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TAHMIN ARACININ DEGERLENDIRILMESi

EVALUATION OF THE USE OF BRONCHOPULMONARY DYSPLASIA
OUTCOME ESTIMATOR IN THE NEONATAL INTENSIVE CARE UNIT

Sara EROL, Serdar BALSAK, Mustafa Senol AKIN, Burak CERAN, Nihan Hilal HOSAGASI, Sabriye KORKUT

'Ankara Bilkent Sehir Hastanesi Cocuk Sagligi ve Hastaliklari Ana Bilim Dali, Yenidogan Bilim Dali

OZET

AMAC: Bronkopulmoner displazi (BPD), glinlimiizde prematiire
bebekleri etkileyen en énemli solunum sistemi morbiditesi ol-
maya devam etmektedir. Bu calismanin amaci, Eunice Kennedy
Shriver Ulusal Cocuk Saghigi ve insan Gelisimi Enstittisi'ne (NI-
CHD) ait BPD sonug tahmin aracinin 2022 versiyonunun dogru-
lugunu degerlendirmektir.

GEREG VE YONTEM: Bu retrospektif kohort calismada, dogum
agirhklan 501 ile 1249 gram arasinda ve gebelik haftalari 23 ile
28 hafta arasinda olan prematiire bebekler degerlendirilmistir.
1 Ocak 2021 ile 31 Aralik 2022 tarihleri arasinda lclinci basa-
mak bir yenidogan yogun bakim Unitesinde dogan ve calisma
kriterlerini karsilayan prematreler calismaya alinmistir. 2022
BPD tahmin edici aracinin BPD siddeti ve mortalite tahmini ko-
nusundaki dogrulugu, hastalarin klinik sonuclari temel alinarak
degerlendirilmistir.

BULGULAR: Calisma kriterlerine uygun toplam 118 prematdre
bebek dahil edilmistir. Bebeklerin %56's1 (n=66) kizdi. Dogum
agirhklar 530 gram ile 1240 gram arasinda, gebelik haftalari ise
24 ile 28 hafta arasinda degismekteydi. 2022 BPD tahmin araci,
1., 3., 7. ve 14. glinlerde hastalarin mortalite, ciddi BPD gelisi-
mi ve BPD'siz sagkalim durumlarini; 28. giinde ise ciddi BPD ve
BPD’siz sagkalimi 6ngérmede istatistiksel olarak anlamli diizey-
de basarili bulunmustur (p<0,05).

SONUG: BPD'yi dogru bir sekilde tahmin etmek, BPD ile iliskili
morbidite ve mortaliteyi yonetme ve 6nleme stratejilerinin ge-
listirilmesi agisindan kritik dneme sahiptir. BPD sonug¢ tahmin
araci gibi bir hesaplayicinin, ciddi BPD, mortalite ve BPD’siz sag-
kalimi 6ngdrebilme yetenegi son derece degerlidir.
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Prognoz.
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ABSTRACT

OBJECTIVE: Bronchopulmonary dysplasia (BPD) remains the
most important respiratory morbidity affecting premature in-
fants to this day. The aim of this study is to evaluate the accura-
cy of 2022 version of the Eunice Kennedy Shriver National Ins-
titute of Child Health and Human Development BPD outcome
estimator.

MATERIAL AND METHODS: This retrospective cohort study
evaluated premature infants with birth weights ranging from
501 to 1249 grams and gestational ages between 23 and 28
weeks. Premature infants born between January 1, 2021, and
December 31, 2022, at a tertiary-level neonatal intensive care
unit who met the inclusion criteria, were included in the study.
The predictive accuracy of the 2022 BPD Outcome Estimator in
determining the severity of BPD and mortality was evaluated
based on the patients' clinical outcomes.

RESULTS: A total of 118 premature infants who met the inclusi-
on criteria were included in the study. Fifty-six percent (n=66) of
the infants were female. The birth weights of the patients ran-
ged from 530 g to 1240, and the gestational weeks ranged from
24 to 28 weeks. The 2022 BPD Outcome Estimator has been
found to be statistically significantly robust in predicting both
mortality and severe BPD as well as BPD-free survival on days 1,
3,7, and 14, and predicting severe BPD and BPD-free survival
on day 28 (p<0.05).

CONCLUSIONS: Accurate prediction of BPD is crucial for deve-
loping strategies to manage and prevent BPD-related mortality
and morbidities. The ability of tools such as the BPD Outcome
Estimator to predict severe BPD, mortality, and BPD-free survi-
val is highly valuable in clinical practice.

KEYWORDS: Bronchopulmonary dysplasia, Prematurity, Prog-
nosis.
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INTRODUCTION

Despite advances in obstetrics and neonato-
logy since its first description by Northway and
colleagues 50 years ago (1), bronchopulmonary
dysplasia (BPD) remains the most important
respiratory morbidity affecting premature in-
fants to this day. Developments such as ante-
natal corticosteroids, surfactant therapy, and
improvements in neonatal care have led to a
decrease in BPD in more mature infants, as well
as the emergence of a milder form of the dise-
ase called "New BPD" in extremely premature
infants. BPD is still seen in 50% of infants weig-
hing less than 1000 grams at birth (2). Diagnos-
tic criteria for BPD have been subject to frequ-
ent modifications, evolving alongside changes
in the understanding of its pathogenesis and
definition. In 2001, the National Heart, Lung,
and Blood Institute workshop established BPD
classification into mild, moderate, or severe ca-
tegories based on oxygen or respiratory sup-
port requirements at 36 weeks postmenstrual
age and the need for oxygen supplementation
for at least 28 days (3). Subsequent workshops
organized by the Eunice Kennedy National
Institute of Child Health and Human Develop-
ment (NICHD) suggested further refinements
to the 2001 definition (4). In 2019, the NICHD
workshopidentified respiratory supportapplied
at 36 weeks postmenstrual age, independent of
oxygen concentration, as the optimal diagnos-
tic criterion for categorizing BPD severity (5).

Although the short and long-term results of
BPD cannot be considered separately from
the consequences of prematurity, studies have
focused on the effects of BPD on lung functi-
ons and neurodevelopment (6). Not only the
disease itself, but also the effects of postnatal
steroids, which stand out as a prevention and
treatment strategy, are also an important chal-
lenge (7). Only a few of the research studies and
strategies developed to prevent BPD have de-
monstrated proven effectiveness. At this point,
it is important to identify an appropriate popu-
lation for new clinical trials and to develop mo-
dels that predict the risk of BPD development
in order to provide early intervention with pro-
ven preventive strategies (8). NICHD Neona-
tal Research Network (NRN) developed a tool

called the "BPD outcome estimator" in 2011,
which predicts the severity of BPD and the li-
kelihood of mortality before 36 weeks post-
menstrual age (9). The latest revision for the
BPD outcome estimator was made in 2022 (10).

The objective of this study is to determine the
accuracy of the 2022 versions of the NICHD BPD
outcome estimator in predicting mortality be-
fore 36 weeks of postmenstrual age and deter-
mining the severity of BPD based on the diag-
nostic criteria of the NICHD Neonatal Research
Network in preterm infants under the care of our
tertiary-levelneonatalintensive care unit(NICU).

MATERIALS AND METHODS

The study group of this retrospective co-
hort study included all premature infants
born between January 1, 2021, and Decem-
ber 31, 2022, at a tertiary-level NICU, with a
birth weight ranging from 501 to 1249 grams
and a gestational age between 23 and 28 we-
eks. Infants with major congenital anomalies
and those who died within the first 14 days
after birth were excluded from the study.

Respiratory support and fraction of inspi-
red oxygen (FiO2) requirements were docu-
mented on postnatal days one, three, seven,
14, 21, and 28, along with gestational age,
birth weight, and gender of patients. Furt-
hermore, the occurrences of surgical necro-
tizing enterocolitis (NEC) as well as antenatal
steroid administration were also recorded.

NICHD 2018 BPD grading criteria were used
for the diagnosis and grading of BPD in the
enrolled patients BPD severity was classified
as follows: Mild BPD includes infants receiving
low-level oxygen support such as hood oxy-
gen with FiO, 0.22-0.29, nasal cannula (NC) <1
L/min with FiO, 0.22-0.70, or 1-<3 L/min with
FiO, 0.22-0.29, as well as =3 L/min flow (inclu-
ding nasal continuous positive airway pressure
(CPAP)/ non-invasive positive pressure venti-
lation (NIPPV) with FiO, 0.21. Moderate BPD
includes infants on hood oxygen with FiO,
>0.30, NC <1 L/min with FiO, =0.70, 1-<3 L/
min with FiO, >0.30, or >3 L/min (CPAP/NIP-
PV) with FiO, 0.22-0.29, or invasive mecha-
nical ventilation with FiO, 0.21. Severe BPD is
defined as the need for CPAP, NIPPV, or NC >3



L/min with FiO, =0.30, or invasive mechani-
cal ventilation with FiO, >0.21. Mortality was
defined as death occurring between the 14th
postnatal day and 36 weeks postmenstrual
age due to persistent pulmonary parench-
ymal disease and respiratory failure not att-
ributable to other neonatal morbidities (4).

The 2022 version of NICHD BPD outcome esti-
mator integrates gestational age, birth weight,
gender, ethnicity, respiratory support, and FiO2
levels recorded on postnatal days one, three,
seven, 14, and 28 to assess the probability of
an infant developing mild, moderate, or severe
BPD, as well as the likelihood of mortality before
reaching 36 weeks of post menstrual age (PMA).

The types of respiratory support were classi-
fied as high frequency ventilation (HFV), con-
ventional ventilation (CV), NIPPV, CPAP, NC,
hood and no support. Additionally, inputs for
antenatal steroid administration on day 1 and
surgical NEC for days 14 and 28 have been
included (10). Using 2022 version of this pre-
dictive model, individualized risk assessments
for the severity of BPD or mortality were cal-
culated at five different timepoints following
birth in the study. The predictive power of the
BPD estimator was tested against the actual
BPD and mortality outcomes of the patients.

Ethical Committee

This study was approved by the Ankara City
Hospital Clinical Research Ethics Committee No.
2 (Approval number: E2-21-620).

Statistical Analysis

All statistical analyses were performed using
IBM SPSS Statistics for Windows, Version 25.0.
Visual (histograms and probability plots) and
analytical methods (Shapiro-Wilk’s test) were
used to determine whether the data were
normally distributed. Parametric data were
presented as mean * standard deviation.
Nonparametric data are presented as medi-
an values (25" percentile to 75" percentile).
Receiver Operating Characteristic (ROC) cur-
ve analysis was performed to assess the
diagnostic accuracy of the 2022 BPD out-
come estimator in predicting the presen-
ce of BPD, severity of BPD, and mortality.
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Corresponding area under the curve (AUC)
values were reported with 95% confiden-
ce intervals. Results with p values less than
0.05 were accepted as statistically significant.

RESULTS

A total of 118 premature infants who met the
inclusion criteria were included in the study.
Fifty-six percent (n=66) of the infants were fe-
male. The birth weights of the patients ranged
from 530 g to 1240 and the gestational weeks
ranged from 24 to 28 weeks. 23 infants were
born without receiving antenatal steroid treat-
ment. Surgical NEC developed in 14 patients.
BPD did not develop in 24.5% (n=29) of the
patients. Of the cases, 16.9% (n=20) were clas-
sified as mild BPD, 19.4% (n=23) as moderate
BPD, and 27.9% (n=33) as severe BPD. Thirteen
patients (11%) died between the 14th day of
postnatal age and the 36th postmenstrual week
due to persistent parenchymal lung disease.
Systemic steroid treatment was administered to
28 patients for BPD. Among patients who rece-
ived systemic steroid treatment, 67.8% (n=19)
developed severe BPD, 21.4% (n=6) developed
moderate BPD, 7.1% (n=2) developed mild BPD,
and 1 patient experienced an ex (Table 1).

Table 1: Demographic features of study population

Variables Study population (n=118)

Female infants n (%) 66 (55.9)
*Birth weight (g) 965 (822.5 -1112.5)
*Gestational weeks 28(26-28)
Antenatal steroid administration (%) 95 (80,5)
No BPD n (%) 29 (24.5)
Mild BPD n (%) 20 (16.9)
Moderate BPD n (%) 23(19.4)
Severe BPD n (%) 33(27.9)
Death between the 14th day of postnatal age and 36th postmenstrual weekn (%) 13 (11)
Systemic steroid treatment for BPD n (%) 28 (23.7)
BPD severity in patients with systemic steroid treatment
Mild BPD n (%) 2(7.1)
Moderate BPD n (%) 6(21.4)
Severe BPD n (%) 19 (67.8)

Death between the 14th day of postnatal age and 36th postmenstrual week n (%) 1(3.59)

*Data expressed as median (25th-75th percentile)

The 2022 BPD outcome estimator has been
found to be statistically significantly robust
in predicting both mortality and severe BPD
as well as BPD-free survival on days 1, 3, 7,
and 14, and predicting severe BPD and BPD-
free survival on day 28 (p<0.05) (Table 2).
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Table 2: The predictivities of the 2022 BPD estimator

2022 BPD estimator

Variables AucC P Sensitivity Specificity % Cutoff
% %
Day 1st  Mortality 0,72 0,01 69 67 4
Severe BPD 0,67 0,004 65,6 60 2,5
Moderate BPD 0,58 0,2 60,9 552 104
Mild BPD 0,41 0,18 50 44,4 26,2
No BPD 0,78 0,000 74,2 75 65,9
Day Mortality 0,68 0,03 61,5 77,4 4,1
3rd Severe BPD 0,76 0,000 71,9 71,3 33
Moderate BPD 0,56 0,36 60,9 56,2 9
Mild BPD 0,39 0,10 45 38,2 24,2
No BPD 0,79 0,000 77,4 71,6 67
Day 7th  Mortality 0,74 0,01 66,7 64,2 34
Severe BPD 0,74 0,000 68,8 72,1 4,6
Moderate BPD 0,55 0,48 56,5 52,6 13,1
Mild BPD 0,44 0,37 45 48 34,6
No BPD 0,83 0,000 74,2 71,3 554
Day Mortality 0,73 0,01 70 75,7 35
14th Severe BPD 0,74 0,000 70 71,4 6,3
Moderate BPD 0,60 0,14 65,2 56,4 138
Mild BPD 0,44 0,40 45 46,3 34,8
No BPD 0,86 0,000 80,8 82,6 55,7
Day Mortality 0,68 0,08 62,5 68,2 11
28th Severe BPD 0,85 0,000 82 815 85
Moderate BPD 0,59 0,19 60,9 54,3 18,6
Mild BPD 0,38 0,09 40 35 22,6
No BPD 0,87 0,000 87,1 84,5 754
AUC: Area under the curve
DISCUSSION

Worldwide, bronchopulmonary dysplasia rates
have decreased in infants weighing over 1500
grams at birth with the use of antenatal steroi-
ds, surfactant replacement therapy, conservati-
ve use of mechanical ventilation and precise in-
fection control procedures (11). However, BPD
is still seen in 50% of infants weighing less than
1000 grams at birth, despite improvements in
neonatology and obstetrics (1, 12). In prematu-
re babies with BPD, chronic respiratory and car-
diovascular disorders, growth retardation, and
negative effects on neurological development
lead to inevitable high healthcare costs and pro-
longed hospital stays (13, 14). Despite all these
known adverse outcomes, our proven metho-
ds for preventing and treating BPD are limited.

The models created to predict the develop-
ment of BPD work based on antenatal and
postnatal risk factors. Nowadays, artificial intel-
ligence applicationsare being developedto pre-
dict the development of BPD during birth (15).
The goal is to manage premature infants pre-
dicted to develop BPD with early treatment
approaches and improve short and long-term
outcomes. Among these developed models, NI-
CHD BPD outcome estimator is a strong candi-
date for widespread use today due to its proven
predictive power and user-friendly interface.

Numerous studies have been conducted on the
clinical utility of the BPD outcome estimator. In
the retrospective cohort study conducted by
Baker and Davis using the 2011 version of the
BPD outcome estimator, the incidence of mor-
tality and severe BPD before 36 weeks of age
was found to be 48.1% in 187 premature in-
fants born at or below 28 weeks. Although ROC
analyses showed that these two parameters
had strong predictivity, the observed rates were
found to be higher than expected rates (16). In
another study that used the 2011 version of the
BPD outcome estimator to predict corticoste-
roid use for BPD treatment, a risk prediction of
greater than 37% for severe BPD or mortality
before 36 weeks, or less than 3% for no BPD on
day 14, was found to be highly sensitive and
specific for steroid treatment (17). The validity
of the 2022 NICHD BPD outcome estimator in
current clinical use was evaluated in a study, and
it was found that the online tool had a higher
rate of predicting the non-development of BPD
compared to predicting the risks of death and
BPD development, which was different from
previous studies. Additionally, the study highli-
ghted that the BPD outcome estimator had low
sensitivity in predicting steroid use for BPD tre-
atment (18). In our study, the 2022 BPD outco-
me estimator has been found to be statistically
significantly robust in predicting both morta-
lity and severe BPD as well as BPD-free survival
on days 1, 3, 7, and 14, and predicting severe
BPD and BPD-free survival on day 28 (p<0.05).

The most significant limitations of this study are
its single-center and retrospective nature. With
prospective and extensive population-based
studies, it would be more feasible to observe the
analysis of risk factors and the predictive power
and clinical impacts of outcome estimators.

Accurately predicting BPD is crucial for develo-
ping strategies to manage and prevent BPD-re-
lated mortality and morbidities. It is essential
to promote the widespread use of user-friend-
ly calculators with international validity, while
allowing for individualized approaches. The
ability of a calculator like the BPD outcome es-
timator to predict severe BPD and BPD-free sur-
vival is immensely valuable. Multicenter pros-
pective studies will provide further insights into
the clinical utility of outcome prediction tools.
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