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Abstract

Objective

To compare clinical care and outcome of preterm infants born in a tertiary neonatal
unit with those requiring early postnatal transport to the same unit, and analyze their
trends over a 9-year period.

Study Design

A retrospective study of infants born before 33 weeks’ gestation between 2013 and
2021. Inborn (n=913) and outborn (n=133) infants were compared using logistic
regression and trend analysis.

Result

Outborn infants more frequently required intubation in delivery room (59.4% vs.
32.3%, p<0.001) and mechanical ventilation (69.2% vs. 44.5%, p<0.001). They
more frequently had severe intraventricular haemorrhage (IVH, 15% vs. 8.1%,
p=0.027) and had lower survival rate (88.7% vs. 91.9%, p=0.02). Birth outside a ter-
tiary neonatal unit increased the risk of severe IVH [odds ratio: 2.4 (95% confidence
interval: 1.3—4.3)]. Only inborn infants showed decreasing trends in delivery room
intubation (annual percentage change, APC: -21.2%, p<0.001) and mechanical
ventilation (APC: -8.3%, p=0.001).

Conclusion

Outborn infants continue to require more invasive respiratory support and experience
worse outcomes.
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Introduction

Although premature infants born before the 33 gestational week constitute only
1-2% of all neonates, the resources their care requires pose significant challenges
to healthcare facilities [1]. Due to advances in prenatal and postnatal interventions,
mortality of this population has decreased globally [2]. However, the risk of major
morbidities such as intraventricular haemorrhage (IVH), bronchopulmonary dysplasia
(BPD), necrotizing enterocolitis (NEC), retinopathy of prematurity (ROP), periventric-
ular leukomalacia (PVL) has remained substantial in this group [1].

Centralization of neonatal intensive care can significantly improve the short- and
long-term outcomes of preterm infants; however, in utero transport is not always pos-
sible or feasible [3]. Over the last two decades, care during postnatal transport has
changed significantly, and mortality as well as morbidity of outborn preterm infants
have improved [4,5]. However, large comparative studies suggest that outcome of
preterm infants born in hospitals with tertiary neonatal intensive care units (NICUs)
has remained significantly better than of those born outside these centres [3,6—10].
Among the distinct adverse outcomes, most studies highlighted the association
between early postnatal transport and severe brain injury [6,10-12].

Comparing clinical care and outcome of preterm infants born within and outside a
tertiary centre can facilitate further development of local guidelines and procedures
and monitoring their impact, thereby improving clinical practice, resource allocation
and, potentially, clinical outcomes. However, the long data collection period usually
required due to the relatively low number of outborn patients and the necessarily
retrospective study design together may make it difficult to assess the impact of
newly implemented guidelines and interventions for this group of patients [7,8,10]. An
alternative approach is employing trend analytical methods, which may circumvent
some of these difficulties [5,13].

In this study we compared respiratory care, outcome and their temporal trends
over an 9-year period of infants born before the completed 33 weeks of gestation in
a hospital with a tertiary neonatal intensive care unit and infants who required early
postnatal transport to the same unit. We hypothesized that morbidity and mortality of
outborn preterm infants will be significantly worse than those of the inborn population.

Methods
Patients

We retrospectively collected and analyzed data from preterm infants born before 33
completed gestational weeks, who were admitted to the regional tertiary NICU of the
University of Debrecen Clinical Centre over a 9-year period (2013—-2021). Infants
were either delivered in the same building (“inborn infants”) or transferred postnatally
within the first 24 hours of life (“outborn infants”). The regional neonatal transport ser-
vice of the University of Debrecen Clinical Centre covers an area with an approximate
radius of 130 kilometers. In addition to the Clinical Centre itself, the service includes
five district general hospitals with level 1 or 2 neonatal units. A dedicated neonatal
transport team is available 24/7 to ensure the emergency transport of preterm infants.
The transport team consists of a fully trained neonatologist experienced in neonatal
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transport and an experienced neonatal transport nurse practitioner. In line with international standards, in utero transport
is prioritized and very preterm deliveries in the local hospitals occur only in emergency situations when inter-hospital
transport of the mother is not possible. In cases of threatened preterm birth, referring institutions immediately notify the
regional unit and the neonatal transport service, and the transport team attends these deliveries as time-critical emer-
gencies with blue lights and ambulance priorities. However, due to the distances involved, initial delivery room care is
provided by the staff of the referring hospital, according to the relevant national guidelines, with the transport team joining
them upon arrival. The transport time is reported in Supplementary Table 1. Respiratory support was provided using the
EVE TR ventilator (Fritz Stephan GmbH, Gackenbach, Germany), and infants were cared for in Drager Air-Shields Iso-
lette TI500 incubators (Dragerwerk AG & Co. KGaA, Libeck, Germany). Respiratory management including the choice of
respiratory support and ventilation settings was at the discretion of the transport team without an explicit guideline.

Data collection and outcome variables

The study was approved by the Scientific and Research Ethics Committee of the University of Debrecen under the regis-
tration number of ,DE RKEB/IKEB 6189-2022” and was conducted in accordance with the ethical standards of all relevant
national and institutional committees and the World Medical Association’s Declaration of Helsinki. For this retrospective
study, informed consent was waived as sanctioned.

Data were collected from handwritten and electronic neonatal and maternal health care records and transport forms.
The authors de-identified all patients’ information during extraction. Data collection was completed between November
and December 2022. The regional NICU is affiliated with the Vermont-Oxford Network, and utilizes the “Nightingale Data
Definitions” guide for clinical definitions, consistent with their routine practice [14]. BPD was defined as the need of sup-
plemental oxygen at 36 weeks of postmenstrual age (PMA) or having been discharged on oxygen treatment before 36
weeks of PMA. IVH was assessed by cranial ultrasonography and graded according to Papile et al [15]. The term “severe
IVH” was used for grade 23 IVH. ROP was defined using the International Classification for Retinopathy of Prematurity
and referred to as “severe” if it was stage 23 [16]. Periventricular leukomalacia (PVL) was defined as presence of one or
more cysts in the periventricular region of the brain, detected by serial ultrasound scans. Late onset sepsis (LOS) was
defined as a culture of a pathogenic organism (bacterium or fungus) from blood and/or cerebrospinal fluid after 72 hours
of age. Surgical necrotizing enterocolitis (NEC) was defined as NEC requiring a surgical intervention (i.e., laparotomy,
laparoscopy, intraperitoneal drain) due to intestinal perforation or failure to improve with medical management. Mechani-
cal ventilation was defined as positive pressure ventilation given via an endotracheal tube. Mortality was defined as death
before discharge from hospital or death before one year of age in case of prolonged hospitalization. Morbidity-free survival
was defined as the lack of BPD, NEC, PVL, LOS and severe IVH up to the time of discharge from hospital. ROP was not
included due to the continuation of follow-up care beyond hospital discharge.

Data analysis

Descriptive statistics for the study population included mean and standard deviation or median and interquartile range
for continuous variables, and count and percentage for categorical variables. Comparison of variables between the two
groups was performed using Student’s t-test, Mann-Whitney U-test, and Chi-square tests, depending on the type and
distribution of the data. The impact of outborn status on the outcomes of preterm infants, considering other known demo-
graphic or perinatal risk factors (gestational age, gender, presence or absence of intrauterine growth restriction, IUGR,
presence or absence of antenatal steroids and mode of delivery), was determined using binary logistic regression. For
outcomes that differed between the two groups, we tested whether the effect of birth location was modified by antenatal
steroid prophylaxis by including an interaction term (birth location x steroid prophylaxis) in a focused logistic regression
model. Antenatal steroid prophylaxis (ANS) was considered administered if at least one dose was given prior to delivery.
Differences were considered statistically significant at p<0.05. Statistical analysis was performed using the SPSS V25
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and V30 programs (RRID:SCR_002865). Trends over the years and changes in trends were examined using the Join-
point Regression Program (the Surveillance Research Program of the National Cancer Institute, Bethesda, MD, USA).
The Joinpoint Regression Program determines breakpoints and selects the best-fitting model among log-linear regression
models fitted to the data points using Monte Carlo permutation [5,17]. Changes in trends are characterized by the annual
percentage change (APC). The program also allows for comparing trends between patient groups. If trends run parallel,
there is no significant difference in APC values.

Results

Outborn infants received antenatal steroids less frequently and required mechanical ventilation more frequently
than inborn infants

A total of 913 inborn and 133 outborn preterm infants were included in the study. Although the number of cases in the two
groups differed considerably, the annual ratio of the two study groups did not change significantly over the study period
(APC=-0.58, p=0.874). Gestational age, birth weight and gender distribution were balanced throughout the study period;
however, outborn infants had significantly lower 1- and 5-minute Apgar scores (Table 1). Inborn preterm infants were more
likely to receive ANS and to be delivered by Caesarean section. Outborn infants were more frequently intubated in the
delivery room and more of them required mechanical ventilation during their stay on NICU (Table 1).

Outcome of inborn and outborn infants

Outborn infants had significantly lower survival to discharge and lower morbidity-free survival rate (Table 2). Severe IVH
and LOS occurred more frequently in outborn infants. There was no significant difference in the other morbidities.

After adjusting for known demographic and perinatal risk factors in a logistic regression model, outborn status remained
significantly associated with mechanical ventilation but there was no significant difference between the inborn and the out-
born group in survival or in morbidities (Table 3 and S2 Table). Interaction term analysis including birth location, antenatal
steroid prophylaxis, and their interaction showed that the interaction and birth location were not significant for severe IVH,
morbidity-free survival or survival, while steroid prophylaxis remained the only significant predictor for these outcomes;

Table 1. Comparison of demographic and clinical characteristics between the two study populations.

Inborn (n=913) Outborn (n=133) p-value

Gestational age (weeks), median (IQR?) 28 (26-30) 28 (26-30) 0.18
Birth weight (g), median (IQR) 980 (730- 1340) 1100 (805-1310) 0.10
Small for gestational age, n (%) 180 (19,7%) 7(5,3%) <0,001
Male, n (%) 504 (55.2) 71 (53.4) 0.69
1-minute Apgar score, median (IQR) 7 (5-8) 5(3-7) <0.001
5-minute Apgar score, median (IQR) 8 (7-8) 7 (5-8) <0.001
Admission temperature (C°), mean (SD") 35.76 (0.73) 35.37 (1.42) 0.54
Caesarean section, n (%) 679 (74.4) 77 (57.9) <0.001
Antenatal steroid, n (%) 833 (91.2) 55 (41.4) <0.001
Delivery room intubation, n (%) 295 (32.3) 79 (59.4) <0.001
Surfactant therapy, n (%) 591 (64.7) 102 (76.7) 0.006
Mechanical ventilation, n (%) 406 (44.5) 92 (69.2) <0.001
Transport time (minutes), median (IQR) N.A. 77.5 (565-900029 N.A.

2lQ:Interquartile range, the range between the 75" and 25" percentiles.

5SD: standard deviation.

https://doi.org/10.1371/journal.pone.0326648.t001
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Table 2. Comparing neonatal outcomes of inborn and outborn infants at term corrected age.

Outcome Inborn (n=913) Outborn (n=133) p-value
BPD, n (%)? 139 (15.2) 14 (10.5) 0.076
Severe IVH®, n (%) 74 (8.1) 20 (15) 0.027
PVLe, n (%) 14 (1.5) 3(2.3) 0.819
Surgical NECY, n (%) 21(2.3) 4 (3.0) 0.677
Severe ROP®, n (%) 47 (5.1) 5(3.8) 0.414
LOS, n (%) 45 (4.9) 10 (7.5) 0.015
Morbidity-free survivals, n (%) 626 (68.6) 83 (62.4) 0.014
Survival, n (%) 839 (91.9) 118 (88.7) 0.02

aBPD: the need for supplemental oxygen at 36 weeks of postmenstrual age or discharged on oxygen treatment, whichever occurred first.
bSevere IVH: grade 23 intraventricular hemorrhage.

°PVL: periventricular leukomalatia, defined as presence of one or more cysts in the periventricular region of the brain, detected by serial ultrasound
scans.

dSurgical NEC: necrotizing enterocolitis requiring a surgical intervention (i.e., laparotomy, laparoscopy, intraperitoneal drain) due to intestinal perforation
or failure to improve with medical management.

eSevere ROP: stage 23 retinopathy of prematurity.

LOS: Late onset sepsis was defined as a culture of a pathogenic organism (bacterium or fungus) from blood and/or cerebrospinal fluid after 72 hours of
age.

9Morbidity-free survival: lack of any of the following morbidities at term corrected age: BPD, surgical NEC, severe IVH, late-onset infection, periventricu-
lar leukomalacia. See main text for definitions of the individual morbidities.

https://doi.org/10.1371/journal.pone.0326648.t002

for late-onset sepsis (LOS), none of the three factors were significant, indicating no detectable effect of birth location or
steroid exposure on LOS risk (S3 Table).

Decreasing trends in delivery room intubation and mechanical ventilation in inborn but not in outborn infants

We also analysed temporal trends over the study period. The frequency of Caesarean section, antenatal steroid pro-
phylaxis, and surfactant therapy did not change significantly over the study period (Table 4). For inborn preterm infants,
there was a significantly decreasing trend in delivery room intubation and in the need for mechanical ventilation from
2013 to 2021, while there was no change in these parameters among postnatally transported infants (see Fig 1 A and B).
Decreasing trends were observed in all morbidities, but they were not statistically significant (Fig 1 C-F). Overall and
morbidity-free survival showed a non-significant increasing trend in both patient groups (Fig 1 G-H, Table 4).

Discussion

In this study, we compared early care and outcome of inborn and outborn preterm infants born before 33 weeks of ges-
tation in a large tertiary perinatal centre over an 9-year period. During the study period, the proportion of inborn infants in
the region covered by our tertiary NICU was relatively high (87%), similar to other developed regions [7,18—-21]. There was
no significant improvement in in utero transfer rate of our region over the study period. In a cohort study by Lecour et al.
with comparable outborn rate, birth outside tertiary centres could have been prevented only in 9.6% of cases [21]. In order
to further reduce the proportion of cases requiring postnatal transport, it is essential to regularly review current recommen-
dations and practices, monitor case numbers, and to ensure continuous communication between referring and receiving
units at a regional level [7,22,23].

Antenatal steroid prophylaxis significantly improves outcomes in preterm infants [24]. We demonstrated that the rate of
antenatal steroid prophylaxis was significantly lower in the outborn group, consistent with previous studies [8,17]. There
was no significant change in the trend of steroid prophylaxis in either group over the study period. Considering the high
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Table 3. Analysing the influence of outborn status on neonatal outcomes using multivariable logis-

tic regression model.

Outcome adjusted OR (95% CI) p-value
Severe IVH? 1.656 (0.826; 3.323) 0.155
PVL® 1.578 (0.436; 5.716) 0.487
Severe ROP® 2.031 (0.659; 6.257) 0.217
Surgical NEC* 1.578 (0.446; 5.587) 0.479
BPDe 1.154 (0.567; 2.348) 0.694
LOSf 1.804 (0.855; 3.807) 0.122
Mechanical ventilation 2.708 (1.732; 4.233) <0.001
Morbidity free survival® 0.818 (0.496; 1.348) 0.431
Mortality 1.423 (0.629; 3.219) 0.397

Adjusted odds ratios (OR) and its 95% confidence intervals (95% Cl) were calculated after adjusting for
confounders (gestational age, mode of delivery, presence or absence of intrauterine growth restriction,
gender, presence of antenatal steroids).

aSevere IVH: grade 23 intraventricular hemorrhage.

b PVL: periventricular leukomalatia, defined as presence of one or more cysts in the periventricular region
of the brain, detected by serial ultrasound scans.

cSevere ROP: stage 23 retinopathy of prematurity.

dSurgical NEC: necrotizing enterocolitis requiring a surgical intervention (i.e., laparotomy, laparoscopy,
intraperitoneal drain) due to intestinal perforation or failure to improve with medical management.

°BPD: the need for supplemental oxygen at 36 weeks PMA or discharged on oxygen therapy whichever
occurred first.

LOS: Late onset sepsis was defined as a culture of a pathogenic organism (bacterium or fungus) from
blood and/or cerebrospinal fluid after 72 hours of age.

9Morbidity-free survival: survival without any of these morbidities at term corrected age: BPD, surgical
NEC, late-onset sepsis, PVL and severe IVH. See main text for detailed definitions of the individual mor-
bidities.

https://doi.org/10.1371/journal.pone.0326648.t003

in utero transport rate, it is likely that the outborn group represents cases with rapidly progressing labor and maternal or
fetal conditions necessitating immediate delivery. This suggests that it will be difficult to make a significant improvement in
steroid exposure of the outborn group in the future. Of note, antenatal steroid prophylaxis, even if given only hours before
delivery, may improve outcome [25].

In line with international recommendations and trends, the percentage of infants intubated in delivery room decreased
each year for the inborn group, and an increasing number of them was stabilized with non-invasive respiratory support
[26,27]. There was no improvement in these indicators in the outborn group over the study period. Moreover, outborn
infants received mechanical ventilation more frequently even after accounting for differences in demographic and perinatal
factors. This may be due to limited experience in district hospitals, worse general condition of outborn infants (e.g., lack of
steroid prophylaxis, lower 1-minute Apgar score), or lower threshold for intubating them to ensure a safe postnatal transfer.

The incidence of severe IVH was found to be significantly higher in patients requiring postnatal transport in several
studies [6,9,10,28]. The cause of this association is not fully understood, but its mechanism is likely to be multifactorial,
including less experienced staff attending deliveries, transport’s physical forces, higher incidence of mechanical ventilation
and lower steroid prophylaxis rate [3,6,29-31]. Temperature instability in transported neonates may also contribute; sev-
eral studies have demonstrated that low admission temperatures are associated with an increased risk of severe intraven-
tricular hemorrhage [30]. Some perinatal factors may plausibly act as effect modifiers in our multivariate regression model
(Table 3). For example, intrauterine growth restriction could amplify vulnerability to adverse outcomes independent of
gestational age, while caesarean delivery and antenatal steroid exposure may modify may reflect differences in perinatal
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Table 4. Comparing trends of neonatal care and outcome by Joinpoint regression analysis.

Inborn Outborn Parc

APC p APC p
Caesarean section -0.35 0.637 -0.35 0.637 0.07
Antenatal steroid -0.62 0.16 -0.62 0.16 0.94
Mechanical ventilation -8.3 0.001 -0.4 0.9 0.04
Surfactant therapy =2.77 0.028 -2.77 0.028 0.39
Delivery room intubation -21.2 <0.001 0 0.99 0.004
BPD? -6.5 0.175 -6.5 0.175 0.28
Severe IVH® -7.9 0.13 -7.9 0.13 0.7
PVLe -34 0.457 -34 0.457 0.52
Surgical NEC* -34 0.54 -34 0.54 0.56
Severe ROP¢ -4.9 0.43 -4.9 0.43 0.22
LOSf 8.8 0.08 8.8 0.08 0.70
Morbidity-free survival® 1.8 0.24 1.8 0.24 0.3
Survival 0.2 0.69 0.2 0.69 0.82

Changes in trends are characterized by the annual percentage change (APC) for each patient group. p,. represents p-value of the statistical test of
parallelism (if trends run parallel p,..>0.05).

aBPD: the need for supplemental oxygen at 36 weeks PMA or discharged on oxygen treatment whichever occurred first.
bSevere IVH: grade 23 intraventricular hemorrhage.

°PVL: periventricular leukomalatia, defined as presence of one or more cysts in the periventricular region of the brain, detected by serial ultrasound
scans.

dSurgical NEC: necrotizing enterocolitis requiring a surgical intervention (i.e., laparotomy, laparoscopy, intraperitoneal drain) due to intestinal perforation
or failure to improve with medical management.

eSevere ROP: stage 23 retinopathy of prematurity.

LOS: Late onset sepsis was defined as a culture of a pathogenic organism (bacterium or fungus) from blood and/or cerebrospinal fluid after 72 hours of
age.

IMorbidity-free survival: lack of any of the following morbidities at term corrected age: severe IVH, BPD, surgical NEC, pneumothorax requiring chest
drain, culture positive late-onset infection, periventricular leukomalacia. See main text for definitions of the individual morbidities

https://doi.org/10.1371/journal.pone.0326648.t004

management that influence neonatal morbidity and survival. In our cohort, outborn infants more frequently had severe
IVH; however, the difference was not significant once demographic and antenatal factors have been accounted for in a
logistic regression model. The apparent discrepancies between univariate and multivariable analysis reflect the influence
of confounding factors. Since demographic (e.g., gestation, birth weight, gender) and clinical (admission temperature)
factors were not significantly different between the groups, we think that the higher severe IVH rate in our outborn cohort
was to a large extent due to their lower antenatal steroid exposure, and this in turn may have contributed to the lower
overall and morbidity-free survival among them. In line with this, our interaction term analysis confirmed that antenatal
steroid prophylaxis, rather than birth location, was the only significant predictor of IVH, with its protective effect consistent
across both inborn and outborn infants. In another retrospective cohort study, a full course of antenatal steroid prophylaxis
significantly decreased the risk of IVH irrespective of transport status, but even after a full course of steroid prophylaxis,
transferred outborn infants born at less than 28 weeks of gestation were still more likely to develop IVH than their inborn
counterparts [10]. Of note, the IVH rate can be affected by factors difficult to include in regression models such as details
of neonatal service delivery details of the region.

We also observed a higher rate of LOS in the outborn group, in alignment with previous studies [32]. The increased
frequency of delivery room intubation and mechanical ventilation in this group may contribute to a higher incidence of
bacterial infections [33].
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Fig 1. Trends in respiratory care and outcomes of inborn and outborn infants. Trends in delivery room intubation (A), mechanical ventilation (B),
severe ROP (C), BPD (D), severe IVH (E), surgical NEC (F), morbidity-free survival (G), and survival (H) in inborn and outborn infants over the study
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period. Annual percentage change (APC) values were used to characterize the trend curves separately for both groups. A p-value <0.05 indicates a
statistically significant change in APC. We also compared the APC values of inborn and outborn neonates for each variable; a p-value <0.05 was consid-
ered a statistically significant difference.

https://doi.org/10.1371/journal.pone.0326648.9001

Our study has several limitations. First, we were not able to collect information on premature infants who died in the refer-
ring institutions’ delivery rooms, so only outborn infants transferred to the tertiary centre were included in the analysis (of the
inborn infants, three died in the delivery room). Therefore, the difference in mortality between inborn and outborn infants may
have been higher than we have reported. Important perinatal variables were not consistently available due to the retrospective
design and heterogeneous documentation across referring hospitals, and residual confounding cannot be excluded. Second,
for rarely occurring complications (ROP, NEC), the low case numbers could have significantly distorted the relevant results.
Third, generalizability of the results may be affected by specificities of neonatal care delivery within our neonatal network.

Our findings highlight the need to improve outcomes for outborn infants. Standardizing initial care at referring hospitals,
optimizing antenatal triage and transfer protocols, and integrating tele-neonatology support could help reduce risks and
enhance neonatal outcomes.

Conclusion

Delivery room intubation and mechanical ventilation have shown decreasing trends over the last decade for inborn but not
for outborn infants. Mechanical ventilation, severe IVH and late-onset sepsis are more frequent in outborn infants.
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sepsis, PVL and severe IVH. See main text for detailed definitions of the individual morbidities.

(DOCX)

S3 Table. Focused logistic regression models including interaction term. Models included the dependent variable
(outcome), birth location, antenatal steroid prophylaxis (ANS), and their interaction term (birth location x ANS). Odds ratios
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>3. b LOS: late-onset sepsis, defined as a culture of a pathogenic organism (bacterium or fungus) from blood and/or cere-
brospinal fluid obtained after 72 hours of age. ¢ Morbidity-free survival: survival at term corrected age without any of the
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