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Abstract
Our aim was to develop and validate a predictive risk score for bronchopulmonary dysplasia (BPD), according to two clinically used
definitions: 1. Need for supplementary oxygen during ≥ 28 cumulative days, BPD28, 2. Need for supplementary oxygen at 36 weeks
postmenstrual age (PMA), BPD36. Logistic regressionwas performed in a national cohort (infants born in Switzerlandwith a birthweight
< 1501 g and/or between 23 0/7 and 31 6/7weeks PMA in 2009 and 2010), to identify predictors of BPD.We built the score as the sumof
predicting factors, weighted according to their ORs, and analysed its discriminative properties by calculating the area under the ROC
(receiver operating characteristic) curves (AUCs). This score was then applied to the Swiss national cohort from the years 2014–2015 to
perform external validation. The incidence of BPD28was 21.6% in the derivation cohort (n = 1488) and 25.2% in the validation cohort (n
= 2006). The corresponding numbers for BPD36 were 11.3% and 11.1%, respectively. We identified gestational age, birth weight,
antenatal corticosteroids, surfactant administration, proven infection, patent ductus arteriosus and duration of mechanical ventilation as
independent predictors of BPD28. The AUCs of the BPD risk scores in the derivation cohort were 0.90 and 0.89 for the BPD28 and
BPD36 definitions, respectively. The corresponding AUCs in the validation cohort were 0.92 and 0.88, respectively.

Conclusion: This score allows for predicting the risk of a very low birth weight infant to develop BPD early in life and may be
a useful tool in clinical practice and neonatal research

Keywords Bronchopulmonary dysplasia (BPD) . Prediction . Respiratory distress syndrome (RDS) . Risk score . Very low birth
weight (VLBW) infant . Prematurity

What is Known:
• Many studies have proposed scoring systems to predict bronchopulmonary dysplasia (BPD).
• Such a risk prediction may be important to identify high-risk patients for counselling parents, research purposes and to identify candidates for specific
treatment.

What is New:
• A predictive risk score for BPD was developed and validated in a large national multicentre cohort and its performance assessed by two indices of
accuracy.

• The developed scoring system allows to predict the risk of BPD development early but also at any day of life with high validity.
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Introduction

Bronchopulmonary dysplasia (BPD) is a major chronic respi-
ratory complication of preterm infants [1]. Since BPD was
described for the first time more than five decades ago [2],
perinatal care has seen major changes. In the 1960s, invasive
mechanical ventilation was the only way to manage respirato-
ry distress syndrome (RDS), and such exposure was shown to
injure premature lungs. Different therapeutic or preventive
strategies like antenatal steroids, surfactant, ventilation strate-
gies and postnatal steroids have been studied to reduce the
incidence of BPD [3, 4].

Although the administration of antenatal steroids is associ-
ated with a reduction of serious adverse outcomes related to
prematurity (perinatal and neonatal death, RDS, intraventric-
ular haemorrhage, necrotising enterocolitis), no reduction in
chronic lung disease has been shown [5]. Since the 1990s,
prophylactic surfactant therapy has dramatically improved
survival [6]. However, the analysis of studies on the routine
use of nasal continuous positive airway pressure (nCPAP)
showed a decrease in ‘BPD or death’ in infants stabilised on
nCPAP [7], rendering the practice of general prophylactic
surfactant application obsolete.

Already 20 to 30 years ago, many research groups identi-
fied risk factors and developed scoring methods to predict
BPD [8, 9]. However, those scores were rapidly outdated
due to significant changes in the management of very low
birth weight (VLBW) infants or due to changes in BPD def-
initions.More recent publications used other variables to build
new predictive scoring systems [10–12]. A 2013 systematic
review concluded that existing clinical predication models for
BPD cannot be used in practice due to low statistical quality,
and suggested that future predictive scores should be validated
before implementation [13]. A new BDP imaging score per-
formed with lung ultrasound was recently evaluated and
showed promising results [14, 15]. Risk stratification of
BPD might be useful for counselling families and clinical
trials. More importantly, it may help to identify patients at
high risk for BPD by pre-selecting them for specific treatment
approaches like postnatal steroid administration, even if the
optimal type, dosage and timing are still not well defined [16].

Our objective was to develop and validate a predictive
BPD risk score by identifying risk factors based on a national
database.

Methods

Design and data collection

This was a national multicentre registry study with prospec-
tive data collection for the development and validation of a
predictive model for BPD. Patient data were extracted from

the national database of the Swiss Neonatal Network
(SwissNeoNet), which prospectively collects data from each
of the nine Swiss neonatal intensive care units (NICUs) pro-
viding tertiary-level neonatal care. All admitted live-born in-
fants with a birth weight < 1501 g and/or gestational age
between 23 0/7 and 31 6/7 weeks postmenstrual age (PMA)
were included. Data from patients born between January 1,
2009 and December 31, 2010 were analysed as the derivation
cohort. Exclusion criteria were missing or incomplete data
sets, congenital malformations or syndromes with a potential
impact on the respiratory system, and death before fulfilling
the BPD definition, therefore not allowing the analysis of the
combined outcome ‘BPD or death’. The following variables,
considered to have a potential impact on development of
BPD, were extracted from the registry and patient records
[17]: mode of delivery, gestational age (GA), birth weight
(BW) and corresponding z-score, singleton or multiple preg-
nancy, antenatal steroid treatment, intubation in the delivery
room, significant (requiring medical or surgical treatment but
not if treated only with fluid restriction and diuretics or if
treated prophylactically in the absence of symptoms) patent
ductus arteriosus (PDA), proven infection (clinical evidence
of infection as well as at least one relevant positive blood or
cerebrospinal fluid culture), surfactant therapy, number of cu-
mulative days of mechanical ventilation (MV) and
anonymised NICUs. The outcomes predicted by the models
were BPD28 and BPD36. BPD28 was defined as the need for
supplementary oxygen (> 12 h per day) during ≥ 28 cumula-
tive days between birth and 36 weeks PMA. The criterion for
BPD36 was the need for supplementary oxygen at 36 weeks
PMA. Data from patients born between January 1, 2014 and
December 31, 2015 and included in the registry were analysed
as the validation cohort, using the same exclusion criteria and
extracting the same items as for the derivation cohort.

Statistical analysis

Data analysis was performed using STATA 14 software
(StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX, USA). Clinical characteristics were de-
scribed by median and range for continuous variables, and
numbers and percentages for categorical variables. The asso-
ciation between risk factors and BPD was examined by
univariable logistic regression. To build the multivariable
model, a backward deletion procedure was performed. All
the variables with significant (p < 0.1) association with the
outcome from univariable analysis were entered in the initial
model. Then, variables with p value >0.05 were deleted one at
a time. Only variables with p value <0.05 were retained in the
final model. The BPD risk score was then built as the sum of
these factors and weighted according to their ORs. Internal
validation of the score was performed using the bootstrap
method (repeated 1000 times), as described by Harrell et al.
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[18]. Multicollinearity was examined using commonly used
diagnostic measures of collinearity: the Variance Inflation
Factor (VIF) and tolerance. To assess the performance of the
derived prognostic score, we examined two indices of accura-
cy: discrimination and calibration. Discrimination, i.e. the de-
gree to which the prognostic score enables the discrimination
between patients with favourable and unfavourable outcome,
was assessed by calculation of the area under the receiver
operating characteristic (ROC) curves (AUCs) in the deriva-
tion and validation cohorts. ROC analyses were performed at
36 weeks PMA and on day of life (DOL) 1. Calibration, i.e.
the agreement between predicted and actual outcome, was
assessed in the derivation and validation cohorts with the
use of the Hosmer–Lemeshow goodness-of-fit test.
Furthermore, sensitivity and specificity for the best cut-off
value were assessed. The best threshold value of the score
was chosen manually so as to simultaneously maximise the
sensitivity and specificity. This procedure was performed for
the two definitions of BPD.

Results

During the observed period for the derivation cohort (2009
and 2010), 1488 patients were born in the SwissNeoNet.
Among them, 34 were excluded because of missing data and
49 because of malformations or syndromes with potential im-
pact on the respiratory system. There were 71 deaths in the
delivery room. Finally, 102 and 109 were excluded because
they died before having reached the BPD28 and BPD36
criteria, respectively (Fig. 1a). The incidence of BPD28
among this population was 266/1232 (21.6%) and 138/1225
(11.3%) for BPD36.

The cohort used for validation (SwissNeoNet 2014–2015)
included 2006 patients. Twenty-four were excluded due to
incomplete data, 86 due to syndromes or malformations with
pulmonary impact, and 60which died in the delivery room. Of
this cohort, 103 and 112 patients did not reach the age permit-
ting a diagnosis of BPD28 or BPD36, respectively (Fig. 1b).
The incidence of BPD28 was 437/1733 (25.2%) and 191/
1724 (11.1%) for BPD36.

Calculated VIFs varied between 1.01 and 3.12 (no VIF
>10) which indicate the absence of multicollinearity between
the retained variables in the BPD28 and BPD36 BPD risk
score models.

Seven variables were identified as independent predictors
of BPD28 in a multivariable logistic regression analysis: GA,
BW, antenatal corticosteroid treatment, surfactant administra-
tion, proven infection, PDA requiring medical or surgical
treatment, and duration of MV in days. For each covariate in
the model, the β-coefficient was directly related to the corre-
sponding OR (Table 1).

The BPD28 risk score derived from the β-coefficients was

−0.40 × GA* − 0.12 × BW* − 0.51 × antenatal steroid**
+ 0.64 × PDA** + 0.85 × proven infection** + 1.15 ×
surfactant** + 1.03 × days of MV* − 2.45 (*continuous var-
iables were corrected and centrated as explained in Annex 1;
**for categorical variables—yes = 1 and no = 0).

The association between the scores and the probability to
develop BPD28 is presented in Table 2 and Fig. 2.

In the derivation cohort, maximum sensitivity (82%) and
specificity (82%) were calculated at a cut-off of − 1.4 (range −
5 to + 4) at 36 weeks PMA. At DOL 1, a cut off of − 2.2 (range
− 5.5 to + 0.8) for maximum sensitivity (81%) and specificity
(81%) was found. The BPD risk score had an excellent dis-
criminatory power, as shown by its AUC of 0.90 at 36 weeks
PMA and 0.88 at DOL 1 and was well calibrated as confirmed
by the Hosmer–Lemeshow test (Hosmer–Lemeshow χ2(28) =
24.40, Prob > χ2 = 0.66).

For the BPD36 definition, five variables were found to be
statisticaly significant: BW, surfactant administration, proven
infection, significant PDA and the sum of days of MV
(Table 3). The model built from the β-coefficients was

− 0.17 × BW* + 0.52 × PDA** + 1.29 × proven infection
+ 0.63 × surfactant** + 1.06 × days of MV* − 3.81 (*
continous variables were corrected and centrated as explained
in Annex 2; **for categorical variables—yes = 1 and no = 0).
The AUC of 0.89 at 36 weeks PMA and 0.84 at DOL 1
showed an excellent discriminatory power of the model, and
good calibration was confirmed by the Hosmer–Lemeshow
test (Hosmer–Lemeshow χ2(28) = 26.48, Prob > χ2 = 0.55).
Maximum sensitivity (83%) and specificity (83%) were cal-
culated at a cut-off of − 2.2 (range − 6 to + 2) in the derivation
cohort at 36 weeks PMA.At DOL 1, a cut off of − 3.6 (range −
6 to + 2) for maximum sensitivity (77%) and specificity (77%)
was found.

In the validation cohort, the performance of the score
showed also an excellent discriminatory power as shown by
the corresponding AUC values of 0.92 and 0.88 for BPD28
and BPD36, respectively.

As an example, for a preterm infant born at 26 3/7 weeks
PMA (GA* = − 2.81), with an incomplete course of antenatal
corticoids (antenatal steroid** = 1), a BW of 600 g (BW* = −
6.33), with 3 days of MV (MV* = −0.035), who received sur-
factant (surfactant** = 1), was treated for PDA (PDA** = 1) and
had no proven infection (infection** = 0), the score would be 0.7
and the risk of developing BPD28 would be 66.3%. If the score
was calculated for the same patient 1 week later after an addi-
tional 7 days of MV, the score would increase to 1.6 and there-
fore the probability to develop BPD would be 83%. As another
example, the BPD36 risk score for this same premature infant
born with 3 days of MV (MV* = 0.35), who received surfactant
(surfactant** = 1), and was treated for PDA (PDA** = 1) with-
out infection (infection** = 0) would be − 1.21 and the risk of
developing BPD36 would be 22.89%. This risk would increase
to 48.65% if the duration of MV increased to 10 days.
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Discussion

We developed a BPD risk score based on a large nationwide
cohort and provide validation. This score allows excellent
prediction of the risk of BPD early in life and at any time
during hospitalisation, using relatively simple data. All pre-
dictors identified by the multivariable regression are assumed
risk factors [17], except for surfactant administration and an-
tenatal steroids. The fact that surfactant was found to be a risk
rather than a protective factor in this study can be explained by
the clinical reality that its administration is a marker of disease

severity. To compare the differences in RDS support between
the nine national NICUs, we sent them a questionnaire. The
responses made it possible to consider a quite homogeneous
approach in the respiratory support of VLBW infants in
Switzerland. In time frame of the study in the vast majority
of the Swiss units, only patients with severe RDS effectively
were intubated and underwent surfactant administration,
which is in line with international guidelines for the manage-
ment of RDS [19]. Then, in the most recent Cochrane analysis
[5], antenatal steroids did not affect the risk of BPD while a
recent publication by Deshmukh and Patole [20] found that

SwissNeoNet 2009-2010
N = 1488

Missing data
N = 34

Malforma�ons or syndromes 
with pulmonary impact

N = 49

Died in the DR
N = 71

N = 1334

Died < 28 cumulated days O2
N = 102

Died < 36 weeks PMA
N = 109

N = 1225N = 1232

a

b
SwissNeoNet 2014-2015

N = 2006

Missing data
N = 24

Malforma�ons or syndromes 
with pulmonary impact

N = 86

Died in the DR
N = 60

N = 1836

Died < 28 cumulated days O2
N = 103

Died < 36 weeks PMA
N = 112

N = 1724N = 1733

Fig. 1 a Derivation cohort
profile. b Validation cohort
profile. SwissNeoNet: national
database of the Swiss Neonatal
Network; DR: delivery room;
PMA: postmenstrual age
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the risk was increased in extremely preterm infants below 25
WG. In the present study, antenatal steroids only were asso-
ciatedwith reduction of BPD28 but not BPD36. Finally, lower
GA and BW, proven infection, PDA and MVwere associated
with increased risk of BPD28 while only lower BW, proven
infection, PDA andMVwere for BPD36. As in any prediction
model, accuracy of our BPD score was highest at the
timepoint when the predicted event was supposed to occur.
As the majority of our model variables are available at birth,
and our sensitivity analysis revealed reliable prediction at
DOL 1, we were able to demonstrate the validity of our score
as of DOL 1 until 36 weeks PMA, with growing accuracy

over time when more information on MV, PDA and infection
become available.

In this national cohort of preterm infants < 32 weeks PMA
and/or BW < 1501 g, the incidence of BPD varied widely
according to the definition used. The clinical diagnosis of
BPD is often used for quality control and benchmarking be-
tween NICUs [21, 22], and for the evaluation of new preven-
tive and therapeutic strategies [23, 24]. Unfortunately, the lat-
est consensus definition of BPD [25] is still not uniformly
used in the recent literature. This is probably due to two of
its shortcomings: (1) the definition requires an accurate num-
ber of hours (>12 h/day) and days of oxygen dependency, data

Table 1 Univariate and multivariate logistic regression analysis for the BPD28 definition

Clinical characteristics Prevalence Univariate Multivariate β-
coefficient

BPD (+) BPD (−) BPD (+) BPD (+)

OR P value OR P value

TOTAL n
(%)

266
(21.6)

966 (78.4)

Antenatal steroid n
(%)

237
(92.6)

894
(89.1)

0.66 0.014 0.60 0.001 − 0.51

GA weeks median
(range)

27
(23.8–31.7)

30.3
(24.3–31.9)

0.45 < 0.0001 0.67 < 0.0001 − 0.40

BW g median
(range)

850
(360–1990)

1330
(460–2240)

0.66 < 0.0001 0.89 0.128 − 0.11

Surfactant therapy n
(%)

215
(80.3)

328
(34.0)

8.2 < 0.0001 3.15 0.001 1.15

MV days median
(range)

6
(0–81)

0
(0–95)

9.02 < 0.0001 2.79 < 0.0001 1.03

Proven infection n
(%)

79
(29.7)

70
(7.3)

5.41 < 0.0001 2.3 < 0.0001 0.85

PDA n
(%)

156
(58.7)

179
(18.5)

6.23 < 0.0001 1.90 < 0.0001 0.64

BPD bronchopulmonary dysplasia, BW birth weight, GA gestational age, MV mechanical ventilation, PDA patent ductus arteriosus

Table 2 Probability of developing BPD28 according to the BPD risk
score

BPD risk score Probability to develop BPD28

− 5 0.01

− 4 0.02

− 3 0.06

− 2 0.13

− 1 0.28

0 0.48

1 0.71

2 0.86

3 0.94

4 0.97
Fig. 2 Correlation between the BPD risk score and the probability of
developing BPD28. Frequency: number of patients in the validation
cohort; risk of BPD: probability of developing BPD28
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which may be difficult to obtain in clinical practice and may
not be systematically collected in patient records; and (2) in
the National Institute of Child Health and Human
Development (NICHD) consensus definition of BPD,
nCPAP use is not considered as a possible substitute for sup-
plemental oxygen administration and, therefore, the duration
of nCPAP use is not considered in our algorithm. However, a
higher mean airway pressure reduces oxygen requirement. It
should be noted that nCPAP was the favoured primary mode
of respiratory support in most Swiss units during the study
period. According to the BPD36 definition, all infants treated
with nCPAP at 36 weeks PMA would not be considered as
having BPD if FiO2 is 0.21 (i.e. room air). If such an infant
received more than 28 cumulative days of oxygen between
birth and 36 weeks PMA, it would however fullfil the criteria
of BPD28. Such incoherencies may in part explain the large
differences between BPD incidences in the literature [26] and
in our study (25.2% vs. 11.1% in the validation cohort for
BPD28 and BPD36, respectively). The definition of BPD36
as used in this study may therefore be considered as a surro-
gate for moderate to severe forms of BPD28, according to the
NICHD consensus definition.

Until now, as mentioned by Onland et al. [13], most pub-
lished BPD scoring systems are only poor to moderate predic-
tors of BPD because most of them lack validation [8, 12, 27,
28]. Furthermore, there is no published study presenting a
calibration assessment of the model. In the present study,
two indices of accuracy were used to assess the performance
of the score. The discrimination power evaluated by the AUC
was excellent and good calibration was confirmed by the
Hosmer–Lemeshow test for both definitions in the derivation
and validation cohorts. Otherwise, in most studies, scores as-
sess the risk of developing BPD only at a particular moment.

For example, Sinkin et al. [8] suggested a prediction at 12 h or
10 DOL, whereas Rozycki et al. [9] proposed an evaluation at
8 h of life or 14 DOL. In the study by Laughon et al. [12],
prediction was made at the specific DOL 1, 3, 7, 14, 21 or 28.
Compared to the Laughon score [12], our BPD score has
several advantages: (1) it is based on easily assembled param-
eters available at any DOL until 36 weeks PMA; (2) infants of
derivation and validation cohorts received comparable RDS
management strategy promoting nCPAP over MV and are
thus closer to typical modern day neonates; (3) the perfor-
mance of the score is not only assessed by discrimination
power but also by a calibration method. Promising new
predicting imaging strategies using lung ultrasound are
emerging [14, 15]. It would be interesting to compare this
method with our model or to evaluate if the combination of
both tools adds value to BPD prediction. The advantage of our
score is that it is quickly achieved with existing data, and that
it does not require performing lung ultrasounds, which may
not be available in every NICU. Another strength of our study
is its high number of patients, representing a whole popula-
tion. SwissNeoNet includes > 97% of very preterm babies
born in the country where patients are managed according to
the best current standards with high rate of antenatal steroid
treatments and preventive nCPAP. AUCs above 0.88
achieved in derivation and validation cohorts for both defini-
tions allow an excellent prediction. Moreover, external vali-
dation brings more value to the results.

Our study presents some limitations. First, the data are
extracted from a registry. Then, the scoring system was based
on data coming from a country with lower BPD rate than
reported internationally [29] with a quite homogeneous ap-
proach regarding respiratory support among the included ter-
tiary centers. This model may not be applicable with the same

Table 3 Univariate and
multivariate logistic regression
analysis for the BPD36 definition

Clinical characteristics Prevalence Univariate Multivariate β-
coefficient

BPD (+) BPD (−) BPD (+) BPD (+)

OR P value OR P value

TOTAL n

(%)

138 (11.3) 1087 (88.7)

BW g median

(range)

800

(360–1990)

1290

(450–2240)

0.68 < 0.0001 0.84 0.002 − 0.17

PDA n

(%)

86

(62.3)

243

(22.4)

5.74 < 0.0001 1.68 0.076 0.52

Surfactant therapy n

(%)

113

(81.9)

424

(39.0)

7.07 < 0.0001 1.87 < 0.0001 0.63

MV days median

(range)

9

(0–95)

0

(0–45)

4.83 < 0.0001 2.88 < 0.0001 1.06

Proven infection n

(%)

54

(39.1)

92

(8.5)

6.95 < 0.0001 3.62 < 0.0001 1.29

BPD bronchopulmonary dysplasia, BW birth weight, MV mechanical ventilation, PDA patent ductus arteriosus
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accuracy in different settings. In addition, other variables with
a potential impact on BPD such as gender or ethnicity were
not included in the analysis. A further drawback is that the
formula, due to its complexity, requires a calculator. To facil-
itate the use of the BPD risk score, we provide a web-based
calculator at the following link: http://calc.chuv.ch/.

In conclusion, the presented BPD risk score allows to pre-
dict early in life and at any DOL the risk for a preterm infant to
develop BPD and its potential to be moderate to severe by
using seven or five easily available variables, respectively.
This BPD risk score may be a useful tool in clinical practice
and in neonatal research for the early identification and strat-
ification of patients with a high risk of BPD.

Annex 1

Coding: continuous variables for BPD28 definition
Days of mechanical ventilation (MV):
X = (days of MV + 1)/100
MV1 = (X−1) − 20.99880689
MV2 = (X−0.5) − 4.582445514
MV3 = 0.0582029 × MV1 − 0.9061262 × MV2
Days of MV* = MV3 + 0.11
Gestational age (GA):
GA (days) = 7 × GA (weeks) + GA (days)
GA1 = GA (days)/7
GA* = GA1 − 29.24
Birth weight (BW):
BW* = BW (g)/100 − 12.33

Annex 2

Coding: continous variables for BPD36 definition
Days of mechnical ventilation (MV):
X = (days of MV + 1)/100
MV1 = (X−1) − 21.58210007
MV2 = (X−1) × ln(X) + 66.29728209
MV3 = − 0.2402667 × MV1 − 0.0451578 × MV2
Days of MV* = MV3 + 0.53
Birth weight (BW):
BW* = BW (g)/100 − 12.33

Abbreviations AUCs, Area under the receiver operating characteristic
curves; BPD, Bronchopulmonary dysplasia; BW, Birth weight; DOL,
Day of life; GA, Gestational age; MV, Mechanical ventilation; nCPAP,
Nasal continuous positive airway pressure; NICHD, National Institute of
Child Health and Human Development; NICUs, Neonatal intensive care
units; PDA, Patent ductus arteriosus; PMA, Postmenstrual age; RDS,
Respiratory distress syndrome; ROC, Receiver operating characteristic;
SwissNeoNet, Swiss Neonatal Network; VIF, Variance Inflation Factor;
VLBW, Very low birth weight

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00431-021-04045-8.

Acknowledgements We would like to thank the following units for col-
laborating in the Swiss Neonatal Network (SwissNeoNet): M. Adams
(Network Coordinator), University Hospital Zurich; Aarau: Cantonal
Hospital Aarau, Children’s Clinic, Department of Neonatology (Ph.
Meyer, R. Kusche); Basel: University of Basel Children’s Hospital
(UKBB), Department of Neonatology (S. Schulzke); Berne: University
Hospital Berne, Department of Neonatology (M. Nelle), Department of
Paediatrics (B. Wagner); Chur: Children’s Hospital Chur, Department of
Child and Adolescent (T. Riedel); Geneva: Department of Child and
Adolescent, University Hospital (HUG), Neonatology Units (R. E.
Pfister); Lausanne: University Hospital (CHUV), Department of
Neonatology (J.-F. Tolsa, M. Roth-Kleiner); Lucerne: Children’s
Hospital of Lucerne, Neonatal and Paediatric Intensive Care Unit (M.
Stocker); St. Gallen: Cantonal Hospital St. Gallen, Department of
Neonatology (A. Malzacher), Children’s Hospital St. Gallen, Neonatal
and Paediatric Intensive Care Unit (B. Rogdo); Zurich: University
Hospital Zurich (USZ), Department of Neonatology (D. Bassler, R.
Arlettaz), University Children’s Hospital Zurich, Department of
Neonatology (V. Bernet).

Code availability N/A

Authors’ Contributions M.R.-K., J.C. and I.E.F. contributed to the study
conception and design. Material preparation and data collection were
performed by M.A., R.G. and I.E.F. Analyses were performed by M.F.,
M.R.-K. and I.E.F. The first draft of the manuscript was written by I.E.F.
and all authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Funding Open Access funding provided by Université de Lausanne.

Data availability Data cannot be made available because it would be
possible to identify neonatal units for which we do not have permission.

Declarations

Ethics approval Data collection and evaluation for this study has been
approved by the Swiss Ethical Review Board (BASEC PB_2020-02443).
Participating centres were obliged to inform parents about the scientific
use of anonymised data.

Research was performed on anonymised data without patient
identifiers.

Consent to participate N/A

Consent for publication N/A

Conflicts of interest The authors declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

2459Eur J Pediatr (2021) 180:2453–2461

http://calc.chuv.ch/
https://doi.org/10.1007/s00431-021-04045-8
http://creativecommons.org/licenses/by/4.0/


References

1. Stoll BJ, Hansen NI, Bell EF, Shankaran S, Laptook AR, Walsh
MC, Hale EC, Newman NS, Schibler K, Carlo WA, Kennedy KA,
Poindexter BB, Finer NN, Ehrenkranz RA, Duara S, Sanchez PJ,
O'Shea TM, Goldberg RN, Van Meurs KP, Faix RG, Phelps DL,
Frantz ID III, Watterberg KL, Saha S, Das A, Higgins RD (2010)
Neonatal outcomes of extremely preterm infants from the NICHD
Neonatal Research Network. Pediatrics 126(3):443–456

2. Northway WH Jr, Rosan RC, Porter DY (1967) Pulmonary disease
following respirator therapy of hyaline-membrane disease.
Bronchopulmonary dysplasia. N Engl J Med 276(7):357–368

3. Kennedy KA, Cotten CM, Watterberg KL, Carlo WA (2016)
Prevention and management of bronchopulmonary dysplasia: les-
sons learned from the neonatal research network. Semin Perinatol
40(6):348–355. https://doi.org/10.1053/j.semperi.2016.05.010

4. Poets CF, Lorenz L (2018) Prevention of bronchopulmonary dys-
plasia in extremely low gestational age neonates: current evidence.
Arch Dis Child Fetal Neonatal Ed 103(3):F285–F291. https://doi.
org/10.1136/archdischild-2017-314264

5. Roberts D, Brown J, Medley N, Dalziel SR (2017) Antenatal cor-
ticosteroids for accelerating fetal lung maturation for women at risk
of preterm birth. Cochrane Database Syst Rev 3:CD004454. https://
doi.org/10.1002/14651858.CD004454.pub3

6. Rojas-Reyes MX, Morley CJ, Soll R (2012) Prophylactic versus
selective use of surfactant in preventing morbidity and mortality in
preterm infants. Cochrane Database Syst Rev 3:CD000510. https://
doi.org/10.1002/14651858.CD000510.pub2

7. Schmolzer GM, Kumar M, Pichler G, Aziz K, O'Reilly M, Cheung
PY (2013) Non-invasive versus invasive respiratory support in pre-
term infants at birth: systematic review and meta-analysis. BMJ
347:f5980. https://doi.org/10.1136/bmj.f5980

8. Sinkin RA, Cox C, Phelps DL (1990) Predicting risk for
bronchopulmonary dysplasia: selection criteria for clinical trials.
Pediatrics 86(5):728–736

9. Rozycki HJ, Narla L (1996) Early versus late identification of in-
fants at high r isk of developing moderate to severe
bronchopulmonary dysplasia. Pediatr Pulmonol 21(6):345–352.
https://doi.org/10.1002/(SICI)1099-0496(199606)21:6<345::AID-
PPUL1>3.0.CO;2-K

10. Kim YD, Kim EA, Kim KS, Pi SY, Kang W (2005) Scoring meth-
od for early prediction of neonatal chronic lung disease using mod-
ified respiratory parameters. J Korean Med Sci 20(3):397–401.
https://doi.org/10.3346/jkms.2005.20.3.397

11. Ambalavanan N, Van Meurs KP, Perritt R, Carlo WA, Ehrenkranz
RA, Stevenson DK, Lemons JA, Poole WK, Higgins RD, Nichd
Neonatal Research Network BMD (2008) Predictors of death or
bronchopulmonary dysplasia in preterm infants with respiratory
failure. J Perinatol 28(6):420–426. https://doi.org/10.1038/jp.
2008.18

12. Laughon MM, Langer JC, Bose CL, Smith PB, Ambalavanan N,
Kennedy KA, Stoll BJ, Buchter S, Laptook AR, Ehrenkranz RA,
Cotten CM, Wilson-Costello DE, Shankaran S, Van Meurs KP,
Davis AS, Gantz MG, Finer NN, Yoder BA, Faix RG, Carlo
WA, Schibler KR, Newman NS, Rich W, Das A, Higgins RD,
Walsh MC, Eunice Kennedy Shriver National Institute of Child
H, Human Development Neonatal Research N (2011) Prediction
of bronchopulmonary dysplasia by postnatal age in extremely pre-
mature infants. Am J Respir Crit Care Med 183(12):1715–1722.
https://doi.org/10.1164/rccm.201101-0055OC

13. OnlandW, Debray TP, LaughonMM,MiedemaM, Cools F, Askie
LM, Asselin JM, Calvert SA, Courtney SE, Dani C, Durand DJ,
Marlow N, Peacock JL, Pillow JJ, Soll RF, Thome UH, Truffert P,
SchreiberMD, Van Reempts P, Vendettuoli V, Vento G, van Kaam
AH, Moons KG, Offringa M (2013) Clinical prediction models for

bronchopulmonary dysplasia: a systematic review and external val-
idation study. BMC Pediatr 13:207. https://doi.org/10.1186/1471-
2431-13-207

14. Alonso-Ojembarrena A, Lubián-López SP (2019) Lung ultrasound
score as early predictor of bronchopulmonary dysplasia in very low
birth weight infants. Pediatr Pulmonol 54(9):1404–1409. https://
doi.org/10.1002/ppul.24410

15. Loi B, Vigo G, Baraldi E, Raimondi F, Carnielli VP, Mosca F, De
Luca D (2020) Lung ultrasound to monitor extremely preterm in-
fants and predict BPD: multicenter longitudinal cohort study. Am J
Respir Crit Care Med. https://doi.org/10.1164/rccm.202008-
3131OC

16. Onland W, De Jaegere AP, Offringa M, van Kaam A (2017)
Systemic cor t icos teroid regimens for prevent ion of
bronchopulmonary dysplasia in preterm infants. Cochrane
Database Syst Rev 1:CD010941. https://doi.org/10.1002/
14651858.CD010941.pub2

17 . T r emba th A , Laughon MM (2012 ) P r ed i c t o r s o f
bronchopulmonary dysplasia. Clin Perinatol 39(3):585–601.
https://doi.org/10.1016/j.clp.2012.06.014

18. Harrell FE Jr, Lee KL, Mark DB (1996) Multivariable prognostic
models: issues in developing models, evaluating assumptions and
adequacy, andmeasuring and reducing errors. Statistics in medicine
15(4) :361–387 . h t tps : / /do i .o rg /10 .1002 / ( s i c i )1097-
0258(19960229)15:4<361::aid-sim168>3.0.co;2-4

19. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas A,
Plavka R, Roehr CC, Saugstad OD, Simeoni U, Speer CP, Vento
M, Visser GHA, Halliday HL (2019) European Consensus
Guidelines on the Management of Respiratory Distress Syndrome
– 2019 Update. Neonatology 115(4):432–450. https://doi.org/10.
1159/000499361

20. Deshmukh M, Patole S (2018) Antenatal corticosteroids in
impending preterm deliveries before 25 weeks' gestation. Arch
Dis Child Fetal Neonatal Ed 103(2):F173–f176. https://doi.org/
10.1136/archdischild-2017-313840

21. WalshM, Laptook A, Kazzi SN, EngleWA,YaoQ, RasmussenM,
Buchter S, Heldt G, Rhine W, Higgins R, Poole K, National
Institute of Child H, Human Development Neonatal Research N
(2007) A cluster-randomized trial of benchmarking andmultimodal
quality improvement to improve rates of survival free of
bronchopulmonary dysplasia for infants with birth weights of less
than 1250 grams. Pediatrics 119(5):876–890. https://doi.org/10.
1542/peds.2006-2656

22. Avery ME, Tooley WH, Keller JB, Hurd SS, Bryan MH, Cotton
RB, Epstein MF, Fitzhardinge PM, Hansen CB, Hansen TN et al
(1987) Is chronic lung disease in low birth weight infants prevent-
able? A survey of eight centers. Pediatrics 79(1):26–30

23. Ballard RA, Truog WE, Cnaan A, Martin RJ, Ballard PL, Merrill
JD,WalshMC,Durand DJ,Mayock DE, Eichenwald EC, Null DR,
Hudak ML, Puri AR, Golombek SG, Courtney SE, Stewart DL,
Welty SE, Phibbs RH, Hibbs AM, Luan X, Wadlinger SR, Asselin
JM, Coburn CE, Group NCS (2006) Inhaled nitric oxide in preterm
infants undergoing mechanical ventilation. N Engl J Med 355(4):
343–353. https://doi.org/10.1056/NEJMoa061088

24. Watterberg KL, Gerdes JS, Cole CH, Aucott SW, Thilo EH,
Mammel MC, Couser RJ, Garland JS, Rozycki HJ, Leach CL,
Backstrom C, Shaffer ML (2004) Prophylaxis of early adrenal in-
sufficiency to prevent bronchopulmonary dysplasia: a multicenter
trial. Pediatrics 114(6):1649–1657. https://doi.org/10.1542/peds.
2004-1159

25. Jobe AH, Bancalari E (2001) Bronchopulmonary dysplasia. Am J
RespirCrit Care Med 163:1723–1729

26. Walsh MC, Yao Q, Gettner P, Hale E, Collins M, Hensman A,
Everette R, Peters N, Miller N, Muran G, Auten K, Newman N,
Rowan G, Grisby C, Arnell K, Miller L, Ball B, McDavid G,
National Institute of Child H, Human Development Neonatal

2460 Eur J Pediatr (2021) 180:2453–2461

https://doi.org/10.1053/j.semperi.2016.05.010
https://doi.org/10.1136/archdischild-2017-314264
https://doi.org/10.1136/archdischild-2017-314264
https://doi.org/10.1002/14651858.CD004454.pub3
https://doi.org/10.1002/14651858.CD004454.pub3
https://doi.org/10.1002/14651858.CD000510.pub2
https://doi.org/10.1002/14651858.CD000510.pub2
https://doi.org/10.1136/bmj.f5980
https://doi.org/10.1002/(SICI)1099-0496(199606)21:6<345::AID-PPUL1>3.0.CO;2-K
https://doi.org/10.1002/(SICI)1099-0496(199606)21:6<345::AID-PPUL1>3.0.CO;2-K
https://doi.org/10.3346/jkms.2005.20.3.397
https://doi.org/10.1038/jp.2008.18
https://doi.org/10.1038/jp.2008.18
https://doi.org/10.1164/rccm.201101-0055OC
https://doi.org/10.1186/1471-2431-13-207
https://doi.org/10.1186/1471-2431-13-207
https://doi.org/10.1002/ppul.24410
https://doi.org/10.1002/ppul.24410
https://doi.org/10.1164/rccm.202008-3131OC
https://doi.org/10.1164/rccm.202008-3131OC
https://doi.org/10.1002/14651858.CD010941.pub2
https://doi.org/10.1002/14651858.CD010941.pub2
https://doi.org/10.1016/j.clp.2012.06.014
https://doi.org/10.1002/(sici)1097-0258(19960229)15:4<361::aid-sim168>3.0.co;2-4
https://doi.org/10.1002/(sici)1097-0258(19960229)15:4<361::aid-sim168>3.0.co;2-4
https://doi.org/10.1159/000499361
https://doi.org/10.1159/000499361
https://doi.org/10.1136/archdischild-2017-313840
https://doi.org/10.1136/archdischild-2017-313840
https://doi.org/10.1542/peds.2006-2656
https://doi.org/10.1542/peds.2006-2656
https://doi.org/10.1056/NEJMoa061088
https://doi.org/10.1542/peds.2004-1159
https://doi.org/10.1542/peds.2004-1159


Research N (2004) Impact of a physiologic definition on
bronchopulmonary dysplasia rates. Pediatrics 114(5):1305–1311.
https://doi.org/10.1542/peds.2004-0204

27. Ryan SW, Nycyk J, Shaw BN (1996) Prediction of chronic neona-
tal lung disease on day 4 of life. Eur J Pediatr 155(8):668–671

28. Yoder BA, Anwar MU, Clark RH (1999) Early prediction of neo-
natal chronic lung disease: a comparison of three scoring methods.
Pediatr Pulmonol 27(6):388–394

29. Shah PS, Lui K, Sjörs G,Mirea L, Reichman B,AdamsM,Modi N,
Darlow BA, Kusuda S, San Feliciano L, Yang J, Håkansson S,

Mori R, Bassler D, Figueras-Aloy J, Lee SK (2016) Neonatal out-
comes of very low birth weight and very preterm neonates: an
international comparison. The Journal of pediatrics 177:144–
152.e146. https://doi.org/10.1016/j.jpeds.2016.04.083

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

Affiliations

Ikbel El Faleh1,2
&Mohamed Faouzi3 &Mark Adams4 & Roland Gerull5 & Jamel Chnayna1 & Eric Giannoni1 &

Matthias Roth-Kleiner1 & for the Swiss Neonatal Network

1 Clinic of Neonatology, Department Women-Mother-Child,

Lausanne University Hospital, University of Lausanne,

Lausanne, Switzerland

2 Department of Paediatrics, Hospital Neuchâtel,

Neuchâtel, Switzerland

3 Centre for Primary Care and Public Health (Unisanté), University of

Lausanne, Lausanne, Switzerland

4 Department of Neonatology, University Hospital Zurich, University

of Zurich, Zurich, Switzerland

5 Department of Neonatology, University Children’s Hospital Basel,

Basel, Switzerland

2461Eur J Pediatr (2021) 180:2453–2461

https://doi.org/10.1542/peds.2004-0204
https://doi.org/10.1016/j.jpeds.2016.04.083
http://orcid.org/0000-0002-8099-699X

	Bronchopulmonary...
	Abstract
	Introduction
	Methods
	Design and data collection
	Statistical analysis

	Results
	Discussion
	Annex 1
	Annex 2
	References


