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Abstract
GEIDIS is a national based research-net registry of patients with bronchopulmonary dysplasia (BPD) from
public and private Spanish hospitals. It was created to provide data on the clinical characterization and
follow up of infants with BPD until adulthood. The purpose of this observational study was to analyze
the characteristics and the impact of perinatal risk factors on BPD severity. The study included
1,780 patients diagnosed with BPD. Of the total sample, 98.6% were premature (less than 37 weeks) and
89,4% less than 30 weeks of gestation. The median gestational age was 27.1 weeks (25.8–28.5) and
median birth weight 890 g (740–1,090 g). 52.3% (n=931) were classi�ed as mild (type 1), 25.1% (n=447)
were moderate (type 2), and 22.6% (n=402) severe BPD (type 3).

Most pre-and postnatal risk factors for type 2/3 BPD were associated with the length of exposure to
mechanical ventilation (MV). Independent prenatal risk factors were male gender, oligohydramnios, and
intrauterine growth restriction. Postnatal risk factors included the need for  FiO2 of > 0.30 in the delivery
room, two or more doses of surfactant administration, nosocomial pneumonia, and the length of
exposure to MV.

Conclusions: In this national based research-net registry of BPD patients the length of MV is the most
important risk factor associated with type 2/3 BPD. Among type 3 BPD patients, those who required an
FiO2 > .30 at 36 weeks’ postmenstrual age had a higher morbidity, during hospitalization and at
discharge, compared to those with nasal positive pressure but FiO2 < .30.

Introduction
Bronchopulmonary dysplasia (BPD) is the most frequent sequelae of prematurity and results in
signi�cant long-term health consequences and high healthcare costs [1-3]. It is characterized by impaired
development of the alveoli, airways, and pulmonary vasculature, which is often associated with structural
changes of the airways and vasculature. The main risk factor is immaturity, and the incidence increases
as gestational age decreases. As a multifactorial disease, many external factors are involved in its
severity such as, invasive mechanical ventilation-induced lung injury, oxidative stress, infections,
in�ammation, pulmonary over�ow, nutritional disorders, and others that can affect the lungs’ normal
growth at early stages of their development.

A better understanding of factors linked to lung damage have led to changes in the management of very
immature newborns, as controlling oxygen therapy, noninvasive respiratory support, early and less
invasive surfactant therapy, prophylactic caffeine, infection prevention, and nutrition improvement among
others, minimizing lung damage and promoting a better lung growth and development [1].

The incidence of BPD has not declined over the last decade [2], possibly because of an increase in the
survival rate of the most premature infants who have a greater risk of developing BPD. Simultaneously,
there has been a decrease in the severity of BPD [3].
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The Spanish Bronchopulmonary Dysplasia Research Group (GEIDIS) is a national research network with
a prospective online case registry of patients diagnosed with BPD from 66 Spanish hospitals created to
better understand risk factors and long-term consequences until adulthood.

The purpose of this initial study was to de�ne and analyze the characteristics of the BPD patients in the
GEIDIS registry and describe the impact of pre- and postnatal factors on the severity of the disease.

Methods.

The study involves the analysis of the data collected prospectively in the GEIDIS registry between
January 2016 and August 2020.

Inclusion criteria: Patients diagnosed with BPD (more than 28 days on respiratory support or an FiO2 > .21
evaluated at 36 weeks postmenstrual age [PMA]) who had been entered in the GEIDIS registry database
[4].

De�nitions of the variables used in the study (speci�ed in the database and described in Supplementary
Information 1:  

Perinatal variables: Gestational age (GA); Sex; Birth weight (grams); Maternal age (years); Antenatal
corticosteroids; Intrauterine growth restriction (IUGR); Oligohydramnios; Clinical and Histological
chorioamnionitis; Type of respiratory support received at birth, during hospitalization, and at
36 weeks’ PMA; Need for treatment with surfactant, inhaled nitric oxide therapy (iNO), postnatal
corticosteroids therapy, diuretics, caffeine, and bronchodilators during hospitalization. Length of
exposure to invasive mechanical ventilation (MV) in days. Respiratory support and treatments at
discharge. Patent ductus arteriosus (PDA); Nosocomial sepsis; Nosocomial pneumonia; Air leak
Syndrome (pneumothorax or interstitial emphysema); Pulmonary hypertension ; Necrotizing
Enterocolitis requiring surgery (NEC); Intraventricular hemorrhage; Hemorrhagic stroke; Periventricular
leukomalacia; Hydrocephalus requiring a shunt; Retinopathy of prematurity.

BPD was graded according to the agreed de�nition [4] into type 1 BPD (mild), type 2 BPD (moderate)
and type 3 BPD (severe). Patients with type 3 BPD who need a FiO2 > .30 were compared to patients
who received positive-pressure respiratory support but at an FiO2 < .30 at 36 weeks’ PMA. Those on
high-�ow nasal cannula (more than 2 L/min) at 36 weeks’ PMA were classi�ed as type 3 BPD.

Statistical analysis:

The statistical data analysis was carried out with the aid of the IBM SPSS software package for Mac,
version 21 (Chicago, Illinois).

The descriptive data analysis used measures of central tendency and measures of dispersion to
summarize the quantitative variables and percentage distribution in the case of qualitative variables.
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We used the Chi-squared test (χ2) for the comparative analysis of categorical variables with the
Bonferroni correction for multiple comparisons, and the Kruskal–Wallis test with Bonferroni adjustment
for the quantitative variables, as they did not meet the normality criteria. Statistical signi�cance was set
to a p-value < 0.05.

Binary logistic regression was used for the multivariate analysis of binary response variables and linear
regression for quantitative variables. The variables analyzed were selected according to their theoretical
relevance and the level of signi�cance observed in the bivariate analysis. The number of variables
included in each analysis was determined based on the number of events/nonevents for the response
variable. Given its clinical relevance, GA was included in all models. The approximate models included
the interactions of the main study variable with the rest of the variables included, proceeding to
strati�cation in the case of signi�cant interactions.

The study was assessed and approved by the Local Research Ethics Committees and authorized by the
Spanish Agency for Medicines and Medical Devices (AEMPS). Informed consent was obtained from the
legal guardians of participants included in the study.

Results
The total sample included 1,780 patients with a diagnosis of BPD, 931 (52.3%) with type 1 BPD, 447
(25.1%) with type 2 BPD, and 402 (22.6%) with type 3 BPD. The respiratory support needed by patients
with type 3 BPD is detailed in Supplementary Table 1.

98.6% (1,755/1,780) were less than 37 weeks’ gestation and 89.4% (1,591/1,780) less than 30 weeks of
gestation. The median GA was 27.1 weeks (25.8–28.5), and the median birth weight was 890 g (740–
1,090 g). 25 were born at term, of them 11 were diagnosed of congenital diaphragmatic hernia, 2 of
bronchopneumonia, 2 of meconium aspiration syndrome, 5 of congenital heart disease, and 5 patients
had other conditions.

The proportion of type 2/3 BPD decreased as GA increased until 30 weeks of gestation, over this
gestational age the frequency of type 2/3 BPD increased (Fig. 1).

Patients with type 2/3 BPD had a higher rate of respiratory morbidity from birth and required respiratory
support and oxygen for a longer time. They were also associated with a greater morbidity during
hospitalization (Table 1), and at discharge (Table 2), especially for those with type 3 BPD.

All of the risk factors analyzed were also associated with a greater length of exposure to MV
(Supplementary Table 2); only histological chorioamnionitis and the administration of caffeine seemed to
be linked to less exposure to MV when adjusted for GA. However, the percentages of patients who needed
MV was very similar for those with and without histological chorioamnionitis (74.6% and 75.9%,
respectively, p 0.688), as was the length of exposure to MV, median of 10 days for both patients with (3–
22) and without histological chorioamnionitis (3–25) (p=0.605).
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Median duration of MV was 5 hours (0–18) in patients treated with caffeine (n=1,732) and 26 hours (0–
50) (p=0.001) in those who were not (n=37). 73% of patients who did not receive caffeine were born at
>30 weeks of gestation.

When the estimation of the effect of the independent variables was adjusted for the length of exposure to
MV, sex (male), IUGR, oligohydramnios, need for FiO2 > .30 at birth, two or more doses of surfactant, and
nosocomial pneumonia were associated with a higher incidence of type 2/3 BPD. All the other variables,
including GA, were not associated with a signi�cant effect on type 2/3 BPD (Table 3).

In the group of patients with type 3 BPD, those who required an FiO2 > .30 at 36 weeks’ PMA had a higher
morbidity, both during hospitalization and at discharge, compared to the group of patients with nasal
positive pressure but at a FiO2 < .30 (Supplementary Table 3). The was an increased incidence of
oligohydramnios in patients who required > 30% oxygen at 36 weeks’ PMA compared to those who
needed positive-pressure ventilation, which was signi�cant when adjusted for the rest of the prenatal risk
factors (OR 2.07; 95% CI, 1.18–3.62).

Surgical NEC was associated with a reduced incidence of type 2/3 BPD when adjusted for the length of
MV (Table 3). Each day on MV in patients with NEC was associated with an increased incidence of type 3
BPD of at least 1.1% (OR 1.037; 95% CI, 1.011–1.063) compared to 6.1% in the other patients (OR 1.072;
95% CI, 1.061–1.084).

For patients who did not require MV (n=430; 24.2% of the sample), prenatal factors (male, IUGR,
oligohydramnios) were associated with a greater incidence of type 2/3 BPD, but none of the postnatal
factors presented a signi�cant association. A higher GA was associated with a greater incidence of type
2/3 BPD in this group (Supplementary Table 4), although this association was no longer signi�cant when
only patients born at under 30 weeks’ gestation are considered (n=395) (OR 1.104; 95% CI, 0.890–1.368).
In this group, 71.9% (n=309) developed type 1 BPD, 17.9% (n=77) type 2 BPD, and 10.2% (n=44, of whom
only six patients required > 30% oxygen at 36 weeks’ PMA) were type 3 BPD. This is in contrast to
patients who did require MV, where type 1 BPD was 46.2% (n=620), type 2 BPD 27.3% (n=366), and type 3
BPD 26.5% (n=356) (p<0.001).

When strati�ed according to GA, patients born >30 weeks’ gestation had a higher proportion of males,
IUGR, more cases of pneumothorax, pulmonary hypertension, iNO therapy, longer exposure to MV, and a
similar percentage of type 2/3 BPD to infants born at less than 26 weeks (Table 4).

Discussion
This study con�rms the important role of immaturity as a predisposing factor in the development of BPD.
In addition, exposure to MV seems to act as an intermediary agent between risk factors and the severity
of BPD. It is hard to establish the individual in�uence of each of the known risk factors on the severity of
BPD, as they are all associated with exposure to MV. Evidence derived from both animal studies and
randomized clinical trials has shown that MV is the most important factor associated to the development
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of BPD [5-8]. In this observational study, MV also acts as a variable in the causal pathway between most
of the pre- and postnatal risk factors and the development of type 2/3 BPD.

Most of the risk factors studied were associated with a longer exposure to MV; only higher GA,
chorioamnionitis, and caffeine therapy were protective factors.

GA is the strongest predictor of the development of BPD [2,9-11], which is also related to MV [12,13].
Immaturity, both pulmonary and neurological, results in a more severe respiratory failure, more need for
surfactant therapy, central apnea, and morbidity during hospitalization [10], which means more exposure
to MV. In our study the effect of GA on the severity of BPD was no longer signi�cant when adjusted for
the length of exposure to MV.

It should be noted that the effect of GA in our sample may be partly conditioned by the diagnostic criteria
for BPD, which currently generate controversy [14-17].

The current classi�cation of BPD lies mostly on the respiratory support required. It is de�ned BPD if
needing more than 28 days oxygen therapy at a PMA of 36 weeks and grading the severity of BPD based
on the respiratory support required [4]. One of the most controversial points is the diagnosis of type 1
BPD, patients who do not require respiratory support at 36 weeks’ PMA but need oxygen for 28 days, as
some authors believe that this can be attributed to immaturity [18] and does not imply the development
of chronic lung disease [19]. In fact, some proposals for the disease’s diagnosis and classi�cation
exclude the concept of type 1 BPD [20,21]. In our population we observed a higher proportion of type 1
BPD in neonates < 30 weeks, in fact, most patients with BPD (89,4%) were in this GA group. Also, the need
for more than 28 days of oxygen or respiratory support selects a small and probably unrepresentative
sample of the whole population of preterm infants born after 30 weeks, as they have higher morbidity
(pneumothorax and pulmonary hypertension) and higher type 2/3 BPD proportion than more immature
premature infants (26-30 weeks of gestation). This may interfere in the analysis of the impact of GA on
BPD severity in our sample. 

Jensen et al. analyzed the predictive power of 18 BPD classi�cations with respect to long-term respiratory
morbidity and reported that the better predictive value for a classi�cation was based solely on respiratory
support, without including oxygen requirements at 36 weeks’ PMA [21]. In our sample, a requirement of >
.30 FiO2 at 36 weeks’ PMA was associated with increased morbidity during hospitalization compared to
the need for positive pressure support. The need for more supplemental oxygen is considered a better
marker of both alveolar and vascular parenchymal lung disease than the need for positive-pressure
therapy, which may be due to other causes, such as large airway diseases or central apnea [22]. However,
it is also true that many patients often require an oxygen concentration above 30% with a low-�ow nasal
cannula due to atelectasis or airway collapse which can be reversed with positive-pressure treatment, and
consequently the oxygen supply can be reduced. We are dealing, therefore, with an extremely complex
disease with different phenotypes that appear to overlap in most cases [23].
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Our series differs from others as it includes a low proportion of intubated patients at 36 weeks’ PMA, only
4.8% compared to 13% in the United States series analyzed by Jensen et al. [21], a greater use of
noninvasive positive pressure (40.4% vs 32.4%), and a very similar percentage of patients with low-�ow
nasal cannula (54.7% vs 54.5%). It also features relatively low percentages of patients with oxygen
requirements above 30%; 16% of the patients who needed respiratory support at 36 weeks and 33.6%
when considering patients with type 3 BPD, compared to 46.7% and 87%, respectively, in the Prematurity
and Respiratory Outcomes Program cohort [24].

Given the above, we analyzed all the patients with type 3 BPD together (i.e., those requiring oxygen at >
30% combined with patients in need of positive-pressure respiratory support), although we do believe that
an analysis of the differences between each type of respiratory support received at 36 weeks’ PMA is very
important when assessing long-term follow-up.

We found that chorioamnionitis was associated with a reduced need of MV after adjusting for GA.
However, the percent of patients requiring MV and its duration were very similar for newborns with and
without chorioamnionitis. The fact that chorioamnionitis was diagnosed more frequently among the
most immature patients, and consequently those with a greater exposure to MV, means that the
adjustment for GA might be distorting the true impact of chorioamnionitis, which remains a causal factor
for preterm birth. Other authors have also reported that the effect of chorioamnionitis is dependent on GA
[25,26]. Pietrasanta et al. went so far as to question the suitability of adjusting the effect of
chorioamnionitis for GA [26]. In this study, if chorioamnionitis is not adjusted for GA it does not correlate
with the need for intubation at birth or the incidence of more severe forms of BPD.

Caffeine was associated with less exposure to MV, even when adjusted for GA. This effect should be
interpreted with caution since there were very few patients who did not receive caffeine and most of them
were born > 30 weeks, which, as we have already seen, was a group of increased risk in this sample. This
is consistent with data published in the literature, as the bene�cial effect of caffeine decreasing the
incidence of BPD is in part related to the reduced need for MV, mostly by reducing apnea [27,28].

Male gender, oligohydramnios, IUGR, a requirement for FiO2 > 0.30 at birth, more than one dose of
surfactant, and nosocomial pneumonia were independently associated with the development of type 2/3
BPD versus type 1.

The association between male sex and an increased severity of BPD has already been reported by
others[29,30]. In neonates born at under 32 weeks’ gestation, the lungs of males are less mature than of
females at the same GA, which suggests a sex-dependent differences in the canalicular and saccular
phases of lung development [31,32]. In function of sex, different genetic patterns have also been
described in mesenchymal cells taken from tracheal aspirates [33]. In our study, being male correlated
with a greater exposure to MV, but its effect on the development of type 2/3 BPD was still signi�cant after
adjusting for this variable. Furthermore, in patients who were not exposed to MV, being male was also
associated with a greater incidence of severe forms of BPD; that is, there were sex-dependent differences
in lung development that were independent of a higher rate of initial respiratory morbidity.
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The effects of oligohydramnios and intrauterine growth restriction are also independent of exposure to
MV. Oligohydramnios restricts intrauterine fetal lung growth, which causes pulmonary hypoplasia [34-36].
In our study sample, oligohydramnios is associated to a higher proportion of patients requiring > 30%
oxygen at 36 weeks’ PMA. This effect is consistent with the �ndings of other series in which
oligohydramnios was associated with parenchymal pulmonary compromise, pulmonary vascular
alterations [37-39] and pulmonary hypertension [40]. The correlation between impaired pulmonary
vascular development and the emergence of BPD is widely discussed in the literature [41], with some
authors suggesting it is one of the etiopathogenic mechanisms behind BPD (vascular theory of BPD) in
which the impaired development of pulmonary vessels would dictate any alteration in distal airspace
growth [42,43].

The effect of intrauterine growth restriction (IUGR) on the development of BPD, seems to be related also
to an inhibition of lung growth involving altered angiogenesis. Alterations in placental vascularization
and perfusion observed in premature patients with IUGR appear to affect both lung development and
vascular growth, resulting in a greater susceptibility to develop BPD and pulmonary hypertension [44,45].

In our sample we also observed a relationship between an increased need for respiratory support at birth
and the development of type 2/3 BPD. This pattern of severe respiratory failure from birth is the most
frequently related to BPD development in other series [46]. The correlation between a greater need for
respiratory support at birth and the appearance of type 2/3 BPD in our series occurred independently of
the length of the subsequent exposure to MV, which indicates pulmonary involvement from birth that
predisposes the development of more severe forms of BPD.

Another interesting feature is the association between a diagnosis of NEC and a lower incidence of both
type 2/3 BPD after adjusting for the length of exposure to MV. It is worth noting that since these patients
underwent surgery, they were all exposed to MV. On the other hand, this exposure was due to their
abdominal process that in many cases causes the need for sedation, rather than a respiratory disease, so
usually this group of patients requires a lower level of ventilatory assistance than those patients who had
respiratory failure. In fact, MV had a lesser effect on the development of type 3 BPD in patients with
surgical enterocolitis than in the rest of the sample. This highlights the complexity of the mechanisms
involved in lung damage and the di�culty of assessing their effect outside the controlled environment of
animal studies. Nowadays, minimizing exposure to MV is an objective in all neonatal units, so its use is
restricted to patients with severe respiratory failure when noninvasive respiratory support fails. The
deleterious effect of MV is possibly greater in these patients who have lung disease and, therefore, an
increased need for respiratory support and oxygen; but what is more, the necessity for MV leads us to
select a group of patients with a higher risk of developing severe forms of BPD.

In patients who did not require MV during hospitalization, only being male and oligohydramnios were
associated with a higher likelihood of developing type 2/3 BPD; however, none of the postnatal factors
correlated with the emergence of type 2/3 BPD, which again emphasizes the role of MV as a mediator
between these factors and the onset of the gravest forms of BPD.
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This study has some limitations as we only included patients with a diagnosis of BPD and given the
observational character of the study, our assessment of the effect of the risk factors may be subject to
signi�cant biases, as the analysis only indicates the relationship between the risk factors and severity of
BPD, as opposed to their effect on its incidence. Also, mortality in the �rst 28 days of life has not been
considered. On the other hand, the large sample size provides a very representative description of the
Spanish population with BPD, even though not all of the neonatal units attending preterm infants have
participated.

In conclusion, in our national based research-net registry of patients with bronchopulmonary dysplasia,
prenatal risk factors for the development of type 2/3 BPD versus type 1 BPD were male sex, IUGR and
oligohydramnios. Exposure to MV is the main postnatal risk factor associated with the development of
type 2-3 BPD, which also acts as an intermediary factor between all the other postnatal risk factors and
the development of more severe types of BPD. Among type 3 BPD patients, those who required an
FiO2 > .30 at 36 weeks’ PMA had a higher morbidity, during hospitalization and at discharge, compared to
those with nasal positive pressure but with FiO2 < .30.
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Distribution of types of bronchopulmonary dysplasia according to gestational age at birth in weeks (week
´s GA).
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