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ABSTRACT

Introduction. Bronchopulmonary dysplasia
is the most common chronic pulmonary
sequela among very low birth weight infants.
The objective of this study was to estimate its
incidence in our Neonatal Unit over the past 5
years and analyze associated risk factors.
Population and methods. An observational and
analytical study was conducted inaretrospective
cohort, using data obtained from a prospective
database of infants born at Hospital Italiano de
Buenos Aires withabirth weightofless than 1500
grams between January 2010 and December2014.
The incidence of bronchopulmonary dysplasia
and its association with several secondary
outcome measures were studied.

Results. Two hundred and forty-five patients
were included. The incidence of moderate/
severe bronchopulmonary dysplasia was 22%,
and it was associated with a younger gestational
age and lower birth weight. A significant
association was observed with surfactant
use, mechanical ventilation requirement, and
length of mechanical ventilation. Patients with
moderate / severe bronchopulmonary dysplasia
had a higher incidence of patent ductus
arteriosus and late-onset sepsis. A lower birth
weight (adjusted odds ratio [aOR]: 0.99, 95%
confidence interval [CI]: 0.991-0.997, p< 0.001)
and the length of mechanical ventilation
(aOR: 1.08, 95% CI: 1.01-1.15, p < 0.01) remained
associated following adjustment for other
outcome measures. In addition, an association
was observed among patients with intrauterine
growth restriction born at less than 32 weeks
of gestational age (OR: 4.71, 95% CI: 1.68-13.2).
Conclusions. Theincidence of bronchopulmonary
dysplasiain ourunitwas associated withalower
birth weight and the length of mechanical
ventilation. Among infants born at less than
32 weeks of gestation, intrauterine growth
restriction accounted for an additional risk.
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INTRODUCTION

Advances made in perinatal
care over the past two decades have
contributed to increase the rate
of survival among very low birth
weight newborn infants (NBIs).!2
One of the major challenges in
current neonatology is to continue
reducing mortality without increasing
the resulting complications.!?
Respiratory morbidity associated
with prematurity has not decreased
alongside the improvement in
other neonatal adverse outcomes.!
Bronchopulmonary dysplasia (BPD) is
the most common pulmonary sequela
in this population and is associated
with several risk factors that, together
with immature airways, result in
an altered airway and pulmonary
capillary development, thus causing a
varying degree of limited pulmonary
function.?*

Major efforts are made both in
the context of research and perinatal
care as an attempt to reduce the
incidence of BPD by means of
different strategies: maternal
management (tocolytic agents and
antenatal corticosteroids), improved
attendance at delivery (route and
initial stabilization), neonatal drugs
(surfactant, vitamin A, corticosteroids,
caffeine, etc.), new ventilation modes,
management of nosocomial infections,
improved nutritional aspects, etc.>”
Given that BPD is the most common
cause of respiratory morbidity
among preterm NBIs surviving the
neonatal period, it is very interesting
to establish its incidence in neonatal
units and also identify risk factors
in these infants. However, both the
incidence of BPD and its associated
risk factors may change over time,
once strategies mentioned here are



implemented.”® Although there is a very extensive
and plenty bibliography available in this field,**"!
it is important to conduct a periodic review of
BPD incidence and its risk factors in each neonatal
unit to reassess prevention strategies.

The objective of this study was to estimate the
incidence of BPD among infants born with a weight
of less than 1500 grams at our Neonatal Unit over
the past 5 years and analyze associated risk factors.

MATERIAL AND METHODS

Design: Observational and analytical study
conducted in a retrospective cohort.

Population: All live NBIs born at Hospital
Italiano de Buenos Aires with a birth weight
of less than 1500 grams in the period between
January 1%, 2010 and December 31%, 2014 were
included. Patients for whom the primary outcome
measure was missing from the secondary
database were excluded.

Data collection: For this study, data were
obtained from a secondary preterm NBI
database. This group of patients born at Hospital
Italiano de Buenos Aires is included in the
Neocosur Neonatal Network database,'? which
includes preterm infants with a birth weight
of less than 1500 grams, regardless of their

FIGURE 1. Flow chart of patients

Bronchopulmonary dysplasia: incidence and risk factors | 477

gestational age (GA). Demographic outcome
measures and clinical outcomes are recorded
prospectively and systematically. For this study,
the following outcome measures were collected
and analyzed: multiple pregnancy, intrauterine
growth restriction (IUGR), defined as growth
below the 3™ percentile as per Fenton’s growth
curves, full course of antenatal corticosteroids,
chorioamnionitis, GA, birth weight (BW), Apgar
score at 5 minutes, sex, use of oxygen, use of
continuous positive airway pressure (CPAP), use
of assisted mechanical ventilation (AMV), use of
high frequency oscillatory ventilation (HFOV),
days of AMV, use of pulmonary surfactant (at
least one dose), sepsis, necrotizing enterocolitis
(NEC) greater than or equal to Bell’s stage II,
treated patent ductus arteriosus (PDA).

Primary outcome measure: BPD recorded as
dichotomous outcome measure. It was defined as
a fraction of inspired oxygen (FiO,) greater than
0.21 over 28 days. The presence of moderate/
severe BPD with oxygen requirement at 36 weeks
old among survivors was also recorded. Deceased
patients were excluded from the analysis to
establish its association with other outcome
measures. Most prospective clinical trials use
the combined outcome of BPD and/or death

eligible patients

252

(missing data)

7 excluded patients | |

included patients

245

73 with 172 without
bronchopulmonary bronchopulmonary
dysplasia dysplasia
66 7 137 35
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because they compete with one another. Preterm
infants who die early will not develop BPD.
Low BPD rates at any given site may mean a
very high mortality rate; on the contrary, sites
with a low mortality rate may show higher BPD
rates. If deceased patients had been included, the
association with certain risk factors may have
resulted in a false underestimation (including
protection).

Statistical analysis: Measures of central
tendency and dispersion were estimated for
continuous outcome measures and, based on their
distribution, they were reported as mean and
standard deviation or as median and interquartile
range. Measures of frequency were estimated
for dichotomous outcome measures; they were
reported as percentages. BPD incidence and
mortality rate were estimated. A univariate
analysis was performed to study the association
among the primary outcome measure and the
other outcome measures recorded in the study.
The Student’s t test or the Mann-Whitney test
were used (depending on distribution) to analyze
continuous outcome measures, and the x2 test
was used for dichotomous outcome measures.
Lastly, a multivariate logistic regression analysis
was done to establish independent outcome
measures associated with BPD, and adjusting
them as per other outcome measures included in
this study that resulted statistically significant in
the univariate analysis. All p values < 0.05 were
considered significant, and the analyses were
done using the STATA 13 software.

Ethical considerations: The study protocol
was approved in May 2016 by the site’s Ethics
Committee for Research Protocols.

RESULTS

During the study period, 252 patients who
met eligibility criteria were born at our hospital.
Seven patients were excluded because data for
the primary outcome measure were missing,
s0 245 patients were included in the study (see
Figure 1). The characteristics of the population
are presented in Table 1. A total of 73 patients
complied with our defined primary outcome
measure; therefore, the incidence of BPD was
29.7%. The incidence of moderate/severe BPD
among survivors was 22%. Forty-two patients
died over the study period; this means overall
mortality was 17.1%. Once deceased patients
were excluded, 203 patients were included in the
analysis to find an association between BPD and
risk factors.

Univariate analyses were done to assess the
association between risk factors and oxygen
requirement at 28 days old and 36 weeks old.
This analysis is described in Table 2. Moderate /
severe BPD showed a significant association with
a younger GA, a lower BW, and male sex. Patients
with moderate / severe BPD showed a significantly
higher use of CPAP, AMV, pulmonary surfactant,
and HFOV, and their length of AMV was longer.
They also had a significantly higher rate of
sepsis and PDA. On the contrary, no association
was observed with multiple pregnancy, IUGR,
antenatal corticosteroids, chorioamnionitis
or NEC. However, once the population was
stratified by GA (< 32 weeks), the association with
moderate/severe BPD was 4 times higher in the
group of infants with IUGR than in the group
of infants without this condition (odds ratio
[OR]: 4.71, 95% confidence interval [CI]: 1.68-
13.2). The group of patients with moderate/
severe BPD received caffeine more frequently
(OR: 2.8, 95% CI: 1.4-5.7) (the latter two analyses
were done post hoc).

A multivariate logistic regression analysis was
also done, which is described in Table 3. A lower
BW and the length of AMV were significantly
associated with moderate/severe BPD once
data were adjusted for sex, AMV and surfactant
requirement, having had PDA, and late-onset
sepsis. Each day of mechanical ventilation

TaBLE 1. Population demographic outcome measures

Outcome measure Overall population

(n=245)
GA (weeks) mean + SD 28.8+29
BW (grams) mean + SD 1058 + 284
Female sex n (%) 123 (50.2)
Twins n (%) 93 (38)
Chorioamnionitis* n (%) 20 (15)
(studied n=134)
Antenatal corticosteroids*  n (%) 194 (86)
(studied n= 232)
TUGR n (%) 61 (25)
C-section* n (%) 223 (92)
(studied n= 243)
Apgar score at 5 m, median (IQR) 8 (7-9)

GA: gestational age; BW: birth weight;

IUGR: intrauterine growth restriction;

SD: standard deviation; IQR: interquartile range.

* Studied n was lower than the study population due to data
missing from the secondary database.



increased the association with moderate/severe
BPD by 8%, regardless of the other outcome
measures included in the model.

Finally, the group of deceased patients was
analyzed (n=42). Their GA was 26 + 3 weeks and
their BW was 729 + 239 grams, both significantly
lower to those of survivors (p < 0.001). Also, 98%
of them required AMV, 91% used surfactants, 60%
had PDA, and 54% developed late-onset sepsis.
Only 7 patients died after having developed BPD.

DISCUSSION

BPD is a disease of multifactorial origin that
mostly affects preterm infants, and is inversely
proportional to GA and BW.** The progressive
increase in survival of very low birth weight
infants has resulted in an increase in the number
of infants at risk of developing BPD.!?

In this study, the incidence rate of BPD in our
Neonatal Unit is within the range described by
other neonatal networks, although it may vary
from one site to the other. The neonatal research
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network of the United States National Institutes
of Health (NIH) reported an increase in the
incidence of BPD (defined as oxygen requirement
at 36 weeks) in the past 20 years and that it is
above 40% among preterm infants born between
22 and 28 weeks of GA.! In addition, a recent
report of the South American Neocosur Neonatal
Network reported a 25% incidence of BPD (as
defined above) among NBIs with a birth weight
of less than 1500 grams.?

Deceased patients were younger and more
immature compared to those who survived.
Their rates of AMV requirement, surfactant use,
PDA and sepsis were higher, although their
incidence of BPD was lower because they died
before developing it. These data support the fact
that they had to be excluded from the risk factor
analysis. Otherwise, several factors associated
with the primary outcome measure would have
been considered protective factors.

It is important to identify the subgroup of
patients with moderate/severe BPD because their

TaBLE 2. Univariate analysis. Moderate/severe bronchopulmonary dysplasia. N= 203

Outcome measure With O, at 36 weeks Without O, at 36 weeks P value OR (95% CI)
(n= 45) (n=158)
GA (weeks) 27.15+2.3 30.04 +2.3 0.001 (*) NC
mean + SD
BW (grams) 875+ 186 1198 + 206 0.001 (*) NC
mean + SD
Multiple pregnancy, n (%) 13 (29) 60 (38) 0.26 (T) 0.66 (0.29-1.42)
Chorioamnionitis,* n (%) 7 (23) 10 (12) 0.12 () 2.28 (0.64-7.49)
(studied n =115)
Antenatal corticosteroids,* n (%) 37 (86) 128 (85) 0.90 (T) 1.06 (0.38-3.43)
(studied n =193)
IUGR n (%) 9 (20) 36 (23) 0.69 () 0.85 (0.32-2.01)
Female sex, n (%) 15 (33) 90 (57) 0.005 (T) 0.38 (0.17-0.79)
O, requirement, n (%) 45 (100) 91 (71) 0.001 (T) NC
AMV requirement, n (%) 36 (80) 73 (46) 0.001 () 4.6 (2-11.6)
CPAP requirement, n (%) 40 (89) 92 (58) 0.001 (T) 5.7 (2-19.5)
Surfactant requirement, n (%) 36 (80) 65 (41) 0.001 () 5.7 (2.5-14.3)
Days of AMV 20.5 (7-39) 2.5(1-5.5) 0.001 (¥) NC
median (IQR 25-75)
High frequency ventilation, n (%) 16 (35) 10 (6) 0.001 (T) 8.1 (3-22)
Late-onset sepsis, n (%) 21 (52) 32 (30) 0.015 (T) 2.5(1.09-5.6)
Early sepsis, n (%) 4(8.9) 0(0) 0.001 (T) NC
PDA, n (%) 21 (47) 38 (24) 0.003 (T) 2.7 (1.3-5.8)
NEC, n (%) 5(11) 8 (5) 0.14 (T) 2.3(0.5-8.6)

GA: gestational age; NA: not applicable; BW: birth weight; IUGR: intrauterine growth restriction; AMV: assisted mechanical
ventilation; PDA: patent ductus arteriosus; NEC: necrotizing enterocolitis; O,: oxygen.

(*) T test. (T) x2 test. (¥) Mann-Whitney test.

* Studied n was lower than the study population due to data missing from the secondary database.
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prognosis is worse compared to those with mild
BPD." For this reason, although analyses were
done to look for associated risk factors in both
subgroups, only results observed in patients with
moderate/severe BPD were reported.

GA and BW were significantly lower among
patients with BPD, as expected. BPD incidence
was higher among male patients included in
this study than girls, although such association
was lost once adjustment for other outcome
measures was done. It is known that male sex is
associated with a higher morbidity and mortality
in neonatology.* Several prior studies showed
that antenatal corticosteroids significantly
reduced neonatal morbidity and mortality, but
not chronic pulmonary disease.>"® In our setting,
a high rate of antenatal corticosteroid use was
observed but there was no association with the
primary outcome measure.

An interesting result of this article is that, once
the overall population is analyzed, no association
with IUGR was established. However, in the
group of NBIs born at less than 32 weeks of GA,
the association of IUGR and moderate/severe
BPD was 4 times higher than in the group of
infants without this condition. The association
between IUGR and BPD has been reported in
several groups.'®'® As a risk factor, IUGR is most
likely less relevant among NBIs born at an older
GA, i.e. more mature infants, given that the
latter outcome measure acts as a modifier of this
association.

There is evidence of the role played by
inflammation in BPD pathogenesis. This may
be the result of a failure in the regulation and
control of inflammatory response and, although
controversial, chorioamnionitis may be a
predisposing factor.*?

TABLE 3. Multivariate analysis. Moderate/severe
bronchopulmonary dysplasia. N= 203

Outcome measure aOR (95% CI) P value
BW 0.994 (0.991-0.997) 0.001
Female sex 0.63 (0.15-2.58) 0.52
AMYV requirement 0.85 (0.11-6.26) 0.87
Surfactant requirement 1.85 (0.31-11.08) 0.49
Length of AMV 1.08 (1.01-1.15) 0.02
PDA 0.63 (0.13-3.01) 0.57
Late-onset sepsis 0.59 (0.14-2.53) 0.48

BW: birth weight; AMV: assisted mechanical ventilation;
PDA: patent ductus arteriosus.

In our study, the rate of chorioamnionitis
was twice as high among mothers of patients
with BPD; however, such difference was not
statistically significant. Systemic infection
increases the levels of vasodilators, prostaglandins
and other mediators that have been associated
with an increase in the opening of PDA and an
greater incidence of BPD.>*”%! In our study, both
outcome measures (inflammation, represented
by sepsis, and PDA) were associated with BPD,
although these results did not remain once the
multivariate analysis was done.

For a long time, oxygen and AMV use have
been considered the most important factors in the
pathogenesis of BPD.?*?2 The effect of hyperoxia
on free radicals in preterm infants is favored by
a reduction in antioxidative mechanisms in this
group of infants.>20%!

SUPPORT, a randomized study, compared
two target ranges of oxygen saturation in preterm
infants younger than 28 weeks throughout their
hospitalization.?® The authors reported that,
although a low target range (85-89%) reduced
the risk of retinopathy of prematurity and BPD,
it was associated with a higher mortality. In
addition, although BPD is uncommon in NBIs
who did not require mechanical ventilation, at
present, it has been observed in patients without
baseline severe pulmonary disease.>'*** Excess
tidal volume in each cycle leads to what is known
as “volutrauma,” which is characterized by
overdistension of alveolar-capillary membrane,
inflammatory reaction, interstitial edema, and
surfactant inactivation.”? In our study, oxygen use
as well as AMV and pulmonary surfactant use (as
a manifestation of severity of baseline respiratory
distress syndrome) were associated with BPD in
the univariate analysis.

Over the past decade, “classical BPD”,
described over 40 years ago,? has been
progressively replaced by milder forms of
chronic lung injury called “new BPD.”%1024 The
main characteristics of this new BPD include
its developing in more immature infants with
a lower BW, a lower number of alveoli and
capillaries, and less aggressive mechanical
ventilation with a lower oxygen requirement.>102
This presentation has a better prognosis and less
long-term sequelae, although its incidence has
not decreased."*!° The population of patients
with moderate/severe BPD analyzed in our study
shares the characteristics of immaturity, which
are reflected in mean GA and BW. Although
more than 80% of patients in this group required



AMYV and pulmonary surfactant administration,
it is worth noting that these two factors did not
show an independent association with BPD
whereas the length of mechanical ventilation did.
Based on our data, it may be established that the
length of AMV probably plays a relevant role
and takes part in the pathogenesis of BPD. Our
findings are consistent with those of Gagliardi et
al., who analyzed 1260 NBIs with a birth weight
of less than 1500 grams and found that the rate
of baseline intubation was not associated with
BPD and that long-term AMV was a risk factor
associated with BPD.? These findings encourage
us to proactively advocate for early extubation,
and to consider it since the very moment each
preterm infant is put on mechanical ventilation.

The bibliography includes references to studies
on drugs for the prevention of chronic pulmonary
disease in preterm NBIs.® A well-known study
randomized more than 2000 preterm infants to
receive caffeine or placebo and found that failure
to administer caffeine when indicated increased
the risk of BPD.? As a conclusion, it is commonly
said that caffeine should be administered to
all preterm NBIs to prevent BPD, but this is a
misinterpretation of the above-mentioned study.
In our cohort, a significant association was
observed between caffeine use and moderate/
severe BPD; however, this finding should be
interpreted with the utmost caution because of
our study’s retrospective design. It is reasonable
to consider that such association was the result of
caffeine prescription in extremely preterm infants,
who are at a higher risk of developing BPD.

Our study poses certain limitations and
strengths. The availability of plenty bibliography
on this topic may question the usefulness of this
study. In any case, the incidence and risk factors
of BPD and the management of these patients
changes over time. A recent study even refutes
present BPD definitions and proposes changing
them to one that correlates with respiratory
morbidity during infancy.” So it seems necessary
to conduct studies like this one to search for
risk factors, either new or already known, to
develop new prevention strategies, such as
early extubation, to thus avoid unnecessary
AMV use and reduce potential progression to
chronic pulmonary disease. Given the study’s
retrospective and observational design, it is
not possible to establish the causality between
studied risk factors and BPD. However, the fact
that the study used a secondary database with
prospective data collection ensures a high level of
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data reliability and the inclusion of almost 100%
of patients who met inclusion criteria. Therefore, a
high level of veracity may be assumed at the time
of weighting results. Taking into account that
sometimes a prolonged use of assisted ventilation
is required for the management of chronic
pulmonary disease, the interpretation of our
results may be hindered. However, considering
the mean GA (27 weeks) and the interquartile
range of AMV requirement (7-39 days) in our
patients with BPD, it is more likely that such
period has occurred before diagnosis, not after it.

To conclude, we established the incidence of
BPD in our Neonatal Unit, and an association with
several risk factors has been observed. A lower
BW and the length of mechanical ventilation are
independent risk factors for the development of
moderate/severe BPD. Among infants born at
less than 32 weeks of GA, the presence of IUGR is
an additional outcome measure for risk. B
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