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Abstract
Introduction: Bronchopulmonary dysplasia (BPD) is the most common complication associated with
extreme prematurity. Although several criteria defining severity were developed over time, there are a few
studies describing the differences in BPD phenotype and neonatal morbidities and complications between
severity groups. We aimed to describe these differences in BPD patients of a neonatal intensive care unit
(NICU).

Methods: We conducted an observational retrospective cohort study through a medical record review over a
five-year period. Participants were newborns admitted to an NICU who were diagnosed with BPD. We
performed a descriptive statistical analysis of gestational complications and the use of antenatal
corticosteroid therapy, birth-related data, and complications throughout the NICU stay, as well as the
respiratory support used. We also compared different severity groups across these variables. The patients
were divided into severe and non-severe BPD using the severity criteria of the 2001 NICHD/NHLBI/ORD
consensus workshop.

Results: A total of 101 newborns with BPD participated in the study and 73 had data on BPD severity. The
median gestational age was 27 weeks, ranging from 23 to 32 weeks. Of these 73 newborns, 36 had mild BPD
(49.3%), 10 had moderate BPD (13.7%), and 27 had severe BPD (37.0%). When comparing severe and non-
severe BPD, we found that extreme prematurity, extremely low birth weight, and small size for gestational
age were more frequent in the severe BPD group (p-value=0.012, p-value<0.001, and p-value=0.012,
respectively). Infants with severe BPD had a longer duration of invasive ventilation than those with mild or
moderate BPD (p-value<0.001). Late sepsis, necrotizing enterocolitis, severe brain injury, and retinopathy of
prematurity were more frequent in severe BPD (p-value=0.017, p-value=0.045, p-value=0.033, p-
value=0.003, respectively).

Discussion: Previously published evidence describing causal links between BPD development and
comorbidities exists but data on their impact on BPD severity are scarce. In our study, severe BPD seemed to
be associated with a higher frequency of comorbidities and complications. Further studies are needed to
ascertain the impact of each morbidity on the severity of BPD and if measures to prevent them could lead to
potentially milder BPD disease.

Categories: Pediatrics, Pulmonology
Keywords: periventricular leukomalacia, germinal matrix hemorrhage and intraventricular hemorrhage, retinopathy
of prematurity, sepsis, necrotizing enterocolitis, bronchopulmonary dysplasia

Introduction
Premature birth affected an estimate of 8.7% to 13.4% of all live births in the world, in 2014 [1].
Bronchopulmonary dysplasia (BPD) is the most common complication associated with extreme prematurity,
affecting 47% of all extremely-low-gestational-age newborns (ranging from 24% of those born at 28 weeks of
gestational age to 100% of those born at 22 weeks) [2,3]. BPD prevalence is increasing, most likely due to the
increased survival of extremely-low-gestational-age newborns [2-4]. In fact, prematurity and low birth
weight are the strongest risk factors for BPD [3,5]. Respiratory support, male sex, pulmonary hypertension,
and intrauterine growth restriction are also associated with a higher risk of developing BPD [5-7]. Other risk
factors with a possible contribution to pulmonary deterioration include late surfactant deficiency [8], patent
ductus arteriosus (PDA) [9,10], and sepsis [3,11].

Over the years, advancements in perinatal medicine such as antenatal corticosteroids and exogenous
surfactant therapy have significantly reduced neonatal morbidity and mortality [2,4]. Interventions with
benefits in reducing the risk of BPD include treatment with caffeine in extremely preterm infants [12],
avoidance of intubation and ventilation in the first minutes of life with preference for the use of non-
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invasive respiratory support [13], use of low tidal volumes to minimize volutrauma [14], defining oxygen
saturation targets of 91-95% [15], administration of vitamin A [16], and postnatal corticosteroids [3,17,18].
These strategies led to a decline in BPD in less premature infants, giving way to a “new BPD”: a milder form
of respiratory disease in extremely-low-gestational-age newborns [4]. As such, nowadays, premature infants
with BPD have characteristically less emphysema, fibrosis, and airway changes [4]. They also present lung
alterations resulting from an arrest of lung development at the late canalicular or early saccular stage with
subsequent alveolar simplification with fewer and dysmorphic capillaries due to various antenatal and
postnatal insults [4]. Despite these therapeutic advancements, BPD remains associated with
neurodevelopmental impairment and growth failure [19,20].

From 2001 to 2017, BPD was defined as a requirement for supplemental oxygen for at least 28 days at a
postmenstrual age of 36 weeks (or at the time of discharge to home, if earlier) [21]. This definition resulted
from the 2001 National Institute of Child Health and Human Development (NICHD)/National Heart, Lung
and Blood Institute (NHLBI)/Office of Rare Diseases (ORD) workshop organized to review previous
definitions and define a consensus that would better characterize the “new BPD.” In 2018, a new NICHD
consensus workshop further refined these diagnostic criteria, including respiratory death before the 36th
week of postmenstrual age as a criterion and defining new severity grades [22]. Although the 2018 criteria
categorized these patients better according to modern respiratory care, they were still based solely on expert
consensus and lacked appropriate prognostic discrimination between groups. In 2019, data-driven new
diagnostic criteria were published defining BPD in very preterm infants as need of any respiratory support at
36 weeks of postmenstrual age, with no need for assessment of supplemental oxygen use prior to 36 weeks
of postmenstrual age [23]. BPD severity was graded according to the type of respiratory support at 36 weeks
of postmenstrual age: nasal cannula ≤2 L/min (grade I), nasal cannula >2 L/min or noninvasive positive
pressure ventilation (grade II), or invasive positive pressure ventilation (grade III) [23]. These new criteria
predicted early childhood mortality and morbidity (respiratory and neurodevelopmental) better than
previous published criteria [23].

Despite the several criteria developed over time, there are a few studies describing the differences in BPD
phenotype and risk factors between severity groups and, specifically, differences in neonatal morbidities and
complications. As such, we aimed to describe these differences in a retrospective cohort of BPD patients in a
neonatal intensive care unit (NICU).

Materials And Methods
Study design
We conducted a retrospective cohort study through a medical record review.

Inclusion and exclusion criteria
Participants in this study were all the newborns admitted to the NICU of a level 3 hospital between January
1st, 2015, and December 31st, 2019 (five years), who were diagnosed with BPD. BPD was diagnosed using the
2001 NICHD/NHLBI/ORD consensus workshop criteria. No participants were excluded from this study.

Data collection
We collected relevant data from the electronic medical record of each participant on the peripartum period,
as well as the gestational period, and from admission into the NICU until discharge (or transfer) or death.

Birth weight lower than 1000 g was defined as extremely low; birth weight between 1000 and 1499 g as very
low; and birth weight between 1500 and 2499 g was defined as low. Size for gestational age was defined as
follows: birth weight below the 10th percentile was classified as small (SGA), birth weight between the 10th
and 90th percentile was classified as appropriate (AGA), and birth weight above the 90th percentile as large
(LGA). Respiratory distress syndrome was categorized according to radiological criteria: Grade I for mild
diffuse reticulogranular opacities, grade II for ground-glass opacities and air bronchogram, grade III for
generalized air bronchogram and poorly defined cardiac silhouette, and grade IV for generalized loss of lung
transparency and loss of cardiac silhouette. We acknowledged the diagnosis of sepsis in any infant
manifesting systemic signs of infection for whom antibiotics were administered. Sepsis was classified as
early or late depending on whether the onset of symptoms was in the first 72 hours of life or afterward,
respectively. Severe brain injury was defined as having grade III or IV germinal matrix hemorrhage and
intraventricular hemorrhage (GMH-IVH) or grade II or higher periventricular leukomalacia (PVL). No data on
the use of vitamin A were collected since no formulation for intramuscular use was available in Portugal at
the time of this study. Also, no data on caffeine usage were used as it is routinely administered to all infants
with less than 34 weeks of gestational age.

Statistical analysis
Statistical analysis was done using the IBM® SPSS® Statistics version 22 software (IBM Corp., Armonk, NY).
We performed a descriptive statistical analysis of gestational complications and the use of antenatal
corticosteroid therapy, birth-related data (including the presence of respiratory distress syndrome and
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surfactant administration), and complications throughout the NICU stay (sepsis, necrotizing enterocolitis
[NEC], hemodynamically significant PDA, retinopathy of prematurity [ROP], GMH-IVH, and PVL), as well as
the respiratory support used. We also compared different severity groups across these variables. For this, the
patients were divided into severe and non-severe (mild or moderate) BPD using the severity criteria of the
2001 NICHD/NHLBI/ORD consensus workshop. When the assumptions for parametric tests were met, we
used the t-test for comparing continuous variables and the chi-square test for categorical variables.
Otherwise, we used the Mann-Whitney U and Fisher tests, respectively. Statistical significance was set at p-
values ≤0.05.

Results
During the study period, 1218 newborns were admitted to the NICU. One hundred and one newborns were
diagnosed with BPD and were thus included in the study. Most newborns had extremely low birth weight
(n=63; 62.4%), 34 had a very low birth weight (33.7%), and only four had a low birth weight (4.0%) (Table 1).
Median birth weight was 896 g (birth weight was between 408 and 1634 g). Nonetheless, most were AGA
(80.2%) and only 16.8% were SGA. The median gestational age was 27 weeks; 23 weeks was the lowest
gestational age found and 32 weeks the highest. Fifty-five newborns were male (54.5%).

Participants' data (n=101)    

Newborn data

Gestational age (weeks) 27 (25-29) Size for gestational age  

Birth weight (g) 896 (698-1094) - SGA 17 (16.8)

Low birth weight 4 (4.0) - AGA 81 (80.2)

Very low birth weight 34 (33.7) - LGA 3 (3.0)

Extremely low birth weight 63 (62.4) Male gender 55 (54.5)

Gestational complications

Gestational diabetes 7 (6.9) Early pregnancy bleeding 15 (14.9)

Hypertension 19 (18.8) Urinary tract infection 5 (5.0)

Fetal growth restriction 23 (22.8) Incompetent cervix 8 (7.9)

Premature rupture of membranes 25 (24.8) Oligohydramnios 8 (7.9)

Chorioamnionitis 13 (12.9) Polyhydramnios 1 (1.0)

Labor/delivery

Spontaneous labor 45 (44.6) Vaginal delivery 18 (17.8)

Labor induced due to maternal illness 14 (13.9) Cesarean delivery 83 (82.2)

Labor induced due to fetal illness 42 (41.6)   

Antenatal corticosteroid therapy for fetal maturation

None 5 (5.0) Complete 73 (72.3)

Partial 23 (22.8)   

Respiratory distress syndrome (hyaline membrane disease)

Grade I 17 (16.8) Grade III 24 (23.8)

Grade II 51 (50.5) Grade IV 9 (8.9)

Respiratory support

Surfactant administration 79 (78.2) Need of IMV 89 (88.1)

Need of nCPAP or HFNC 95 (94.1) Duration of IMV (days) 16 (6-40.5)

Complications

Early sepsis 82 (81.2) Necrotizing enterocolitis 13 (12.9)

Late sepsis 75 (74.3) - Surgical enterocolitis 5 (38.5)
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Hemodynamically significant PDA 30 (29.7) Severe brain injury 26 (25.7)

- Pharmacologic therapy 28 (93.3) GMH-IVH 59 (58.4)

- Surgical closure 17 (56.7) - Grade I 27 (45.8)

Retinopathy of prematurity* 43 (44.3) - Grade II 16 (27.1)

- Stage 1 8 (18.6) - Grade III 16 (27.1)

- Stage 2 18 (41.9) - PVHI 0 (0.0)

- Stage 3 17 (39.5) PVL 50 (49.5)

- Stage 4 or 5 0 (0.0) - Grade 1 34 (68.0)

- Plus disease 8 (18.6) - Grade 2 12 (24.0)

- Submitted to surgery 12 (27.9) - Grade 3 2 (4.0)

  - Grade 4 2 (4.0)

Mortality 7 (6.9)   

TABLE 1: Participants' data
*n=97 (four newborns lacked ophthalmology observation). Continuous variables are represented as median (P25-P75) and categorical variables as n (%).

AGA: Appropriate for Gestational Age; GMH-IVH: Germinal Matrix Hemorrhage and Intraventricular Hemorrhage; HFNC: High-Flow Nasal Cannula; IMV:
Invasive Mechanical Ventilation; LGA: Large for Gestational Age; nCPAP: Nasal Continuous Positive Airway Pressure; PDA: Patent Ductus Arteriosus;
PVL: Periventricular Leukomalacia; RDS: Respiratory Distress Syndrome; SGA: Small for Gestational Age.

Prematurity was spontaneous in 45 newborns (44.6%), induced due to fetal illness in 42 cases (41.6%), and
14 due to maternal illness (13.9%). Cesarean was the most frequent mode of delivery (82.2%). Antenatal
corticosteroids were given for fetal maturation in 95.0% and, in 73 (72.3%), it was possible to administer all
the corticosteroid doses before delivery.

The most frequent gestational complications were premature rupture of membranes (n=25; 24.8%), fetal
growth restriction (n=23; 22.8%), hypertension (n=19; 18.8%), early pregnancy bleeding (n=15; 14.9%), and
chorioamnionitis (n=13; 12.9%).

Most newborns required invasive mechanical ventilation (n=89; 88.1%); the median duration of ventilation
was 16 days and the maximum was 100 days. Surfactant was administered in 79 newborns (78.2%). Almost
all BPD newborns (n=95; 94.1%) needed noninvasive positive airway pressure, either as a first respiratory
support modality or for ventilator weaning.

During the stay at the NICU, 82 (81.2%) newborns were diagnosed with early sepsis and 75 with late sepsis
(74.3%). Thirty newborns had a hemodynamically significant PDA (29.7%); most underwent pharmacologic
therapy (n=28; 93.3%) and 17 needed surgical closure (56.7%). NEC was found in 13 newborns (12.9%) and
five underwent surgical treatment (38.5%). Neurologic complications were also found in these newborns: 59
had intraventricular hemorrhage (58.4%) and 16 had grade II or higher PVL (15.8%). Four infants had no data
on the ophthalmology exam. Of the 97 remaining, 43 newborns were diagnosed with ROP and 12 were
submitted to surgery.

The mortality rate among newborns with BPD in this study was 6.9% (n=7). At birth, these newborns had a
median weight of 650 g (minimum of 475 g) and a median gestational age of 26 weeks (minimum of 23
weeks). The median age at death was 98 days.

We were able to collect data on BPD severity grading in 73 newborns (the remaining were transferred to
other hospitals due to surgery need or for continued care nearer to home). Of these 73 newborns, 36 had
mild BPD (49.3%), 10 had moderate BPD (13.7%), and 27 had severe BPD (37.0%) (Table 2). When comparing
severe and non-severe BPD, we found that extreme prematurity (<28 weeks), extremely low birth weight,
and SGA size were more frequent in the severe BPD group (p-value=0.012, p-value<0.001, and p-
value=0.012, respectively). No difference was found concerning the complete administration of antenatal
corticosteroids (p-value=0.222). Infants with severe BPD had a longer duration of invasive ventilation
(median 42.5 days) than those with mild or moderate BPD (median 7.5 days) (p-value<0.001).
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Bronchopulmonary dysplasia

Total Non-severe Severe p-Value

n=73 n=46 n=27  

Gestational age (weeks) 27 (25-29) 28 (27-29) 25 (24-27) <0.001

Extreme preterm (<28 weeks) 43 (58.9) 22 (47.8) 21 (77.8) 0.012

Birth weight (g) 880 (698-1094) 1029 (842.5-1143.5) 689 (564-813) <0.001

Extremely low birth weight (<1000 g) 45 (61.6) 20 (43.5) 25 (92.6) <0.001

Small for gestational age 13 (17.8) 4 (8.7) 9 (33.3) 0.012

Male gender 41 (56.2) 29 (63.0) 12 (44.4) 0.122

Complete ACTFM 57 (78.1) 38 (82.6) 19 (70.4) 0.222

Cesarean delivery 60 (82.2) 36 (78.3) 24 (88.9) 0.348

RDS (grade III or IV) 22 (30.1) 8 (17.4) 14 (51.9) 0.002

Surfactant administration 59 (80.8) 35 (76.1) 24 (88.9) 0.180

IMV 64 (87.7) 38 (82.6) 26 (96.3) 0.141

Duration of IMV (days) 15.5 (6-38.8) 7.5 (4.00-15.75) 42.5 (20.25-57.00) <0.001

Early sepsis 63 (86.3) 39 (84.8) 24 (88.9) 0.735

Late sepsis 53 (72.6) 29 (63.0) 24 (88.9) 0.017

Hemodynamically significant PDA 21 (28.8) 10 (21.7) 11 (40.7) 0.083

Necrotizing enterocolitis 8 (11.0) 2 (4.3) 6 (22.2) 0.045

Severe brain injury 17 (23.3) 7 (15.2) 10 (37.0) 0.033

Retinopathy of prematurity* 32 (46.4) 15 (33.3) 17 (70.8) 0.003

ROP with need of surgery 8 (11.6) 1 (2.2) 7 (29.2) 0.002

TABLE 2: Comparison of antenatal and infant characteristics between infants with severe and
non-severe BPD
*n=69 (four newborns lacked ophthalmology observation). Continuous variables are represented as median (P25-P75) and categorical variables as n (%).
When the assumptions for parametric tests were met, we used the t-test for comparing continuous variables and the chi-square test for categorical
variables. Otherwise, we used the Mann-Whitney U and Fisher tests, respectively.

ACTFM: Antenatal Corticosteroid Therapy for Fetal Maturation; IMV: Invasive Mechanical Ventilation; PDA: Patent Ductus Arteriosus; RDS: Respiratory
Distress Syndrome; ROP: Retinopathy of Prematurity.

Early sepsis was equally frequent among severe and non-severe disease (p-value=0.735) but late sepsis was
more frequent in newborns with severe BPD (p-value=0.017).

NEC was also more frequently present in the severe disease group (p-value=0.045). No difference in the
frequency of hemodynamically significant PDA was found between severe and non-severe BPD (p-
value=0.083). However, 38.9% (seven out of 18) of infants with a hemodynamically significant PDA ended up
needing supplemental oxygen at discharge; only 10.4% (five out of 48) of those without a hemodynamically
significant PDA needed supplemental oxygen at discharge (p-value=0.013).

Infants with severe BPD had a higher proportion of severe brain injury (37.0%) than infants with mild or
moderate BPD (15.2%) (p-value=0.033). ROP was more frequently found in severe BPD infants (70.8% vs
33.3%, p-value=0.003) and they needed surgery for ROP more frequently (29.2% vs 2.2%; p-value=0.002).

Discussion
BPD is primarily a disease of premature newborns, particularly the ones with the lowest birth weight, and, as
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expected, our results showed that extreme prematurity, extremely low birth weight, and being small for
gestational age were associated with more severe BPD. Similar results were found in other studies [24].

Although the administration of antenatal corticosteroids for fetal maturation is important to reduce
complications in the newborn, it is not always effective in preventing the development of BPD. In fact, in
our study, most received antenatal corticosteroid therapy (95%), including a full-course administration in
72%. We could not find any difference in BPD severity with antenatal corticosteroid therapy, but this might
be the result of a lack of statistical power due to the low number of newborns who had not received
antenatal corticosteroids.

Severe respiratory failure was prominent among these newborns. Most required respiratory support with
invasive mechanical ventilation, even though the surfactant was administered to 78.2%. These are not
surprising results as our cohort is exclusively composed of infants with BPD and three-quarters had less
than 29 weeks of gestational age. Probably for the same statistical reason as the use of antenatal
corticosteroids, we could not find a difference in the surfactant use between severity groups.

The long duration of ventilation we encountered (median 15.5 days) seemed to be in association with more
severe BPD. In fact, severe BPD infants had a median duration of ventilation more than five times longer
than that of non-severe BPD. Although, by definition, more severe BPD is associated with higher respiratory
support, this relation also reflects a more damaged lung. Besides this, the neonatal lung is immature and
underdeveloped, and, therefore, more prone to ventilator-induced injury.

Perhaps in relation to risk factors for preterm labor, most of the BPD newborns were diagnosed with early
sepsis. Surprisingly, late sepsis was present in almost three-quarters of the newborns and seemed to be more
frequent in severe BPD patients. The inflammatory response associated with sepsis contributes to lung
injury and the subsequent need for higher respiratory support and is already established as a risk factor for
developing BPD [3,11]. Furthermore, severe BPD infants frequently have a longer length of stay and a longer
duration of ventilation, which increases the risk of developing sepsis [10,24]. Device-related infections
might have accounted for this high prevalence of late sepsis as this population frequently requires multiple
procedures for comorbid conditions (such as orotracheal intubation or central venous access) and parenteral
nutrition, which increase the risk of infection. It is, therefore, difficult to ascertain if sepsis is responsible for
more severe BPD or if it is, in fact, the more severe BPD that predisposes infants to develop sepsis. In
contrast to our results, a study that included 9939 infants with BPD found lower frequencies of both early
and late sepsis (1.5% and 16.4%) [24]; however, in this study, sepsis was only diagnosed when a positive
culture was found, whereas, in our study, diagnosis of sepsis was based upon suspected infection. Despite
different criteria and the overall incidence, they also found a higher frequency of both early and late sepsis
among infants with more severe BPD.

Despite being a respiratory condition, BPD is frequently encountered in extremely premature newborns with
multiple comorbid conditions and complications affecting several organ systems. These include
hemodynamically significant PDA, NEC, GMH-IVH, PVL, and ROP. PDA has long been associated with BPD,
with frequencies varying between studies according to the inclusion of all PDA (72.2%) or only the
hemodynamically significant PDA (10.3%) [9,24,25]. Our study showed 29.7% hemodynamically significant
PDA; however, we did not find any difference in hemodynamically significant PDA between the severity
groups. In fact, early routine treatment of moderate-to-large PDA does not seem to reduce BPD incidence
among premature infants, as shown in the PDA-TOLERATE trial [26]. On the other hand, a more recent post-
analysis of that trial showed evidence of greater severity of BPD in infants not offered early routine
treatment of moderate-to-large PDA who were intubated for 10 days or longer [10]. This finding illustrates
the complex relationship between PDA and BPD. To date, we have yet to understand the exact impact of PDA
on BPD, particularly if the presence of PDA increases the risk of developing BPD or leads to more severe BPD
[27].

NEC is more frequent in infants with risk factors for developing BPD (prematurity and low birth weight).
Besides having common risk factors, there might also exist a causative role of NEC in the development of
BPD, at least indirectly. A recent Spanish study found that infants with NEC had a higher risk of developing
BPD [28]. Infants with NEC often develop sepsis and multiorgan failure with a frequent need for invasive
mechanical support, which can induce lung injury. The inflammatory response associated with NEC might
further contribute to lung injury and a subsequent need for supplemental oxygen [3].

The frequency of NEC among infants with BPD in our study (12.9%) was in line with the recent data from the
United States [24]. In our study, the severity of BPD also seemed to be associated with the diagnosis of NEC.
Similarly, a study of 92 infants with NEC showed an association between surgical NEC and higher BPD
severity [29].

Neurologic injury is one of the most dreaded complications in premature infants. In our study, we found
GMH-IVH and PVL in 58.4% and 49.5%, respectively. Severe brain injury was present in 25.7% and was more
common among infants with severe BPD. Jensen et al. (2021) also observed a higher frequency of severe
brain injury in grade III BPD infants than in grade I or II BPD infants (23.4% vs 13.1%) [24].
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Another risk factor for neurodevelopmental impairment in premature infants is ROP, particularly when
severe. In our study, 44.3% of the infants were diagnosed with ROP and 27.9% of those underwent surgery.
Our results are similar to the recently published data on DBP newborns [24]. The etiology of ROP is
multifactorial but, in probable relation with the higher and longer supplemental oxygen needs, we found
that more severe BPD was associated with a higher frequency of ROP.

Infants with BPD require more days of invasive mechanical ventilation and have higher oxygen needs than
non-BPD infants; as such, it is only natural that BPD patients have more severe forms of retinopathy [30].
Potentially for the same reasons, more severe BPD was also associated with a significantly higher incidence
of ROP in our study.

Our study contributed to filling the gap in the literature regarding factors associated with BPD severity. Most
published studies focus on differences between BPD and non-BPD infants but there is a paucity of studies
comparing clinical characteristics of infants with BPD across different severity groups. Data comparison
between published evidence is also challenging as different classifications for BPD and different severity
gradings are used.

In our study, we did not compare a BPD and non-BPD sample and, thus, we are unable to state which factors
are associated with both the development and severity of BPD. However, multiple studies have already been
published documenting risk factors for the development of BPD.

The small sample size and the difficulty in ascertaining causality are the most important limitations of our
study. It is possible that some differences between groups were not found due to a lack of statistical power.
However, even with this sample size, the two severity groups had differences in several clinical factors,
probably translating to strong associations. Unfortunately, the retrospective nature of our study does not
allow us to firmly affirm the causality of the associations we found, specifically because prematurity and low
birth weight are important confounders. It would be interesting to conduct an observational prospective
study to determine how much each clinical characteristic contributes to the severity of BPD, as well as
understanding the impact that more severe disease has in the development of complications.

In the future, precision medicine may play an important role in the care of BPD patients and hopefully
improve outcomes. A more individualized approach to ventilation strategies using novel monitoring
techniques such as electrical impedance tomography and electromyography of the diaphragm may provide
additional benefits beyond the currently used ventilatory strategies [31]. Understanding the interindividual
variations of the pharmacokinetics and pharmacodynamics of caffeine through pharmacogenetic studies
might lead to a more precise dosing strategy and increased efficacy of caffeine [31]. Analysis of volatile
organic compounds present on exhaled breaths of newborns can potentially identify individuals at higher
risk of developing BPD and who could potentially benefit from earlier interventions to reduce the incidence
of BPD [31].

Conclusions
Although the risk of developing BPD is largely associated with extreme prematurity and extremely low birth
weight, both nonaddressable by the neonatology care team, prevention of severe BPD must be a priority.
Besides the usual care with the appropriate choice of ventilation and the use of surfactant, caffeine, and
corticosteroids when appropriate, we highlight the importance of instating measures to prevent late sepsis
and NEC, both morbidities associated with more severe disease with a probable role in the development of
more severe BPD. Additionally, special focus on preventing severe neurological injury and ROP should be
given to infants with severe BPD, as both conditions seem to be more prevalent in this group of patients and
can potentially contribute to a worse neurodevelopmental prognosis and quality of life.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Chawanpaiboon S, Vogel JP, Moller AB, et al.: Global, regional, and national estimates of levels of preterm

birth in 2014: a systematic review and modelling analysis. Lancet Glob Health. 2019, 7:e37-46.
10.1016/S2214-109X(18)30451-0

2. Stoll BJ, Hansen NI, Bell EF, et al.: Trends in care practices, morbidity, and mortality of extremely preterm

2023 Kakoo Brioso et al. Cureus 15(7): e42720. DOI 10.7759/cureus.42720 7 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/S2214-109X(18)30451-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2214-109X(18)30451-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2015.10244?utm_medium=email&utm_source=transaction


neonates, 1993-2012. JAMA. 2015, 314:1039-51. 10.1001/jama.2015.10244
3. Thébaud B, Goss KN, Laughon M, et al.: Bronchopulmonary dysplasia. Nat Rev Dis Primers. 2019, 5:78.

10.1038/s41572-019-0127-7
4. Bancalari E, Jain D: Bronchopulmonary dysplasia: 50 years after the original description . Neonatology. 2019,

115:384-91. 10.1159/000497422
5. Wai KC, Kohn MA, Ballard RA, et al.: Early cumulative supplemental oxygen predicts bronchopulmonary

dysplasia in high risk extremely low gestational age newborns. J Pediatr. 2016, 177:97-102.e2.
10.1016/j.jpeds.2016.06.079

6. Laughon MM, Langer JC, Bose CL, et al.: Prediction of bronchopulmonary dysplasia by postnatal age in
extremely premature infants. Am J Respir Crit Care Med. 2011, 183:1715-22. 10.1164/rccm.201101-0055OC

7. Bose C, Van Marter LJ, Laughon M, et al.: Fetal growth restriction and chronic lung disease among infants
born before the 28th week of gestation. Pediatrics. 2009, 124:e450-8. 10.1542/peds.2008-3249

8. Merrill JD, Ballard RA, Cnaan A, et al.: Dysfunction of pulmonary surfactant in chronically ventilated
premature infants. Pediatr Res. 2004, 56:918-26. 10.1203/01.PDR.0000145565.45490.D9

9. Brown ER: Increased risk of bronchopulmonary dysplasia in infants with patent ductus arteriosus . J Pediatr.
1979, 95:865-6. 10.1016/s0022-3476(79)80454-0

10. Clyman RI, Kaempf J, Liebowitz M, et al.: Prolonged tracheal intubation and the association between patent
ductus arteriosus and bronchopulmonary dysplasia: a secondary analysis of the PDA-TOLERATE trial. J
Pediatr. 2021, 229:283-288.e2. 10.1016/j.jpeds.2020.09.047

11. Lahra MM, Beeby PJ, Jeffery HE: Intrauterine inflammation, neonatal sepsis, and chronic lung disease: a 13-
year hospital cohort study. Pediatrics. 2009, 123:1314-9. 10.1542/peds.2008-0656

12. Schmidt B, Roberts RS, Davis P, et al.: Long-term effects of caffeine therapy for apnea of prematurity . N
Engl J Med. 2007, 357:1893-902. 10.1056/NEJMoa073679

13. Committee on Fetus and Newborn; American Academy of Pediatrics: Respiratory support in preterm infants
at birth. Pediatrics. 2014, 133:171-4. 10.1542/peds.2013-3442

14. Klingenberg C, Wheeler KI, McCallion N, Morley CJ, Davis PG: Volume-targeted versus pressure-limited
ventilation in neonates. Cochrane Database Syst Rev. 2017, 10:CD003666.
10.1002/14651858.CD003666.pub4

15. Askie LM, Darlow BA, Finer N, et al.: Association between oxygen saturation targeting and death or
disability in extremely preterm infants in the neonatal oxygenation prospective meta-analysis
collaboration. JAMA. 2018, 319:2190-201. 10.1001/jama.2018.5725

16. Darlow BA, Graham PJ, Rojas-Reyes MX: Vitamin A supplementation to prevent mortality and short- and
long-term morbidity in very low birth weight infants. Cochrane Database Syst Rev. 2016, 2016:CD000501.
10.1002/14651858.CD000501.pub4

17. Doyle LW, Cheong JL, Ehrenkranz RA, Halliday HL: Early (&lt; 8 days) systemic postnatal corticosteroids for
prevention of bronchopulmonary dysplasia in preterm infants. Cochrane Database Syst Rev. 2017,
10:CD001146. 10.1002/14651858.CD001146.pub5

18. Doyle LW, Cheong JL, Hay S, Manley BJ, Halliday HL: Late (≥ 7 days) systemic postnatal corticosteroids for
prevention of bronchopulmonary dysplasia in preterm infants. Cochrane Database Syst Rev. 2021,
11:CD001145. 10.1002/14651858.CD001145.pub5

19. Han YS, Kim SH, Sung TJ: Impact of the definition of bronchopulmonary dysplasia on neurodevelopmental
outcomes. Sci Rep. 2021, 11:22589. 10.1038/s41598-021-01219-0

20. Gilfillan M, Bhandari A, Bhandari V: Diagnosis and management of bronchopulmonary dysplasia . BMJ. 2021,
375:n1974. 10.1136/bmj.n1974

21. Jobe AH, Bancalari E: Bronchopulmonary dysplasia. Am J Respir Crit Care Med. 2001, 163:1723-9.
10.1164/ajrccm.163.7.2011060

22. Higgins RD, Jobe AH, Koso-Thomas M, et al.: Bronchopulmonary dysplasia: executive summary of a
workshop. J Pediatr. 2018, 197:300-8. 10.1016/j.jpeds.2018.01.043

23. 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. 10.1164/rccm.201812-
2348OC

24. Jensen EA, Edwards EM, Greenberg LT, Soll RF, Ehret DE, Horbar JD: Severity of bronchopulmonary
dysplasia among very preterm infants in the United States. Pediatrics. 2021, 148:e2020030007.
10.1542/peds.2020-030007

25. Marshall DD, Kotelchuck M, Young TE, Bose CL, Kruyer L, O'Shea TM: Risk factors for chronic lung disease
in the surfactant era: a North Carolina population-based study of very low birth weight infants. North
Carolina Neonatologists Association. Pediatrics. 1999, 104:1345-50. 10.1542/peds.104.6.1345

26. Clyman RI, Liebowitz M, Kaempf J, et al.: PDA-TOLERATE trial: an exploratory randomized controlled trial
of treatment of moderate-to-large patent ductus arteriosus at 1 week of age. J Pediatr. 2019, 205:41-48.e6.
10.1016/j.jpeds.2018.09.012

27. Willis KA, Weems MF: Hemodynamically significant patent ductus arteriosus and the development of
bronchopulmonary dysplasia. Congenit Heart Dis. 2019, 14:27-32. 10.1111/chd.12691

28. Zozaya C, García González I, Avila-Alvarez A, et al.: Incidence, treatment, and outcome trends of
necrotizing enterocolitis in preterm infants: a multicenter cohort study. Front Pediatr. 2020, 8:188.
10.3389/fped.2020.00188

29. Garg PM, Pippin M, Zhang M, et al.: Clinical correlates of moderate-to-severe bronchopulmonary dysplasia
in preterm infants following surgical necrotizing enterocolitis. Am J Perinatol. 2022, 10.1055/a-1904-9194

30. Podraza W, Michalczuk B, Jezierska K, et al.: Correlation of retinopathy of prematurity with
bronchopulmonary dysplasia. Open Med (Wars). 2018, 13:67-73. 10.1515/med-2018-0012

31. Onland W, Hutten J, Miedema M, Bos LD, Brinkman P, Maitland-van der Zee AH, van Kaam AH: Precision
medicine in neonates: future perspectives for the lung. Front Pediatr. 2020, 8:586061.
10.3389/fped.2020.586061

2023 Kakoo Brioso et al. Cureus 15(7): e42720. DOI 10.7759/cureus.42720 8 of 9

https://dx.doi.org/10.1001/jama.2015.10244?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41572-019-0127-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41572-019-0127-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000497422?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000497422?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2016.06.079?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2016.06.079?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/rccm.201101-0055OC?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/rccm.201101-0055OC?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2008-3249?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2008-3249?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1203/01.PDR.0000145565.45490.D9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1203/01.PDR.0000145565.45490.D9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3476(79)80454-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3476(79)80454-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2020.09.047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2020.09.047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2008-0656?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2008-0656?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa073679?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa073679?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2013-3442?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2013-3442?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD003666.pub4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD003666.pub4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2018.5725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2018.5725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD000501.pub4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD000501.pub4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001146.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001146.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001145.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001145.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-01219-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-01219-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n1974?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n1974?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/ajrccm.163.7.2011060?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/ajrccm.163.7.2011060?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2018.01.043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2018.01.043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/rccm.201812-2348OC?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/rccm.201812-2348OC?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2020-030007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2020-030007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.104.6.1345?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.104.6.1345?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2018.09.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpeds.2018.09.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/chd.12691?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/chd.12691?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2020.00188?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2020.00188?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1904-9194?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1904-9194?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/med-2018-0012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1515/med-2018-0012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2020.586061?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2020.586061?utm_medium=email&utm_source=transaction

	Bronchopulmonary Dysplasia: A Five-Year Retrospective Cohort Study on Differences in Clinical Characteristics and Morbidities According to Severity Grading
	Abstract
	Introduction
	Materials And Methods
	Study design
	Inclusion and exclusion criteria
	Data collection
	Statistical analysis

	Results
	TABLE 1: Participants' data
	TABLE 2: Comparison of antenatal and infant characteristics between infants with severe and non-severe BPD

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


