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Abstract

Objective To evaluate trends in respiratory care practices and bronchopulmonary dysplasia
(BPD) among very preterm infants born in Spain between 2010 and 2019.

Study design This was a retrospective cohort study of data obtained from a national population-
based database (SEN1500 network). Changes in respiratory care and BPD-free survival of infants
with gestational age (GA) of 23°-31° weeks and <1500 g were assessed over two 5-year periods.
Temporal trends were examined by joinpoint and Poisson regression models and expressed as the
annual per cent change and adjusted relative risk (RR) for the change per year.

Results A total of 17 952 infants were included. In the second period, infants were less frequently
intubated in the delivery room and during neonatal intensive care unit stay. This corresponded
with an increase in use of non-invasive ventilation techniques. There were no significant

differences between the periods in BPD-free survival or survival without moderate-to-severe



BPD. After adjusting for covariates, the RR for the change per year was significant for the
following variables: never intubated (RR 1.03, 95% CI 1.02 to 1.04); intubation in the delivery
room (RR 0.98, 95% CI 0.97 to 0.99); use of nasal intermittent positive pressure ventilation (RR
1.08, 95% CI 1.05 to 1.11); and BPD-free survival (only in the group with the lowest GA; RR
0.98,95% C1 0.97 to 0.99).

Conclusion Our findings reveal significant changes in respiratory care practices between 2009
and 2019. Despite an increase in use of non-invasive respiratory strategies, BPD-free survival did

not improve and even worsened in the group with the lowest GA (23°-25°).

INTRODUCTION

Among very preterm infants, bronchopulmonary dysplasia (BPD) is the most prevalent
morbidity and is associated with prolonged hospitalisation in the neonatal period, growth
failure, long-term pulmonary impairment, increased healthcare costs and worse
neurological outcomes.'™

BPD results from a complex interaction between immaturity, genetic predisposition, and
perinatal or postnatal insults.® In this context, ventilator-induced lung injury caused by
invasive respiratory support is a central factor in the BPD pathogenesis.>® Avoidance of
invasive mechanical ventilation (IMV) has thus became a priority in modern neonatal
care, and infants today receive less invasive respiratory support compared with several
decades ago.”® However, emerging evidence indicates that significant improvements in
mortality in recent years have not been accompanied by consistent improvements in BPD
rates.22 Whether this discrepancy is influenced by increased survival of the most
immature infants or our inability to prevent BPD remains a matter of debate.

Over the last few decades, different modes of non-invasive ventilatory support, such as
nasal intermittent positive pressure ventilation (NIPPV) and high-flow nasal cannula
therapy (HFNC), as well as new techniques for surfactant adminis- tration have been
progressively incorporated into clinical practice worldwide** and may have influenced
the global picture of respiratory morbidity. Moreover, the availability of accurate, up-to-
date trend data linked to clinical practice is essential to identify areas of improvement,
facilitate ision making and optimise healthcare resources.>



In the present study we describe trends (2010-2019) in respiratory care and respiratory
outcomes among very preterm and very low birthweight infants in Spain, and investigate
the hypothesis that management has become less invasive and respi- ratory outcomes

have improved over time.

MATERIALS AND METHODS

Study design and population

This multicentre cohort study is a retrospective analysis of data collected prospectively
from the Spanish SEN1500 network database. This database was created in 2002, and a
variable number of neonatal units with representation of most admin- istrative regions
participate voluntarily.!” During the study period, 79 units contributed data at some point,
but only 67 did so consistently throughout the period and were included in the study. We
collect approximately two-thirds of all very low birth- weight infants born in Spain,
according to data from the Spanish National Institute of Statistics.

Only patients born between 23° and 31° weeks gestational age (GA) and weighing <1500
g were eligible for inclusion. Outborn patients, infants who died in the delivery room
(DR), and those with chromosomal and/or major congenital anomalies were also excluded
from the study. The study period comprised 10 years, from 1 January 2010 to 31
December 2019.

Outcome variables and definitions

The following variables were extracted from the original database: demographic data
(GA, birth weight, sex); perinatal characteristics (antenatal steroid treatment, maternal
hypertension, chorioamnionitis, mode of delivery); stabilisation in the DR
(supplementary oxygen, continuous positive airway pressure (CPAP), positive pressure
ventilation, intubation, chest compressions, epinephrine); respiratory support after
stabilisation in the DR (surfactant, CPAP, NIPPV, HFENC, IMV); and clinical outcomes
(mortality, BPD, patent ductus arteriosus (PDA), pneumothorax, sepsis).

The main exposure of interest was respiratory support without IMV (never intubated or

intubated only for the purpose of surfactant administration) during the neonatal



admission. The primary respiratory outcome was survival without BPD. The secondary
outcomes were survival, survival without moderate-to-severe BPD, intubation in the DR
and use of NIPPV. A subgroup analysis of patients by GA strata (23°-25°, 26°-28° and
29°-31° weeks) was preplanned.

BPD was defined as the need for supplementary oxygen for at least 28 days and classified
as moderate or severe depending on oxygen requirements and respiratory support at 36
weeks post- menstrual age.’®'® Mortality was defined as death before first hospital
discharge. PDA was diagnosed by echocardiography and managed according to local
protocols. Closure of the PDA (phar- macological or surgical) was recorded. Small for
GA (SGA) was defined as less than the 10th percentile according to Fenton’s growth

charts.

Statistical analysis

Descriptive data are presented as mean=SD or n/N (%). The sample was divided into two
study periods (2010-2014 and 2015-2019). Respiratory practices and outcomes were
compared between the two periods using the Student’s t-test or Mann- Whitney U test for
continuous variables and the Fisher’s exact test for categorical variables. Temporal trends
in respiratory care and BPD were evaluated using joinpoint regression. The Joinpoint
Regression Program V.4.8 (National Cancer Institute, Bethesda, Maryland) was used to
detect significant changes in the rate of events over time.?’ Default settings were
employed, with up to two joinpoints, requiring at least two observations between
joinpoints. A log-linear regression model was used and, in each case, the model with an
optimal number of binding points was selected according to the results of the Monte Carlo
permutation test. Each joinpoint in the final model corresponds to a statistically
significant change in the temporal trend, and the annual per cent change (APC) is
calculated to describe how the rate changes within each distinct time interval.

Trends in outcomes were further assessed using Poisson regression models with robust
variance estimators, considering year as a continuous variable and accounting for
clustering for hospital by using an exchangeable working correlation.?* From these
models, relative risk and 95% CI for the change per year were computed. In addition to
considering the effect of the study centre, analyses were adjusted by sex, GA, SGA,

prenatal steroids, multiple gestation, surfactant, chorioamnionitis and mode of delivery.



These parameters were selected as covari- ates prior to analysis based on clinical
judgement and previous research.

Analyses were performed using the R statistical programming language (R Foundation
for Statistical Computing, Vienna, Austria). Results were considered as statistically

significant for bilateral p values <0.05.

RESULTS

A total of 20 564 neonates <1500 g and aged 23°-31° weeks were born alive in the
participating units during the study period. Of these, 17 952 were included in the study
after applying exclusion criteria (figure 1). The entire cohort was divided into two 5-year
periods: 9343 infants in period 1 (2010-2014) and 8609 infants in period 2 (2015-2019).
There were no significant differences between periods in the demographic characteristics
of the infants, except for a slight increase in the proportion of infants 23°-25° in the
second period (15.0% vs 16.4%, p=0.009; online supplemental table 1). Exposure to
prenatal steroids was higher in the second period, but a high rate of steroid administration
was observed in both periods (91.4% and 93.4%, respectively, p<0.001).

The univariate analysis revealed significant differences between periods for certain
interventions performed in the DR and the neonatal intensive care unit (NICU; table 1).
Overall, the use of CPAP and supplemental oxygen in the DR increased and the rate of
intubation in the DR decreased in the second versus the first study period. Infants in the
second period were less frequently intubated during the NICU admission and more
frequently received respiratory support with non-invasive ventilation modes. Despite
these differences in respiratory support, the univariate analysis of respiratory outcomes
showed no signif- icant differences between periods in terms of survival, survival without
BPD or survival without moderate-to-severe BPD (table 2). Rates of survival without
BPD by GA are shown in online supplemental figure 2.

Joinpoint regression analysis for selected outcomes (figure 2 and online supplemental
figure 1) showed a significant upward temporal trend during the study period for never
intubated (APC 4.3, 95% CI 3.4 to 5.1) and use of NIPPV (APC 7.1, 95% CI 5.6 to 8.6),
and a significant downward trend for intubation in the DR (APC -3.2, 95% CI —4 to
—2.4). Again, no significant trends were observed for survival (APC 0.1, 95% CI —0.1 to
0.4) or survival without BPD (APC —0.3, 95% CI —0.6 to 0). A preplanned stratified
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analysis by GA (online supplemental table 2) revealed an improvement in survival rates
of infants born at 29°-31°% weeks GA, but not improvement in survival or even a
worsening of rates of survival without BPD in the group of infants with the lowest GA
(23°-25° weeks).

Finally, the adjusted risk ratio for the change per year was statistically significant for
never intubated, intubation in the DR, use of NIPPV and survival without BPD only in
the group of infants with the lowest GA (table 3).

DISCUSSION

In this large, multicentre, national cohort study we examined secular trends in respiratory
care and BPD in very low birth- weight and very preterm infants. We found that despite
a significant decrease in invasive respiratory management, rates of survival without BPD
did not improve over the study period, and even worsened slightly in the 23°-25° weeks
GA group.

NIV, together with prenatal steroids and early surfactant therapy, is considered the current
mainstay treatment and standard practice in preterm infants in order to avoid IMV. We
found that NIV use steadily increased during the study period in Spain, in keeping with
current evidence and international recommen- dations.” Specifically, we observed an
increase in the use of CPAP, NIPPV and HFNC, in line with previous reports.??23
However, there is no consistent evidence of an association between NIV use and better
respiratory outcomes. In fact, early comparisons of CPAP with intubation and IMV
revealed only a modest benefit in terms of the combined outcome of death or BPD at 36
weeks postmenstrual age,?*2% and a meta-analysis involving a total of 3289 infants
showed that avoiding IMV had a small but significantly beneficial impact on the
incidence of BPD.> Moreover, most studies examining secular trends in respiratory
outcomes have reported no significant improvements in BPD and other long-term
respiratory outcomes over time.3162327.28 1n our last retrospective analysis of data
obtained from the SEN1500 network comparing two periods (2002—-2006 vs 2007-2011),
we observed only a moderate increase (from 26.6% to 31.6%) in the BPD-free survival
rate among infants born at 23-26 weeks GA, despite a significant increase in NIV use in

the DR and NICU.° These findings were not confirmed in the present study, in which the


https://dx.doi.org/10.1136/fetalneonatal-2021-322402
https://dx.doi.org/10.1136/fetalneonatal-2021-322402

moderate-to-severe BPD-free survival rate remained constant and the BPD-free survival
rate was slightly lower in the most immature infants.

Several factors have been proposed to explain this apparent lack of improvement in BPD
incidence.* First, the definition of BPD itself is constantly evolving and is a subject of
debate in the field of neonatal medicine. Most existing definitions, including that used in
our database, consider BPD as a ‘yes or no’ phenomenon and do not account for the broad
phenotypic diversity and the varying degrees of severity observed in clinical practice.
Moreover, these definitions are predominantly based on the duration of supplemental
oxygen requirement, without taking into account new NIV modes that are currently
used.?® Another factor that could contribute to our findings is the prolonged duration of
overall respiratory support and supplemental oxygen described in preterm newborns
receiving less invasive respiratory support.®?® Increased active resuscitation and
increased survival of most immature babies can partially explain the findings of other
series,® but not ours, since the survival rate remained virtually static throughout the study
period.

Antenatal steroids accelerate lung maturation and reduce the need for IMV and the risk
of death but, according to a recent Cochrane review,*® do not significantly reduce rates of
BPD. In our study, exposure to antenatal steroids was higher in the second period of the
study, although rates remained high in both periods (over 90%) and were higher than
those previously reported,*2?831 which may have limited their potential impact on
outcomes. Given that the relationship between PDA and BPD remains a matter of debate,
PDA was included as a variable in the present study. Overall, in keeping with previous
reports,?® we observed a decrease in the rate of PDA treatment. Whether this decrease
may have influenced our findings for respiratory outcomes cannot be determined given
the study design used. The rate of late-onset sepsis, another recognised risk factor for
BPD,* was significantly lower in the second period of the study. Interestingly, this
change was not observed in the group of infants with the lowest GA, in which rates of
BPD-free survival worsened during the study period.

Finally, BPD is aetiologically complex and multifactorial in origin, resulting from a
variety of sequential insults to an immature lung. Our results suggest that avoiding IMV
might not be sufficient to prevent BPD in some premature infants. For this reason, modes

of NIV other than CPAP are increasingly being incorporated into clinical practice.>®3*



During the second period of our study we observed a marked increase in the use of
NIPPV, although the evidence supporting its use is limited and little is known about the
underlying mechanism of action.>*3® Some studies suggest that the incidence of
respiratory failure and the need for intubation are reduced by NIPPV compared with
CPAP.2%3" However, how this translates into improved respiratory morbidity is less clear,
and most individual studies and meta-analyses report moderate or no effect on BPD
rates.3"%® Unfortunately, because the database used in the present study did not
systematically collect precise data on NIPPV indication, timing, devices used,
synchronisation, interfaces or settings, no firm conclusions could be established in this
regard. Encourag- ingly, we found no significant difference in the rates of complications
potentially related to NIPPV (spontaneous intestinal perforation and pneumothorax).
Apart from the lack of improvement in BPD rates, there was an increasing exposure to
oxygen in the DR, which we speculate to be a consequence to the publication, after
International Liaison Committee Resuscitation 2015 guidelines, of several studies in
which moderate hypoxaemia and resuscitation with air were associated with adverse
outcomes.***° Moreover and in keeping with the policy of early rescue surfactant
advocated by European guidelines, the surfactant use in the DR decreased in the second
period. The observation of longer exposure to oxygen was previously reported in a trend
analysis in Melbourne,® which in our opinion can be related to changes in oxygenation
targets or prolonged periods of NIV. Finally, we do not have a clear explanation for the
increased (and earlier) use of postnatal corti- costeroids for BPD, whose indication is still
a matter of debate in current neonatal medicine.

The present study has some limitations. The database from which we acquired out data
was hospital-based rather than population-based, and therefore may not be representative
of the entire Spanish population. Not including babies who died in the DR precluded us
from extracting conclusions about changes in this outcome. Furthermore, our original
database lacked data on other practices that could potentially have influenced the rate of
BPD and may have changed over time. The strengths of our study include a large national
cohort, its multicentre nature and the detailed evaluation of standardised outcomes within
the context of the SEN1500 network.



In conclusion, our findings suggest that despite increased use of NIV, BPD-free survival
has not improved significantly in Spain over the last 10 years. This may indicate that
avoidance of endotracheal intubation is not sufficient as a single strategy to improve
respiratory outcomes. Further studies are needed to identify better strategies to improve

BPD outcomes in very preterm infants.

Acknowledgements We are indebted to all the investigators, coordinators and members of the
Spanish Neonatal Network SEN1500.

Collaborators Spanish Neonatal Network SEN1500: Gemma Ginovart, Josep Figueras Aloy,
Alberto Pérez Legorburu, Ramon Aguilera Olmos, Eduardo Narbona Lépez, Sandra Terroba,
Tomas Sanchez-Tamayo, Dolores Elorza Fernandez, Araceli Corredera Sanchez, Belén
Fernandez Colomer, Ma Angeles Martinez Fernandez, Isabel de las Cuevas Teran, Miguel Angel
Cortajarena Altuna, Carmen Macias Diaz, Pedro Fuster Jorge, Segundo Rite Gracia, M
Purificacion Ventura Faci, M Isabel Izquierdo Macién, Ana Belén Escobar Izquierdo, M Luz
Couce Pico, Elena Pilar Gutierrez Gonzéalez, D Blanco Bravo, M Yolanda Ruiz del Prado,
Lourdes Urquia Marti, Rafael Garcia Mozo, M Pilar Jaraba Caballero, Cristina de Frutos
Martinez, Silvia Martinez-Nadal, Martin Iriondo, Amaya Rodriguez Serna, Maria Gonzalez
Santacruz, Maria Fernanda Moreno Galdo, Joan Badia Barnusell, M Mar Montejo Vicente,
Aintzane Euba, Mar Albujar, Irene Cuadrado Perez, Andres Martinez Gutierrez, Gemma Ginovart
Galiana, M JesUs Lépez Cuesta, M José Santos Mufioz, Maria Suérez Albo, Victor Manuel
Marugéan Isabel, Maria Victoria Ramos Ramos, Gerardo Romera Modamio, Carolina Vizcaino,
David Mora Navarro, Laura Acosta Gordillo, Eduard Soler Mir, Mercedes Granero Asensio,
Javier Estafi Capell, Miguel Angel Garcia Cabezas, D Lopez Gémez, Alberto Trujillo Fagundo,
Israel Anquela Sanz, Antonio Segado Arenas, Carmen Rosa Pallas Alonso, Sabina Romero,
Carmen Gonzalez Armengod, Jose Maria Lloreda Garcia, Laura Domingo Comeche, Laura
Castells Vilella, Concepcién Goiii Orayen, M Dolores Muro Sebastian, Alejandro Avila-Alvarez,

Mara Fernandez Diaz and Elena Garcia Victori.

Contributors AA-A, CZ and FG-MR conceived the study. AA-A wrote the first draft of the
manuscript. CZ, FG-MR, MS-L, MDE and MI-S edited and reviewed the manuscript and made
important intellectual contributions. CZ and FG-MR contributed to data selection and extraction
and presentation of the results. SP-D provided guidance in statistical analysis, preparation of
figures and interpretation of results. All authors discussed, revised and approved the final

manuscript.



Funding The authors have not declared a specific grant for this research from any funding agency

in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Primary data collection was approved by the local ethics research committees
of the participating centres when they joined the SEN1500 network.

Research ethics approval for data collection at the first author’s institution was obtained from A
Coruiia-Ferrol Research Ethics Committee (ref 2017/360). This study protocol has no specific

ethical approval as it only gathers anonymised data.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data supporting the findings of this study (deidentified participant
data) are available upon request to the corresponding author.

REFERENCES

1 Jensen EA, Sch Imonary dysplasia. Birth Defects Res A Clin Mol Teratol 2014;100:145—
57.

2 Van Marter LJ. Epidemiology of bronchopulmonary dysplasia. Semin Fetal Neonatal
Med 2009;14:358-66.

3 Sriram S, Schreiber MD, Msall ME, et al. Cognitive development and quality of life
associated with BPD in 10-Year-Olds born preterm. Pediatrics 2018;141. doi:10.1542/
peds.2017-2719. [Epub ahead of print: 17 May 2018].

4 Alvarez-Fuente M, Arruza L, Muro M, et al. The economic impact of prematurity and
bronchopulmonary dysplasia. Eur J Pediatr 2017;176:1587-93.

5 Fischer HS, Biihrer C. Avoiding endotracheal ventilation to prevent bronchopulmonary
dysplasia: a meta-analysis. Pediatrics 2013;132:e1351-60.

6 Jensen EA, DeMauro SB, Kornhauser M, et al. Effects of multiple ventilation courses and
duration of mechanical ventilation on respiratory outcomes in extremely low- birth-
weight infants. JAMA Pediatr 2015;169:1011-7.


http://dx.doi.org/10.1002/bdra.23235
http://dx.doi.org/10.1002/bdra.23235
http://dx.doi.org/10.1016/j.siny.2009.08.007
http://dx.doi.org/10.1016/j.siny.2009.08.007
http://dx.doi.org/10.1016/j.siny.2009.08.007
http://dx.doi.org/10.1542/peds.2017-2719
http://dx.doi.org/10.1007/s00431-017-3009-6
http://dx.doi.org/10.1542/peds.2013-1880
http://dx.doi.org/10.1001/jamapediatrics.2015.2401

10

11

12

13

14

15

16

17

18

19

20

Sweet DG, Carnielli V, Greisen G, et al. European consensus guidelines on the
management of respiratory distress syndrome - 2019 update. Neonatology 2019;115:432—
50.

Doyle LW, Carse E, Adams A-M, et al. Ventilation in extremely preterm infants and
respiratory function at 8 years. N Engl J Med 2017;377:329-37.

Stoll BJ, Hansen NI, Bell EF, et al. Trends in care practices, morbidity, and mortality of
extremely preterm neonates, 1993-2012. JAMA 2015;314:1039-51.

Garcia-Mufioz Rodrigo F, Losada Martinez A, Elorza Ferndndez MD, et al. The burden
of respiratory disease in very-low-birth-weight infants: changes in perinatal care and
outcomes in a decade in Spain. Neonatology 2017;112:30-9.

Lui K, Lee SK, Kusuda S, et al. Trends in outcomes for neonates born very preterm and
very low birth weight in 11 high-income countries. J Pediatr 2019;215:32-40.

Fanaroff AA, Stoll BJ, Wright LL, et al. Trends in neonatal morbidity and mortality for
very low birthweight infants. Am J Obstet Gynecol 2007;196:147.e1-147.e8.

Vento M, Bohlin K, Herting E, et al. Surfactant administration via thin catheter: a
practical guide. Neonatology 2019;116:211-26.

Fernandez C, Boix H, Camba F, et al. Less invasive surfactant administration in Spain: a
survey regarding its practice, the target population, and premedication use. Am J
Perinatol 2020;37:277-80.

Rysavy MA, Marlow N, Doyle LW, et al. Reporting outcomes of extremely preterm
births. Pediatrics 2016;138. doi:10.1542/peds.2016-0689. [Epub ahead of print: 11 Aug
2016].

Boel L, Banerjee S, Clark M, et al. Temporal trends of care practices, morbidity, and
mortality of extremely preterm infants over 10-years in South Wales, UK. Sci Rep
2020;10:18738.

Moro Serrano M, Fernandez Pérez C, Figueras Alloy J, et al. [SEN1500: design and
implementation of a registry of infants weighing less than 1,500 g at birth in Spain]. An
Pediatr 2008;68:181-8.

Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care Med
2001;163:1723-9.

Ehrenkranz RA, Walsh MC, Vohr BR, et al. VValidation of the National Institutes of
health consensus definition of bronchopulmonary dysplasia. Pediatrics 2005;116:1353—
60.

Kim HJ, Fay MP, Feuer EJ, et al. Permutation tests for joinpoint regression with
applications to cancer rates. Stat Med 2000;19:335-51.


http://dx.doi.org/10.1159/000499361
http://dx.doi.org/10.1056/NEJMoa1700827
http://dx.doi.org/10.1001/jama.2015.10244
http://dx.doi.org/10.1159/000455966
http://dx.doi.org/10.1016/j.jpeds.2019.08.020
http://dx.doi.org/10.1016/j.ajog.2006.09.014
http://dx.doi.org/10.1159/000502610
http://dx.doi.org/10.1055/s-0039-1678534
http://dx.doi.org/10.1055/s-0039-1678534
http://dx.doi.org/10.1055/s-0039-1678534
http://dx.doi.org/10.1542/peds.2016-0689
http://dx.doi.org/10.1038/s41598-020-75749-4
http://dx.doi.org/10.1157/13116235
http://dx.doi.org/10.1157/13116235
http://dx.doi.org/10.1164/ajrccm.163.7.2011060
http://dx.doi.org/10.1542/peds.2005-0249

21

22

23

24

25

26

27

28

29

30

31

32

Zou G. A modified poisson regression approach to prospective studies with binary data.
Am J Epidemiol 2004;159:702—6.

Donda K, Vijayakanthi N, Dapaah-Siakwan F, et al. Trends in epidemiology and
outcomes of respiratory distress syndrome in the United States. Pediatr Pulmonol
2019;54:405-14.

Habas F, Durand S, Milési C, et al. 15-Year trends in respiratory care of extremely
preterm infants: contributing factors and consequences on health and growth during
hospitalization. Pediatr Pulmonol 2020;55:1946-54.

SUPPORT Study Group of the Eunice Kennedy Shriver NICHD Neonatal Research
Network, Finer NN, Carlo WA, et al. Early CPAP versus surfactant in extremely preterm
infants. N Engl J Med 2010;362:1970-9.

Schmélzer GM, Kumar M, Pichler G, et al. Non-Invasive versus invasive respiratory
support in preterm infants at birth: systematic review and meta-analysis. BMJ
2013;347:5980.

Morley CJ, Davis PG, Doyle LW, et al. Nasal CPAP or intubation at birth for very
preterm infants. N Engl J Med 2008;358:700-8.

Richter LL, Ting J, Muraca GM, et al. Temporal trends in preterm birth, neonatal
mortality, and neonatal morbidity following spontaneous and clinician-initiated delivery
in Canada, 2009-2016. J Obstet Gynaecol Can 2019;41:1742-51.

D’ Apremont I, Marshall G, Musalem C, et al. Trends in Perinatal Practices and Neonatal
Outcomes of Very Low Birth Weight Infants during a 16-year Period at NEOCOSUR
Centers. J Pediatr 2020;225:44-50.

Jensen EA, Dysart K, Gantz MG, et al. The diagnosis of bronchopulmonary dysplasia in
very preterm infants. an evidence-based approach. Am J Respir Crit Care Med
2019;200:751-9.

McGoldrick E, Stewart F, Parker R, et al. Antenatal corticosteroids for accelerating fetal
lung maturation for women at risk of preterm birth. Cochrane Database Syst Rev
2020;12:CD004454.

Grisaru-Granovsky S, Reichman B, Lerner-Geva L, et al. Population-Based trends in
mortality and neonatal morbidities among singleton, very preterm, very low birth weight
infants over 16 years. Early Hum Dev 2014;90:821-7.

Sucasas Alonso A, Pértega Diaz S, Saez Soto R. [Epidemiology and risk factors for
bronchopulmonary dysplasia in prematures infants born at or less than 32 weeks of
gestation]. An Pediatr 2021;S1695-4033:00153-3.


http://dx.doi.org/10.1093/aje/kwh090
http://dx.doi.org/10.1002/ppul.24241
http://dx.doi.org/10.1002/ppul.24774
http://dx.doi.org/10.1056/NEJMoa0911783
http://dx.doi.org/10.1136/bmj.f5980
http://dx.doi.org/10.1056/NEJMoa072788
http://dx.doi.org/10.1016/j.jogc.2019.02.151
http://dx.doi.org/10.1016/j.jpeds.2020.05.040
http://dx.doi.org/10.1164/rccm.201812-2348OC
http://dx.doi.org/10.1002/14651858.CD004454.pub4
http://dx.doi.org/10.1016/j.earlhumdev.2014.08.009
http://dx.doi.org/10.1016/j.anpedi.2021.03.002

33

34

35

36

37

38

39

40

Ramos-Navarro C, Sanchez-Luna M, Sanz-L0pez E, et al. Effectiveness of synchronized
noninvasive ventilation to prevent intubation in preterm infants. AJP Rep 2016;6:6264—
71.

Owen LS, Morley CJ, Davis PG. Neonatal nasal intermittent positive pressure ventilation:
a survey of practice in England. Arch Dis Child Fetal Neonatal Ed 2008;93:F148-50.
Ramaswamy VV, Bandyopadhyay T, Nanda D, et al. Efficacy of noninvasive respiratory
support modes as postextubation respiratory support in preterm neonates: a systematic
review and network meta-analysis. Pediatr Pulmonol 2020;55:2924-39.

Ramaswamy VV, More K, Roehr CC, et al. Efficacy of noninvasive respiratory support
modes for primary respiratory support in preterm neonates with respiratory distress
syndrome: systematic review and network meta-analysis. Pediatr Pulmonol
2020;55:2940-63.

Lemyre B, Laughon M, Bose C, et al. Early nasal intermittent positive pressure
ventilation (NIPPV) versus early nasal continuous positive airway pressure (nCPAP) for
preterm infants. Cochrane Database Syst Rev 2016;12:CD005384.

Oncel MY, Arayici S, Uras N, et al. Nasal continuous positive airway pressure versus
nasal intermittent positive-pressure ventilation within the minimally invasive surfactant
therapy approach in preterm infants: a randomised controlled trial. Arch Dis Child Fetal
Neonatal Ed 2016;101:F323-8.

Oei JL, Finer NN, Saugstad OD, et al. Outcomes of oxygen saturation targeting during
delivery room stabilisation of preterm infants. Arch Dis Child Fetal Neonatal Ed
2018;103:F446-54.

Oei JL, Saugstad OD, Lui K, et al. Targeted oxygen in the resuscitation of preterm
infants, a randomized clinical trial. Pediatrics 2017;139:e20161452.


http://dx.doi.org/10.1055/s-0036-1586205
http://dx.doi.org/10.1136/adc.2007.118109
http://dx.doi.org/10.1002/ppul.25007
http://dx.doi.org/10.1002/ppul.25011
http://dx.doi.org/10.1002/14651858.CD005384.pub2
http://dx.doi.org/10.1136/archdischild-2015-308204
http://dx.doi.org/10.1136/archdischild-2015-308204
http://dx.doi.org/10.1136/archdischild-2015-308204
http://dx.doi.org/10.1136/archdischild-2016-312366
http://dx.doi.org/10.1542/peds.2016-1452

]

E-E rVery low birth weight infantsw
i 2010-2019
28
=4 n = 26,307
%
( <23 wn=45 1
=232 wn= 5698
230316
E n = 20,564
5 (Died in the DR n = 167 (0.8%)
E Qutborn n = 1102 (5.3%)
El Congenital malformations
: n = 838 (4.0%)
§ All units
n = 18,457
Patients from units
with intermittent
data input
—, n= 505
3 Included in the study
3
n=17,952
—

Figure 1 Flow chart depicting recruitment of the cohort. DR, delivery room.



Table 1 Interventions performed in the DR and during NICU admission in the two study periods

2010-2014 2015-2019
n=9343 n=8609 P value

Supplemental oxygen in the DR

230256 1261 (90.0) 1312 (92.7) 0.009

260-28° 2821 (80.7) 2782 (87.7) <0.001
29°0-31° 2677 (60.1) 2722 (67.6) <0.001
Total 6759 (72.3) 6816 (79.1) <0.001

CPAP in the DR

230256 335 (23.9) 544 (38.4) <0.001
260285 1658 (47.4) 2005 (63.2) <0.001
290316 2351 (52.8) 2715 (67.4) <0.001
Total 4344 (46.4) 5264 (61.1) <0.001

NIPPV in the DR

230255 1101 (78.5) 1084 (76.6) 0.222
260-28° 2526 (72.3) 2152 (67.8) <0.001
290316 2328 (52.3) 2102 (52.2) 0.948
Total 5955 (63.7) 5338 (62) 0.017
Intubation in the DR
230256 1115 (79.5) 993 (70.2) <0.001
260-28° 1650 (47.2) 1244 (39.2) <0.001
290318 769 (17.2) 506 (12.5) <0.001
Total 3534 (37.8) 2743 (31.8) <0.001
Chest compressions in the DR
230255 156 (11.1) 148 (10.4) 0.585
260286 277 (7.9) 209 (6.5) 0.038
290316 144 (3.2) 124 (3.0) 0.709
Total 577 (6.1) 481 (5.5) 0.099
Epinephrine in the DR
230258 107 (7.6) 98 (6.9) 0.514
260-28° 168 (4.8) 123 (3.8) 0.072
29°-316 93 (2.0) 54 (1.3) 0.01
Total 368 (3.9) 275 (3.1) 0.008
Surfactant in the DR
2302556 348 (24.8) 304 (21.5) 0.036

260286 474 (13.5) 341 (10.7) <0.001



Table 1 Interventions performed in the DR and during NICU admission in the two study periods

20102014 2015-2019
n=9343 n=8609 P value

290316 142 (3.1) 116 (2.8) 0.447

Total 964 (10.3) 761 (8.8) 0.001
Surfactant (any time)

230255 1249 (89.1) 1191 (84.2) <0.001

26°-28° 2436 (69.7) 2014 (63.5) <0.001

290-31° 1575 (35.3) 1359 (33.7) 0.12

Total 5260 (56.3) 4564 (53.0) <0.001
Surfactant (number of doses)

230256 1.41+0.73 1.43+£0.77 0.564

260-28° 1.15+0.76 1.08+0.81 0.002

290316 0.63+0.72 0.59+0.68 0.038

Total 0.98+0.80 0.94+0.82 0.009
Supplemental oxygen during admission

230256 1268 (90.5) 1322 (93.4) 0.004

26°-28° 2943 (84.2) 2738 (86.3) 0.019

290316 2963 (66.5) 2592 (64.4) 0.037

Total 7174 (76.8) 6652 (77.2) 0.445
CPAP during admission

230258 802 (57.2) 840 (59.4) 0.252

260-28° 2903 (83.1) 2752 (86.7) <0.001

290316 3547 (79.7) 3404 (84.5) <0.001

Total 7252 (77.6) 6996 (81.2) <0.001
NIPPV during admission

230255 489 (34.9) 659 (46.6) <0.001

260-28° 1169 (33.4) 1457 (45.9) <0.001

290316 835 (18.7) 1116 (27.7) <0.001

Total 2493 (26.6) 3232 (37.5) <0.001
HFNC during admission

230255 402 (28.6) 545 (38.5) <0.001

26°-28° 1103 (31.5) 1557 (49.1) <0.001

290-31° 934 (20.9) 1316 (32.7) <0.001

Total 2439 (26.1) 3418 (39.7) <0.001



Table 1 Interventions performed in the DR and during NICU admission in the two study periods

2010-2014 2015-2019
n=9343 n=8609 P value

HFOV during admission

230256 662 (47.2) 719 (50.8) 0.059
260-28° 733 (20.9) 621 (19.5) 0.161
290318 260 (5.8) 174 (4.3) 0.002
Total 1655 (17.7) 1514 (17.5) 0.829
Never intubated
230256 60 (4.2) 95 (6.7) 0.005
260-28° 886 (25.3) 1194 (37.6) <0.001
290316 2776 (62.3) 2978 (74.0) <0.001
Total 3722 (39.8) 4267 (49.5) <0.001
Steroids for BPD
230255 284 (20.2) 374 (26.4) <0.001
260286 369 (10.5) 379 (11.9) 0.074
290316 77 (1.7) 90 (2.2) 0.1
Total 730 (7.8) 843 (9.7) <0.001
Steroids for BPD, day of life
230255 26.8+14.4 22.6+14.6 <0.001
26°-28° 29.5+17.7 25.9+17.3 0.008
290316 30.0+£15.5 28.5+15.2 0.555
Total 28.5+16.3 24.7+16.1 <0.001

Mean£SD for quantitative variables and n (%) for qualitative variables.
BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; DR, delivery room;
HFNC, high-flow nasal cannula; HFOV, high-frequency oscillatory ventilation; NICU, neonatal intensive

care unit; NIPPV, non-invasive positive pressure ventilation.



Table 2 Respiratory morbidity and related outcomes in the two study periods

2010-2014 2015-2019

n=9343 n=8609 P value
Survival
230256 735 (52.4) 753 (53.2) 0.678
26%-28° 3004 (86.0) 2775 (87.5) 0.076
29°-316 4312 (96.9) 3925 (97.5) 0.075
Total 8051 (86.1) 7453 (86.5) 0.446
Survival without BPD
230255 168 (11.9) 126 (8.9) 0.008
260286 1581 (45.2) 1443 (45.5) 0.863
290316 3774 (84.8) 3489 (86.7) 0.013
Total 5523 (59.1) 5058 (58.7) 0.627
Survival without moderate-to-severe BPD
230255 390 (27.8) 381 (26.9) 0.612
26%-288 2025 (57.9) 1912 (60.3) 0.058
290316 3517 (79.0) 3243 (80.5) 0.078
Total 5932 (63.4) 5536 (64.3) 0.263
Pneumothorax
230256 163 (11.6) 153 (10.8) 0.512
260286 183 (5.2) 163 (5.1) 0.868
290316 124 (2.7) 87 (2.1) 0.07
Total 470 (5.0) 403 (4.6) 0.282
Duration of MV (hours)
230258 434.4+623.9 446.3+601.2 0.623
260286 273.5+487.8 248.2+459.0 0.079
290318 119.5+309.5 123.8+334.7 0.747
Total 267.3+495. 9279.7+498.4 0.228
MYV at 28 days
230255 316 (22.6) 324 (22.9) 0.93
260286 304 (8.7) 221 (7.0) 0.003
290316 54 (1.2) 33(0.8) 0.023
Total 674 (7.2) 578 (6.7) 0.232
MV at 36 weeks
230258 28 (2.0) 24 (1.7) 0.433
260286 40 (1.1) 28 (0.9) 0.049
290316 31 (0.7) 18 (0.4) 0.041



Table 2 Respiratory morbidity and related outcomes in the two study periods

2010-2014 2015-2019

n=9343 n=8609 P value
Total 99 (1.1) 70 (0.8) 0.067
Duration of supplementary oxygen (hours)
230258 953.3+1079.8 1195.0+1580.9 <0.001
26°-288 783.24£842.9 815.0+£1041.5 0.208
290316 305.3+518.0 299.2+507.3 0.661
Total 615.8+824.3 689.5+1076.9 <0.001
Discharged home on oxygen
230258 152 (20.6) 173 (22.9) 0.287
26%-28° 229 (7.6) 219 (7.8) 0.73
290318 76 (1.7) 65 (1.6) 0.734
Total 457 (5.6) 457 (6.1) 0.232
Surgically treated PDA
230255 266 (18.9) 189 (13.3) <0.001
269288 299 (8.5) 136 (4.2) <0.001
290316 49 (1.1) 20 (0.5) 0.002
Total 614 (6.5) 345 (4.0) <0.001
Medically treated PDA
230258 749 (53.4) 677 (47.8) 0.003
260-28° 1277 (36.5) 928 (29.2) <0.001
290316 612 (13.7) 318 (7.9) <0.001
Total 2638 (28.2) 1923 (22.3) <0.001
Late-onset sepsis
230258 629 (45.2) 651 (46.2) 0.613
26%-28° 1349 (38.6) 1072 (33.8) <0.001
290318 908 (20.4) 681 (16.9) <0.001
Total 2886 (30.9) 2404 (27.9) <0.001
Spontaneous intestinal perforation
230255 110 (7.8) 111 (7.8) 1
269288 102 (2.9) 86 (2.7) 0.657
290316 50 (1.1) 34 (0.8) 0.227
Total 262 (2.8) 231 (2.6) 0.648

Mean£SD for quantitative variables and n (%) for qualitative variables.



BPD, bronc opulmonary dysplasia; MV, mechanical ventilation; PDA, patent ductus

arteriosus.
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Figure 2 Trends in respiratory care and moderate-to-severe bronchopulmonary dysplaisa by gestational age (GA) strata in 2010-2019. The analysed temporal distribution
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Table 3 Adjusted risk ratio (RR) of respiratory outcomes for the change per year in 2010-2019, stratified by GA

Adjusted* RR (95% CI) for the change per year in 2010-2019

Total GA 23+0 to 25+6 weeks GA 26+0 to 28+6 weeks GA 29+0 to 31+6 weeks
Survival 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01)
Survival without BPD 0.99 (0.98 t0 1.01) 0.98 (0.97 to 0.99)1 1.00 (0.99 to 1.01) 0.99 (0.98 to 1.00)
Survival without moderate-to-severe BPD 1.00 (0.99to 1.01) 1.00 (0.99t0 1.01) 1.00 (0.99 to 1.01) 0.99 (0.98 to 1.00)
Never intubated 1.03 (1.02 to 1.04)t 1.05 (1.03 to 1.06)T 1.04 (1.03 to 1.05)T 1.02 (1.02 to 1.03)T
Intubation in the DR 0.98 (0.97 to 0.99)t 0.98 (0.96 to 1.00) 0.97 (0.95 to 0.99)t 0.98 (0.97 t0 0.99)t

NIPPV

1.08 (1.05 to 1.11)}

1.08 (1.04 to 1.13)f

1.08 (1.04 to 1.13)f

1.08 (1.04 to 1.11)f

*Adjusted for hospital centre, sex, small for GA, prenatal steroids (complete/incomplete vs none), multiple gestation, surfactant, chorioamnionitis and mode of delivery
(caesarean vs vaginal).

T Statistically significant BPD, bronchopulmonary dysplasia; DR, delivery room; GA, gestational age; NIPPV, non-invasive positive pressure ventilation.
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Supplementary Table 1 Demographic and perinatal characteristics in the two study

periods
2010-2014 2015-2019 p-value
n=9343 n = 8609

Gestational age (weeks) 28.48 +£2.13 28.40 £ 2.19 0.013
Distribution by gestational age

23%t0 25° 1401 (15.0) 1414 (16.4) 0.009

26° to 28° 3492 (37.4) 3171 (36.8) 0.458

29° to 316 4450 (47.6) 4024 (46.7) 0.234
Birth weight (grams) 1060.9 + 272.1 1051.4 + 278.6 0.020
Female 4489 (48.0) 4168 (48.4) 0.632
Chorioamnionitis 1949 (20.8) 1913 (22.2) 0.028
Maternal arterial hypertension 1668 (17.8) 1710 (19.8) 0.001
Multiple birth 3259 (34.8) 2889 (33.5) 0.063
IVF 1857 (19.8) 1876 (21.7) 0.002
Apgar 1 minute <7 4485 (48.0) 4395 (51.0) <0.001
Apgar 5 minutes <7 1294 (13.8) 1412 (16.4) <0.001
SGA 1206 (12.9) 1106 (12.8) 0.911
CRIB score 3.07+£33 3.16+34 0.066
Cesarean section

23°to 258 755 (53.8) 791 (55.9) 0.289

26° to 288 2450 (70.1) 2250 (70.9) 0.484

29°t0 318 3407 (76.5) 3075 (76.4) 0.878
Total 6612 (70.7) 6116 (71.0) 0.693
Prenatal steroids (at least one dose)

230 to 256 1225 (88.0) 1285 (91.0) 0.011

26° to 286 3140 (90.8) 2939 (93.0) 0.001

290 318 4107 (93.0) 3792 (94.5) 0.005

Total 8472 (91.4) 8016 (93.4) <0.001




Supplementary Table 2. Joinpoint regression analysis of temporal trends in respiratory care and respiratory morbidity stratified by GA.

Total GA 23+0 to 25+6 weeks GA 26+0 to 28+6 weeks GA 29+0 to 31+6 weeks
Years APC 95% CI Years APC 95% CI Years APC 95% ClI Years APC 95% CI
Survival Trend1 2010- 0.1 -0.1;0.4 2010- 0.2 -0.9;1.4 2010- 0.5 0.1;1.0 2010- 0.1 0.1;0.2*
2019 2019 2019 2019
Survival without BPD  Trend 1  2010- -0.3  -0.6;0 2010- 5.2 -8.2;- 2010- 0.1 -0.4;0.6 2010- 0.3 -0.2;0.8
2019 2019 2.0* 2019 2019
Survival without Trend 1 2010- 0.1 -0.5;0.7 2010- 14 -4.1;13 2010- 1.0 0.3;1.7* 2010- 02 -04;07
moderate-to-severe 2019 2019 2019 2019
BPD
Never intubated Trend 1 2010- 43 3451* 2010- 115 1.7;22.2* 2010- 84  6.1;10.7* 2010- -05 -43;36
2019 2019 2019 2012
Trend2 - - - - - - - - - 2012- 5.9 1.8;10.1*
2015
Trend2 - - - - - - - - - 2015- 20 07;3.2*
2019
Intubation in the DR Trend 1 2010- -3.2  -4.0;- 2010- 21 -3.2;- 2010- -39 -52;- 2010- 5.9  -7.2;-
2019 2.4% 2019 1.1* 2019 2.5*% 2019 4.7*
NIPPV Trend 1 2010- 7.1  5.6;8.6* 2010- 6.0 3.5;8.6* 2010- 6.3 4.7;8.0* 2010- 83 5.8-10.8*
2019 2019 2019 2019




GA: Gestational age; APC: Annual percent change; CI: Confidence interval; BPD: Bronchopulmonary dysplasia; DR: Delivery room; NIPPV: Non-invasive positive
pressure ventilation
*p<0.05



Supplementary Figure 2

Comparison of mortality, survival with BPD and survival without BPD. Period 1 (2010 — 2014) vs Period 2 (2015 — 2019)
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