3a u3xoda oT cbpAedHa onepauus npu geua. Brno-
cneactene BBEC e BanugupaH v kato nNpeavkTop 3a
NMNBB cnep cbpaeyHa XMpyprusi, KakTo Npu Bb3pacTHU
[4, 25], Taka n npu geua [13, 26].

YcTtaHoBeHo e, 4ye BBBC e ¢ no-ronsima npegukTue-
Ha CTOMHOCT OT TPaAWLMOHHO U3MNOM3BaHUTE MNoKasa-
Tenu (BUC, naktar, STAT mortality category, RACHS-1

Risk factors associated with dysfunction of each
of these three systems have been identified, which
makes it possible to use them as predictive factors for
the duration of mechanical ventilation.

Some of these factors such as age, malnutrition,
preoperative need for mechanical ventilation, CPB
time, Aortic cross clamp time, elevated lactate, elevat-
ed troponins, etc. have been well studied and estab-
lished as risk factors for PMV. Risk factors are thought
to change over the years [21] and usage of combina-
tion of risk factors integrated into different scores and
models is proven to have higher predictive value. In
practice, different scores are used to assess disease
severity and predict treatment outcome, such as the
Pediatric Logistic Index for Organ Dysfunction, the Pe-
diatric Mortality Risk Index IIl, and the Pediatric Mor-
tality Risk Index Il [22, 23, 24]. These indices include
complex calculations of more than 10 variables and are
difficult to apply in practice. Most have are not validated
for children after cardiac surgery.

In recent years, a score incorporating the sever-
ity of respiratory, cardiovascular, and urinary system
dysfunction, has been proposed. This is the so-called
VVR-score [10], which has been used as a predictor of
outcome after cardiac surgery in children. Subsequent-
ly, VVR has also been validated as a predictor of PMV
after cardiac surgery in both adults [4, 25] and children
[13, 26].

VVR-score has been found to be of greater pre-
dictive value than traditionally used indices (VIS, lac-
tate, STAT mortality category, RACHS-1 score) for
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score), 3a YCNOXHEHO Bb3CTaHOBSABaHE crieq Cbpaeyd-
HW onepauun npu geua [13].

[oka3saHo e, ye nukoeuaT BBBC B nbpBuTe 12 Yaca
CbC CTOMHOCTM Hag 35, e puckoB chakTop 3a [NTMBB
npu HoBopoaeHu [13]. BBBC Ha 48 yac ce acoumupa ¢
yOobimkeH GOMHMYEH NPECTON U NOBMULLUEHA CMBPTHOCT
npu HoBopoaeHu [27] n geua 0-18r [28]. Ton ce aco-
uunpa c NMWBB npu geua 0-18r [29]. MNMukosuatT BBBC
Ha 72 Yyac cbC CTOMHOCTU Hapg 46,5 e puckoB grakTop
3a YCNOXHEHO Bb3CTaHOBsIBAHE OT CbpAevHa onepa-
ums npy HoBopogaeHu [30].

B HaweTto npoyyBaHe MNUKOBUTE CTOMHOCTU Ha
BBBC B OeHs1 Ha onepauusaTa ¢ rpaHu4Ha KpuTepuii-
Ha cTtonHocT 38.84 ca Haun-vYyBCTBUTENEH Mpeauk-
TnBeH dakTtop 3a NMMBB B cpaBHeHMEe C ocTaHanuTte
n3cneaBaHu cnegonepatneHu daktopu (Tabn. 7). On-
peneneHaTta 4pes aHanua ¢ ROC kpuBa NporHocTM4Ha
HagexaHocT e Bucoka — 90% (AUC = 0.900, 95% CI
(0.860 no 0.940), p < 0.001), npn 82.50% 4vyBCcTBUTEN-
HoCcT U 84.54 cneuncmnyHOCT.

CuuTta, ce Yye eanH OT Hal-CepPUO3HNTE HEAOCTATb-
um Ha BBBC e, ye He oTtunta agekBaTHO 6bOpeyHaTa
ANCYHKUMS, 3al0TO Ce pas3ynta camo Ha cregone-
paTMBHOTO HUBO Ha KpeaTWHMHA, KOETO Ce MoBWLLAaBa
OTHOCUTENHO KbCHO Crief HacTbhnBaHe Ha GbOpeyHo
yBpexgaHe u He ce B3eMa npensug obemHoTo obpe-
mMeHsiBaHe (OQO), koeTo e cbliecTBeH npobnem cnen
onepaunn ¢ EKK [31].

Mpu geua cnep cbpgedvHa onepauus B paHHUSA
cneponepatuseH nepuog OO e yecTo cpellaHo aB-
nexHue [9, 32]. B noseyeTo cnyvyam 1o € Mmyntudak-
TOpHO [9], pedynTaT OT cnegonepaTtMBeH CUHAPOM Ha
HUCBK CbpaeyeH 0edbuTt mamckealy dryngHa pecyc-
uMTauuns, CACTEMEH Bb3nanuTeneH OTroBop, Kanunsg-
peH NUINK CMHAPOM, MOBMLUEHA CeKpeuusl Ha aHTu-
OVNYPETUYEH XOPMOH, pasBuUTME Ha OCTPO OBLOPEYHO
yBpexaaHe (OBY).

O6emHOTO 0OpeMeHsiBaHe Ha 72 4ac, npu Adeua
crnepn cbpaeyHa onepauust e cBbp3aHo ¢ 10 MbTu
no-ronam puck ot NMMNBB [9]. PaHHOTO 06eMHO obGpe-
MeHsiBaHe Haf 5% (B OeHsA Ha onepaumsita u Mbpeus
cnegonepaTMBeH AeH) € CBbP3aHO C Mo-rornisiMa npo-
avmkutenHocT Ha MBB. PuckbT ot MWBB npu paHHo
OO e 3,15 nbTH No-ronsam [33].

B apyro npoyyBaHe (QOKYCbT € MOCTaBEH BbPXY
paHHoTo OO go Tpetus cnegonepaTuBeH AeH [34]. Yc-
TaHOBEHO €, Ye kymynatmeHoto OO Ha BTOpMSA cneao-
nepaTvBeH AeH ce acouumpa C No-ronsiMa NpoabIKN-
TenHocTt Ha VIBB.

B HaweTo npoyyBaHe yctaHoBuxme, 4ye OO e 3Ha-
4nm puckoB daktop 3a NMMNBB. Hue npoyymxme kakTo
exxeHeBHOTO rynaHo obpeMeHsiBaHe [0 2 criegorne-
patueeH geH (CO[M) , Taka n KyMynaTtuBHUTE My CTOR-
HOCTW M34YUCIIEHUN KaTOo NPOLEHT OT NpeaonepaTnBHOTO
TErno Ha naumeHTa (Tabn. 8).

complicated recovery after cardiac surgery in chil-
dren [13].

Peak VVR in the first 12 hours with values above
35 has been shown to be a risk factor for PMV in ne-
onates [13]. VVR score at 48 hours is associated with
prolonged hospital stay and increased mortality in ne-
onates [27] and children 0-18 years old [28]. It is asso-
ciated with PMV in children 0-18 years old [29]. Peak
VVR at 72 hours with values above 46.5 is a risk factor
for complicated recovery from cardiac surgery in neo-
nates [30].

In our study, peak VVR score values on the day
of surgery with a cutoff value of 38.84 was the most
sensitive predictive factor for PMV compared with
the other postoperative factors (Table 7). The pre-
dictive reliability determined by ROC curve analysis
was high — 90% (AUC = 0.900, 95% CI (0.860 to
0.940), p < 0.001), with 82.50% sensitivity and 84.54
specificity.

One of the most serious limitations of the VVR is
that it does not adequately assess renal dysfunction,
because serum creatinine elevates relatively late after
the onset of renal impairment and it does not take into
account volume overload (VO), which is a significant
problem after on-pump heart surgery [31].

Volume overload (VO) is a common problem in
children in the early postoperative period after cardiac
surgery [9, 32]. It has a multifactorial genesis [9], re-
sulting from postoperative low cardiac output requiring
fluid resuscitation, systemic inflammatory response,
capillary leak syndrome, increased antidiuretic hor-
mone secretion, and subsequent development of acute
kidney injury (AKI) in most cases.

VO at 72 hours in after congenital heart surgery is
associated with a 10-fold increased risk of PMV (9).
Early volume burden greater than 5% (on the day of
surgery and the first postoperative day) was associat-
ed with longer duration of mechanical ventilation (MV).
The risk of PMV was 3.15 greater in children with early
VO [33].

In another study [34], which focused on early VO
until the third postoperative day, cumulative VO on the
second postoperative day was found to be associated
with a longer duration of invasive MV.

In our study, we found that VO was a significant
risk factor for PMV. We investigated both the daily fluid
burden up to postoperative day 2 (POD), and its cumu-
lative values calculated as a percentage of the patient's
preoperative weight. (Table 8).
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KymynatmeHaTta ctonHocT Ha OO nokasa nonoxu-
TEnHW cpegHu cToHocTu npwu rpynata ¢ NWBB (me-
onaHa 2.54%; cpegHoaputmeTnyHa 3.58+10.80%)
n oTpuuatenHu npu rpynata 6e3 MNMNBB (megnaHa
-1.19%; cpegHoapuTMeTnyHa cTomHoCT -1.17+£3.47%),
p < 0.001. NporHocTu4yHaTta pons Ha 06eMHOTO 0bpe-
MeHsiBaHe, OTHOCHO HeobxoammocTTa ot NVBEB, Gelwe
n3criegBaHa upes egHomepHa OGuHapHa NnormcTudHa
perpecus ¢ NpegukTop KymynaTuBHaTa CTOMHOCT Ha
obeMHO oGpemeHsiBaHe. Pesyntatnte nokasaxa 3Ha-
YMMa NpeankTUBHA OYHKLMSA Ha KymynatuBHaTa CTon-
HOCT Ha 06eMHOTO 0GpeMeHsiBaHE NpU NPOrHo3npaHe
Ha HeobxogumocTTa oT MNMNBB (p < 0.001) (Tabn. 7).

B onuT 3a nogobpsiBaHe npeguKTUBHATa Cnocob-
HocT Ha BBBEC v enumunHMpaHe Ha OCHOBHWS My He[oc-
TaTbK — OLUeHKaTa Ha ObbpevHaTa yHKUMSA, HME Cb3-
[agnoxme mogen 3a npegswkaoaHe Ha pucka ot NYBB.
PaHHuTe cnegonepatBHUTE hakTopu, KOUTO NOKasaxa
3Ha4YMma MPOrHOCTUYHA porns B OOLWMA NPeauKTUBEH
mogen 3a pucka ot NWBB, skntousat BBEC 1 kymyna-
TMBHaTa cTtonHocT Ha OO (Tabn. 9). YBennyaBaHe Ha
nukosmsaT BBBC 3a geHst Ha onepauusita ¢ egHa egu-
Huua ce cebp3Ba ¢ 1.092 NbTK yBEnMYaBaHe Ha pucka
ot MNMNBB (B-koeduumeHt = 0.088, p < 0.001; OR =
1.092). YBennuyaBaHe Ha KymyrnaTvBHaTa CTOMHOCT Ha
OO c 1% ce acouunupa ¢ 1.093 nbTH yBenuyaBaHe Ha
pucka ot NMVBB (B-koedumumeHt = 0.0891, p < 0.001;
OR = 1.093). lNporHocTnyHaTa NPeLn3HOCT Ha Mogena,
BkntoyBaLy nukosus BBBC 3a geHst Ha onepauusata u
KyMyrnaTuBHo obemMHO obpemeHsiBaHe, Gelle yctaHoBe-
Ha upe3 aHanu3 ¢ ROC kpusa. Pesyntatute nokasaxa
Bucoka HagexaHoct ot 90.30% (AUC = 0.903, 95%
Cl: 0.863 po 0.944, p < 0.001), ¢ YyBCTBUTENHOCT OT
86.25% v cneundmyHocT ot 82.57% (dowr. 1).

[Jo momeHTa B nutepatypata HsMa [LaHHM 3a
cb3gaBaHeTo Ha nogobeH mogen. Cumtame, 4e Towm
[aBa Bb3MOXHOCT 3a paHHO MPOrHo3vpaHe Ha pucka
ot NMMNBB po 2-pu cneponepatuBeH geH (COQM), kato
nogobpsiea nporHoctuyHata ponsi Ha BBBC ypes enu-
MUHWPaHe Ha eQuH OT OCHOBHWUTE My HegocTaTbUM —
HeaZeKkBaTHOTO OTYMTaHe Ha 6bOpeyvHaTa AncdyHKUMSA
n o6emMHoOTO 06pemeHsiBaHe. 3a BanvampaHe Ha moge-
na ca HeobXoAMMM OOMBAHUTENHN NPOYYBaHUS BbPXY
no-rofiemMu rpynu naumMeHTy oT pasnunyHn LIEeHTPOBE.

OrpPAHUYEHUSA

HanpaBeHOTO npoyyBaHe Mma HSKOMKO orpaHude-
HUS:

1. PeTpocnekTuBeH au3saniH.

2. Jlunca Ha obLionpueT NpoTOKON 3a npasunaTa
3a BKNIOYBaAHE U ecKkanupaHe/geeckanupaHe Ha WHO-
TponHaTta Tepanus. ToBa npaBu Bb3MOXHO WUHOTPOIM-
HaTa Tepanusa Aa e B 003U U C MeAUKaMEHTU NpeBu-

The cumulative value of VO showed positive
mean values in the PMV group (median 2.54%; mean
3.58+10.80%) and negative mean values in the non-
PIBV group (median -1.19%; mean -1.17 + 3.47%),
p < 0.001. The prognostic role of VO for the need for
PMV was examined by univariate binary logistic re-
gression with the predictor cumulative value of VO.
The results showed a significant predictive function of
the cumulative value of VO for the need for PMV, p <
0.001 (Table 7).

In an attempt to improve the predictive ability of
the VVR and eliminate one of it's main limitations, the
assessment of renal function, we developed a new
model to predict the risk of PMV. The early postoper-
ative factors that showed a significant predictive role
in the overall predictive model for the risk of PMV in-
cluded the VVR and the cumulative value of VO (Table
9). A one-unit increase in peak day-of-surgery BBBS
was associated with a 1.092-fold increase in PIBV risk
(B-ratio =0.088, p <0.001; OR =1.092). A 1% increase
in the cumulative value of VO was associated with a
1.093-fold increase in the risk of PIBV (B-coefficient =
0.0891, p < 0.001; OR = 1.093). The prognostic accu-
racy of the model including peak VVR on the day of
surgery and cumulative VO was established by ROC
curve analysis. The results showed a high reliability of
90.30% (AUC = 0.903, 95% CI: 0.863 to 0.944, p <
0.001), with a sensitivity of 86.25% and specificity of
82.57% (Figure 1).

So far, we couldn’t find evidence in the literature for
establishment of a similar model. We believe that this
new model allows early prediction of the risk of PMV by
postoperative day (POD) 2, improving the prognostic
role of the VVR by eliminating one of its main limita-
tions, inadequate assessment of renal dysfunction and
volume overload. Further studies on larger groups of
patients from different centers are needed to validate
the model.

LIMITATIONS

The study has several limitations:

1. Retrospective design.

2. Lack of a generally accepted protocol for the
rules of starting and escalation/de-escalation of inotro-
pic therapy. This makes it possible for inotropic thera-
py to be in doses and with medications exceeding the
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A. MNeyunkos, /1. CumeoHos, B. bowHakos u 0p.

LaBaly oNTMMarHUTE 3a KOHKPETHOTO CbCTOSHME Ha
XeMoAMHaMunkaTa npu AageH nauueHT.

3. TpaHCnopTLT Ha NaumMeHTa OT onepauMoHHaTa
40 WHTEH3VBHOTO OTAENEHME € KPUTUYEH U Ma NOTEH-
uunan 3a BrolaBaHe Ha XxeMoguHamMmuKaTta C Hyxaa oT
eckanupaHe Ha katexoanamMumHoBaTta nogapbxka u na-
pametpute Ha VIBB.

4. Jlunca Ha yTBbpAEH NPOTOKON 3a OTBMKBaHe OT
VBB 3a BpemeTo Ha aHanuanpaHusi Nnepuoa.

n3soau

NMNBB kaTeropuMyHo ce acouumpa C YCHOXHEHO
Bb3CTAHOBSIBAHE Clie[ CbpAeyHa ornepauus B eTcka
Bb3pacT. Bb3aMOXHOCTTa 3a paHHO npeaBwXaaHe Ha
pucka oT MNMVBEB Wwe gage Bb3MOXHOCT 3a nogobpsi-
BaHe Ha KayeCTBEHUTe rnokasaTenu 3a onepaTtvBHOTO
neyeHne. OT cb3gageHUTe OO MOMEHTa NpPeauKTUB-
Hn mogenun, BBBC e eguH ot Han-ecbekTuBHuTe. Hne
npegnarame nogobpsisaHe Ha BBBC upes kombuHupa-
HeTo My ¢ 06eMHOTO obpemeHsiBaHe. [1peanKTUBHUAT
mogen, BkntoyBaly nukoeust BBBEC B geHst Ha onepa-
umsaTa U KymynaTMBHOTO 00eMHO obpemeHsiBaHe Ao
BTOpWS CriefonepaTuBeH A€eH, € C BUCOKa HageXaHOCT
no oTHOLLeHMe npeaswkaaHe Ha pucka ot NVBB cnen
cbpAedvHa onepauusi B AeTcka Bb3pactT.

He e deknapupaH KOH¢hnukm Ha uHmepecu

Bubnuorpadusa/References

1. Castaneda A. Congenital Heart Disease: A Surgical-Histori-
cal Perspective. Ann Thorac Surg, 2005;79: S2217-20.

2. Blinder J, Thiagarajan R,Williams K, et al. Duration of Me-
chanical Ventilation and Perioperative Care Quality After Neonatal
Cardiac Operations. Ann Thorac Surg, 2017;103(6):1956-1962. doi:
10.1016/j.athoracsur.2016.11.077.

3. Gaies M, Werho DK, Zhang W, et al. Duration of Postoper-
ative Mechanical Ventilation as a Quality Metric for Pediatric Car-
diac Surgical Programs. Ann Thorac Surg, 2018;105(2):615-621.
doi:10.1016/j.athoracsur.2017.06.027

4. Sharma V, Rao V, Manlhiot C, et al. A derived and validated
score to predict prolonged mechanical ventilation in patients under-
going cardiac surgery. J Thorac Cardiovasc Surg. 2017 ;153(1):108-
115. doi: 10.1016/j.jtcvs.2016.08.020.

5. Rosel, McGinlay M,AminR, etal. Variation in Definition of Pro-
longed Mechanical Ventilation Respiratory Care 2017, 62 (10) 1324-
1332; doi: 10.4187/respcare.05485

6. Zilberberg MD, Nathanson BH, Ways J, Shorr AF. Charac-
teristics, Hospital Course, and Outcomes of Patients Requiring Pro-
longed Acute Versus Short-Term Mechanical Ventilation in the United
States, 2014-2018. Crit Care Med. 2020 Nov;48(11):1587-1594. doi:
10.1097/CCM.0000000000004525.

7. Polito A, Patorno E, Costello J, et al. Perioperative factors
associated with prolonged mechanical ventilation after complex con-
genital heart surgery. Pediatr Crit Care Med, 2011;12:e122-e126.
doi: 10.1097/pcc.0b013e3181e912bd

8. Székely A, Sapi E, Kiraly L, et al. Intraoperative and postop-
erative risk factors for prolonged mechanical ventilation after pedi-

optimal for the specific hemodynamic state of a given
patient.

3. Patient's transport from the operating theatre to
the intensive care unit is critical and has the potential
for worsening hemodynamics with the need for escala-
tion of catecholamine support and ventilator parame-
ters in the first few hours.

4. Lack of an established mechanical ventilation
weaning protocol at the time of analyzed period.

CONCLUSIONS

PMV is associated with complicated recovery
after congenital heart surgery in children The ability
to predict the risk of PMV early, may improve quality
indicators for surgical treatment. From the predictive
models created to date, VVR is one of the most effec-
tive. We propose an improvement in VVR by combin-
ing it with volume overload. The model incorporating
peak VVR on the day of surgery and cumulative VO
by the second postoperative day has high reliability
in predicting the risk of PMV after pediatric cardiac
surgery in our center.

No conflict of interest was declared

atric cardiac surgery. Paediatr Anaesth, 2006; 16(11): 1166-75. doi:
10.1111/j.1460-9592.2006.01957 .x.

9. Shi S, Zhao Z, Liu X, et al. Perioperative risk factors for
prolonged mechanical ventilation following cardiac surgery in neo-
nates and young infants. Chest. 2008;134(4):768-74. doi: 10.1378/
chest.07-2573.

10. Miletic KG, Spiering TJ, Delius RE, et al. Use of a novel
vasoactive-ventilation-renal score to predict outcomes after pae-
diatric cardiac surgery. Interact Cardiovasc Thorac Surg. 2015
Mar;20(3):289-95. doi: 10.1093/icvts/ivu409.

11. Jenkins KJ, Gauvreau K, Newburger JW, et al. Consen-
sus-based method for risk adjustment for surgery for congenital
heart disease. J Thorac Cardiovasc Surg, 2002,123(1):110-8. doi:
10.1067/mtc.2002.119064.

12. Sauthier M, Rose L, Jouvet P. Pediatric Prolonged Mechan-
ical Ventilation: Considerations for Definitional Criteria. Respiratory
Care, 2017, 62 (1):49-53; doi: 10.4187/respcare.04881

13. Cashen K, Costello JM, Grimaldi LM, et al. Multicenter Val-
idation of the Vasoactive-Ventilation-Renal Score as a Predictor of
Prolonged Mechanical Ventilation After Neonatal Cardiac Surgery.
Pediatr Crit Care Med. 2018, 19(11):1015-1023. doi: 10.1097/
PCC.0000000000001694.

14. Kramer, Andrew A. PhD, FCCM Just What in the Heck Is a
“Prolonged Time” on Mechanical Ventilation? Critical Care Medicine,
2020, 48(11):1698-1699, doi: 10.1097/CCM.0000000000004587.

15. Saber H, Palla M, Kazemlou S, et al. Prevalence, Predictors,
and Outcomes of Prolonged Mechanical Ventilation After Endovas-
cular Stroke Therapy. Neurocrit Care, 2020. doi: 0.1007/s12028-020-
01125-9



PuckoBu cpakTopy 3a npogbrkuTenHa nHeBasveHa GenogpobHa...

119

16. Nafiu O, Carello K, Lal A, et al. Factors Associated with Post-
operative Prolonged Mechanical Ventilation in Pediatric Liver Trans-
plant Recipients. Anesthesiology Research and Practice, 2017. doi:
10.1155/2017/3728289.

17. Fernandes-Zamora M, Gordillo-Brenes A, Banderas-Bravo
E, et al. Prolonged Mechanical Ventilation as a Predictor of Mortality
After Cardiac Surgery, 2018; 63(5):550-557

18. Nasser B, Mesned A, Mohamad T, Kabbani M. Incidence and
Causes of prolonged mechanical Ventilation in children with Down
syndrome undergoing cardiac surgery. J Saudi Heart Assoc, 2018,
30(3) : 247-253. doi: 10.1016/j.jsha.2018.01.004.

19. Ambrosino M, Vitacca N. The patient needing prolonged me-
chanical ventilation: a narrative review. Multidisciplinary Respiratory
Medicine, 2018, 13:6. doi: 10.1186/s40248-018-0118-7.

20. Mastropietro W, Valentine, KM (Eds.). Pediatric critical care:
current controversies. Springer, 2019.

21. Knapik P, Ciesla D, Borowik D, et al. Prolonged ventilation
post cardiac surgery--tips and pitfalls of the prediction game. J
Cardiothorac Surg, 2011 Nov 23;6:158. doi: 10.1186/1749-8090-
6-158.

22. Shen Y, Jiang J. Meta-analysis for the Prediction of Mortal-
ity Rates in a Pediatric Intensive Care Unit Using Different Scores:
PRISM-III/IV, PIM-3, and PELOD-2. Front Pediatr, 2021;9:712276.
doi: 10.3389/fped.2021.712276.

23. Niederwanger C, Varga T, Hell T, et al. Comparison of pedi-
atric scoring systems for mortality in septic patients and the impact of
missing information on their predictive power: a retrospective analy-
sis. Peer J, 2020;8:€9993. doi: 10.7717/peerj.9993.

24. Kaur A, Kaur G, Dhir SK, et al. Pediatric Risk of Mortality
Il Score - Predictor of Mortality and Hospital Stay in Pediatric In-
tensive Care Unit. J Emerg Trauma Shock. 2020,13(2):146-150. doi:
10.4103/JETS.JETS_89_19.

25. Torpoco Rivera D, Garcia R, Aggarwal S. Vasoactive-venti-
lation-renal score: A reliable prognostic index for perioperative out-

comes following congenital heart surgery in adults. Cardiology in the
Young, 2020,1-7. doi:10.1017/S1047951120004588

26. Scherer B, Moser EA, Brown JW, et al. Vasoactive-ven-
tilation-renal score reliably predicts hospital length of stay after
surgery for congenital heart disease. J Thorac Cardiovasc Surg,
2016,152(5):1423-1429.e1. doi: 10.1016/j.jtcvs.2016.07.070.

27. Ozturk E, Tanidir IC, Gunes M, et al. The effects of Vaso-
active-Ventilation-Renal score on pediatric heart surgery. North Clin
Istanb. 2020, 7;7(4):329-334. doi: 10.14744/nci.2020.77775.

28. Alam S, Akunuri S, Jain A, et al. Vasoactive-ventilation-renal
score in predicting outcome postcardiac surgery in children. Int J Crit
llin Inj Sci. 2018;8(3):143-148. doi: 10.4103/IJCIIS.IJCIIS_1_18.

29. Havan, M, Kendirli T, Emekli B, et al. Evaluation of the per-
formance of vasoactive ventilation renal score in predicting the du-
ration of mechanical ventilation and intensive care hospitalization
after pediatric cardiac surgery. Pediatric Critical Care Medicine, 2021
22(Suppl 1, 3S):27-28 doi: 10.1097/01.pcc.0000738284.40891.0b

30. Zubarioglu AU, Yildinm O, Zeybek C, et al. Validation of the
Vasoactive-Ventilation-Renal Score for Neonatal Heart Surgery. Cu-
reus. 2021;13(5):e15110. doi: 10.7759/cureus.15110.

31. Colombo J. Predictors of Outcomes After Pediatric Cardiac
Surgery: A Proposal to Improve the Vasoactive-Ventilation-Renal
Score. Ann Thorac Surg. 2016;102(4):1413. doi: 10.1016/j.athorac-
sur.2016.02.109.

32. Hazle MA, Gajarski RJ, Yu S, et al. Fluid overload in in-
fants following congenital heart surgery. Pediatr Crit Care Med.
2013;14(1):44-9. doi: 10.1097/PCC.0b013e3182712799.

33. Hassinger AB, Wald EL, Goodman DM. Early postoperative
fluid overload precedes acute kidney injury and is associated with
higher morbidity in pediatric cardiac surgery patients. Pediatr Crit
Care Med. 2014;15(2):131-8. doi: 10.1097/PCC.0000000000000043.

34. Seguin J, Albright B, Vertullo L, et al. Extent, risk factors, and
outcome of fluid overload after pediatric heart surgery. Crit Care Med.
2014 Dec;42(12):2591-9. doi: 10.1097/CCM.0000000000000517.



