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Summary

Introduction. Mechanical ventilation (MV) remains a life-saving intervention for the sickest very low birth weight
(VLBW) neonates. Despite the widespread use of non-invasive respiratory support, many VLBW neonates require
some duration of MV during their initial hospitalization. As prolonged exposure to MV is associated with adverse
outcomes in VLBW infants, it is important to identify the factors that influence the duration of this intervention.

The study aimed to determine the factors affecting the duration of MV in VLBW infants.

Material and methods. Data from a prospectively created computerized database were used in a retrospective
cohort study. The database included information on 1086 VLBW infants < 32 weeks' gestation who were ventilated at
any time during their hospitalization at the tertiary care hospital between January 2010 and December 2020. Factors
that potentially influenced the duration of MV were examined.

The research was carried out in compliance with the requirements of bioethics as part of the planned scientific
work of the department (state registration number 0117U001083).

The data obtained were analyzed using descriptive and comparative statistics, as well as Spearman's rank
correlation coefficient and one-way analysis of covariance (ANCOVA). Measurements with normal distribution are
presented as mean (standard deviation). Non-parametric continuous data are presented as median (interquartile
range). All values were considered significant when p <0.05.

The study was carried out as a part of the planned scientific work of the department "Clinical-laboratory and
instrumental substantiation of differential approaches to diagnosis, treatment and prevention of childhood diseases"
(state registration number 0122U000164) without external sources of funding.

Results. According to univariant analysis, bronchopulmonary dysplasia (BPD) (rS=0.32, p<0.05), severe BPD
(rS=0.418, p<0.05), pneumothorax (rS=0.06, p=0.05), severe intraventricular hemorrhages (IVH) (r§=0.255,
p<0.05), periventricular leukomalacia (PVL) (rS=0.15, p<0.05), sepsis (rS=0.087, p<0.05), necrotizing enterocolitis
(rS$=0.088, p<0.05), longer duration of antibiotic therapy (rS=0.168, p<0.05), and a lower gestational age (rS=-
0.118, p<0.05) were associated with longer duration of MV in VLBW infants. At the same time, BPD (F=18.544,
p<0.0001), severe BPD (F=109.810, p<0.0001), severe IVH (F=23.859, p<0.0001), PVL (F=15.031, p<0.0001), and
more days of antibiotic therapy (F=13.173, p<0.0001) significantly and independently affected the duration of MV
based on the results of one-way ANCOVA.

Conclusion. Severe lung and brain injury and prolonged antibiotic exposure were the main risk factors that
significantly and independently prolonged MV in VLBW infants.

Keywords: Duration of Mechanical Ventilation; Risk Factors; Very-low-birth-weight Infants.

Introduction

Mechanical ventilation (MV) is an important
intervention to treat respiratory failure and reduce
mortality in very low birth weight (VLBW) infants
[1]. Severe respiratory failure is a common problem in
extremely preterm infants. Most of them may initially
require MV to maintain adequate ventilation and
oxygenation due to weak respiratory effort, incomplete
lung development and surfactant deficiency, or
when non-invasive respiratory support fails [2, 3].
Approximately half of extremely preterm neonates
require MV due to failure of continuous positive airway
pressure after birth [4] or fail their first extubation
attempt and require resumption of MV [5]. Despite the
important role of MV in reducing mortality in premature
infants with severe lung disease, its prolonged use is
often associated with complications [6]. The duration of
MYV exposure determines outcomes in VLBW infants.
Immature lungs are more susceptible to damage and
MYV increases the risk of secondary lung injury [2,
7, 8]. Prolonged MV is associated with an increased
incidence of BPD [6, 9] and influences its severity
[10]; increases the risk of pulmonary hypertension,
retinopathy of prematurity requiring surgical
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correction, periventricular leukomalacia (PVL), and
is associated with prolonged hospital stay, postnatal
growth failure [6], mortality, neurodevelopmental
impairment [11, 12], and feeding problems [12].
The use of MV in VLBW infants during the neonatal
period was significantly associated with a history of
asthma by 12 years of age and a higher incidence of
bronchial hyperresponsiveness [13]. Data on risk
factors associated with prolonged MV are limited. Very
preterm infants may require prolonged MV for a variety
of reasons. Given the adverse outcomes associated with
prolonged MYV, it is important to identify risk factors
that influence the duration of MV to improve outcomes
in VLBW infants.

The study aimed to determine the factors
affecting the duration of MV in VLBW infants with GA
<32 weeks.

Material and methods

Data from a prospectively created computerized
database were used in a retrospective cohort study. The
database included information on 1086 VLBW infants
< 32 weeks' gestation who were treated with MV at
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any time during their hospitalization at the tertiary care
hospital between January 2010 and December 2020.
The main perinatal characteristics (maternal morbidity
and complications of pregnancy and delivery, multiple
gestation, antenatal steroid prophylaxis, cesarean
section, need for resuscitation, BW and GA), morbidities
such as respiratory distress syndrome (RDS), BPD,
pneumothorax, intrapartum hemorrhage, and neonatal
death were recorded, pneumothorax, intraventricular
hemorrhage (IVH), PVL, patent ductus arteriosus (PDA),
sepsis, and necrotizing enterocolitis (NEC), as well as
medical interventions (surfactant administration, duration
of antibiotic therapy) that may affect the duration of MV.

Database clinical definitions

RDS was diagnosed based on the need for
supplemental oxygen to maintain pulse oximeter
saturation above 90% within the first 24 hours of life
and radiographic data consistent with the disease. BPD
was diagnosed at 36 weeks of PMA according to the
clinical definition after an oxygen reduction test [16,
17]. IVH and PVL were assessed by head ultrasound
and at autopsy when appropriate. IVH severity was
graded according to Papille [18]. PDA was confirmed
by Doppler echocardiography. NEC was diagnosed
according to modified Bell's criteria [19].

Standard respiratory support protocols were applied
to all neonates with routine monitoring of vital signs
and arterial blood gas measurements.

The study was approved by the Ethics Committee of
Danylo Halytsky Lviv National Medical University on
3 March 2011 (Act Ne3).

The data obtained were analyzed using descriptive
and comparative statistics, as well as Spearman's
rank correlation coefficient and one-way analysis of
covariance (ANCOVA). Measurements with normal
distribution are presented as mean (standard deviation).
Non-parametric continuous data are presented as
median (interquartile range). All values are considered
significant when p <0.05..

The study was carried out as a part of the planned
scientific work of the department "Clinical-laboratory
and instrumental substantiation of differential
approaches to diagnosis, treatment and prevention
of childhood diseases" (state registration number
01220000164) without external sources of funding.

Results and discussion

The study included 1086 VLBW infants who
received MV at any time during the hospitalization.
The mean gestational age of the infants included in
the analysis was 27.599 (2.238) weeks. Approximately
half of the infants were treated with surfactant. Six
hundred seventy-eight (62.43%) of the infants survived
to discharge. The median duration of MV was 47 (10-
103) hours (Table 1).

It was found that lower GA, higher incidence of
severe IVH, periventricular leukomalacia, BPD and
especially its severe form, pneumothorax, sepsis,
NEC, and more days of antibiotic therapy were
significantly associated with longer duration of MV
based on the results of univariate analysis (Table 2).

Bronchopulmonary dysplasia (F=18.544,
p<0.0001), severe BPD (F=109.810, p<0.0001),
severe IVH (F=23.859, p<0.0001), PVL (F=15.031,
p<0.0001), and longer duration of antibiotic
therapy (F=13.173, p<0.0001) significantly and
independently increased the duration of MV based
on a one-way analysis of covariance. The largest
proportion of this effect was associated with severe
BPD (n2 = 0.093).

Although MV remains a life-saving treatment,
especially for extremely preterm infants, prolonged
exposure to MV is a significant risk factor for
BPD, neurodevelopmental impairment, and other
complications in very preterm infants.

In this retrospective cohort study, we describe a cohort
of 1086 VLBW infants with GA < 32 weeks who were
treated with MV at any time during their hospitalization
and the factors influencing the duration of MV.

Table 1

Demographic and clinical characteristics of the cohort

Characteristics

Value

Gestational age, weeks'

27.599 (2.238)

Birth weight, g’

1007.181 (261.873)

Antenatal steroids? 860 (79)
Caesarean section? 464 (43)
Multiple pregnancies? 277 (26)
Intubation and ventilation at birth? 632 (58)
Surfactant administration? 534 (49)
Pneumothorax? 38 (3)
Bronchopulmonary dysplasia? 135 (12)
Severe bronchopulmonary dysplasia? 49 (5)
Duration of endotracheal MV, hours?® 47 (10-103)
Intraventricular hemorrhage, grade 3-42 179 (16)
Periventricular leukomalacia? 60 (6)
Necrotizing enterocolitis? 41 (4)
Hemodynamically significant patent ductus arteriosus? 176 (16)
Sepsis? 165 (15)
Antibiotic therapy duration, days 13 (4-38)
Survived until discharge? 678 (62)

Notes. 1 — mean (SD); 2 — number of cases (%), 3 — median (interquartile range). 41
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Table 2

Factors associated with longer duration of MV in VLBW infants (p<0.05)

Factors r.
Gestational age -0,118
Intraventricular hemorrhage, grade 3-4 0,255
Periventricular leukomalacia 0,15
Bronchopulmonary dysplasia 0,32
Severe bronchopulmonary dysplasia 0,418
Pneumothorax 0,06
Sepsis 0,087
Necrotizing enterocolitis 0,088
Antibiotic therapy duration, days 0,168

Using correlation analysis, we found that GA,
duration of antibiotic therapy, and major neonatal
morbidity, especially BPD and severe IVH, were
significantly associated with prolonged MV. Based
on the results of multivariable analysis, BPD and
especially severe form of the disease, severe IVH,
PVL, and longer duration of antibiotic treatment
remained significant independent determinants of
prolonged duration of MV. In another study, the
need for higher MV settings and higher respiratory
resistance on the first day after birth were identified
as risk factors for prolonged ventilation [14]. Both
may be associated with more severe acute lung injury
- the important factor in the development of BPD
that initially determines the need for prolonged MV.
At the same time, duration of MV was significantly
correlated with increased ventilation/perfusion
mismatch at 37 weeks postmenstrual age in preterm
infants with BPD [20] and was independently
associated with reduced lung volumes and lung
growth during infancy [21]. Impaired lung growth and
development and more severe lung injury in infants
with BPD increase the need for MV. Similarly, the
progression of acute lung injury to chronic failure
influenced the duration of MV in our study.

Prolonged endotracheal ventilation is also
associated with an increased likelihood of
neurodevelopmental impairment [11]. Intraventricular
hemorrhage may also complicate the course of severe
RDS and determine the need for prolonged ventilation.
Yossef et al [15] found a higher incidence of IVH
in neonates requiring prolonged IPPV. In our study,
both severe IVH and PVL significantly increased
the duration of IPPV, but at the same time, it could
not be excluded that the development of PVL was a
consequence of prolonged IPPV. In any case, severe
lung and brain injuries increase the duration of MV,
which in turn makes the outcome of infants with these
pathologies much worse.

Data describing the possible association between
antibiotic treatment and increased incidence of BPD
are controversial [22, 23]. It was found that each
additional day of antibiotic therapy in the first 2
weeks of life was associated with an increased risk for
and severity of BPD [22]. However, in another study,
antibiotic exposure in the first week of life without
culture-confirmed sepsis was not independently
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associated with increased risk of BPD or death in
preterm infants [23]. In our study, the longer duration
of antibiotic exposure affected the duration of MV,
suggesting a possible association of this intervention
with acquired infections. At the same time, judicious
use of antibiotics is important to improve outcomes in
VLBW infants and to avoid the emergence of antibiotic
resistance [24].

Several investigators identified lower GA as one
of the main factors influencing the duration of MV
[14, 15]. According to our data, higher GA was also
associated with a shorter duration of this intervention,
but lost its protective value after inclusion in the
multivariable model.

The implementation of interventions that effectively
prevent or reduce the severity of lung and brain injury has
been shown to improve outcomes in VLBW infants. The
use of antenatal steroid prophylaxis [25], non-invasive
support after birth [26], caffeine [27], early surfactant
administration with less invasive techniques [28], new
modes of ventilation [1], and increased extubation
attempts [29] can all reduce lung injury, the need for MV,
and improve outcomes in VLBW infants. Also, effective
treatment of infections and preventive measures to reduce
the incidence of late infections are important to reduce
the possibility of brain injury with the development of
periventricular leukomalacia [30-32].

The advantage of this study is the cohort design
with the inclusion of a large number of infants with
a mean gestational age (SD) of 27.599 (2.238) weeks
who received standard care in a single tertiary care
center. The factors that significantly and independently
prolong the duration of mechanical ventilation in very
preterm infants have been identified.

This study also has several limitations. It was
retrospective and observational by design, using the
predetermined computer database data, which limited
the possibilities of additional analysis.

Conclusions

Severe lung and brain injury and prolonged antibiotic
exposure were the main risk factors that significantly
and independently prolonged MV in VLBW infants.
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YAHHUKU PUSUKY TPUBAJIOI IITYYHOI BEHTUJSIII JETEHD Y HEMOBJSIT
3 1YKE MAJIOIO MACOIO TIJIA IIPU HAPOAKEHHI

A.O. Menvwuxosa, /1.0. /loopancekui

JIbBiBCcbKHMI HanioHAIbHMI Mean4Huil yHiBepcuTeT iMeni Jlanniaa Fanuubskoro, MO3 Ykpainu
(m. JIbBiB, Ykpaina)

Pesrome

Betyn. lltyuna Bentuisuis gerens (ILBJI) 3anumaersest pATIBHEM yTPYYaHHSAM IS TSXKKO XBOPHX HOBOHAPOIKEHUX 3 JTyKe
Mmanoio Macor Tina (AMMT) mpu HapomxkenHi. He3Baxkawoun Ha MHUPOKEe BUKOPUCTAHHS METOIIB HEIHBA3WBHOI MUXATBHOI Mif-
TPUMKH, YuMajo HoBoHapomkeHux 3 JIMMT norpebytors IIBJI mix yac ixuporo nepebyBanHs B jtikapHi. Ockinbku Tpusana [HIBJI
NOB’s13aHa 3 HECTIPUATIINBIMH HACIIiJKaMH, BOXKJIUBO 3HATH YHHHUKH, SIKi MiBUITYIOTh HIMOBIPHICT TPUBAIINIOT €HAOTpaXeanbHOT
BEHTHJIALI] Y [iff MOMyJAii HEeMOBIAT. MeTO HOoCHipkeHHS Oylno BU3HAYWTH YMHHUKU PHU3UKY, AKi BIUIMBAIOTh HA TPUBATICTD
HIBJ y niteit 3 AMMT npu HapoIKeHHi.

Marepiaa Ta MeTOAU AOCIIIKEHHS.

Y peTpoCHeKTHBHOMY KOTOPTHOMY TOCIHIiKeHHI OyJM BUKOPUCTAHI JaHi 13 MPOCIEKTUBHO CTBOPEHOT KOMIT I0TepHOI 0a3u 1a-
uux. L 6a3a Bkiarouana indopmarnito npo 1086 HEMOBIAT i3 AyKe MajJoK Macol Tija Ta TepMiHOM recrauii < 32 THKHIB, SKi
3uaxoauauch Ha IIBJI y Oyab-skuit uac mig yac nepeOyBaHHS B JIiKapHI TPETHHHOTO PiBHS JAOIOMOTH B nepion i3 ciuns 2010 p. mo
rpyaess 2020 p. Byno Bu3HaueHO YHHHHKHY, SIKi MOTEHI[IHHO BITMBaNX Ha TpuBaiicTs LIIBJIL.

JlocnikeHHsT BAKOHAHO 3 IOTPUMaHHSAM BUMOT 0i0OCTHKHM y paMKax IJIaHOBOi HaykoBoi poboTu kadeapu (Ne nepxpeectparnii
01220000164).

OTpuMaHi JaHi aHai3yBald 3a JOTIOMOTOI0 ONMKCOBOI Ta MOPIBHAIBHOI CTATUCTHKH, & TAKOK KoedimieHTa paHToOBOT KOpensmii
Cripmena il 0JHOCTOpPOHHBOTO KoBapianTHoro ananizy (ANCOVA). [lani BuMipioBaHb 3 HOpMaJbHUM PO3MOJINIOM IIPEACTABICHO
SK cepe/iHe (CTaHAapTHE BIIXWICHHS), a HeNapaMeTPHUHI JaHi — K MeIiany (HIKHIH-BepXHil KBapTHiIi). Yci pe3yabTaTd BBaXKaln
3HAUymuMHy, skmo p <0,05.

JlocnipkeHHsT BAKOHAHO y paMKax IUIaHOBOT HaykoBoi poboTu kadenpu «Kuiniko-maboparopHe Ta iHCTpyMeHTaJIbHE OOIPYH-
TyBaHHS TU(EpeHIiifHuX MiAX0AiB 10 IIarHOCTHKH, JIIKyBaHHS Ta MPO(diTaKTHKN 3aXBOPIOBAHb AUTAIOTO BiKy» (Ne mepxkpeectpa-
uii 0122U000164) 6e3 30BHIWHIX JKepen GiHaAHCYBaHHA.

Pe3yabTaTH 1ocaigKenHs. 3a JaHUMH OJHOBapiaHTHOTO aHani3y Oponxosnerenesa aucmiasis (BJI) (rS=0,32; p<0,05), Tsok-
ka BJIJ1 (rS=0,418; p<0,05), maeBmoTopakc (rS=0,06; p=0,05), Tsokki BHyTpimHbOILTyHOUKOBI kKpoBoBminBH (BILK) (rS=0,255;
p<0,05), nepusentpuxynspHa neiikomamnsuis (IIBJI) (rS=0,15; p<0,05), cencuc (rS=0,087; p<0,05), HeKpOTU3yIOUUIl EHTEPOKOIIT
(rS=0,088; p<0,05), 6inbua TpuBanicts antudioTHKOTepanii ( rS=0,168; p<0,05) Ta MeHwwii recrauiinuii Bik (rS=-0,118; p<0,05)
acornitoBanucs i3 TpuBanimoio [IBJI y nemosmsat 3 AIMMT npu napomxenni. BJIJ[ (F=18,544; p<0,0001), tsoxka BJIJT (F=109,810;
p<0,0001), Tsoxki BIIK (F=23,859; p<0,0001), IIBJI (F=15,031; p<0,0001) i TpuBamima antudakrepianpHa tepamis (F=13,173;
p<0,0001) mocTOBipHO Ta He3aJIeXkKHO BILTMBAIU Ha TpuBaiicTs LIIBJI 3a pe3ynpraraMu 0HOCTOPOHHBOTO KOBAPIaHTHOTO aHAIi3y
ANCOVA.

BucHoBku: TsDKKI ypaXeHHS JIETEHb 1 TOJOBHOTO MO3KY, a TaKOX TPHBAJIIIEe 3aCTOCYBaHHS aHTHOIOTUKIB OylH OCHOBHUMH
YMHHUKAMHU PU3UKY, SKi JOCTOBIPHO 1 He3aleKHO nopoBxkyBanu TpuBanicts IIBJI y Hemosisat 3 IMMT npu HapomkeHHi.

Kuarouosi cioBa: tpuBaxicts IIBJI; ynHHUKN pU3NKY; HOBOHAPOKEHI 3 Ay’Ke MaJOI0 Macolo Tina.
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