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OBJECTIVE: To assess stabilization, respiratory care and survival of extremely low birth weight (ELBW, <1000 g at birth) infants
requiring emergency transfer to tertiary NICUs on the first day of life.
STUDY DESIGN: Retrospective cohort study of 55 ELBW infants transported by a dedicated neonatal transport service over a 65-
month period. Ventilator data were downloaded computationally.
RESULTS: 95% of infants were intubated and received surfactant prior to transfer. Median expired tidal volume was 5.0 mL/kg
(interquartile range: 4.6–6.2 mL/kg). Infants ventilated with SIPPV had significantly higher mean airway pressure and minute
ventilation, but similar FiO2 compared to babies on SIMV. Blood gases showed significant improvement during transport. 55% of
infants survived to discharge from NICU.
CONCLUSION: Most ELBW infants transferred on the first day of life require mechanical ventilation and can be ventilated with
5 mL/kg tidal volume.

Journal of Perinatology; https://doi.org/10.1038/s41372-024-02043-w

INTRODUCTION
Despite advances in modern neonatal intensive care and
improving mortality and morbidity rates, preterm birth remains
a major healthcare problem, putting a significant burden on
patients, families, and communities [1, 2]. Of all infants admitted
to neonatal intensive care units (NICUs), babies born with a birth
weight of less than 1000 grams, also known as extremely low birth
weight (ELBW) infants, are at highest risk of death and short- or
long-term morbidities including chronic respiratory problems and
neurodevelopmental disability [3, 4].
Mothers who are at risk of delivering ELBW infants are

frequently transferred to hospitals equipped with level 3 NICUs
where definitive neonatal intensive care can be provided [5, 6].
However, a significant proportion of them are born in hospitals
without a tertiary NICU, because precipitous labor or fetal
or maternal concerns make an in utero transfer unsafe or
infeasible. These infants are usually transferred ex utero,
after initial stabilization, via a dedicated neonatal transport team.
Early postnatal transfer of them is particularly challenging due
to their clinical instability and particular vulnerability to heat
loss, dehydration, and trauma associated with the movement
and acceleration of the ambulance vehicle [7]. It has been
reported that exposure to vibration may be particularly relevant
when transporting extremely low birth weight neonates [8]. In
most NICUs, out-born infants have worse outcomes than
inborn babies, including the higher prevalence of intraventricular
hemorrhage (IVH), although it is uncertain whether this is due
to transport itself or better initial care in hospitals with tertiary
NICUs [5, 9].

Respiratory care of ELBW infants transferred during the acute
phase of respiratory distress syndrome (RDS) is frequently
challenging. The equipment providing respiratory support during
transport is likely to be different from the one used on the referring
unit; the same settings on the transport ventilator may result in
different gas exchange. Many transport services do not use
synchronized ventilation and most of them use pressure con-
trolled, rather than volume targeted ventilation [10]. Occurrence of
large tidal volumes has been reported in infants transferred on
pressure-controlled ventilation [11]. The first report on volume
targeted ventilation during neonatal transport has been published
only recently [12]. There have been no reports specifically on the
respiratory management of ELBW infants during transport.
In this study, we investigated pre-transport stabilization and

respiratory care ELBW infants received during transfer to tertiary
NICUs on the first day of their life. We analyzed what expired tidal
volumes they received during transfer and how their blood gas
values changed. We compared ventilator parameters during
synchronized intermittent positive pressure ventilation (SIPPV,
also known as assist-control ventilation, AC or patient triggered
ventilation, PTV) and synchronized intermittent mandatory
ventilation (SIMV). We also report their survival to discharge from
tertiary NICU.

SUBJECTS AND METHODS
Patients and clinical care
Clinical and ventilator data were collected from infants transferred by the
Neonatal Emergency and Transport Service of the Peter Cerny Foundation
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(NETS-PCA, Budapest, Hungary) over a 65-month period (between 20/03/
2017 and 20/08/2022) who received invasive or noninvasive respiratory
support during inter-hospital transport.
NETS-PCA is a dedicated neonatal transport service operating since 1989

that covers a geographical area in central Hungary which includes
Budapest and has a total population of ~5 million. The transport team
included a fully trained neonatologist with experience in neonatal
transport, an experienced neonatal transport nurse practitioner and a
professional driver with experience in driving neonatal ambulances. All
emergency transfers were completed using blue lights, siren, and
ambulance priority.
Respiratory support was provided using fabian™+ ncpap evolution or

fabian™ HFO neonatal ventilators (Vyaire Medical, Mettawa, IL, US).
Respiratory management including the choice of respiratory support and
ventilation settings was at the discretion of the transport team without an
explicit guideline.
For this study, infants were considered if their birth weight was <1000 g

and they were transferred during the first day of life to a tertiary NICU.
Transfers between tertiary NICUs or shorter than 10min and infants with
major congenital malformations have been excluded. The study was
approved by the Scientific and Medical Research Council Ethics Committee
of Hungary (reference number: 40158/2018/EKU).

Data retrieval
Ventilator data were recorded by a data logger developed by Vyaire for
research purposes. The software downloaded airway pressure, flow, and
volume data at 125 Hz frequency. It also downloaded ventilator
parameters (e.g., peak inflating pressure, tidal volume, ventilator rate,
minute ventilation, fraction of inspired oxygen, etc.) with a 0.5 Hz sampling
rate. Ventilator settings and their changes were also recorded. The 0.5 Hz
peak inflating pressure and tidal volume data correspond to the last
inflation that occurred before the time stamp. Minute ventilation is
calculated as a rolling mean over 30 s, and it includes both ventilator
inflations and spontaneous breaths, if present. Data were retrieved with
millisecond time stamps and exported as text files.
Clinical data were collected from electronic health care records. Blood

gases were obtained via capillary sampling using heel pricks in all cases, as
babies did not have arterial catheters.

Data analysis
Data were analyzed using Python (version 3.9.182, https://
www.python.org) and its data science packages. Programming was done
using Jupyter Notebook (version 8.15.0, http://ipython.org/notebook.html).
Data were processed and analyzed using NumPy (version 1.24.3, http://
www.numpy.org) and pandas (version 2.1.4, http://pandas.pydata.org).
Statistical analysis was performed using SciPy (version 1.9.3,
www.scipy.org). Visualization was done using matplotlib (version 3.8.0,
http://matplotlib.org). All software is open source and freely available. The
Jupyter notebooks containing and explaining all steps of data processing
and analysis can be viewed on GitHub code repository at https://
github.com/belteki/transport_ELBW.
To exclude artefacts, ventilator inflations were excluded if PIP was lower

than PEEP, as this cannot normally occur during positive pressure
ventilation (0.08%). Ventilator inflations when VTe was >25mL/kg
(0.005%), or periods with a ventilator rate >130/min (0.003%) or with
minute ventilation >1 L/min/kg (0.3%) were also excluded. These events do
not normally occur during conventional mechanical ventilation, and they
probably represent artefacts, e.g., when the ventilator circuit was open or
when condensed water in the ventilator’s circuit caused auto-triggering. In
total, 573 data points (0.37%) were excluded.
For ventilator parameters showing normal distribution within the

recordings, arithmetic mean and standard deviation (SD), for parameters
with non-parametric distribution, median and interquartile range were
calculated. As these aggregate values were not normally distributed,
groups were compared using non-parametric Mann–Whitney U-tests.
When comparing different ventilator modes (SIPPV, SIMV, with VG,

without VG), only cases where the given mode was used for >95% of the
time were considered; parts of these recordings with other mode(s) were
excluded. For SIMV, only recordings or recording parts without additional
pressure support were included. During SIMV, the mean tidal volume of
spontaneous breaths was calculated separately from the tidal volume of
the ventilator inflations. Spontaneous breaths were included when
calculating the minute ventilation during SIMV.

RESULTS
Of the 1450 infants from whom ventilator data were available, 180
had a birth weight of <1000 g, and of them, 62 were transferred
on the first day of life. We excluded two infants who were
transferred between tertiary NICUs for capacity reasons, two
babies who had major congenital malformations, and two cases
where transport itself lasted for <10 min. Detailed clinical data
were not available for 1 infant. Therefore, our final dataset
included 55 cases (Supplementary Fig. 1). Basic demographic
details of the infants as well as data on pregnancy and delivery are
shown in Table 1.
Only 15 mothers (27%) were documented to receive a complete

or incomplete course of prenatal steroids. 28 infants (51%) were
born by Caesarean section; 7 (13%) were born outside healthcare
facilities. More than half of them were hypothermic at the arrival
of the transport service (Fig. 1A). All except three (95%) were
intubated and received surfactant prior to transfer. The median
age at surfactant administration was 55 min but it ranged
between 9min and 3.5 h (Fig. 1B). In addition, a significant
proportion of them received chest compressions or adrenaline

Table 1. Demographic and basic clinical details of the patients
included in the study.

Number of cases 55

Demographic details

Gestational age, completed weeks, median
(range)

25 (21–31)

Birth weight, grams, median (range) 750 (300–990)

Gender (male/female) 32/23

Twin/singleton 10/45

Antenatal care and delivery

Maternal problems

Bleeding 20

Infection 4

Pre-eclampsia/hypertension 5

Othera 6

No data 20

Antenatal steroids (full course/incomplete
course/none/no data)

10/5/33/7

Mode of delivery (vaginal/Caesarean section) 27/28

Born outside hospital (yes/no) 7/48

Care after delivery

Initial care provider

Parent/paramedic 7

Local pediatrician 31

Neonatal transport service 17

Intubation (yes/no) 52/3

Surfactant before transfer (yes/no) 52/3

Chest compressions (yes/no) 9/46

Adrenaline bolus (yes/no) 7/48

Care before and during transport

Respiratory support (mechanical ventilation/
nasal CPAP)

52/3

Sedation (yes/no) 12/43

Fluid bolus (yes/no) 18/37

Inotropic support (yes/no) 6/49
aIncludes umbilical cord complications.
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bolus after birth, as well as fluids boluses, inotropic agents or
sedation before and during the transport (Table 1).
The median distance of transfer was 59 kilometers (range:

1–121 kilometers, Fig. 1C) and the median age at the time of
arrival to the tertiary NICU was 3 h 15min (range: 1 h 29min–5 h
46min, Fig. 1D). The infants’ body temperature has improved
significantly during the transfer (Fig. 1A).
All infants intubated after birth were transferred on invasive

mechanical ventilation; 3 infants were transferred on nasal CPAP
provided by the ventilator. Statistics on ventilator parameters are
shown in Table 2. The median expired tidal volume was 5.0 mL/kg
(interquartile range: 4.6–6.2 mL/kg). Blood gases showed signifi-
cant improvement during the transport (Fig. 2).
Infants were ventilated with SIPPV mode in 29 cases, with SIMV

in 13 cases and with SIMV-PS in 2 cases; 8 infants were ventilated
with multiple modes (7 babies with SIPPV and SIMV, 1 infant with
SIMV and SIMV-PS). There were no differences in the clinical
characteristics of the infants receiving different ventilation modes
(Supplementary Table 1). Infants ventilated with SIPPV had
significantly higher mean airway pressure, positive end-
expiratory pressure, ventilator rate and minute ventilation than
babies ventilated with SIMV (Table 2). Nonetheless, spontaneous
breaths between ventilator inflations constituted on average
<15% of minute ventilation in infants ventilated with SIMV. There
was no significant difference between the groups in the median

FiO2 during the journey. The blood gases at the end of the transfer
were also not different, although before the transfer infants
ventilated with SIPPV had significantly lower pH (Table 2). There
was no significant difference in the ventilator parameters of the 7
infants who received both SIPPV and SIMV during their transfer,
(Supplementary Table 2).
VG was used in 41 cases and was not used in 6 cases; 5 infants

were ventilated both with and without VG during their transport.
The leak around the endotracheal tube was significantly
(p= 0.002) higher in infants ventilated without VG (median:
11%, IQR: 0–64%), than in infants ventilated with VG (median 0%,
IQR: 0–15%).
Survival to discharge from tertiary NICU is shown in Table 3,

separately for each gestational week. Overall, at least 55% of the
group (30 out of 55 infants) survived, which was below the national
survival of inborn ELBW infants during an overlapping period (975
out of 1290 infants, 76%), over a 3-year period between 2019 and
2021 (source: Annual Report of the National In Vitro Fertilization,
Obstetric and Neonatal Registry of Hungary, unpublished), albeit
without statistical significance (p= 0.18, Fisher’s exact test). How-
ever, there were no survivors among infants born below 24 weeks of
gestation, while the national survival of them was 22% (25 out of
113 infants). Of the survivors, 7 infants (23%) had severe (grade 3–4)
intraventricular hemorrhage or posthaemorrhagic hydrocephalus
requiring neurosurgical intervention.

Fig. 1 Clinical and transport characteristics of ELBW infants transferred on the first day of life. A Core body temperature of the infants at
the arrival of the transport team to the place of delivery and at the handover to tertiary NICU. B Age at the time of surfactant administration. C
The distance travelled from the place of delivery to tertiary NICU. D Postnatal age at the end of transfer. On all boxplots, medians are shown as
horizontal lines, boxes represent interquartile ranges, whiskers represent the full range of data. Means are shown as black diamonds.
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DISCUSSION
With the improvement of in utero transfer, early postnatal
transport of ELBW infants has become rare: in our dataset, it
represented only 4.3% (62 out of 1450) of the transfers by the
regional transport service on respiratory support. However, these
infants are highly vulnerable due to their immaturity, critical
illness, and the risk of acute complications such as IVH.
In this paper, we provide the first analysis of the respiratory

management of ELBW infants transferred to tertiary NICUs on the
first day of life. Non-invasive respiratory support has been
increasingly used in the management of RDS in ELBW infants

[13, 14]. In our cohort, >90% of ELBW infants were intubated
before transfer and were transported on mechanical ventilation,
similar to the findings of Massirio et al., who also reported a > 90%
intubation rate for infants born at <30 weeks of gestation who
required early postnatal transfer [15]. This may have been due to
the poor condition and more severe RDS of the infants, caused by
precipitous labor and preventing in utero transport and prenatal
steroid use and, in some cases, delivery outside the hospital.
Ensuring safe transport may also have been a consideration
because the journeys were longer than ~60 kilometers in half of
the cases.

Table 2. Statistics on ventilator parameters used during transport and on blood gases before and after transfer.

Ventilator parameters All ventilated cases (n= 52) SIPPV (n= 29) SIMV (n= 13) p-valueb (SIPPV vs SIMV)

PIP (cmH2O) 20.0 (15.9–23.8) 20.6 (16–25.9) 18.2 (17.2–22.5) NS

MAP (cmH2O) 9.5 (8.1–10.8) 10.4 (9.2–11.4) 8.2 (7.8–9.3) <0.001

PEEP (cmH2O) 6.1 (5.8–6.2) 6.1 (6.0–6.3) 5.9 (5.2–6.1) 0.002

VTe (mL/kg)a 5.0 (4.6–6.2) 5.3 (4.8–6.2) 4.9 (4.6–5.5) NS

VTespon (mL/kg) n/a n/a 1.9 (1.6–2.3) n/a

RR (1/min)a 49 (39–59) 57 (50–63) 38 (35–40) <0.0001

MV (L/min/kg) 0.30 (0.24–0.34) 0.32 (0.27–0.35) 0.26 (0.23–0.30) 0.02

Mvspon (%) n/a n/a 14.8 (10.5–22.5) n/a

FiO2 (%) 25 (21–34) 25 (23–40) 28 (21–30) NS

Leak (%) 0 (0–15) 0 (0–11) 0 (0–17) NS

Blood gas at the beginning of transport

Blood gas available (n)c 47 24 11

pH 7.19 (7.10–7.24) 7.14 (7.09–7.22) 7.24 (7.18–7.28) 0.04

pCO2 (mmHg) 51.7 (46.7–64.2) 56.1 (51.1–68.4) 49.0 (45.9–52.7) NS

BD (mmol/L) 7.7 (5.0–11.9) 8.8 (6.0–12.2) 5.3 (4.3–6.8) NS

Blood gas at the end of transport

Blood gas available (n)c 50 26 12

pH 7.27 (7.20–7.32) 7.29 (7.24–7.32) 7.29 (7.21–7.34) NS

pCO2 (mmHg) 48.7 (40.8–56.2) 48.8 (41.1–57.7) 49.9 (40.1–62.3) NS

BD (mmol/L) 3.6 (1.0–7.3) 3.5 (1.4–6.8) 2.4 (0.8–4.5) NS

For each infant the mean (PIP, MAP, PEEP, VTe, RR, MV) or median (FiO2 and leak) of the parameter has been calculated. Data shown are group medians and
interquartile ranges. Infants receiving SIPPV or SIMV were compared. For blood gases, group medians and interquartile ranges are shown for pH, pCO2 and
base deficit in samples taken prior to transfer and at the end of transfer.
SIPPV synchronized intermittent positive pressure ventilation, SIMV synchronized intermittent mandatory ventilation, PIP peak inspiratory pressure, MAP mean
airway pressure, PEEP positive end-expiratory pressure, VTe expired tidal volume of ventilator inflations, VTespon expired tidal volume of spontaneous breaths,
RR ventilator rate, MV minute ventilation, MVspon contribution of spontaneous breaths to minute ventilation, FiO2 fraction of inspired oxygen, BD base deficit,
IQR interquartile range, NS not significant, n/a not applicable.
aOnly includes ventilator inflations. Spontaneous breaths during SIMV have been excluded.
bMann–Whitney U-test.
cAll blood gases were capillary camples.

Fig. 2 Blood gases performed before and after the transport of ELBW infants. pH (A), pCO2 (B) and base excess (C) are shown. All gases
were capillary samples. On all boxplots, medians are shown as horizontal lines, boxes represent interquartile ranges, whiskers represent 5th
and 95th percentiles, and outliers are not shown. Means are shown as black diamonds.
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We found that almost all infants were ventilated with expired
tidal volumes between 4–6mL/kg (group median 5mL/kg), and
their carbon dioxide levels at arrival to the NICU were normal. In a
recent study using volumetric capnography to estimate dead
space in extremely preterm infants, physiologic dead space
volumes of 5.7 mL/kg were found for ELBW babies on the first
days of life, suggesting the need for using tidal volumes >6mL/kg
in these babies [16]. However, our findings align more with the
results of Keszler et al., who reported that babies <800 g can be
ventilated with ~5mL/kg tidal volume, even though it is less than
even their anatomic dead space [17, 18]. Together these results
suggest that gas exchange mechanisms other than tidal ventila-
tion operate even at respiratory rates used during conventional
ventilation [19].
Volume targeted ventilation was used in most (46 out of 52)

patients which is reassuring as it has been shown to improve
clinical outcomes in this patient group [20]. Infants ventilated
without VG had significantly larger leak around their tube; it is
conceivable that the larger leak was the reason for not using VG in
some of these cases.
SIPPV is associated with lower work of breathing and shorter

duration of mechanical ventilation than SIMV [21, 22] and is widely
used in this patient population. In our study, babies receiving
SIPPV had higher ventilator rates and minute ventilation than
babies receiving SIMV. Their mean airway pressure was also
higher, in part due to the higher PEEP setting. Their blood gases
on arrival to NICU were not different from those of infants
transferred on SIMV, although their initial blood gases had shown
more severe acidosis, suggesting worse initial clinical condition,
which improved during transport. Of note, during SIMV, only a
small proportion of MV was provided by spontaneous breaths,
despite the relatively low set ventilator rate (median 38/min). This
may be due to the weak respiratory effort of these patients, or the
sedation used during the transport in some of them. When
comparing these ventilator parameters in the patients who were
ventilated using both modes during their transfer, they were not
different; however, their small number (n= 7) limited the
statistical power to identify such differences.
Survival of the cohort was not significantly worse than national

survival of infants born in hospitals with tertiary NICUs, but we

may have lacked the statistical power to detect a difference.
However, there were no survivors among babies born before
24 weeks. Several factors may have contributed to this. Rapid
labor or the need for emergency delivery may have prevented the
completion of a prenatal steroid course. The experience of the
local clinical teams in stabilizing ELBW infants may have been less
than in hospitals with tertiary neonatal services, although the
neonatal transport team has actively participated in the initial care
of a significant proportion of cases. Some infants were born
outside healthcare facilities, where circumstances were subopti-
mal and initial care was sometimes provided by adult ambulance
services. Finally, despite the dedicated ambulance and experi-
enced drivers, physical forces during ground transport over
considerable distances may have had a significant impact [23].
Our study has several limitations. Although ventilator data were

collected computationally with high sampling rate, patient
monitor parameters were not collected; therefore, we had no
detailed minute-to-minute information about the infants’ condi-
tion during transport. Blood gases were capillary samples, because
the clinical team did not routinely insert arterial lines in these
infants prior to transfer. The pre-transport period in the referring
hospitals was short in most cases; therefore, we could not
compare respiratory management before and during transport.
Finally, we were only able to follow cases up to their discharge
from tertiary NICUs and cannot present long term outcome data.
In summary, most ELBW infants transferred ex utero on the first

day of life require mechanical ventilation during transfer and can
be ventilated with ~5mL/kg tidal volumes despite their relatively
larger dead space.

DATA AVAILABILITY
Datasets generated during the current study are available from the corresponding
author on reasonable request. Analysis steps can be accessed via GitHub code
repository at https://github.com/belteki/transport_ELBW.

REFERENCES
1. Doyle LW, Ford G, Davis N. Health and hospitalizations after discharge in extre-

mely low birth weight infants. Semin Neonatol. 2003;8:137–45.

Table 3. Survival to discharge and intraventricular hemorrhage in ELBW infants transferred on the first day of life.

Survival to discharge from tertiary NICU

Gestation at birth Number of cases Survived Did not survive Data not available

<23 3 0 3 0

23 7 0 6 1

24 10 5 5 0

25 11 7 3 1

26 11 6 4 1

27 6 5 1 0

28 4 4 0 0

>28 3 3 0 0

Total 55 30 22 3

Intraventricular hemorrhage among survivors

No IVH 14

IVH grade 1-2a 7

IVH grade 3-4a 4

Posthaemorrhagic hydrocephalusb 3

Data not available 2
aIntraventricular hemorrhage, Papille grading.
bRequiring neurosurgical intervention.

V. Balog et al.

5

Journal of Perinatology

https://github.com/belteki/transport_ELBW


2. Cheong JLY, Wark JD, Cheung MM, Irving L, Burnett AC, Lee KJ, et al. Impact of
extreme prematurity or extreme low birth weight on young adult health and
wellbeing: the Victorian Infant Collaborative Study (VICS) 1991–1992 Longitudinal
Cohort study protocol. BMJ Open. 2019;9:e030345.

3. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from
infancy to adulthood. Lancet. 2008;371:261–9.

4. Doyle LW, Victorian Infant Collaborative Study Group. Evaluation of neonatal
intensive care for extremely low birth weight infants in Victoria over two decades:
I. Effectiveness. Pediatrics. 2004;113:505–9.

5. Marlow N, Bryan Gill A. Establishing neonatal networks: the reality. Arch Dis Child
Fetal Neonatal Ed. 2007;92:F137–42.

6. Marlow N, Bennett C, Draper ES, Hennessy EM, Morgan AS, Costeloe KL. Perinatal
outcomes for extremely preterm babies in relation to place of birth in Eng-
land:the EPICure 2 study. Arch Dis Child Fetal Neonatal Ed. 2014;99:F181–8.

7. Mohamed MA, Aly H. Transport of premature infants is associated with increased
risk for intraventricular haemorrhage. Arch Dis Child Fetal Neonatal Ed.
2010;95:F403–7.

8. Gajendragadkar G, Boyd JA, Potter DW, Mellen BG, Hahn GD, Shenai JP.
Mechanical vibration in neonatal transport: a randomized study of different
mattresses. J Perinatol. 2000;20:307–10.

9. Levene MI, Fawer CL, Lamont RF. Risk factors in the development of intraven-
tricular haemorrhage in the preterm neonate. Arch Dis Child. 1982;57:410–7.

10. Brennan G, Colontuono J, Carlos C. Neonatal Respiratory Support on Transport.
Neoreviews. 2019;20:e202–12.

11. Costa JD, Sadashiv S, Hesler J, Locke RG, Blackson TJ, Mackley AB. Tidal volume
monitoring during emergency neonatal transport. J Perinatol. 2018;38:1631–5.

12. Belteki G, Szell A, Lantos L, Kovacs G, Szanto G, Berenyi A, et al. Volume Guar-
anteed Ventilation During Neonatal Transport. Pediatr Crit Care Med.
2019;20:1170–6.

13. Morley CJ, Davis PG, Doyle LW, Brion LP, Hascoet JM, Carlin JB, et al. Nasal CPAP
or intubation at birth for very preterm infants. N Engl J Med. 2008;358:700–8.

14. Escrig-Fernández R, Zeballos-Sarrato G, Gormaz-Moreno M, Avila-Alvarez A,
Toledo-Parreño JD, Vento M. The Respiratory Management of the Extreme Pre-
term in the Delivery Room. Child. 2023;10:351.

15. Massirio P, De Paolis FM, Calevo MG, Cardiello V, Andreato C, Minghetti D, et al.
Intubation Rate Evaluation of Inborn Versus Outborn Premature Newborns
Affected by Respiratory Distress Syndrome: Impact of Neonatal Transport. Air
Med J. 2022;41:346–9.

16. Williams E, Dassios T, Dixon P, Greenough A. Physiological dead space and
alveolar ventilation in ventilated infants. Pediatr Res. 2022;91:218–22.

17. Keszler M, Nassabeh-Montazami S, Abubakar K. Evolution of tidal volume
requirement during the first 3 weeks of life in infants <800 g ventilated with
Volume Guarantee. Arch Dis Child Fetal Neonatal Ed. 2009;94:F279–82.

18. Keszler M, Montaner MB, Abubakar K. Effective ventilation at conventional rates
with tidal volume below instrumental dead space: a bench study. Arch Dis Child
Fetal Neonatal Ed. 2012;97:F188–92.

19. Hurley EH, Keszler M. Effect of inspiratory flow rate on the efficiency of carbon
dioxide removal at tidal volumes below instrumental dead space. Arch Dis Child
Fetal Neonatal Ed. 2017;102:F126–30.

20. Klingenberg C, Wheeler KI, McCallion N, Morley CJ, Davis PG. Volume-targeted
versus pressure-limited ventilation in neonates. Cochrane Database Syst Rev.
2017;10:CD003666.

21. Vervenioti A, Fouzas S, Tzifas S, Karatza AA, Dimitriou G. Work of Breathing in
Mechanically Ventilated Preterm Neonates. Pediatr Crit Care Med. 2020;21:430–6.

22. Batra D, Jaysainghe D, Batra N. Supporting all breaths versus supporting some
breaths during synchronised mechanical ventilation in neonates: a systematic
review and meta-analysis. Arch Dis Child Fetal Neonatal Ed. 2023;108:408–15.

23. Lantos L, Széll A, Chong D, Somogyvári Z, Belteki G. Acceleration during neonatal
transport and its impact on mechanical ventilation. Arch Dis Child Fetal Neonatal
Ed. 2023;108:38–44.

ACKNOWLEDGEMENTS
We thank to Rainer Kühner (Vyaire) for help with exporting data from the fabian
+nCPAP evolution™ and fabian HFO ventilators. We thank to Miklos Szabo
(Semmelweis University, Budapest, Hungary) for sharing national statistics on ELBW
infants.

AUTHOR CONTRIBUTIONS
VB participated in the conception of the study, collected clinical information,
participated in interpretation of results, and edited the manuscript. LL participated in
acquisition and interpretation of clinical data and revising the article. AV participated
in interpretation of clinical data. AJ participated in interpretation of clinical data and
revising the article. ZsS participated ins interpretation of clinical data and revising the
article. GB was responsible for the conception of the study, the outline of statistical
analysis and interpretation of data, and wrote the manuscript. All authors read and
approved the final manuscript.

COMPETING INTERESTS
GB is a consultant to Vyaire Medical (Mettawa, IL, US) and Dräger Medical (Lübeck,
Germany). Vyaire Medical did not participate in this research and did not provide any
payment for it. The other authors declare no conflict of interest.

ETHICS APPROVAL
The study was approved by the Scientific and Medical Research Council Ethics
Committee of Hungary (reference: 40158-2/2018/EKU). Parental consent was waived.
The study was performed in accordance with the Declaration of Helsinki.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41372-024-02043-w.

Correspondence and requests for materials should be addressed to Gusztav Belteki.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.

V. Balog et al.

6

Journal of Perinatology

https://doi.org/10.1038/s41372-024-02043-w
http://www.nature.com/reprints
http://www.nature.com/reprints

	Stabilization, respiratory care and survival of extremely low birth weight infants transferred on the first day of life
	Introduction
	Subjects and methods
	Patients and clinical care
	Data retrieval
	Data analysis

	Results
	Discussion
	References
	Acknowledgements
	Author contributions
	Competing interests
	Ethics approval
	ADDITIONAL INFORMATION




