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Gustavo Rocha, and Manuel Sánchez Luna



Copyright © 2013 Hindawi Publishing Corporation. All rights reserved.

This is a special issue published in “Critical Care Research and Practice.” All articles are open access articles distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.



Editorial Board

Timothy E. Albertson, USA
Djillali Annane, France
Alejandro C. Arroliga, USA
Antonio Artigas, Spain
Juan Antonio Asensio, USA
Giorgio Berlot, Italy
Thomas P. Bleck, USA
Robert Boots, Australia
Bradley A. Boucher, USA
Ira Cheifetz, USA
Stephen M. Cohn, USA
R. Coimbra, USA
Heidi J. Dalton, USA
Ali A. El Solh, USA
Thomas J. Esposito, USA
M. P. Fink, USA

Heidi Lee Frankel, USA
Gilles L. Fraser, USA
Larry M. Gentilello, USA
Romergryko G. Geocadin, USA
R. R. Ivatury, USA
Lewis J. Kaplan, USA
Mark T. Keegan, USA
Erwin Kompanje, The Netherlands
Daniel T. Laskowitz, USA
Loek Leenen, The Netherlands
Paul Ellis Marik, USA
Clay B. Marsh, USA
J. C. Marshall, Canada
Marek Mirski, USA
Dale M. Needham, USA
Daniel A. Notterman, USA

Peter J. Papadakos, USA
Stephen M. Pastores, USA
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Neonatal lung disease and respiratory failure are common
in neonates. Causes of lung disease and respiratory failure
are divers and are often associated with maternal pathology,
prematurity, and congenital anomalies. Better knowledge and
understanding of the pathophysiology of lung disease have
led to the development of more effective and safe therapies
for both acute and chronic disease.

This special issue includes research articles as well as
review articles that will stimulate the continuing efforts to
understand the neonatal lung, the pathophysiology of the
lung diseases, the development of strategies to treat these
conditions, and evaluation of outcomes.

Very preterm infants are commonly exposed to a chronic,
often asymptomatic, chorioamnionitis that is usually diag-
nosed by the histological evaluation of the placenta, only after
delivery. G. Rocha extensively reviewed and summarized the
available literature on whether histological chorioamnionitis
may be associated to lung injury of the preterm newborn.
There is a strong evidence that histologic chorioamnionitis
is associated with a reduction of incidence and severity of
respiratory distress syndrome (RDS). Short-term matura-
tional effects on the lungs of extremely premature infants
seem to be, however, accompanied by a greater susceptibility
of the lung, eventually contributing to an increased risk of
bronchopulmonary dysplasia (BPD). Genetic susceptibility
to BPD is an evolving area of research, and several studies
have directly related the risk of BPD to genomic variants.
There is a substantial heterogeneity across the studies in
the magnitude of the association between chorioamnionitis

and BPD, and whether or not the association is statistically
significant. Recent studies generally seem to confirm the
effect of chorioamnionitis on RDS incidence, while no effect
on BPD is seen. Recent data have suggested susceptibility for
subsequent asthma to be increased on long-term followup.

S. Gupta and S. M. Donn describe novel approaches to
surfactant administration. Surfactant replacement therapy
has been the mainstay of treatment for preterm infants
with RDS for more than twenty years. Although tracheal
instillation is still reputed as the classicalmethod of surfactant
delivery, alternative techniques have been investigated. In
recent years, the growing interest in noninvasive ventilation
has led to novel approaches of administration. These poten-
tial strategies include intra-amniotic instillation, pharyn-
geal instillation, administration via laryngeal mask airway,
administration using a thin intratracheal catheter without
IPPV, or aerosolized/nebulized surfactant administration in
spontaneously breathing infants. Data from clinical trials
of these novel techniques will need to evaluate long-term
respiratory and neurodevelopmental outcomes and to assess
the true cost effectiveness.

Survival and outcomes for preterm infants with RDS have
improved over the past 30 years. F. Flor-de-Lima et al. report
the changes in perinatal care and delivery roommanagement
at her center in 2005, when early nasal continuous positive
airway pressure (NCPAP) and intubate surfactant extubate
(INSURE) were introduced, and the positive impact on
respiratory outcome and survival of very low birth weight
newborns.
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M. O’Reilly et al. focus the short- and intermediate-
term outcomes of preterm infants receiving positive pressure
ventilation in the delivery room. Although recent advances
in neonatal care have improved survival rates, rates of BPD
remain unchanged. Although neonatologists are increasingly
applying gentle ventilation strategies in the neonatal intensive
care unit, the same emphasis has not been applied immedi-
ately after birth. A lung-protective strategy should start with
the first breath to help establish functional residual capacity,
facilitate gas exchange, and reduce volutrauma and atelec-
totrauma. Ideally, a lung-protective strategy should start
immediately after birth because the lungs of very preterm
infants are uniquely susceptible to injury because they are
structurally immature, surfactant deficient, fluid filled, and
not supported by a stiff wall.

Flow-synchronized nasal intermittent positive pressure
ventilation (SNIPPV) could be used to reduce endotracheal
ventilation, increase successful extubation, decrease the rate
of apnea of prematurity, and have better outcome indicated
by fewer death and/or BPD in preterm and term newborn
infants. C. Gizzi et al. also demonstrate that the introduction
of the routine use of SNIPPV after INSURE technique in
their NICU reduced the need for MV and favorably affected
other short-term morbidities of premature infants <32-week
gestation with RDS.

Vascular endothelial growth factor (VEGF), an angio-
genic factor secreted by type II pneumocytes, could play a
role in congenital diaphragmatic hernia (CDH) pathogenesis.
Studies in rodents suggest that VEGF accelerates lung growth
in hypoplastic lungs. E. Sanz-López et al. show the changes
in the expression of VEGF after fetal tracheal occlusion
(TO) in an experimental model of CDH. VEGF protein
was significantly lower in fetuses with CDH. TO induced a
significant increase in VEGF compared to the fetuses that did
not undergo TO.

Patent ductus arteriosus (PDA) is a significant cause of
morbidity and mortality in preterm infants. Many factors
are associated with closure of ductus arteriosus in preterm
infants. K. W. Olsson et al. show that a high ductal flow
velocity is associatedwith successful pharmacological closure
of PDA in 22–27-week gestational age infants during pharma-
cological treatment with cyclooxygenase inhibitors.

O. Carvalho and C. Gonçalves evaluated the lung
retinoids content to study the possible difference between
male and femalemice during prenatal lung development, and
to comprehend if the vitamin Ametabolism is similar in both
genders. They observed that there is a sexual dimorphism in
the retinoids content during mice lung development, more
evident in the last developmental days, as well as a difference
in the retinoids metabolism.

Respiratory syncytial virus (RSV) lower respiratory tract
infection is the most common viral respiratory infection
in both term and preterm infants. Some studies have been
done to determine which risk factors are the best predictors
for severe RSV disease. A. Gonçalves et al. evaluated the
chest radiographic pattern in RSV disease of the newborn
and identified that newborns with a consolidation pattern
on admission chest radiograph had a more severe disease
course, with greater risk of respiratory support, invasive

mechanical ventilation, supplemental oxygen, and prolonged
hospitalization.

All of these chapters illustrate some important aspects
of the contemporary respiratory neonatal medicine to be
adopted in clinical practices and to stimulate experimental or
clinical research.

Herćılia Guimarães
Anton van Kaam
Gustavo Rocha

Manuel Sánchez Luna
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Introduction. Vascular endothelial growth factor (VEGF), an angiogenic factor secreted by type II pneumocytes, could play a role in
congenital diaphragmatic hernia (CDH) pathogenesis. Animal studies suggest that VEGF accelerates lung growth.Aim. To quantify
VEGF on fetal lungs in a nitrofen rat model for CDH and to analyze the effect of tracheal occlusion (TO) in VEGF in fetal lung
rats after nitrofen and in control rats not exposed to nitrofen. Methods. Pregnant rats received nitrofen on day 9.5 of gestation.
Fetuses were divided into 2 groups: those that underwent TO on day 20 and those that did not. On day 21, fetuses were delivered,
and the lungs were dissected for subsequent VEGF quantification. Results. CDH was detected in 43% of the fetuses that received
nitrofen. Fetuses with CDH showed significantly reduced lung weight/fetal weight ratio and lower VEGF levels than the remainder.
A higher VEGF value was observed after TO. Conclusions. VEGF protein was significantly lower in fetuses with CDH. TO induced
a significant increase in VEGF compared to the fetuses that did not undergo TO. Although not statistically significant, we observed
higher VEGF levels in fetuses with CDH and TO compared to fetuses with CDH and no further intervention.

1. Introduction

Congenital diaphragmatic hernia (CDH) is a malformation
associated with incomplete closure of the pleuroperitoneal
membrane, secondary herniation pushing the abdominal
viscera into the thorax, and pulmonary hypoplasia. The
patient usually experiences severe respiratory failure and
pulmonary hypertension resulting from pulmonary hypopla-
sia. Consequently, morbidity and mortality are high. The
prevalence of CDH is estimated in 1 case for every 3000
newborns [1], although it is difficult tomeasure given the high
intrauterinemortality (spontaneous and induced). According
to the Congenital Diaphragmatic Hernia Registry, which
pools data from more than 50 centers, survival ranges from
50% to 67% depending on the series [2–4].

Current investigations are aimed at prevention and the
search for an effective treatment for pulmonary hypoplasia.

Several strategies have been proposed to improve growth
of the hypoplastic lung before birth, the most outstanding
being occlusion of the fetal trachea, which has been shown to
stimulate growth of the fetal lung in an experimental model
[5].

Adequate fetal pulmonary vascularization is an essential
component to the development of a mature alveolus that is
capable of performing effective gas exchange after birth [6].
Angiogenesis requires several growth factors,mainly vascular
endothelial growth factor (VEGF), a potent angiogenic factor
secreted by type II pneumocytes in the developing lung that
mediates vasculogenesis and postnatal vascular remodelling.
VEGF could play a role in the pathogenesis of CDH, and
recent studies in rodents suggest that it could acceler-
ate growth in prenatal nitrofen-induced hypoplastic lungs
[6, 7].
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2. Objectives

The objective of this paper was to measure VEGF in the lungs
of fetuses with CDH induced by administration of nitrofen
to the mother, and to analyze the effect in VEGF values after
occlusion of the fetal trachea in an experimental model of
CDH in rat fetuses.

3. Material and Methods

The study protocol was approved by the Animal Investigation
Committee of Hospital Gregorio Marañón. All procedures
were performed according to European legislation for the
protection of animals used for scientific purposes (Directive
86/609/EEC).

3.1. Study Subjects. The study subjects were female Sprague-
Dawley rats weighing 225–250 g and male rats of proven
fertility. The animals were housed in custom facilities at the
research laboratory at 55% humidity and 21∘C. They were
exposed to a 12/12-hour light-dark cycle and received special
granulated feed and water on demand. Surgical procedures
were performed in rooms equipped with the necessary
specific equipment.

3.2. Experimental Model

3.2.1. Controlled Fertilization. After 24 hours’ visual and
olfactory contact, the females were cohoused at 20:00 hours
with a male at a ratio of 3 : 1 so that they could be fertilized
during the night. Day 0 started at 00:00 hours on the day
cytology demonstrated the presence of a sperm plug in the
vagina of the fertilized female.

3.2.2. Administration of Nitrofen. On day 9.5 of gesta-
tion, the pregnant rats received 100mg of nitrofen (2, 4-
dichlorophenyl 4-nitrophenyl ether diluted in 2mL of olive
oil) through an orogastric tube. The control animals received
the same volume of olive oil without nitrofen.

3.2.3. Tracheal Occlusion. The trachea of the fetuses was
occluded on day 20 of gestation. The pregnant rats were
anesthetized with inhaled 3% isoflurane and 1.5% main-
tenance isoflurane. Intramuscular ketorolac was used as a
postoperative analgesic. Rectal temperature was monitored
constantly and maintained using a homeothermic blanket
for rats. Access to the abdominal cavity was by medial
minilaparotomy, which enabled the uterine horns to be
visualized. Once the uterine wall was opened, the fetal head
and neck were exposed (Figure 1), using a surgical micro-
scope (Zeiss OPMI 99, Zeiss Inc. Oberkochen, Germany)
to facilitate the maneuvers. The fetal neck was exposed and
hyperextended, and a small transverse medial incision was
done. The trachea was exposed, and a nonabsorbable 10/10
nylon ligament was tied to close the trachea (Figure 2). The
occlusion was confirmed by direct visualization, and the fetus
was returned to the uterus. Eachmother underwent a number
of hysterotomies that varied according to the number of

Figure 1: Exposure of the fetal head.

Figure 2: Intrauterine tracheal occlusion.

fetuses, surgical time required, difficulty of the technique
for each subject, and estimated time of temperature loss. In
all cases, the objective was to perform 6 hysterotomies with
tracheal occlusion in half of the fetuses and exposure with
no manipulation of the trachea in the remainder (tracheal
occlusion control group). The maternal laparotomy was
closed on 2 planes (muscle aponeurosis and skin). Recovery
was confirmed by evaluating normal activity and recovery of
appetite and intestinal transit.

3.2.4. Extraction of the Fetal Lungs. The anesthetized rat
underwent Cesarean section on day 21 (term was on day 22).
The rat and her fetuses were then sacrificed. After weighing
the fetus, the presence or absence of a diaphragmatic defect
was confirmed, and 2 lung explants were taken and weighed
before being frozen immediately in liquid nitrogen at –80∘C
for subsequent measurement of VEGF using immunoanaly-
sis.

3.3. Statistical Analysis. All results are expressed as mean ±
SD. The mean fetal weight, lung weight, lung weight/fetal
weight ratio, and VEGF were calculated using SPSS 16.0 and
compared between groups using Student’s 𝑡-test. Statistical
significance was defined as 𝑃 < 0.05.

4. Results

137 fetuses were analyzed and divided into groups as follows:
Group 1 comprised 62 control fetuses andGroup 2 comprised
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Table 1: Comparison of mean weight by group (control versus nitrofen).

Control (𝑛 = 62) Nitrofen (𝑛 = 75) P
Fetal weight (mean) 5.16 g ± 0.41 4.42 g ± 0.71 0.00
Lung weight (mean) 0.057 g ± 0.03 0.049 g ± 0.02 0.03
Lung weight/fetal weight 0.011 ± 0.01 0.010 ± 0.02 0.96

Table 2: Group exposed to nitrofen (75 fetuses). Comparison of mean weights according to presence or not of congenital diaphragmatic
hernia (CDH).

No CDH (𝑛 = 43) CDH (𝑛 = 32) P
Fetal weight (mean) 4.44 g ± 0.70 4.36 g ± 0.73 0.58
Lung weight (mean) 0.053 g ± 0.05 0.039 g ± 0.02 0.00
Lung weight/fetal weight 0.0119 ± 0.01 0.0071 ± 0.01 0.00

Table 3: Fetal weight, lung weight, and lung-to-fetal ratio of fetuses with CDH divided into two groups—tracheal occlusion and no tracheal
occlusion.

Tracheal occlusion (𝑛 = 6) No tracheal occlusion (𝑛 = 26) P
Fetal weight (mean) 3.40 g ± 0.28 4.46 g ± 0.29 0.01
Lung weight (mean) 0.020 g ± 0.04 0.031 g ± 0.06 0.08
Lung weight/fetal weight 0.0061 ± 0.00 0.0072 ± 0.06 0.50

75 fetuses exposed to nitrofen. A defect in the diaphragmwas
observed in 32 of the fetuses exposed to nitrofen (42.6%). No
cases of diaphragmatic hernia were observed in the control
group.

Mean fetal weight, mean lung weight, and the ratio of
lung weight to fetal weight were measured and compared
between groups. The mean weights of the fetuses and lungs
were significantly lower in Group 2, although no significant
differences were found in the ratio of lung weight to fetal
weight between the groups (Table 1).

In Group 2, fetuses who developed CDH had a signifi-
cantly lower lung weight and lower ratio of lung weight to
fetal weight ratio than those who did not (Table 2).

A third analysis of weight in the Group 2 fetuses with
CDH (32 fetuses) compared the results to those fetuses that
underwent tracheal occlusion (6 cases) and those that did not
(26 fetuses) (Table 3). Statistically significant differences were
found between the groups in mean fetal weight, but not in
lung weight (𝑃 = 0.08) or in the ratio of lung weight to fetal
weight.

The difference in the mean VEGF value between Group 1
and Group 2 was not statistically significant (4.12 ± 0.60 and
3.65 ± 0.74 pg/𝜇g; 𝑃 = 0.157) as seen in Figure 3. In Group
2, the VEGF value was significantly lower in the fetuses that
had CDH than in those that did not (2.91± 0.59 pg/𝜇g versus
3.85 ± 0.70 pg/𝜇g; 𝑃 = 0.02) (Figure 4).

Comparing the subgroup of fetuses who developed CDH
with the remaining fetuses who did not develop CDH
(Group 1 + Group 2 without CDH), the VEGF values were
significantly lower in fetuses with CDH than in the other
fetuses (2.91 ± 0.59 pg/𝜇g versus 3.99 ± 0.73 pg/𝜇g; 𝑃 = 0.03)
(Figure 5).

The mean VEGF value of the fetuses that underwent
tracheal occlusion was 7.65 ± 0.92 pg/𝜇g compared with

Control Nitrofen

4.12

3.65

3.4

3.5

3.6

3.7

3.8

3.9

4

4.1

4.2

Figure 3: Vascular endothelial growth factor (VEGF) in Group 1
(controls) versus Group 2 (nitrofen). Values are expressed as mean
(pg/𝜇g).

3.39 ± 0.60 pg/𝜇g in the total of fetuses that did not undergo
tracheal occlusion (𝑃 = 0.00) (Figure 6).

Finally, we compared the VEGF values of fetuses with
CDH that underwent tracheal occlusion with those that
did not and found that the differences were not statistically
significant (2.43 ± 0.66 pg/𝜇g versus 2.20 ± 0.81 pg/𝜇g; 𝑃 =
0.27) (Figures 7 and 8).

5. Discussion

5.1. Experimental Model. Experimental induction of dia-
phragmatic defects in rats using nitrofen is a predictable
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Figure 4: Vascular endothelial growth factor VEGF in Group 2
(nitrofen fetuses). Comparing fetuseswith andwithoutCDH.Values
are expressed as mean in pg/𝜇g.
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Figure 5: Vascular endothelial growth factor VEGF in fetuses with
and without congenital diaphragmatic hernia. Values are expressed
as mean in pg/𝜇g.

and easily reproducible approach for the study of CDH. The
fetuses develop CDH at a specific point during gestation
once the correct dose is administered [7]. Nitrofen-induced
CDH is associated with malformations that are similar to the
human CDH phenotype, for example, pulmonary hypopla-
sia, neural crest defects, cardiovascular defects, and other
conditions [8–10]. Moreover, a phenotype similar to that of
Fryns syndrome in humans has been reported in rats [11].
Experimental studies show that passage of the abdominal
viscera into the thorax through a defect in the diaphragm is
independent of the development of pulmonary hypoplasia.
In the nitrofen model, pulmonary hypoplasia does not only
result from diaphragmatic hernia and direct compression of

9
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5

4

3
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1

0

No TO TO

3.39

7.65

Figure 6: Vascular endothelial growth factor, VEGF, in fetuses with
congenital diaphragmatic hernia. Comparison of tracheal occlusion
versus no tracheal occlusion. Values are expressed as mean in pg/𝜇g.
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Figure 7: Vascular endothelial growth factor (VEGF) in fetuses with
congenital diaphragmatic hernia (CDH). Comparison of tracheal
occlusion (TO) versus no TO. Values are expressed asmean (pg/𝜇g).

the lung, since pulmonary hypoplasia is constant, whereas
only 40–80% of fetuses develop CDH. These results were
corroborated in our study, in which we found a lower lung
weight in fetuses exposed to nitrofen than in control fetuses
(Table 1). However, the ratio of lung weight to body weight
was significantly lower in those fetuses that developed CDH.
These findings could enable us to act against the mechanisms
that govern lung development, regardless of the development
of hernia.

5.2. Role of VEGF. VEGF is an angiogenic factor secreted
by type II pneumocytes that induces growth in endothelial
cells in vitro, angiogenesis in vivo, and proliferation of
epithelial cells in the lungs. VEGF plays a crucial role in
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Figure 8: VEGF values in control rats, fetuses with congenital
diaphragmatic hernia (CDH), and fetuseswithCDH that underwent
tracheal occlusion (TO).

the development of the human fetal lung. Expression
increases between the canalicular and saccular phases, reach-
ing a peak at week 31 of gestation. It subsequently decreases
during the alveolar phase, thus acquiring a key role in alveolar
development. Expression in the rat fetal lung peaks on day 16
of gestation, at the beginning of the saccular phase and before
closure of the diaphragm [12, 13].

Various experimental findings suggest that VEGF plays
an important role in pulmonary morphogenesis and in the
pathogenesis of CDH [6, 14]; however, few data are available
on the role of VEGF in the pathogenesis of CDH in humans.
Increased expression of VEGF in small lung arteries and
supernumerary arteries has been observed in newborns
with pulmonary hypertension who died of CDH and may
represent an attempt by the fetus to stimulate angiogenesis
in lungs in which development has stopped [15]. These data
differ from those obtained in experimental CDH models,
in which the amount of VEGF is reduced, possibly because
the method used to measure protein values varies between
studies [16]. Our calculation of VEGF values in the fetal lung
(measured using immunoanalysis and expressed as pg/𝜇g)
revealed no differences in VEGF levels between the fetuses
that received nitrofen and the control group. In contrast, we
did find a statistically significant difference in VEGF levels
between fetuses with CDH and fetuses without it, as well
as in the group of fetuses that received nitrofen. Consistent
with the findings of other studies, our results confirm the
importance of VEGF in lung morphogenesis and suggest a
role for VEGF in the pathogenesis of CDH [6, 14].

The mechanical distension produced by tracheal occlu-
sion accelerates growth and maturation of the lung; however,
it delays differentiation of type II pneumocytes and formation
of surfactant [17]. These mechanical factors seem to affect
expression of VEGF in lung tissue. Figure 7 shows the trend
toward recovery of VEGF levels in fetuses with CDH that

underwent tracheal occlusion in our sample, although the
differences were not statistically significant. Recent reports
indicate that the increase in lung volume and the ratio of lung
weight to fetal weight are greater when tracheal occlusion is
prolonged [18, 19].

In summary, in this animal model of CDH in fetal rats
induced by nitrofen administrated to pregnant rats, lung
VEGF values were significantly lower in fetuses with CDH
compared to those who did not develop CDH. Tracheal
occlusion induced a significant increase in the mean VEGF
compared to the total of fetuses that did not undergo
tracheal occlusion, although differences were not statistically
significant we did observe a trend toward reduced expression
of this protein in fetuses with CDH. Tracheal occlusion could
improve expression of VEGF in the lungs.
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Although recent advances in neonatal care have improved survival rates, rates of bronchopulmonary dysplasia remain unchanged.
Although neonatologists are increasingly applying gentle ventilation strategies in the neonatal intensive care unit, the same
emphasis has not been applied immediately aer birth. A lung-protective strategy should start with the �rst breath to help in
the establishment of functional residual capacity, facilitate gas exchange, and reduce volutrauma and atelectotrauma. is paper
will discuss techniques and equipment during breathing assistance in the delivery room.

1. Introduction

Approximately 20% of premature infants require breathing
support at birth [1, 2]. An international consensus on
resuscitation suggests equipment and techniques if infants
fail to initiate breathing [3]. It is agreed that positive pressure
ventilation (PPV) is the cornerstone of respiratory support at
birth [3]. During the application of PPV in the delivery room
(DR) the lungs of preterm infants are exposed to potentially
injurious tidal volumes (𝑉𝑉𝑇𝑇) [4, 5]. Although neonatologists
are familiar with the concept of reducing lung injury and
are increasingly careful in the neonatal intensive care unit
(NICU) to apply PPV strategies that are gentle to the lung, the
same gentle approach has not been translated into practice
in the DR [6]. Ideally, a lung-protective strategy should
start immediately aer birth. At birth, the lungs of very
preterm infants are uniquely susceptible to injury because
they are structurally immature, surfactant-de�cient, �uid-
�lled, not supported by a stiff chest wall, and are unable
to generate adequate end expiratory pressure to maintain
open alveoli [6]. To facilitate early development of functional
residual capacity (FRC), reduce atelecto- and volutrauma,
and improve oxygenation, sustained in�ations (SIs), positive
end expiratory pressure (PEEP), and continuous positive
airway pressure (CPAP) have been advocated [7–15].

is paper summarizes the various methods available to
clinicians for the provision of positive pressure ventilation to
preterm infants in the DR, the impact on clinical outcomes,
and potential areas for further research.

2. Search Strategy
e aim of this article was to review the available litera-
ture about delivery room interventions and their effect on
outcomes in newborn infants. We reviewed books, resusci-
tation manuals and articles from 1960 to present with the
search terms “Infant, Newborn,” “Delivery Room,” “Neonatal
Resuscitation,” “Intubation,” “Surfactant,” “Positive Pressure
Respiration,” and “Continuous Positive Airway Pressure.”

3. Respiratory Support in the Delivery Room
e purpose of PPV is to establish FRC, deliver an adequate
𝑉𝑉𝑇𝑇 to facilitate gas exchange, and stimulate breathing while
minimizing lung injury [6]. e International Liaison Com-
mittee on Resuscitation and various national resuscitation
guidelines recommend equipment and techniques for neona-
tal resuscitation [16–18].

3.1. Ventilation Devices during Respiratory Support in the
Delivery Room. ere is currently limited evidence to guide
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F 1: e �gure shows how an RFM can help to optimize PPV in a 26-week preterm infant with 800 gram birth weight. In (a) during
in�ations the airway pressure increased form baseline (PEEP) to the set PIP. Similar gas �ow towards and away from the infant indicates no
leak around the mask. In addition the 𝑉𝑉𝑇𝑇 wave returns to baseline indicating good mask ventilation. Expired CO2 can be observed once the
𝑉𝑉𝑇𝑇 wave returns to baseline. With the start of the next in�ation expired CO2 drops to zero. In (b) PEEP and PIP are achieved; however gas
�ow only moves towards the infant and only minimal gas �ow away from the infant indicating mask leak. e𝑉𝑉𝑇𝑇 wave shows inspiratory𝑉𝑉𝑇𝑇
(𝑉𝑉Ti) but no expiratory𝑉𝑉𝑇𝑇 (𝑉𝑉Te). Mask leak indicated as a straight line in the𝑉𝑉𝑇𝑇 curve, and no expired CO2 displayed. In (c) displays airway
obstruction which can be identi�ed by minimal or no gas �ow movements, no expired CO2, and no or minimal 𝑉𝑉𝑇𝑇 waves.

clinicians’ choice of device for providing PPV in the DR [19].
Self-in�ating bags, �ow-in�ating bags, or T-piece devices
may all be used for mask ventilation. A self-in�ating bag,
however, does not provide PEEP or CPAP [6, 20]. An
attached PEEP-valve provides inconsistent PEEP and cannot
deliver CPAP [21–24]. A �ow-in�ating bag provides variable-
and operator-dependent PEEP [16, 25].With a T-piece device
a more consistent, predetermined level of PEEP and PIP can
be delivered [5, 21, 22]. In addition, a T-piece device has
been shown to be the most accurate device for delivering a
sustained in�ation breath [17, 22, 26, 27].

3.2. Respiratory Function Monitor. e use of respiratory
function monitor (RFM) has been described during neonatal
simulation [28], neonatal resuscitation [29, 30], and neonatal
transport [31]. A Respiratory Function Monitor uses a small,
low dead space �ow sensor (∼1mL), which is placed between
a ventilation device and a facemask or endotracheal tube
[30]. e monitor can be set to continuously display airway
pressure, gas �ow, and tidal volume waves. It also measures

and displays numerical values for peak airway pressure,
PEEP, CPAP, 𝑉𝑉𝑇𝑇, respiratory rate, and expiratory minute
ventilation [30]. Adverse events (e.g., mask leak or airway
obstruction) can be identi�ed by observing the displayed
waveforms [30]. e leak between mask and face or around
an endotracheal tube is expressed as a percentage of the
inspired 𝑉𝑉𝑇𝑇. Leak is graphically presented as the difference
in area under the �ow curves above (in�ation) and below
(de�ation) zero �ow (Figure 1(b)) [30]. Several observational
studies in the DR have reported on the advantages and
disadvantages of an RFM during neonatal resuscitation.
Recently, a randomized trial by Schmölzer et al. compared
the additional use of an RFM with clinical assessment versus
clinical assessment alone and reported signi�cant reduction
inmask leak, signi�cant increase in CPAPuse, and signi�cant
less intubation in the DR [29]. Although this is promising,
further trials are warrant.

3.3. Mask Ventilation in the Delivery Room. Using airway
maneuvers (e.g., jaw thrust or chin li) to maintain airway
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patency is a crucial step during mask ventilation in adults
and children [32]. However in newborn and infants several
factors can reduce the effectiveness of mask ventilation,
including poor face mask technique resulting in leak or
airway obstruction, spontaneous movements of the baby,
movements by or distraction of the resuscitator, and proce-
dures such as changing the wraps or �tting a hat [33, 34].
Delivery room studies have shown that mask leak and airway
obstruction are common problems during PPV [5, 33, 34].
Both leak and obstruction are usually unrecognized unless
expired CO2 detectors or RFM (Figure 1) is used [33, 34].

3.4. Assessment of Mask Ventilation. If infants fail to initiate
spontaneous breathing immediately aer birth, PPV should
be given [16]. A rapid increase in heart rate is the most
important clinical sign for adequate mask ventilation [16,
35, 36]. If no heart rate increase is observed, chest wall
movements should be assessed to gauge mask ventilation
[16]. However, the current neonatal resuscitation guidelines
do not describe how chest wall movement should be assessed
[16]. Two observational studies in the DR compared clinical
assessment with measurements of an RFM [4, 5]. Schmölzer
et al. compared chest rise with𝑉𝑉𝑇𝑇 measurement duringmask
PPV in the DR [5]. Assessing chest wall movement during
mask PPV whilst standing at the infant’s head was difficult
and unreliable [5]. However, limitations of this studywere the
inexperience of the resuscitators and the potential obstructed
view of the resuscitators by the ventilation device [5]. Poulton
et al. compared chest rise observed from two different
angles (head view versus side view) and different level of
experience (junior staff versus senior staff) [4]. Overall the
accuracy of clinical assessment of chest wall movement was
poor and did not appear to be in�uenced by either the
observers’ position or the level of experience. However, more
resuscitators were unable to assess chest wall movements
while performing PPV than those observing from the side
[4]. ese two studies demonstrate that resuscitators were
unable to accurately assess chest wall movements during
mask PPV. e additional use of an RFM to continuously
measure and displays 𝑉𝑉𝑇𝑇 delivery might improve the effec-
tiveness of neonatal resuscitation. During mask PPV an RFM
continuously display 𝑉𝑉𝑇𝑇 wave forms which can be used
to guide mask ventilation. e clinical team can identify
mask leak or airway obstruction as well as high or low 𝑉𝑉𝑇𝑇
delivery to guide ventilation. A recent randomized trial by
Schmölzer et al. demonstrated that an RFM additional to
clinical assessment demonstrated signi�cant reduction in
leak during mask PPV in preterm infants in the DR [29].

3.5. Mask Leak. Mannequin studies demonstrated large
mask leaks during simulated mask ventilation, and operators
were usually unaware of the extent of mask leak [37, 38].
Observational studies in the DR reported similar results with
mask leak exceeding 75% in 50% of analyzed resuscitations
[5, 34].e leak between themask and the face is an enemy of
mask PPV, causing a reduction in tidal volume delivery and
impairing resuscitation efforts. A mannequin study demon-
strated that operators observing RFM graphics (Figure 1)

were able to reduce mask leak during PPV [39]. A recent
randomized controlled trial comparing mask PPV in the DR
performed with either an RFM visible or masked showed
similar results [29]. Observation of �ow waves signi�cantly
reducedmask leak from54% to 37% [29]. Furthermore, fewer
infants were intubated or required oxygen at �ve minutes
aer birth, and more infants le the DR on CPAP [29].
Although no difference in any long-term outcomes was
observed, the results of this study may indicate that �ow
wave guidance improvesmask PPV and decreases short-term
adverse outcomes [29].

3.6. Airway Obstruction. Current resuscitation manuals sug-
gest that during mask PPV airway obstruction may be due
to (i) manual compression of the so tissues of the neck and
tongue, (ii) hyperextension or �exion of the head, or (iii) the
face mask being held on the face so tightly that it obstructs
the mouth and nose [16, 33, 34].

Two observational studies in the DR reported on air-
way obstruction during resuscitation of preterm infants
[33, 34]. Finer et al. used a colorimetric CO2 detector to
identify obstruction during mask PPV. ey found airway
obstruction in 75% of infants receiving PPV in the DR [33].
Although CO2 detectors can be very useful to assess effective
ventilation, they do not differentiate between an inadequate
𝑉𝑉𝑇𝑇, airway obstruction, or circulatory failure [40–43]. In
contrast an RFM, which displays �ow and tidal volume
signals (Figure 1), may distinguish mask leak and airway
obstruction, [30, 34]. A recent observational study in the DR
showed that severe airway obstruction de�ned as a reduction
in 𝑉𝑉𝑇𝑇 of >75% occurs in 25% of infants receiving mask
ventilation [34].

Several airway maneuvers, such as jaw thrust or chin li,
are recommended in children and adults to maintain airway
patency during resuscitation [16]. An airway obstruction
has been reported in 50% of cases when either chin li or
jaw thrust was applied during mask PPV, while using the
combination of both, no airway obstruction was observed
[32]. Similar studies are needed in newborn infants to clarify
the best head and airway position.

3.7. Tidal Volume Delivery. During PPV a peak in�ation
pressure (PIP) is chosen with the assumption that this will
deliver an adequate 𝑉𝑉𝑇𝑇 [5]. However, the delivered 𝑉𝑉𝑇𝑇 is
rarelymeasured, and therefore airway pressure is not adjusted
accordingly [4, 5]. A low 𝑉𝑉𝑇𝑇 may be insufficient to achieve
adequate gas exchange and may cause hypercapnia and
atelectotrauma, whereas excessive𝑉𝑉𝑇𝑇 may cause hypocapnia
and volutrauma [6]. Both low and excessive𝑉𝑉𝑇𝑇 delivery pro-
mote release of in�ammatory mediators, which contribute
to bronchopulmonary dysplasia (BPD) [44, 45]. In addition,
clinicians struggle to achieve a balance between aerating the
distal gas exchange units (alveoli) without overdistending the
lung causing damage [6]. An animal study demonstrated that
a few largemanual in�ations can damage the lungs [46]. Tidal
volumes similar to this study have been reported duringmask
PPV of preterm infants [4, 5]. In addition, several animal
studies demonstrated that PPV with high 𝑉𝑉𝑇𝑇s contributes
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to lung injury [45, 47]. Using a lung simulator Kattwinkel
et al. demonstrated that operator adjusted to compliance
changes faster when 𝑉𝑉𝑇𝑇 was displayed compared to pressure
[48, 49]. A recent randomized control trial compared 𝑉𝑉𝑇𝑇
guidance with clinical assessment during mask PPV in the
DR in infants <32 weeks of gestation [29]. Mask leak was
signi�cantly decreased in the RFM visible group� however
𝑉𝑉𝑇𝑇 was similar in both groups [29]. Promisingly, the infants
in the RFM visible group received less high 𝑉𝑉𝑇𝑇 (>8mL/kg)
delivery compared to the masked group [29], which have
been shown to contribute to lung injury [45, 50].

3.�. Sustained In�ation. In preterm infants a lung protective
strategy should be started at birth to support lung �uid clear-
ance and to establish FRC. Establishment of lung in�ation in
apneic newborn infants can be achievedwith either shorter or
longer in�ation times [16]. In an experimental non-breathing
rabbit model of neonatal resuscitation, a prolonged sustained
in�ation (SI) of 20 s coupled with PEEP resulted in a rapid
increase in FRC as did PEEP alone when compared to PPV
with or without PEEP [51]. Evidence in preterm infants
comes from observational and randomized studies [7–9, 52].
Lindner et al. introduced a series of interventions in the DR
that included giving a 15 s SI [8]. ey observed a dramatic
reduction in DR intubation rate from 84% to 40%, and the
proportion of preterm infants never intubated during their
admission at their institution increased from 7% to 25%
[8]. Similarly, Lista et al. compared an initial 15-second SI
in addition to PPV to control infants who did not receive
SI [7]. ey reported a reduction in surfactant (45% versus
61%) mechanical ventilation (51% versus 75%) and postnatal
steroid (10% versus 25%) use. In addition, infants surviving
without BPD increased from 7% to 25%, and mean duration
of mechanical ventilation (5 versus 11 days) and oxygen
therapy (21 versus 31 days) among infants <29 weeks was
reduced [7]. Lindner et al. randomized 61 infants <29 weeks
to receive a 15 second SI and PPV or PPV alone through a
single nasal prong in the DR [8]. Although no difference in
mortality, severe intraventricular hemorrhage, or BPD was
observed, 30% to 40% of preterm infants were not intubated
ormechanically ventilated within the �rst 48 hours a�er birth
[8]. Harling et al. randomized 52 preterm infants to an initial
5-second SI and PPV compared to PPV alone and did not
�nd a difference in cytokines measured in bronchoalveolar
lavage �uid [52]. Te Pas andWalther randomized 207 preterm
infants <33 weeks to an initial 10-second SI followed by
nasal CPAP compared tomask PPVwithout PEEP [9]. Lower
intubation rates in theDR (17% versus 36%), shorter duration
of ventilatory support, and BPD (22% versus 34%) were
observed in the infants randomized to SI/CPAP compared
to those receiving mask PPV without PEEP [9]. Although
these studies suggest that SI has the potential to reduce
BPD, the results have to be interpreted with caution. Cohort
studies are subject to confounders and can at best suggest an
association between the use of an SI and improved outcomes.
For example, infants in Te Pas and Walther’s study were on
average 500 g heavier compared to those in Lindner et al.’s
study [8, 9]. Both Lindner et al.’s and Te Pas and Walther’s
studies reportedmore than oneDR care change, with SI being

just one element among [8, 9]. In addition, the randomized
studies were not adequately powered to detect differences in
important clinical outcomes [8, 9, 52]. Consequently, it is not
possible to determine how many, if any, of the differences
observed between the groups were related to the use of SI.
Large randomized controlled studies of SI in preterm infants
are urgently needed.

3.9. Continuous Positive Airway Pressure or Intubation.
Observational studies have reported an association between
decreased rates of BPD and increased use of early CPAP
[53–56]. Avery et al. compared BPD rates in eight NICUs
with one center having a signi�cant lower BPD rate with
much greater use of CPAP compared to the other centers
[53]. Van Marter et al. reported that rates of BPD differed
substantially between Columbia and Boston centers (4%
versus 22%) [54]. Initial respiratory management was more
likely to include mechanical ventilation (75% versus 29%)
and surfactant (10% versus 45%) at Boston centers compared
to Columbia, respectively [54]. A retrospective analysis of
261 preterm infants compared intubation and ventilation at
birth with CPAP and reported lower mortality and rates of
surfactant administration, BPD, or intraventricular hemor-
rhage in infants receiving CPAP [55]. Surprisingly, patent
ductus arteriosus wasmore common among infants receiving
CPAP [55]. Two randomized trials compared PEEP/CPAP
with no PEEP in the DR [15, 21]. In a feasibility study Finer
et al. randomized 104 extremely low birth weight infants
to receive CPAP/PEEP or no CPAP/PEEP in the DR. e
aim of the study was to sue CPAP/PEEP to avoid routine
endotracheal intubation and to explore the CPAP or PEEP in
the DR. Although no differences in rates of intubation, death,
and BPD were reported, the use of CPAP/PEEP as initial
respiratory management was feasible [15]. Dawson et al.
randomized infants<29weeks’ gestation and reported no dif-
ference in oxygen saturation or heart rate at 5min, mortality,
rate of intubation, or BPD [21]. Two large trials randomized
1926 infants between 24 and 29 weeks of gestation to receive
CPAP or endotracheal intubation at birth [12, 13].e COIN
trial reported fewer days of ventilation and reduction of
surfactant use in infants receiving CPAP than those in infants
endotracheally intubated at birth [13]. Worryingly, infants
in the CPAP group had a signi�cantly higher incidence of
pneumothorax [13]. e SUPPORT trial randomized 1316
infants to receive CPAP or intubation and surfactant. Infants
in the CPAP group had lower rates of postnatal steroids and
had fewer days of mechanical ventilation than those in the
latter group. However mortality and BPD rates were similar
between groups in both trials [12]. Nonetheless, the results
suggest that respiratory support in the DR should be started
with CPAP before intubation and surfactant are considered.

3.10. Surfactant Administration. Surfactant de�ciency is a
contributing factor in the development of respiratory distress
syndrome (RDS) and has become the standard of care for the
treatment of RDS. Systematic reviews from randomized trials
15 years ago showed that prophylactic surfactant administra-
tion reduced mortality and initial inspired oxygen require-
ment for intubated infants <30 weeks’ gestation or with birth
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weight less than 1250 g [57]. is led many to advocate
routine intubation and surfactant administration for infants
at risk of RDS [58–60]. However, the care of very immature
babies has changed considerably over the last decade, and
early CPAP has become an accepted alternative to endotra-
cheal intubation and surfactant treatment [12, 13, 61–65]. In
a retrospective cohort study, selective intubation of ELBW
infants resulted in a signi�cantly reduced need for intubation,
lower incidence of BPD, intraventricular hemorrhage, and
decreased length of hospital stay as compared to routine
intubation [8]. A recent Cochrane review summarized that
early stabilization on CPAP with selective surfactant admin-
istration compared to prophylactic surfactant administra-
tion and mechanical ventilation lowers the risk of BPD or
death [66]. Verder et al. described his “INSURE” technique
“Intubation-Surfactant-Extubation” which aimed to intubate
infants only for surfactant delivery while on nasal CPAP [61].
In a multicenter randomized trial the INSURE technique
reduces the need for mechanical ventilation; however no
difference in important long-term outcomes (e.g., BPD) was
reported [61]. e major criticism of the INSURE technique
was the necessity of analgesia and naloxone to reverse the
potential respiratory depression because of opioids. Various
techniques of minimally invasive surfactant therapy have
been described. Kribs et al. described surfactant delivery in
spontaneous breathing infants on CPAP [63]. Using a �exible
feeding tube positioned in the trachea with Magill’s forceps
surfactant is delivered [63]. Compared to historical controls
the rates of mortality, severe intraventricular hemorrhage,
and pulmonary interstitial emphysema were signi�cantly
reduced [63]. Two further observational cohort studies by
Kribs et al. showed similar results [64, 65]. In both studies
the rates of mechanical ventilation, BPD, and death were
signi�cantly lower compared to infants receiving intubation
and mechanical ventilation [64, 65]. A recent multicenter
randomized control trial using the Kribs technique reported
a decrease in need for mechanical ventilation in the group
who received surfactant while one CPAP [67]. However,
no differences in mortality, BPD or other serious adverse
events were observed. Alternative Dargaville et al. described
“e Hobart Method” were surfactant is in stilled using a
16 gauge vascular catheter. With this technique the catheter
is inserted through the vocal cords and surfactant instilled
[68]. e catheter is then immediately withdrawn and CPAP
reinstituted. A recent observational study by Dargaville et al.
reported a reduction in need for intubation <72 h in infants
receiving minimally invasive surfactant therapy compared
with controls [69]. Although infants receiving minimally
invasive surfactant therapy had shorter duration of oxygen
therapy, duration of ventilation and incidence of BPD were
similar [69]. Currently a large RCT using “e Hobart
Method” is underway.

4. Conclusion
Ideally, a lung-protective strategy should start immediately
aer birth. At birth, the lungs of very preterm infants
are uniquely susceptible to injury because they are struc-
turally immature, surfactant-de�cient, �uid-�lled, and not

supported by a stiff chest wall. To facilitate early develop-
ment of functional residual capacity, reduce atelecto- and
volutrauma, and improve oxygenation, variousmethods have
been advocated. However, randomized control trials are
urgently needed to investigate short- and intermediate-term
outcomes.
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In this work, we evaluate the lung retinoids content to study the possible difference between male and female mice during prenatal
development and to comprehend if the vitaminAmetabolism is similar in both genders.e study occurred between developmental
days E15 and E19, and the retinol and retinyl palmitate lung contents were determined by HPLC analysis. We established two main
groups: the control, consisting of foetuses obtained from pregnant females without any manipulation, and vitamin A, composed
of foetuses from pregnant females submitted to vitamin A administration on developmental day E14. Each of these groups was
subdivided by gender, establishing the four �nal groups. In the lung of control group, retinol was undetected in both genders and
retinyl palmitate levels exhibited a sexual dimorphism. In the vitamin A group, we detected retinol and retinyl palmitate in both
genders, and we observed a more evident sexual dimorphism for both retinoids. Our study also indicates that, from developmental
day E15 to E19, there is an increase in the retinoids content in foetal lung and a gender difference in the retinoids metabolism. In
conclusion, there is a sexual dimorphism in the lung retinoids content and in its metabolism during mice development.

1. Introduction

Vitamin A has been regarded as a major contributor in the
differentiation and maturation of the lung [1–3], and there is
no doubt that retinoids, especially retinoic acid, are essential
for the lung development [4].

Until now, little is known about the acquisition and use
of stored retinoids, but functionally they are involved in lung
differentiation and maturation [2, 3], surfactant production
[5, 6], inducing the formation of alveolar septa [7–9], cell
differentiation [1, 2, 10, 11], elastin synthesis and deposition
[12–17], homeostasis and lung repair [18, 19], and alveolar
regeneration capacity [20, 21].

Some studies showed the potential usefulness of retinoids
in reducing the incidence of bronchopulmonary dysplasia
(BPD) in newborns, because indirectly retinoic acid is able
to inhibit the effect of glucocorticoids that are oen used to
treat this pathology [22, 23]. e administration of vitamin
A to premature newborns with low birth weight subjected
to mechanical ventilation promotes the regeneration of lung

injury by reducing the morbidity associated with BPD [22,
23]. Administration of a vitamin A supplement 48 hours aer
birth signi�cantly reduced the mortality of newborns during
the �rst 3-4 months of life, and the greatest bene�t occurs
in children with low birth weight birth [24]. Kennedy and
collaborators treated premature infants with vitamin A and
observed a reduction in the incidence of bronchopulmonary
diseases and a reduction in the mortality [25]. Retinoids
also restricted in�ammation by reducing the cell death and
extracellular matrix degradation [26, 27].

During foetal development, lung accumulates retinoids,
in particular retinol and retinyl esters [16, 28], but the bio-
logically active molecule is retinoic acid (RA) [2, 3]. In fact,
the retinoic acid de�ciency during pregnancy causes severe
defects in lung development, including lung hypoplasia and
agenesis [29–31].

RA is generated by a series of oxidative reactions that
convert retinol to retinaldehyde and ultimately to the active
form retinoid acid [32].e pleiotropic effects of retinoic acid
are due to the variety of RA isoforms, polymorphism of the
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receptors RAR and RXR, and to the possibility that RXR have
to form heterodimers with other receptors [30, 32].

e retinoids metabolism and homeostasis is controlled
by dietetic availability, but also by an accurate mechanism
of absorption, transportation, and reserve mobilization [32–
34]. About 75% to 95% of retinoids are in the liver stellate
or Ito cells, but it can also be deposited in other organs such
as kidney, intestine, lung, and eye, although in the adult this
storage isminimal when compared to the total quantity in the
liver [33].

In the plasma, retinol circulates bounded to a com-
plex formed by two proteins, retinol binding protein
(RBP) and transthyretin (TTR) [35, 36]. Inside the cell
retinol is complexed with the cellular retinol binding pro-
tein—CRBP—type I or type II, and free retinol is almost
undetectable [37]. e complexed retinol can have different
targets, that is, transformed into AR; excreted to the extracel-
lular medium, if there is no immediate need for retinoids; or
accumulated in the form of retinyl esters [33, 34].

e lung cells that store retinol are similar to the liver
Ito cells [38], but in the developing lung, these cells are the
lipid-containing interstitial cells (LICs) [16, 39]. e LICs
are present during alveogenesis [15, 40], period in which
the number of this cells increased [26], and are the main
producers of tropoelastin [15], which under the action of
RA increase the synthesis and deposition of this protein
[16].

In the embryonic stage of lung development, there is
abundant synthesis and use of the RA by the primitive
foregut, which demonstrates their direct involvement in the
lung primordial bud formation [29, 41–43].

During the branching morphogenesis, retinoic acid
signal remains low and the levels of enzyme RALDH-2 are
locally controlled, being concentrated in the regions with less
branching activity [43]. With the beginning of lateral buds,
a RA proximal-distal gradient is established, with lower
concentration in the distal mesenchyme near the sites of
prospective budding [43]. e mesenchyme inactivation of
retinoic acid signal allows the expression of FGF-10, which is
the major responsible in the branching process [44, 45]. e
inhibitory effect of RA on FGF-10 involves other molecules
present in the epithelium and mesenchyme. RA activates
the SHH protein, which inhibits the expression of Fgf-10 via
PTCH pathway [44] or control the TGF-𝛽𝛽 activity, which
acts in the local expression of FGF-10 [45].

At the alveolar stage, retinoic acid is functionally involved
in several processes, already mentioned above, and during
this stage we can observe an increase in expression of retinoic
acid m-RNA, RARs receptors, and CBRP protein, which
is consistent with the hypothesis that the endogenous RA
contributes to the pulmonary development [2, 14, 15, 19].

Considering that retinoids are important in the lung
morphogenesis mechanism and pulmonary function, that
male children have a higher risk of neonatal deathwhen com-
pared to female children, and that the majority of diseases
in neonatal life occur in the respiratory system, we thought
it is pertinent and important to study possible existence of
a sexual dimorphism in the lung retinoids content during
prenatal life.

2. Material andMethods

2.1. Experimental Model. In our experimental model, adult
(60–70 days) male and female CD1 mice from “Charles River
Laboratories-Research Models and Services,” were housed
in the usual conditions, that is, 21∘C temperature, 8/12
hours light/dark cycle, standard pellets, and water ad libitum.
Mating was carried out under polygamous conditions, and
in each male compartment we placed 3 females for a period
of 16 hours. Developmental day 1 was determined based on
the presence of a sperm plug and pregnancy was monitored
(birth occurred between developmental days 19 and 20).

All procedures involving animals were approved by the
scienti�c committee, supervised by a Federation of European
Laboratory Animal Science Association- (FELASA-) trained
scientist, and conformed to regulation of Portuguese law
(Portaria 1005/92) based on European Union Laboratory
Animal Experimentation Regulations.

We establish two main groups, control and the vitamin A
foetus that were subdivided according to the gender, making
a total of four experimental groups and a total of 600 foetus.
e pregnant mice from group vitamin A were submitted to
an injection of 150 𝜇𝜇L of Aerovit (45000UI) on the day E14
and no manipulation was made in the control pregnant mice.

e euthanasia of pregnant mice was performed with
an intramuscular injection ketamine/xylazine solution, at a
dose of 0.05mg/g body weight. Aer sternotomy, 0.3mL of
a sodium heparin solution at a concentration of 5000UI/mL
was injected by an intracardiac catheter. Aer the spread of
anticoagulant into the general circulation of the mother, we
collected the foetuses by Caesarean section and immediately
placed in a saline solution.

e lung samples were collected from developmental
day E15 to day E19, and frozen at −80∘C, until the high
liquid pressure chromatography (HPLC) analysis was made,
to quantify the retinol and retinyl palmitate levels.

e foetal sex was determined by light microscopy obser-
vation of the developmental gonads.

According to the developmental day, the number of lung
samples was different due to the lung size difference, but the
total mass of lung was similar in all developmental days and
always obtained from at least four different litters.

All results were analysed with the program Statview 5.0,
using the student 𝑡𝑡-test (paired) to compared groups, with a
statistically signi�cant value of 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃𝑃.

2.2. High-Performance Liquid Chromatography (HPLC)

2.2.1. Equipment. Lung retinol and retinyl palmitate were
determined by HPLC, using a programmable liquid chro-
matographic system “Gilson, Unipoint, V1.9 system so-
ware.” e UV/Vis detector was a Gilson, 151 equipment and
the readings were done with a wavelength of 325 nm andwith
sensibility adjusted for 0.002 aufs. e HPLC column was
a reversed-phase “Waters-Spherisorb, ODS2” stainless steel
column (25 cm × 4.6mm I.D.) from Waters associated, Inc.,
Milford, MA, USA.

In our system, 100% methanol was used as the mobile
phase to separate retinol, retinyl palmitate, and retinyl acetate
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(added to the sample as an internal standard). e �ow rate
was always 2.5mL/min and the system was adjusted to elute
retinol at 1.8min and retinyl palmitate at 11min.

2.2.2. Sample Extraction Method. 750 𝜇𝜇L of the internal
standard solution (2.5 𝜇𝜇g/mL retinyl acetate, spiked with
1𝜇𝜇g/mL retinol and 4.5 𝜇𝜇g/mL retinyl palmitate) and 3mL of
chloroform/methanol solution (2 : 1), containing 50𝜇𝜇g/mL
of butylated hydroxy-toluene were added to the initial lung
samples. Aer complete homogenization, the samples were
centrifuged for 10min (2000 g) to separate the layers.e top
layer was removed and the residue was preserve at −20∘C for
total protein quanti�cation. To 2mL of the top layer we added
400 𝜇𝜇L of potassium chloride (0.37% p/v) and centrifuged for
5min (2000 g). e upper part was neglected and the lower
layer was totally evaporated under an argon �ow. e residue
was dissolved in 1mL chloroform/methanol solution (1 : 1),
and aer �ltered (0.2 𝜇𝜇m) was prepared for chromatographic
analysis.

2.2.3. �otal �rotein ��anti�cation. All these procedures were
made using the protein kit, based on the Lowry’s reaction,
and also used to establish the calibration curve, with the �nal
protein concentrations of 50, 100, 200, 300, and 400𝜇𝜇g/mL.

To begin, we diluted our sample in 1mL distilled water,
homogenized, and added 0.1mL of sodium deoxycholate
(0.15%) for 10min. Aer that, 0.1mL of trichloroacetic
acid (70% p/v) were added and centrifuged for 8min
(10000 rpm).e supernatant was neglected and the “pellets”
were dissolved in 0.1mL of Lowry reagent for 20min and
then added Folin & Fenol Ciocalteu to give colour to the
samples (30min). All these procedures were done at room
temperature.

e absorbance was determined using the spectropho-
tometer, in a wavelength of 750 nm, and using the calibration
curve established in the beginning of this methodology.

2.3. Chemicals. All solvents used have high purity and were
acquired from Sigma, Analar and Panreac.e retinol, retinyl
palmitate, and retinyl acetate were acquired from Sigma and
their reference were, respectively, R7632, R3375, and R4632.

e Micro-Lowry Peterson’s kit used was acquired from
Sigma P5656.

3. Results

During the �ve developmental days studied (E15 to E19),
retinol was not detected in the lungs of males and females of
the control group.

On the contrary, in female and male foetuses of the
vitamin A group, retinol was quanti�ed, and variations were
observed throughout the developmental (Figure 1). We only
detected lung retinol in females on developmental days E16,
E17, and E19, whose values were 0.315 ng, 0.117 ng, and
0.684 ng, respectively. In the males, retinol was detected in
all developmental days, observing that in the three initial
days the values gradually increase, that is, 0.042 ng on day
E15, 0.115 ng on day E16, and 0.188 ng on day E17. On day
E18 values dropped to 0.082 ng, and increased on day E19
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F 1: Lung retinol in the male and female foetuses of vitamin
A group (ng/𝜇𝜇g protein), from developmental days E15 to E19 (all
SD values were ≤0.007 and SE ≤ 0.002; ∗𝑃𝑃 𝑃 0.000𝑃 statistically
signi�cant).

to 0.273 ng (Figure 1). Both genders had the highest retinol
value on developmental day E19 (Figure 1).

e comparative study between males and females of
vitamin A group showed statistically signi�cant (𝑃𝑃 𝑃 0.000𝑃)
differences in all developmental days (Figure 1). On devel-
opmental days E16 and E19, females had more retinol than
males, but on the remaining three days, males showed a
higher value than females (Figure 1).

From developmental days E15 to E19, retinyl palmitate
was detected in the lungs of males and females of control
group (Figure 2). Females retinyl palmitate values were
0.220 ng on day E15, 0.212 ng on day E16, increasing to
0.449 ng on E17. In the following days, retinyl palmitate value
decreased to 0.430 ng on day E18 and to 0.359 ng on day E19.
In the �rst three developmental days the male’s retinyl palmi-
tate values were always lower than females, with 0.167 ng on
day E15, 0.126 ng on day E16, and 0.334 ng on day E17. On
day E18 retinyl palmitate decreased to 0.266 ng and increased
to 0.366 ng on day E19 (Figure 2). e highest retinyl
palmitate value in the male foetuses was observed on devel-
opmental day E19 and in the female on day E17 (Figure 2).

e comparative study between male and female foetuses
of control group evidence that from day E15 to E18, males
had lower levels of retinyl palmitate than females, and that
these differences were statistically signi�cant (𝑃𝑃 𝑃 0.000𝑃)
(Figure 2). On day E19 both genders had very similar retinyl
palmitate content (Figure 2).

In the vitamin A group, we quantify retinyl palmitate
between the developmental days E15 to E19 in both genders
(Figure 3). In the females, values were 0.320 ng retinyl
palmitate on day E15, 0.414 ng on day E16, decreasing to
0.377 ng on day E17. In the next day (E18) the value increased
to 0.639 ng and decreased to 0.549 ng on day E19. For the
male’s foetuses, retinyl palmitate values were 0.154 ng on day
E15, 0.386 ng on day E16 and 0.287 ng on day E17. On the
following days, E18 and E19, the values increased to 0.507 ng



4 Critical Care Research and Practice

0.1

0.2

0.3

0.4

0.5

E15 E16 E17 E18 E19

Female

Male

∗ ∗

∗ ∗

F 2: Lung retinyl palmitate in the male and female foetuses of
control group (ng/𝜇𝜇g protein), from developmental days E15 to E19
(all SD values were ≤0.003 and SE = 0.001; ∗𝑃𝑃 𝑃 0.0001 statistically
signi�cant).
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F 3: Lung retinyl palmitate in the male and female foetuses
of vitamin A group (ng/𝜇𝜇g protein), from developmental days E15
to E19 (all SD values were ≤0.003 and SE = 0.001; ∗𝑃𝑃 𝑃 0.0001
statistically signi�cant).

and 0.753 ng, respectively (Figure 3). e highest retinyl
palmitate value in the male foetuses was observed on devel-
opmental day E19 and in the females on day E18 (Figure 3).

In the comparative analysis between male and female
foetuses of vitamin A group we observed that from devel-
opmental day E15 to E18, males had less retinyl palmitate
than females (Figure 3). On day E19, male foetuses presented
more retinyl palmitate than females. All these differences
were statistically signi�cant (𝑃𝑃 𝑃 0.0001) (Figure 3).

When we compare the lung retinyl palmitate content
between the control females and vitamin A females, we
observed that on developmental days E15, E16, E18, and E19,
control females have lower levels of retinyl palmitate, and that
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F 4: Lung retinyl palmitate in the female of control (Fc) and
vitamin A (Fa) groups (ng/𝜇𝜇g protein), from developmental days
E15 to E19 (∗𝑃𝑃 𝑃 0.0001 statistically signi�cant).
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F 5: Lung retinyl palmitate in the male of control (Mc) and
vitamin A (Ma) groups (ng/𝜇𝜇g protein), from developmental days
E15 to E19 (∗𝑃𝑃 𝑃 0.0001 statistically signi�cant).

all these differences were statistically signi�cant (𝑃𝑃 𝑃 0.0001)
(Figure 4).

OndayE17, control females foetuses showedhigher levels
of retinyl palmitate, but this difference was not statistically
signi�cant (Figure 4).

e comparative analysis between males of control and
vitamin A groups, evidence that on days E16, E18 and E19
the retinyl palmitate lung content was lower in the control
group. On day E15 the retinyl palmitate value was very
similar for both groups, but on day E17, the male foetuses of
the control group had more retinyl palmitate (Figure 5).

e differences observed between groups were statisti-
cally signi�cant on developmental days E16, E17, E18, and
E19 (𝑃𝑃 𝑃 0.0001) (Figure 5).
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4. Discussion

In this work, retinol was not detected in the lung of male
and female foetuses of control group, between developmental
days E15 to E19. e results do not allow us to consider the
complete absence of lung retinol, because it could be present
in such a small amount that our methodology could not
quantify.

Vitamin A group had lung retinol during the devel-
opmental days studied, but some content variations were
observed according to foetal gender. Male foetuses accumu-
lated retinol during all developmental days, while females
only stored on developmental days E16, E17, and E19. e
lung retinol amount in the male suffered fewer oscillations
than female’s, and with the exception of day E17, male
accumulate retinol throughout developmental. e higher
retinol valuewas observed onday E19 for both genders.ese
results evidence a gender difference throughout the studied
days, which can be understood as a sexual dimorphism,more
evident on developmental day E19, where females showed
more than twice the value of males.

We also observed that during the developmental days E15
to E19, the retinol metabolism was different for each gender.
e ability to metabolize and store retinol was not equal for
both sexes, as well as the retinol quantity stored.

In the lungs of the control group, retinyl palmitate
was quanti�ed in both genders, with variations throughout
developmental according with the foetal gender. Results
showed that between developmental days E15 to E18, the
variations in the retinyl palmitate content were similar in
both gender, however, retinyl palmitate levels were very
different between the two genders. From developmental days
E15 to E18, females had more retinyl palmitate than males,
but on day E19, this values became equivalent. e retinyl
palmitate peak was on day E19 for males and on day E17
for females. We can conclude that during days E15 to E18,
control group exhibit a sexual dimorphism, and that females
have greater capacity to accumulate retinyl palmitate in the
lung.

In the vitamin A group, retinyl palmitate was quanti�ed,
and variations throughout developmental were observed in
accordance with the foetal gender. Although both genders
have different retinyl palmitate lung content, we observed
similar variations from developmental days E15 to E18.
Females have higher retinyl palmitate levels than males, from
days E15 to E18, and on day E19, the gender differences
remained, but with male’s displaying higher values when
compared with females.

With these results we can conclude that the vitamin A
group also exhibits a sexual dimorphism, that is more evident
and occurs during all developmental days studied. is
accentuated dimorphism probably results from the gender
different capacity to metabolize lung retinoids.

Our results also showed that between developmental days
E15 to E18, females of control and vitaminAgroups, accumu-
late more retinyl palmitate than males from their respective
groups. On day E19, control and vitaminA females decreased
the level of lung retinyl palmitate, whereas the males from
control and vitamin A groups increased this value. ese

data clearly demonstrate that female and male have different
retinoids metabolism and that female are capable of accumu-
lating more retinoids in the lung when compared with male.

Finally, our study also showed that from developmental
days E15 to E19, there is a trend to increase the retinoids
concentration in the foetal lung mice. Other studies with
foetal lung rat, detected retinyl esters on the developmental
day E14, and aer day E15, their concentration increased
rapidly, reaching a peak value around day E18, followed by a
decline to reach the lowest value on the �rst days of postnatal
life [14, 15, 39].

5. Conclusions

Understanding the lung morphogenesis and knowledge of
lung structural differentiation process and action of certain
factors during prenatal life, are of extreme importance to the
lung, an organ that completes its structural and functional
maturation in the postnatal life.

Several studies have shown that retinoids are important
in the lung morphogenesis mechanism and in the expression
of a number of components that are essential to the structure
and pulmonary function.

Our study showed the existence of a sexual dimorphism
in the lung retinoids contents during prenatal life in themice.
We observed that the administration of vitamin A during
the developmental development, emphasize the differences
between genders, fact that could be explained by the different
ability to metabolize retinoids presented by the male and
female foetuses.

Con�ic� of �n�eres�s

e authors declare that they do not have any con�ict of in-
terests in the submitted manuscript.

References

[1] H. K. Biesalski and D. Nohr, “Importance of vitamin-A for lung
function and development,” Molecular Aspects of Medicine, vol.
24, no. 6, pp. 431–440, 2003.

[2] F. Chytil, “e lungs and vitamin A,” American Journal of
Physiology, vol. 262, no. 5, pp. L517–L527, 1992.

[3] F. Chytil, “Retinoids in lung development,” e FASEB Journal,
vol. 10, no. 9, pp. 986–992, 1996.

[4] M. L. Pinto, P. Rodrigues, A. Honório, C. Gonçalves, and
V. Bairos, “Vitamin A and lung development,” in Vitamin A:
Nutrition, Side Effects and Supplements, L. P. Scott, Ed., pp.
1–46, Nova Science, 2010.

[5] C. Fraslon and J. R. Bourbon, “Retinoids control surfactant
phospholipid biosynthesis in fetal rat lung,” American Journal
of Physiology, vol. 266, no. 6, pp. L705–L712, 1994.

[6] M. D. Metzler and J. M. Snyder, “Retinoic acid differentially
regulates expression of surfactant-associated proteins in human
fetal lung,” Endocrinology, vol. 133, no. 5, pp. 1990–1998, 1993.

[7] G. D. Massaro and D. Massaro, “Postnatal treatment with re-
tinoic acid increases the number of pulmonary alveoli in rats,”
American Journal of Physiology, vol. 270, no. 2, pp. L305–L310,
1996.



6 Critical Care Research and Practice

[8] G. D. Massaro and D. Massaro, “Retinoic acid treatment part-
ially rescues failed septation in rats and in mice,” American
Journal of Physiology, vol. 278, no. 5, pp. L955–L960, 2000.

[9] G. D. C. Massaro, D. Massaro, W. Y. Chan et al., “Retinoic acid
receptor-𝛽𝛽: an endogenous inhibitor of the perinatal formation
of pulmonary alveoli,” Physiological Genomics, vol. 4, no. 1, pp.
51–57, 2000.

[10] R. H. Costa, V. V. Kalinichenko, and L. Lim, “Transcription
factors in mouse lung development and function,” American
Journal Respiratory Cell Molecular Biology, vol. 280, no. 5, pp.
L823–L838, 2001.

[11] C. Wongtrakool, S. Malpel, J. Gorenstein et al., “Down-regu-
lation of retinoic acid receptor 𝛼𝛼 signaling is required for sac-
culation and type I cell formation in the developing lung,” Jour-
nal of Biological Chemistry, vol. 278, no. 47, pp. 46911–46918,
2003.

[12] R. Liu, C. S. Harvey, and S. E. McGowan, “Retinoic acid
increases elastin in neonatal rat lung �broblast cultures,” Amer-
ican Journal of Physiology, vol. 265, no. 5, pp. L430–L437, 1993.

[13] G. D. Massaro and D. Massaro, “Formation of pulmonary alve-
oli and gas-exchange surface area: quantitation and regulation,”
Annual Review of Physiology, vol. 58, pp. 73–92, 1996.

[14] S. E. McGowan, C. S. Harvey, and S. K. Jackson, “Retinoids,
retinoic acid receptors, and cytoplasmic retinoid binding pro-
teins in perinatal rat lung �broblasts,” American Journal of
Physiology, vol. 269, no. 4, pp. L463–L472, 1995.

[15] S. E. McGowan and J. S. Torday, “e pulmonary lipo�broblast
(lipid interstitial cell) and its contributions to alveolar develop-
ment,” Annual Review of Physiology, vol. 59, pp. 43–62, 1997.

[16] S. E. McGowan, M. M. Doro, and S. K. Jackson, “Endogenous
retinoids increase perinatal elastin gene expression in rat lung
�broblasts and fetal explants,” American Journal of Physiology,
vol. 273, no. 2, pp. L410–L416, 1997.

[17] S. McGowan, S. K. Jackson, M. Jenkins-Moore, H. H. Dai, P.
Chambon, and J. M. Snyder, “Mice bearing deletions of retinoic
acid receptors demonstrate reduced lung elastin and alveolar
numbers,” American Journal of Respiratory Cell and Molecular
Biology, vol. 23, no. 2, pp. 162–167, 2000.

[18] W. Shi, F. Chen, and W. V. Cardoso, “Mechanisms of lung
development: contribution to adult lung disease and relevance
to chronic obstructive pulmonary disease,” Proceedings of the
American oracic Society, vol. 6, no. 7, pp. 558–563, 2009.

[19] J. S. Torday and V. K. Rehan, “Does “A” stand for alveolization?”
European Respiratory Journal, vol. 23, no. 1, pp. 3–4, 2004.

[20] M. Hind and M. Maden, “Retinoic acid induces alveolar
regeneration in the adult mouse lung,” European Respiratory
Journal, vol. 23, no. 1, pp. 20–27, 2004.

[21] M. Maden, “Retinoids have differing efficacies on alveolar
regeneration in a dexamethasone-treated mouse,” American
Journal of Respiratory Cell and Molecular Biology, vol. 35, no.
2, pp. 260–267, 2006.

[22] J. P. Shenai, K. A. Kennedy, F. Chytil, and M. T. Stahlman,
“Clinical trial of vitamin A supplementation in infants suscep-
tible to bronchopulmonary dysplasia,” Journal of Pediatrics, vol.
111, no. 2, pp. 269–277, 1987.

[23] J. P. Shenai, M. G. Rush, M. T. Stahlman, and F. Chytil, “Plasma
retinol-binding protein response to vitamin A administration
in infants susceptible to bronchopulmonary dysplasia,” Journal
of Pediatrics, vol. 116, no. 4, pp. 607–614, 1990.

[24] L. Rahmathullah, J. M. Tielsch, R. D.ulasiraj et al., “Impact of
supplementing newborn infants with vitamin A on early infant

mortality: community based randomised trial in southern
India,” BMJ, vol. 327, no. 7409, pp. 254–257, 2003.

[25] K. A. Kennedy, B. J. Stoll, R. A. Ehrenkranz et al., “Vitamin A to
prevent bronchopulmonary dysplasia in very-low-birth-weight
infants: has the dose been too low?” Early HumanDevelopment,
vol. 49, no. 1, pp. 19–31, 1997.

[26] M. C. Bruce, C. E. Honaker, and R. J. Cross, “Lung �broblasts
undergo apoptosis following alveolarization,” American Journal
of Respiratory Cell and Molecular Biology, vol. 20, no. 2, pp.
228–236, 1999.

[27] M. Nakajoh, T. Fukushima, T. Suzuki et al., “Retinoic acid
inhibits elastase-induced injury in human lung epithelial cell
lines,” American Journal of Respiratory Cell and Molecular Bio-
logy, vol. 28, no. 3, pp. 296–304, 2003.

[28] S. K. Geevarghese and F. Chytil, “Depletion of retinyl esters in
the lungs coincides with lung prenatal morphological matura-
tion,” Biochemical and Biophysical Research Communications,
vol. 200, no. 1, pp. 529–535, 1994.

[29] T. J. Desai, S. Malpel, G. R. Flentke, S. M. Smith, and W. V.
Cardoso, “Retinoic acid selectively regulates Fgf10 expression
and maintains cell identity in the prospective lung �eld of the
developing foregut,” Developmental Biology, vol. 273, no. 2, pp.
402–415, 2004.

[30] C. Mendelsohn, D. Lohnes, D. Décimo et al., “Function of the
retinoic acid receptors (RARs) during development. (II) Multi-
ple abnormalities at various stages of organogenesis in RAR
double mutants,” Development, vol. 120, no. 10, pp. 2749–2771,
1994.

[31] Z. Wang, P. Dollé, W. V. Cardoso, and K. Niederreither,
“Retinoic acid regulates morphogenesis and patterning of
posterior foregut derivatives,” Developmental Biology, vol. 297,
no. 2, pp. 433–445, 2006.

[32] P. Rodrigues, C. Gonçalves, and V. Bairos, “Metabolic pathways
and modulating effects of vitamin A,” Current Medicinal Chem-
istry: Immunology, Endocrine and Metabolic Agents, vol. 4, no.
2, pp. 119–142, 2004.

[33] R. Blomhoff, M. H. Green, T. Berg, and K. R. Norum, “Trans-
port and storage of vitamin A,” Science, vol. 250, no. 4979, pp.
399–404, 1990.

[34] D. S. Goodman, “VitaminA and retinoids in health and disease,”
e New England Journal of Medicine, vol. 310, no. 16, pp.
1023–1031, 1984.

[35] M. E. Newcomer and D. E. Ong, “Plasma retinol binding pro-
tein: structure and function of the prototypic lipocalin,” Bio-
chimica et Biophysica Acta, vol. 1482, no. 1-2, pp. 57–64, 2000.

[36] N. Noy, “Retinoid-binding proteins: mediators of retinoid
action,” Biochemical Journal, vol. 348, no. 3, pp. 481–495, 2000.

[37] J. L. Napoli, “Retinoic acid biosynthesis and metabolism,” e
FASEB Journal, vol. 10, no. 9, pp. 993–1001, 1996.

[38] T. Okabe, H. Yorifuji, E. Yamada, and F. Takaku, “Isolation and
characterization of vitamin-A-storing lung cells,” Experimental
Cell Research, vol. 154, no. 1, pp. 125–135, 1984.

[39] J. P. Shenai and F. Chytil, “Vitamin A storage in lungs during
perinatal development in the rat,” Biology of the Neonate, vol.
57, no. 2, pp. 126–132, 1990.

[40] H. J. Maksvytis, C. Vaccaro, and J. S. Brody, “Isolation and cha-
racterization of the lipid-containing interstitial cell from the
developing rat lung,” Laboratory Investigation, vol. 45, no. 3, pp.
248–259, 1981.

[41] W.V.Cardoso, “Lungmorphogenesis, role of growth factors and
transcription factors,” in e Lung Development, Aging and the



Critical Care Research and Practice 7

Environment, R. Harding, K. E. Pinkerton, and C. G. Plopper,
Eds., cap. 1, pp. 3–11, Elsevier, London, UK, 2004.

[42] T. J. Desai, F. Chen, J. Lü et al., “Distinct roles for retinoic
acid receptors alpha and beta in early lung morphogenesis,”
Developmental Biology, vol. 291, no. 1, pp. 12–24, 2006.

[43] S. Malpel, C. Mendelsohn, and W. V. Cardoso, “Regulation of
retinoic acid signaling during lung morphogenesis,” Develop-
ment, vol. 127, no. 14, pp. 3057–3067, 2000.

[44] S. Bellusci, J. Grindley, H. Emoto, N. Itoh, and B. L. M.
Hogan, “Fibroblast growth factor 10 (FGF10) and branching
morphogenesis in the embryonic mouse lung,” Development,
vol. 124, no. 23, pp. 4867–4878, 1997.

[45] F. Chen, T. J. Desai, J. Qian, K. Niederreither, J. Lü, and W. V.
Cardoso, “Inhibition of Tgf𝛽𝛽 signaling by endogenous retinoic
acid is essential for primary lung bud induction,” Development,
vol. 134, no. 16, pp. 2969–2979, 2007.



Hindawi Publishing Corporation
Critical Care Research and Practice
Volume 2013, Article ID 890987, 7 pages
http://dx.doi.org/10.1155/2013/890987

Review Article
Chorioamnionitis and Lung Injury in PretermNewborns

Gustavo Rocha

Division of Neonatology, Department of Pediatrics, São João Hospital, 4202-451 Porto, Portugal

Correspondence should be addressed to Gustavo Rocha; gusrocha@oninet.pt

Received 24 July 2012; Accepted 13 December 2012

Academic Editor: Manuel Sánchez Luna

Copyright © 2013 Gustavo Rocha. is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ere is a strong evidence that histologic chorioamnionitis is associated with a reduction of incidence and severity of respiratory
distress syndrome (RDS). Short-term maturational effects on the lungs of extremely premature infants seem to be, however,
accompanied by a greater susceptibility of the lung, eventually contributing to an increased risk of bronchopulmonary dysplasia
(BPD). Genetic susceptibility to BPD is an evolving area of research and several studies have directly related the risk of
BPD to genomic variants. ere is a substantial heterogeneity across the studies in the magnitude of the association between
chorioamnionitis and BPD, and whether or not the association is statistically signi�cant. Considerable variation is largely
dependent on differences of inclusion and exclusion criteria, as well as on clinical and histopathological de�nitions. e presence
of signi�cant publication bias may exaggerate the magnitude of the association. Controlling for publication bias may conduct to
adjusted results that are no longer signi�cant. Recent studies generally seem to con�rm the effect of chorioamnionitis on RDS
incidence, while no effect on BPD is seen. Recent data suggest susceptibility for subsequent asthma to be increased on long-term
followup. Additional research on this �eld is needed.

1. Introduction

Watterberg and colleagues [1] were the �rst to report, in 1996,
a decrease in the incidence of respiratory distress syndrome
(RDS), while the incidence of chronic lung injury, marked
by the presence of bronchopulmonary dysplasia (BPD), was
increased in preterm newborns with histological chorioam-
nionitis. is paradoxical effect of prenatal in�ammation on
pulmonary outcome has been referred to as the “Watterberg
effect.” Since then, the effects of antenatal in�ammation on
both short- and long-term pulmonary outcome have received
increasing attention, and many studies have been reported
over the last years.

Chorioamnionitis is the leading cause of very preterm
delivery and its incidence increases with decreasing gesta-
tional age [2–5].

BPD is one of the most frequent sequelae in very preterm
infants and results in increased healthcare costs, prolonged
hospital stays with frequent readmissions, and deleterious
effects on subsequent growth and neurodevelopment [6,
7]. BPD is mostly multifactorial and a complex view of
its pathogenesis (“multiple hits” hypothesis) has emerged,
which includes antenatal exposure to a proin�ammatory

environment together with various postnatal in�ammation-
triggering events such as mechanical ventilation, sepsis, and
patent ductus arteriosus [6, 8–10]. e “new” BPD results
from an arrest of alveolar development withminimal �brosis,
associated with preterm birth, and is different from the
“typical” BPD that follows severe RDS [6].

While the literature is consistent with the association
between histological chorioamnionitis and a decreased inci-
dence of RDS in the preterm newborn, many studies have
found no association between chorioamnionitis and BPD
[11, 12].

e purpose of this paper is to provide the actual
evidence on neonatal pulmonary outcome aer exposure to
intrauterine in�ammation.

2. Experimental Models of
In�ammatory Neonatal Lung Injury

Animal models of intrauterine in�ammation/infection pro-
vided evidence for altered lung development, with accel-
erated functional maturation and arrested alveolarization
and vascular development. ese models also demonstrated
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the central role of the developing immune system in the
pathogenesis of lung injury.

In the sheep model [9, 13], sterile chorioamnionitis
caused by a single injection of Escherichia coli lipopolysac-
charide stimulated pulmonary in�ammation with increased
expression of proin�ammatory mediators as cytokines,
chemokines,monocyte chemoattractant protein, recruitment
of polymorphonuclear cells and monocytes, maturation
of monocytes to alveolar macrophages, increased secre-
tion of surfactant proteins and phospholipids, and arrested
alveolar and microvascular development. is experimen-
tal model demonstrated both, a maturational response
with increased pulmonary compliance, as well as aberrant
structural changes on the developing lung. Injection of
Escherichia coli lipopolysaccharide into the amniotic �uid
of E15 BALB/cJ mice [14] increased the luminal volume
density of fetal mouse lungs at embryonic day (E) 17
and E18. Lipopolysaccharide also increased luminal vol-
ume and decreased distal lung branching in fetal mouse
lung explants. is effect required NF-kappaB activation
and functional Toll-Like receptor 4. Airway branching may
require �bronectin-dependent epithelial-mesenchymal inter-
actions, representing a potential target for innate immune
signaling. Anti�bronectin antibodies and lipopolysaccharide
both blocked distal lung branching. By immuno�uores-
cence, �bronectin localized to the cle�s between newly
formed airways but was restricted to peripheral mesenchy-
mal cells in lipopolysaccharide-exposed explants. ese data
suggest that lipopolysaccharide may alter the expression
pattern of mesenchymal �bronectin, potentially disrupting
epithelial-mesenchymal interactions and inhibiting distal
airway branching and alveolarization. is mechanism may
link innate immune signaling with defects in structural
development of the fetal lung.

Two studies [15, 16] on a bitransgenic mouse model
revealed that human cytokine-1 beta expression in the
saccular stage was sufficient to cause a BPD-like illness
in infant mice, whereas the lung was more resistant to
cytokine-1 beta induced injury at later developmental stages.
is is consistent with the clinical observation that extreme
prematures (23–27 weeks, early saccular stage) are at the
highest risk for in�ammation-mediated BPD,whereas infants
over 32 weeks (late saccular-alveolar stage) are at much lower
risk.

3. Experimental Models of
Ureaplasma Intrauterine Infection

e genital mycoplasmas Ureaplasma urealyticum and Ure-
aplasma parvum are the most common organisms isolated
in the amniotic �uid in women with preterm labor and
the rate of vertical transmission increases with the duration
of membrane rupture [17, 18]. Although the ascending
infection at or near the time of delivery has been pointed
as the most common route of infection, Ureaplasmas have
been detected in 13% of amniotic �uid samples at the
time of genetic amniocentesis, at 16–20 weeks gestation,
in asymptomatic women, indicating possible prolonged
subclinical infection [17]. ere is now considerable clinical

and experimental evidence that these organisms contribute
to chorioamnionitis, fetal in�ammatory response, preterm
birth, and neonatal morbidities including BPD, intraven-
tricular hemorrhage, and necrotizing enterocolitis [13, 17,
19–28]. Pathologic changes in Ureaplasma-infected lungs of
preterm infants are characterized by moderate-severe �bro-
sis, disordered elastin accumulation, myo�broblast accumu-
lation, and chronic in�ammation [29, 30].

Intrauterine Ureaplasma infection models in nonhuman
primates [22, 26, 31], sheep [13], andmice [32] closely mimic
the human exposure during early stages of lung development.
In all intrauterine models, Ureaplasma organisms estab-
lished a persistent infection in the intrauterine compartment,
indicating limited capacity to clear these organisms. e
�ndings of these studies suggest that Ureaplasma infection
causes an imbalance of proin�ammatory, pro�brotic, and
anti-in�ammatory, anti�brotic factors in the fetal lung that
may be augmented by postnatal exposure to hyperoxia and
mechanical ventilation.

Humans are the speci�c host forUreaplasma parvum and
Ureaplasma urealyticum, so the organisms may elicit a less
robust response in less related species. Alternatively, as shown
in the mouse model, acute in�ammation occurring during
the saccular stage but not other stages of lung development
results in arrested alveolarization, and airway remodelling
typical of human BPD.

4. Genetic Susceptibility

Several studies have directly related the risk of BPD to
genomic variants [33]. Polymorphisms of cytokines (IFN𝛾𝛾
T+874A), adhesion molecules (L-selectin-Prot213Ser), ele-
ments of rennin-angiotensin system (ACE-I/D), antioxidant
enzymes (GST-P1 Val105lle), and surfactant proteins (SPA1,
SPB intron4) have been identi�ed as risk factors for BPD.
Other studies investigated the role of genotype in BPD risk
factors. Premature birth has been linked to polymorphisms
with an impact on immune status (such as IL-6G−174C,MBL2
54G/A, VEGFG+405C, andHSP72A+1267G genes) andmatrix
metalloproteases. Fetal in�ammatory response syndrome,
a major determinant of BPD, is also affected by genotype
(including LT𝛼𝛼A+250G) [33].

In our pilot study [34], HLA-A∗68, -B∗51, and -Cw∗14
were the human major histocompatibility complex alle-
les associated with oxygen requirement at 36 weeks post-
menstrual age in preterm neonates less than 32 weeks
gestational age. e idea that an autoimmune process might
be involved in BPD pathogenesis is novel and needs further
investigation.

Twin concordance studies have suggested that the con-
tribution of genetic risk to BPD is high, accounting for
35%–65% risk for the outcome [35, 36].

e challenges of enrolling adequate sample size in the
preterm population, racial/ethnic heterogeneity in popula-
tions, variations in clinical practices, and the multifactorial
pathogenesis of BPD make genetic studies difficult to be
performed and may be responsible for the fact that some
associations have not been replicated in subsequent studies.
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5. Chorioamnionitis and Neonatal Respiratory
Outcome in Preterm Infants

e primary process in the aetiology of intrauterine in�am-
mation is believed to be ascending bacterial invasion from the
cervicovaginal tract, although several other routes have been
postulated [2, 37]. Extrauterine infections such as periodon-
titis, pneumonia, and urinary tract infections are risk factors
for preterm birth [38, 39]. In the rodent model, maternal
systemic in�ammation resulted in prolonged pulmonary
in�ammation postnatally and a BPD phenotype [39].

Clinical chorioamnionitis does not correlate well with
histological chorioamnionitis or culture positive amniotic
�uid [40]. Histopathological examination of the placenta
is the gold standard for evaluating antenatal in�ammatory
processes that might in�uence fetal development. Histolog-
ical chorioamnionitis develops through a well-characterized
stereotyped progression of maternal and fetal cellular stages
that vary from patient to patient and are amenable to
quanti�cation. Increases in the intensity of these responses
and their gradual transformation into a chronic phase are
important variables that can adversely affect fetal physiology.
�nder recognised placental in�ammatory lesions affecting
the decidua, placental villi and fetal vessels are also potentially
informative factors that should be taken into account in the
studies of adverse pregnancy outcomes [37].

Most deliveries before 30 weeks gestation (saccular
stage of lung development) are associated with histological
chorioamnionitis, which is oen clinically silent [2]. e
more preterm the delivery, the more oen the histological
chorioamnionitis is detected [3]. Most infants delivered
before 30 weeks gestation also have amniotic �uid that
is culture positive for low pathogenic organisms such as
Ureaplasma and Mycoplasma [2].

�ung in�ammation is de�ned as increased in�ammatory
cells in the airspaces and lung tissue that are producing
proin�ammatory mediators such as hydrogen peroxide,
interleukin 1, and interleukin 8 [40]. �ung in�ammation
starting before delivery with chorioamnionitis may continue
as a result of routine care practices (ventilation, oxygen
exposure), and adverse clinical events, such as nosocomial
infection. e proin�ammation is counterbalanced by anti-
in�ammatory effects of antenatal steroids, because about
80% or preterm infants are exposed to betamethasone or
dexamethasone [40]. Postnatal steroids also acutely decrease
indicators of in�ammation. Both antenatal and postnatal
steroids inhibit alveolar septation. Both proin�ammatory and
anti-in�ammatory mediators disrupt alveolarization and to
date no treatments are available to promote alveolarization
[40].

Histological chorioamnionitis is de�ned by a maternal
in�ammatory response with neutrophilic in�ltration of the
membranes and�or chorionic plate. �etal in�ammation has
been de�ned as either chorionic vasculitis [41], umbilical
vasculitis [4], funisitis [42–45], “fetal response” [46], or
subdivided into polymorphonuclear leukocyte in�ltration of
the chorionic plate or the umbilical cord [47]. Some studies
showed that the RDS incidence was further decreased in
infants with fetal involvement when compared to those with

only maternal signs of in�ammation [4, 41, 45, 47], an effect
that appears to be additive to that of chorioamnionitis alone
[4]. None of the studies found fetal in�ammation to increase
the risk of developing BPD, when compared to only maternal
in�ammation.

e studies where the association between chorioam-
nionitis and RDS has been assessed presented either similar
[34, 43, 45, 48–52] or decreased [1, 4, 5, 47, 53, 54] RDS
incidences. Today, it is generally accepted that there is enough
evidence to consider that histological chorioamnionitis is
associated with a reduction of incidence and severity of RDS
[11, 12, 55].

Data on the need for respiratory support aer chorioam-
nionitis differ greatly between studies. Oen parallel to RDS
incidence, chorioamnionitis has been reported to increase
[49, 52] and decrease [53], as well not to affect the need for
surfactant administration [42]. Moreover, while some report
no effect on the need for mechanical ventilation [52, 53],
time spent on the ventilator [48], and time on additional
oxygen supplementation [48], others report increased need
for ventilatory support or oxygen [51, 52].

e association between chorioamnionitis and BPD has
been assessed in several studies, yielding inconsistent results.
In order to clarify this issue, Hartling and colleagues [12]
conducted a systematic review including an extensive and
comprehensive search, duplicate screening, inclusion and
data extraction to reduce bias, and metaregression to con-
trol for potential confounders. e authors identi�ed 3,587
potentially relevant studies, of which 59 (15,295 patients)
met the inclusion criteria. Studies were included if they
had a comparison group, if they examined preterm or
low birth weight infants, and reported primary data that
could be used to measure the association between exposure
to chorioamnionitis and the development of BPD. Studies
classi�ed chorioamnionitis as either clinical, histological, or
microbiological. BPD was classi�ed in the different studies
as either (1) “Northway”: X-ray abnormalities persisting
beyond one month of age in patients who continued to
require oxygen or respiratory support; (2) “Bancalari”: need
for oxygen on 28 of the �rst 28 days of life together with
a compatible chest radiograph (or need for oxygen at 28
days of age, i.e., the National Institutes of Health (NIH)
consensus de�nition of mild BPD); (3) “modern”: need for
additional oxygen at 36 weeks postmenstrual age (i.e., the
NIH consensus de�nition of moderate or severe BPD). e
evaluated studies included randomised trials, prospective
cohort, retrospective cohort, and case control studies. e
meta-analysis of unadjusted (OR1.89) and adjusted (OR1.58)
showed a signi�cant association between chorioamnionitis
and BPD. e limitations of this analyses were that (1) the
comparison groups within the studies were other preterm
infants likely to be affected by vascular and other placental
pathologies, also associated with perinatal in�ammation and
neonatal morbidity such as BPD [56, 57]; (2) gestational
age and birthweight were confounding factors; (3) there was
substantial heterogeneity across studies in the magnitude
of the association between chorioamnionitis and BPD, and
whether or not the association was statistically signi�cant;
(4) the heterogeneity remained aer grouping studies by
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type of chorioamnionitis, de�nition of BPD, and whether
the study included only very low birth weight infants or all
preterm infants; (5) events such as exposure to antenatal
steroids, postnatal sepsis, administration of surfactant, mode
of ventilation, and patent ductus arteriosus were not known
to be potential confounding factors at the time many of the
studies were undertaken and therefore were not recorded;
(6) the de�nition of chorioamnionitis was not consistent
across the studies, and for instance, recent studies suggest
that markers of fetal in�ammatory response (leukocytosis
or funisitis) are associated with the development of BPD,
whereas chorioamnionitis alone is not [58, 59]; (7) the impact
of ethnicity and the genetic background on the risk of BPD
cannot be underestimated [36]; (8) the authors also found sig-
ni�cant publication bias, and a�er controlling for publication
bias for the adjusted data, the result was no longer signi�cant;
(9) also, the studies where the primary objective was not
about the association between chorioamnionitis versus BPD
showed no signi�cant association, whereas studies reporting
chorioamnionitis versus BPD as the primary objective were
more likely to report a signi�cant association; (10) the
authors were restricted to data presented in the published
reports and did not always have detailed information to con-
trol for important confounders, for instance, the gestational
age; (11) the authors had to rely on the adjusted analyses as
presented in the published reports and the variables which
they included, which were not consistent across studies.

A study performed at our unit in order to assess the
association between histological chorioamnionitis and BPD
revealed a signi�cant unadjusted association (OR 2.45 (95%
CI: 1.16–5.18)), but when adjusted for gestational age and
birthweight the association was no longer signi�cant (OR 1.2
(95% CI: 0.51–2.95)) [60].

Been and Zimmermann [11] also reviewed the evidence
of the association between intrauterine in�ammation and
pulmonary outcome. e authors also found numerous
factors implicated in the interpretation of the results and
that may explain, at least, part of the paradoxical �ndings
among different studies. Inclusion criteria differ greatly
among studies. Gestational age and birthweight differences
were likely to affect results in some studies. Some studies
selected their cohort by including only ventilated infants,
or patients with premature prolonged rupture of mem-
branes (PPROM), preterm labour, and suspected clinical
chorioamnionitis. In contrast, cases of clinical chorioam-
nionitis or suspected maternal infection were excluded by
others. Histopathological criteria and grading systems for
diagnosing chorioamnionitis or fetal in�ammation differ
importantly between studies. e different de�nition of BPD
complicates comparison of outcomes. Only a limited number
of studies have adjusted the association for gestational age
and birth weight. Some studies have performed multivariate
models for other confounding factors without mentioning
them, a fact that further complicates comparison of data.

Small for gestational age and intrauterine growth restric-
tion are fetal conditions that increase the risk of BPD and
prolong the duration of mechanical ventilation in preterm
infants younger than 32 weeks of gestation [61–63].emain
mechanisms to explain how intrauterine growth restriction

modulates the risk of a BPD have been described in animals.
In experimentally growth restricted preterm lambs, impaired
growth of terminal airways, gas exchange units, and blood
vessels have been shown [64, 65]. Furthermore, growth
restriction leads to reduced expression of surfactant protein
mR�A and could induce increase in�ammatory activation
[64]. In a study performed at our center, we found a different
pro�le of cytokines in venous cord blood of small for gesta-
tional age preterm newborns and the association of low levels
of venous cord blood IL-6 and IL-10 and moderate/severe
BPD in small for gestational age preterm newborns [66].

Racial differences in chorioamnionitis prevalence and
the pulmonary response to intrauterine in�ammation may
account for additional inconsistencies between studies, as
chorioamnionitis and vaginal bacterial colonisation are more
prevalent in non-White [46, 67, 68], while White race has a
higher prevalence of BPD [46, 69]. Another factor is that over
the time period the cohort study data have been collected,
important changes in general practice in neonatal intensive
care have taken place. e widespread implementation of
antenatal steroids is the most obvious and probably the most
in�uential example [70]. Other practice changes include the
increased use of exogenous surfactant [71] and noninvasive
modes of ventilatory support such as continuous positive
airway pressure (CPAP) [72]. ese may reduce secondary
lung injury in chorioamnionitis-exposed infants and partly
account for the apparently diminishing association between
chorioamnionitis and BPD over time [73].

Probably the most informative study concerning indirect
evidence of a link between chorioamnionitis and BPD is that
reported by VanMarter and colleagues [73]. In a case-control
design, very low birth weight infants with BPDwerematched
with infants without BPD on gestational age, birth weight,
and hospital speci�c treatment strategies. In these infants
chorioamnionitis was associated with a decreased risk for
BPD if infants were ventilated for less than seven days. How-
ever, when infants were exposed to mechanical ventilation
for more than seven days or had sepsis, chorioamnionitis
signi�cantly increased BPD risk, the effect being the most
prominent with all three risk factors present. is suggests
that while antenatal exposure to in�ammation in itself may
reduce BPD risk, it increases the susceptibility of the lung to
postnatal injurious events.

6. Chorioamnionitis and Long-Term
Respiratory Outcome

e association between chorioamnionitis and pulmonary
outcome beyond the neonatal period has not been extensively
studied. �o signi�cant differences in the use of supple-
mental oxygen, bronchodilators, and systemic or inhaled
steroids were reported between patients with and without
chorioamnionitis at 18–22 months’ corrected age in the
hydrocortisone trial, irrespective of neonatal hydrocortisone
treatment [74]. In the study of Kumar and colleagues [75],
chorioamnionitis and prematurity were shown to have a joint
predisposing effect on recurrent wheezing and physician-
diagnosed asthma at a mean age of 2.2 years, mainly in
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African-American children. Further investigation of the
long-term effect of chorioamnionitis on respiratory outcome
is warranted.

7. Conclusions

ere is a strong evidence that histologic chorioamnionitis is
associated with a reduction of incidence and severity of RDS.
Short-term maturational effects on the lungs of extremely
premature infants seem to be, however, accompanied by a
greater susceptibility of the lung, eventually contributing to
an increased risk of BPD. Genetic susceptibility to BPD is
an evolving area of research and several studies have directly
related the risk of BPD to genomic variants. ere is a
substantial heterogeneity across the studies in the magnitude
of the association between chorioamnionitis and BPD, and
whether or not the association is statistically signi�cant.
Considerable variation is largely depending on differences
of inclusion and exclusion criteria, as well as on clinical
and histopathological de�nitions. e presence of signi�-
cant publication bias may exaggerate the magnitude of the
association. Controlling for publication bias may conduct to
adjusted results that are no longer signi�cant. Recent studies
generally seem to con�rm the effect of chorioamnionitis on
RDS incidence, while no effect on BPD is seen.

Additional research is needed to explore the effect of
antenatal in�ammation on the early and late pulmonary
outcome of the extreme premature newborn.
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Survival and outcomes for preterm infants with respiratory distress syndrome (RDS) have improved over the past 30 years. We
conducted a study to assess the changes in perinatal care and delivery room management and their impact on respiratory outcome
of very low birth weight newborns, over the last 15 years. A comparison between two epochs was performed, the periods before
and after 2005, when early nasal continuous positive airway pressure (NCPAP) and Intubation-SURfactant-Extubation (INSURE)
were introduced in our center. Three hundred ninety-five clinical records were assessed, 198 (50.1%) females, gestational age 29.1
weeks (22–36), and birth weight 1130 g (360–1498). RDS was diagnosed in 247 (62.5%) newborns and exogenous surfactant
was administered to 217 (54.9%). Thirty-three (8.4%) developed bronchopulmonary dysplasia (BPD), and 92 (23%) were
deceased. With the introduction of early NCPAP and INSURE, there was a decrease on the endotracheal intubation need and
invasive ventilation (P < 0.0001), oxygen therapy (P = 0.002), and mortality (P < 0.0001). The multivariate model revealed a
nonsignificant reduction in BPD between the two epochs (OR = 0.86; 95% CI 0.074–9.95; P = 0.9). The changes in perinatal care
over the last 15 years were associated to an improvement of respiratory outcome and survival, despite a nonsignificant decrease in
BPD rate.

1. Introduction

Respiratory distress syndrome (RDS), caused mainly by
lung immaturity and surfactant deficiency [1] contributes to
significant morbidity and some mortality in very low birth
weight (VLBW) preterm newborns [2]. Changes in perinatal
care, such as the use of antenatal steroids, exogenous surfac-
tant administration, early nasal continuous positive airway
pressure (NCPAP), and lung protective strategies of mechan-
ical ventilation (patient-triggered modalities, volume con-
trolled modes and high frequency oscillatory ventilation),
have led to an improvement of survival and outcomes of
infants with RDS over the past 30 years [1].

Exogenous surfactant reduces mortality and short-term
respiratory morbidity in premature infants with RDS [3];

however, intubation and invasive mechanical ventilation
are often required for its administration. In addition, pro-
longed invasive ventilation increases the risk of subsequent
bronchopulmonary dysplasia (BPD) [4]. Early treatment
with NCPAP helps the very preterm to rapidly achieve the
functional residual capacity, stabilize the thoracic cage and
airways, preserve endogenous surfactant, and reduce the
need for invasive ventilation, and exogenous surfactant
administration [5–8], but it may be an insufficient respira-
tory support for a significant number of infants born before
26 weeks of gestation [9]. Although there is a growing body
of evidence to guide decision making, there is, not yet,
consensus on the best treatment approach for acute RDS [1].

The aims of our study were to assess the changes in peri-
natal practices for VLBW preterm newborns admitted to our
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neonatal intensive care unit (NICU) over the last 15 years and
to perform a comparison of respiratory outcome between
two epochs, the periods before 2005 and after, when early
NCPAP and Intubation-SURfactant-Extubation (INSURE)
were introduced in our center.

2. Material and Methods

A retrospective study, from 1997 to 2011, was performed at
our center, a level III NICU, referral center for cardiac and
surgical patients for the north of Portugal, with an average of
450 admissions per year, including about 50 VLBW infants.
Preterms with birth weight less than 1500 g were included in
the study. Newborns affected of major congenital anomalies,
a TORCH infection, hydrops fetalis, and chromosomal
anomalies, as well as the outborns and those transferred to
other NICUs before 36 weeks of corrected gestational age,
were excluded.

Clinical records were reviewed; demographics, histologi-
cal chorioamnionitis and clinical data were assessed: gender,
gestational age, birth weight, antenatal steroids pulses, deliv-
ery mode, respiratory support in the delivery room, Apgar
score, the presence of RDS, the need for exogenous surfactant
administration and mode of administration; respiratory
support in the NICU, the need for oxygen therapy, the
prevalence of BPD and other major morbidities (nosocomial
sepsis, necrotizing enterocolitis, severe intraventricular hem-
orrhage, retinopathy of prematurity, patent ductus arterio-
sus, periventricular leukomalacia), and length of NICU stay
and survival.

Antenatal steroid regimen was performed with dex-
amethasone (total dose of 24 mg, divided into two doses
given intramuscularly every 12 hours) until 2003, and with
betamethasone (24 mg, divided into two doses given intra-
muscularly 24 hours apart) thereafter, in pregnancies with
threatened preterm labour below 35 weeks gestation.

Gestational age (in this study we considered the com-
pleted weeks) was assessed by menstrual age (women with
regular menstrual cycles), ultrasound examination (when a
discrepancy of two or more weeks existed between the age
derived by menstrual dating and the age derived sonograph-
ically, or in the absence of a menstrual date) [10], or the New
Ballard Score (in the absence of obstetrical indexes) [11].
Small for gestational age was defined as a birth weight below
10th centile of Lubchenco’s fetal growth charts before 2003
[12] and a birth weight below 10th centile of Fenton’s fetal
growth charts after 2003 [13].

Early NCPAP is usually started immediately (first 15
minutes) after birth, although, in this study, it was considered
when started in the first 30 minutes of life, once some
patients were transported to the NICU, monitorized, and
in spontaneous breathing. The first and 5th minute Apgar
scores were dichotomized in two groups (≤7 and ≥8).
RDS diagnosis was made on a combination of clinical and
radiographic features according to the criteria of RDS of the
Vermont Oxford Network: (1) PaO2 < 50 mmHg in room air,
central cyanosis in room air, a requirement for supplemental
oxygen to maintain PaO2 > 50 mmHg or a requirement for
supplemental oxygen to maintain a pulse oximeter saturation

over 85% within the first 24 h of life; and (2) a chest radio-
graph consistent with RDS (reticulogranular appearance to
lung fields with or without low lung volumes and air bron-
chograms) within the first 24 h of life. The diagnosis of BPD
was made in preterm newborns with gestational age 32 weeks
or below, if the infant was chronically oxygen dependent
at 36 weeks of corrected age and had a characteristic chest
radiograph. In newborns above 32 weeks gestational age,
BPD was considered if the baby was dependent on oxygen
for 28 consecutive days [14]. Oxygen was used to maintain
saturations given by pulse oximetry in the range of 88 to
94% for RDS and 90 to 95% for BPD. Exogenous surfactant
was administered through the endotracheal tube in babies on
invasive mechanical ventilation or by INSURE in babies off
invasive mechanical ventilation [15].

Routine mechanical ventilation modes were patient-
triggered modalities using a Babylog 8000+ (Drager, Lubeck,
Germany), SIPPV (synchronized intermittent positive pres-
sure ventilation) until 2000, and SIPPV + VG (volume
guarantee) or PSV + VG (pressure support ventilation +
volume guarantee) after 2000 [16]. High frequency oscilla-
tory ventilation, at our unit, is used as a rescue ventilation
using the Sensor Medics 3100 A (Sensor Medics Corporation,
Yorba, Linda, CA, USA). Not intubated patients were placed
on InfantFlow nasal CPAP (Care Fusion, Yorba Linda, USA)
with nasal prongs or mask with a pressure of 5–7 cmH2O, in
prone position and started on caffeine, kept until 34 weeks of
gestational age. Starting total fluid intake was 70 mL/kg/day
and increased daily according to the hemodynamic status.
Nasal CPAP (InfantFlow) was used with pressures of 5-
6 cmH2O in most cases but could be increased up to 7-8 in
particular cases. Patients with apnoeas requiring stimulation
were changed to NCPAP with synchronized pressure assis-
tance (Infant Flow SiPAP, Viasys Health Care, Palm Spring,
USA). Patients requiring FiO2 > 0.40 with respiratory
distress and/or arterial PCO2 > 65 mmHg and pH < 7.20
were intubated for exogenous surfactant administration
(poractant alfa). INSURE was routinely performed after
an intravenous bolus of morphine (0.1 mg/kg). Naloxone
(0.1 mg/kg, IV push) was used if needed, to reverse respira-
tory depression caused by morphine.

As early NCPAP and INSURE were introduced in our
NICU in 2005, we compared demographic and clinical char-
acteristics between two epochs (1997–2004 and 2005–
2011, before and after their introduction, resp.). We, also,
compared demographic and clinical characteristics between
surviving preterm with and without BPD.

Histological chorioamnionitis was defined according to
the Blanc classification [17]: stage I, intervillositis; stage II,
chorionitis; stage III, chorioamnionitis; funisitis, polymor-
phonuclear leukocytes in the Wharton’s jelly or umbilical
vessel walls; vasculitis-polymorphonuclear leukocytes in
chorionic or umbilical blood vessel walls. All stages of chori-
oamnionitis were considered together. Proven neonatal sep-
sis was defined as any systemic bacterial or fungal infection
documented by a positive blood culture. The criteria of
Bell were used for the diagnosis and staging of necrotizing
enterocolitis [18]. Staging of retinopathy of prematurity was
done according to the International Classification [19, 20].
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Intraventricular haemorrhage was classified according to
Papile et al. [21]. Periventricular leukomalacia was classified
according to de Vries and Rennie [22]. Hemodynamically
significant patent ductus arteriosus was diagnosed on the
basis of the echocardiographic findings. The first evaluation
is usually between 24 and 72 hours of life, with daily evalu-
ation until closure of the ductus. The standard treatment is
indomethacin.

The study protocol has been approved by our institute’s
committee on human research.

Continuous variables with symmetric distribution were
characterized by mean (± standard deviation), those with
asymmetric distribution by median (minimum–maximum
values) and categorical variables were characterized by its
absolute and relative frequencies. Mann-Whitney U test was
used to compare two independent samples (asymmetric
continuous variables) and chi-squared test or Fisher’s exact
test to compare categorical variables, the latest one for con-
tingency tables 2× 2 when expected values were less than 5. A
multivariate analysis by logistic regression was performed to
evaluate the outcome BPD. The results are presented by odds
ratio (OR), 95% confidence interval (CI), and P value. The
statistical analysis was performed using SPSS program v.19
(IBM, New York, USA) and a P value <0.05 was considered
significant.

3. Results

Out of 735 clinical records, 395 were reviewed, with 198
(50.1%) females, mean gestational age 29.1 weeks (22–
36), birth weight 1130 g (360–1498), and 95 (24.1%) small
for gestational age. Three hundred and forty patients were
excluded (outborns = 80, transferred before 36 weeks
gestational age = 201, major congenital anomalies = 25,
TORCH infection = 29, hydrops fetalis = 3, chromosomal
anomalies = 2).

During the antenatal period, dexamethasone was used in
161 (49.5%) newborns and betamethasone in 164 (50.5%),
with a full cycle in 213 (65.5%) cases (Table 1). The overall
delivery room data and major morbidity are reported on
Table 1.

Comparing both epochs (1997–2004 and 2005–2011),
male gender was predominant (60% versus 39.5%) before
2005 (P < 0.0001). Betamethasone was administered to 163
(94.8%) newborns (P < 0.0001) and 139 (80.8%) had a
full antenatal steroid cycle (P < 0.0001) after 2005. Also
C-section was higher (69.2% versus 56.5%, P = 0.009)
after 2005. After 2005, the need for endotracheal intubation
decreased from 75% to 40.5% (P < 0.0001), the prevalence
of RDS decreased from 66% to 59% (P = 0.15), the need
of one single dose of surfactant increased from 27.7% to
48.6% (P = 0.001), and the need of two doses of surfactant
decreased from 59.8% to 40% (P = 0.001). There was a
delay in surfactant administration from 1–3 hours to 1–
16 hours in the first dose (P < 0.0001) and from 6–
16 hours to 3–96 hours in the second dose (P = 0.03).
The need for invasive mechanical ventilation (P < 0.0001)
and oxygen therapy (P = 0.002) decreased, along with a
significant improvement of outcomes, less BPD (P = 0.022)

and mortality (P < 0.0001) (Table 1). The causes of death
were extreme immaturity/RDS (n = 30), sepsis (n = 33),
severe intraventricular haemorrhage (n = 18), necrotizing
enterocolitis (n = 5), and others (n = 5).

Demographics and clinical characteristics of surviving
BPD patients are reported in Table 2.

The multivariate logistic regression, adjusted for gesta-
tional age, birth weight, complete antenatal steroid cycle,
male gender, histological chorioamnionitis, early NCPAP
use, 5th Apgar score, RDS, surfactant administration, patent
ductus arteriosus, and sepsis, revealed a nonsignificant
reduction in BPD between the two epochs (OR = 0.86; 95%
CI 0.074–9.95; P = 0.9). Male gender (OR = 0.5; 95% CI
0.22–1.18; P = 0.11) and vaginal delivery (OR = 1.46; 95%
CI 0.58–3.7; P = 0.42) were not associated to an increased
risk for BPD.

4. Discussion

BPD affects thousands of preterm infants each year [23] and
its cause is multifactorial. The pathogenesis has been linked
to genetic background, lung tissue immaturity, baro and
volutrauma from mechanical ventilation, oxidant injury, and
proinflammatory mediators [4, 24–26]. The use of antenatal
corticosteroids, postnatal surfactant therapy, and modern
intensive care has modified BPD into a less-severe disease
that is characterized by arrested lung development, the new
BPD. As ventilator-induced lung injury is a major contribut-
ing factor to BPD [23], early respiratory management of
preterm infants affects respiratory outcome.

Over the last 15 years, there were changes in perinatal
care and delivery room management in our center. One of
the chief advances has been the routine administration of
antenatal steroids. In 1995, the National Institutes of Health
and the American College of Obstetricians and Gynecologists
formally issued a consensus statement advocating the use
of antenatal steroids for induction of fetal maturation,
establishing it as a standard of care for perinatal management
of preterm deliveries 24 to 34 weeks’ gestational age, with the
goal of reducing the risks for RDS, intraventricular hemor-
rhage, and neonatal death [27]. According to Lee et al., there
were notable trends for a reduced risk for adverse neonatal
outcomes associated with betamethasone compared with
dexamethasone for intraventricular hemorrhage and severe
retinopathy of prematurity. Also, betamethasone reduces
the risk for neonatal death [28]. In our study, according
to the policy of the obstetrics department, dexamethasone
was replaced by betamethasone in 2003 and the number of
completed cycles of antenatal steroids increased since 2005.
The use of antenatal steroids increased from the first to the
second epoch, highlighting better obstetric practices.

Early NCPAP is an important first-line form of respira-
tory support in newborns and is used as an alternative to
intubation and invasive mechanical ventilation in extremely
preterm infants [5, 9]. Since its introduction by Keszler
[29] in 1971, several studies in animals and human infants
NCPAP have shown promising results in terms of reduction
of lung injury, need for mechanical ventilation and incidence
of BPD [30–32]. Since the introduction of early NCPAP in
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Table 1: Demographics and clinical data.

Total
N = 395

1997–2004
n = 200

2005–2011
n = 195

P

Gender, n (%)

Male 197 (49.9) 120 (60) 77 (39.5)
<0.0001∗

Female 198 (50.1) 80 (40) 118 (60.5)

Gestational age (weeks), mean (±SD) 29.1 (2.9) 28.9 (3.2) 29.3 (2.6) 0.15�

Birth weight (grams), median (min–max) 1130 (360–1498) 1120 (460–1495) 1130 (360–1498) 0.958�

Small for gestational age, n (%) 95 (24.1) 42 (21) 53 (27.2) 0.15∗

Less than 1000 g, n (%) 156 (40) 83 (41.4) 73 (37.4) 0.409∗

Antenatal steroids, n (%) 325 (82.3) 153 (76.5) 172 (88.2)

Dexamethasone 161 (49.5) 152 (99.3) 9 (5.2) <0.0001∗

Betamethasone 164 (50.5) 1 (0.7) 163 (94.8)

Full cycle 213 (65.5) 74 (48.4) 139 (80.8) <0.0001∗

Incomplete cycle 112 (34.5) 79 (51.6) 33 (19.2)

Histological chorioamnionitis, n (%) 111 (28) 53 (26.5) 58 (29.7) 0.364∗

Delivery mode, n (%)

Vaginal 147 (37.2) 87 (43.5) 60 (30.8)
0.009∗

C-section 248 (62.8) 113 (56.5) 135 (69.2)

Apgar score, n (%)
1st minute

≤7 283 (71.6) 170 (85) 113 (57.9)
<0.0001∗

≥8 112 (28.4) 30 (15) 82 (42.1)

5th minute

≤7 140 (35.4) 92 (46) 48 (24.6)

≥8 225 (64.6) 108 (54) 147 (75.4)

Respiratory management in the delivery room, n (%)

Endotracheal intubation 229 (58) 150 (75) 79 (40.5) <0.0001∗

Spontaneous ventilation 110 (27.8) 50 (25) 60 (30.8) 0.201∗

Early NCPAP 56 (14.2) 0 56 (28.7) <0.0001∗

Respiratory distress syndrome, n (%) 247 (62.5) 132 (66) 115 (59) 0.15∗

Surfactant administration method, n (%) 217 (54.9) 112 (56) 105 (53.8) 0.667∗

Endotracheal intubation with mechanical
ventilation

202 (93) 112 (56) 90 (85.7)

INSURE 14 (6.5) 0 14 (13.3) <0.0001∞

Both methods 1 (0.5) 0 1 (1)

Invasive mechanical ventilation, n (%) 250 (63.3) 149 (75.3) 101 (51.8) <0.0001∗

Invasive mechanical ventilation, median day
(min–max)

6 (1–184) 6 (1–184) 5 (1–140) 0.44�

NCPAP, n (%) 221 (55.9) 67 (33.5) 154 (79.4) <0.0001∗

NCPAP, median day (min–max) 12 (1–75) 10 (1–50) 13.5 (1–75) 0.049�

Oxygen, n (%) 272 (68.9) 152 (76) 120 (61.5) 0.002∗

Oxygen, median day (min–max) 4 (1–184) 7 (1–184) 2 (1–147) <0.0001�

NICU stay, median day (min–max) 42 (1–184) 39 (1–184) 45 (1–160) 0.006�

Bronchopulmonary dysplasia, n (%) 33 (8.4) 23 (11.5) 10 (5.1) 0.022∗

Patent ductus arteriosus (PDA), n (%) 115 (29.1) 60 (30) 55 (28) 0.340∗

Surgical closure of PDA 15 (3.7) 8 (4) 7 ( 3.5) 0.257∗

Nosocomial sepsis, n (%) 107 (27) 66 (33) 41 (21) 0.089∗

Necrotizing enterocolitis ≥ 2A, n (%) 13 (3.2) 6 (3.0) 7 (3.5) 0.534∗
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Table 1: Continued.

Total
N = 395

1997–2004
n = 200

2005–2011
n = 195

P

Retinopathy of prematurity ≥ 2, n (%) 15 (3.7) 8 (4) 7 (3.6) 0.257∗

Intraventricular hemorrhage III-IV, n (%) 22 (5.5) 6 (8.8) 16 (8.2) 0.736∗

Cystic periventricular leukomalacia, n (%) 36 (9.1) 27 (13.5) 9 (4.6) 0.065∗

Deceased, n (%) 91 (23) 70 (35) 21 (10.8) <0.0001∗
∗

Chi-squared test; � Mann-whitney U test; ∞Fisher’s exact test; SD: standard deviation; NCPAP: nasal continuous positive airway pressure; INSURE:
intubation surfactant extubation; nicu: neonatal intensive care unit.

Table 2: Demographic and clinical characteristics of the 304 surviving newborns according to BPD.

BPD
n = 23

Non-BPD
n = 281

P

Gender, n (%)

Male 17 (73.9) 125 (45.5)
0.007∗

Female 6 (26.1) 156 (55.5)

Gestational age (weeks), median (min–max) 27 (23–31) 30 (24–36) <0.0001�

Birth weight (grams), median (min–max) 875 (550–1270) 1220 (500–1500) <0.0001�

Small for gestational age, n (%) 2 (8.7) 83 (29.5) 0.05∞

Less than 1000 g, n (%) 16 (69.6) 67 (23.8) <0.0001∞

Complete cycle of antenatal steroids, n (%) 10 (43.5) 177 (63) 0.064∗

Histological chorioamnionitis, n (%) 3 (13.0) 15 (5.3) 0.041∞

Delivery mode, n (%)

Vaginal 11 (47.8) 87 (31)
0.096∗

C-section 12 (52.2) 194 (69)

Respiratory support in the delivery room, n (%)

Endotracheal intubation 22 (95.7) 120 (42.7) <0.0001∞

Spontaneous 0 106 (37.7) <0.0001∞

Early NCPAP 1 (4.3) 55 (19.6) 0.091∞

Apgar score, n (%)

1st minute

≤7 22 (95.7) 172 (61.2)
0.001∞

≥8 1 (4.3) 109 (38.8)

5th minute

≤7 15 (65.2) 64 (22.8) <0.0001∗

≥8 8 (34.8) 217 (77.2)

Respiratory distress syndrome, n (%) 22 (95.7) 137 (48.8) <0.0001∞

Surfactant administration, n (%) 22 (95.7) 114 (40.6) 0.008∞

Invasive mechanical ventilation, n (%) 23 (100) 137 (48.8) <0.0001∞

Invasive mechanical ventilation, median day
(min–max)

35 (4–140) 4 (1–50) <0.0001�

Nosocomial sepsis, n (%) 15 (65.2) 59 (20.9) <0.001∗

Necrotizing enterocolitis ≥ 2A, n (%) 1 (4.3) 7 (2.5) 0.175∞

Retinopathy of prematurity ≥ 2, n (%) 7 (30.4) 3 (1.0) <0.0001∞

Intraventricular hemorrhage III-IV, n (%) 1 (4.3) 3 (1.0) 0.086∞

Cystic periventricular leukomalacia, n (%) 9 (39.1) 19 (6.7) <0.0001∗

Patent ductus arteriosus 5 (21.7) 14 (4.9) 0.001∗

NICU stay, median day (min–max) 90 (49–147) 46 (1–160) <0.0001�
∗

Chi-squared test, � Mann-whitney U test, ∞Fisher’s exact test; NCPAP: nasal continuous positive airway pressure; NICU: neonatal intensive care unit.
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2005, at our center, there was a decrease on endotracheal
intubation need. The significant change in delivery room
management between the two studied epochs was also
reflected by better Apgar scores at first and fifth minutes. Not
only there was an increase in NCPAP associated to a decrease
in invasiveness of ventilation, but there was also a decrease in
both, oxygen therapy need and its duration.

Observational and cohort studies have shown that
NCPAP followed by intubation, surfactant administration,
and mechanical ventilation only if NCPAP failure criteria
are reached reduces the need for mechanical ventilation.
Furthermore, a reduced incidence of BPD without increased
mortality has been reported [8, 33, 34]. Few randomized
controlled trials have compared intubation and mechanical
ventilation with early NCPAP or different types of NCPAP
and did not highlight significant differences [35, 36]. Since
the FDA (Food and Drug Administration) release of surfactant
to treat RDS in 1989 [37], there has been a deeper
understanding of surfactant physiology [38], as well as
completion of multiple clinical studies to further delineate
and refine the use of exogenous surfactant in RDS beyond the
established evidence that surfactant administration reduces
pneumothorax, pulmonary interstitial emphysema, and the
combined outcome of BPD or death in preterm infants
with surfactant deficiency [39, 40]. International guidelines
have published recommendations on the optimal surfactant
replacement strategy. According to van Kaam et al., with the
exception of surfactant timing, these guidelines on surfactant
replacement therapy seem to be implemented in daily clinical
practice in European NICUs [41]. Since 2005, the use of
surfactant in our unit was similar to the previous period;
however, less doses were needed. Also there was a decrease
on endotracheal intubation need, and on the prevalence of
RDS and BPD. In addition, the length of invasive ventilation
and oxygen therapy decreased. With these practices, the
prevalence of BPD decreased as well as the overall mortality.
The retrospective nature of this study does not allow reliable
data on these figures. Male gender was predominant in the
first period and in BPD group, however, when adjusting
these variables in a logistic regression model there were
no statistically significant association with the development
of BPD. There were no differences in the prevalence of
histological chorioamnionitis, nosocomial sepsis, necrotiz-
ing enterocolitis, retinopathy of prematurity, intraventricular
hemorrhage, patent ductus arteriosus requiring surgical
closure, and periventricular leukomalacia between the two
compared epochs.

5. Conclusions

The changes in perinatal care introduced at our center over
the last 15 years were associated to both, an improvement
of respiratory outcome and survival. With the introduction
of early NCPAP and INSURE there was a decrease on
endotracheal intubation need and invasive ventilation and
oxygen therapy, along with less mortality, but a nonsignifi-
cant reduction in BPD. The need of administration of one
single dose of surfactant increased, and the need of two or
more doses decreased.
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Objective. To identify factors affecting closure of patent ductus arteriosus (PDA) in newborn infants born at 22–27 weeks
gestational age (GA) during pharmacological treatment with cyclooxygenase inhibitors. Method. Infants born at 22–27 weeks
of GA between January 2006 and December 2009 who had been treated pharmacologically for PDA were identified retrospectively.
Medical records were assessed for clinical, ventilatory, and outcome parameters. Echocardiographic examinations during treatment
were reviewed. Results. Fifty-six infants were included in the study. Overall success rate of ductal closure with pharmacological
treatment was 52%. Infants whose PDA was successfully closed had a higher GA (25 + 4 weeks versus 24 + 3 weeks; P = 0.047),
and a higher pretreatment left to right maximal ductal flow velocity (1.6 m/s versus 1.1 m/s; P = 0.023). Correcting for GA,
preeclampsia, antenatal steroids, and age at start of treatment, a higher maximal ductal flow velocity was still associated with
successful ductal closure (OR 3.04; P = 0.049). Conclusion. Maximal ductal flow velocity was independently associated with
success of PDA treatment.

1. Introduction

Infants born before 28 gestational weeks have a high inci-
dence of patent ductus arteriosus (PDA) [1, 2]. The postnatal
presence of a haemodynamically significant left to right
shunt through the duct is associated with a lower survival rate
and an increased incidence of intraventricular haemorrhage
(IVH), necrotizing enterocolitis (NEC), and bronchopul-
monary dysplasia in preterm infants [3–9]. Inhibition of
prostaglandin production with the cyclooxygenase inhibitors
indomethacin or ibuprofen is the standard pharmacological
treatment for PDA [10]. Nevertheless failure of pharma-
cologic treatment frequently occurs in extremely preterm
infants and is associated with increased mortality [11–13].

Previous studies have identified low gestational age (GA),
pregnancy-induced hypertension, antenatal indomethacin
exposure, lack of antenatal glucocorticoid exposure, late in-
domethacin treatment, respiratory distress syndrome (RDS),
use of high-frequency oscillatory ventilation (HFOV), large

ductal diameter, and less ductal shunt velocity as indepen-
dent risk factors for failure of pharmacological treatment of
PDA [14–18].

Pulmonary factors such as prenatal steroid exposure and
RDS thus appear to affect the closure of the ductus arteriosus,
and parameters related to pulmonary circulation, for exam-
ple, high PaO2 and low blood pressure within the ductus
arteriosus, relate to physiological ductal constriction in
animal studies [19]. The objective of this retrospective study
was to identify factors associated with closure of the ductus
arteriosus during treatment with cyclooxygenase inhibitors
in infants born at 22–27 weeks GA, with special focus on
ventilatory and pulmonary circulatory factors.

2. Patients and Methods

2.1. Patients. Infants born at Uppsala University Children’s
Hospital between January 2006 and December 2009 at a GA
of less than 28 weeks and pharmacologically treated for PDA
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were included in this retrospective cohort study. Infants with
any major congenital anomalies were excluded. The study
was approved by the Swedish Central Ethical Review Board.

2.2. Pharmacological Treatment for Patent Ductus Arteriosus.
All newborn infants born at a GA of less than 28 weeks
were evaluated echocardiographically within the first days
of life and echocardiographic examinations were repeated if
indicated. Examinations were performed using an Acuson
Sequoia Ultrasound System (Siemens AB, Upplands Väsby,
Sweden) with a 10 MHz transducer and results were saved in
digital format (Xcelera, Philips AB, Stockholm, Sweden).

A haemodynamically significant PDA was defined by
one or more of the following echocardiographic parameters:
ductus arteriosus diameter of >1.5 mm; left atrium to aortic
root ratio (LA/Ao) of >1.5; reduced and reversed flow during
diastole in the descending aorta in combination with clinical
signs. Pharmacological treatment was initiated when a PDA
of haemodynamic significance was found and none of the
following contraindications were present: ductal-dependent
heart defect; renal failure (serum creatinine >120 µmol/L
or serum urea >12 mmol/L); thrombocytopenia (platelets
<50 × 109/L); IVH grade II–IV; or NEC. Indomethacin
(Indocid, Merck & Co., Inc., West Point, Pennsylvania, USA)
was administered in a three-dose regimen as an infusion
(0.2 mg/mL, 0.2 mg/kg/dose) over at least 20 minutes per
dose, the second dose 12 hours after the first, and the third
dose 24 hours after the second. If echocardiography revealed
a patent ductus after these three doses, one to three addi-
tional doses were administered at 24 hours intervals guided
by echocardiographic examinations after each additional
dose. No additional pharmacological ductus treatment was
administered. Surgical ligation was carried out if signs of
a hemodynamically significant ductus arteriosus persisted
after pharmacological treatment. Before discharge a clinical
assessment of ductus arteriosus was made and additional
echocardiographic examination performed if indicated.

2.3. Concomitant Treatment. According to the policy at
the unit, infants received mechanical ventilatory support
immediately after birth and early surfactant (Curosurf,
Nycomed International, Zürich, Switzerland) administration
(100 mg/kg) if signs of respiratory insufficiency were
detected. Otherwise early nasal continuous positive airway
pressure (CPAP) therapy was instituted. HFOV was used as
rescue treatment.

Guideline fluid volumes were 90–100 mL/kg during the
first day of life, adding 10 mL/kg/day each day during the
first week for infants with a GA of 24 weeks or less, and
80–90 mL/kg, adding 10 mL/kg/day for infants with a GA
of 25 to 27 weeks. Fluid intake was further individually
adjusted, guided by weight loss, urinary output, and serum
sodium concentration. Volume substitution and inotropic
drugs were used restrictively and only when combinations
of low mean arterial blood pressure and low micturition
were detected. Bacterial cultures were taken and intravenous
administration of antibiotics initiated if clinical suspicion of
bacterial septicemia arose.

2.4. Perinatal Characteristics and Outcome at Discharge.
Medical records were retrospectively assessed for informa-
tion regarding GA, birth weight, gender, preeclampsia, ante-
natal steroids, Caesarean section, surfactant administration
and Apgar-scores, and death. Nursing flow charts from the
neonatal intensive care unit were assessed for details about
PDA treatment, including information about ventilatory
settings and fluid administration.

2.5. Echocardiography. Each infant’s last echocardiographic
examination before treatment start was reassessed for this
study by a single cardiologist (A. Jonzon), who was blinded
to treatment results. Maximal ductal flow velocity was
assessed from the parasternal short axis view with pulsed and
continuous Doppler directly in line with the ductal flow and
ductal diameter was measured at the ductus narrowest inner
dimension from the same position with and without color
Doppler. Left atrium to aortic root ratio was measured in M-
mode from the parasternal long axis.

The first follow-up echocardiography after treatment
defined successful (Closed group) or failed (Persistent group)
ductal closure. The PDA was considered closed if no ductal
flow could be found with color Doppler.

2.6. Statistical Analysis. Data for each group is presented
below as median values and range or number and percentage.
Statistical analyses were conducted with SPSS Statistics 18
for Windows (SPSS, Inc., Chicago, Illinois, USA). The
Mann-Whitney test was used to compare non-parametric
continuous data and the Fisher’s exact test was used to
compare categorical data. All P values presented are two-
tailed and a P < 0.05 was considered statistically significant.
Multivariable logistic regression was performed to assess the
individual influence of predictive factors on the proportion
of ductal closure. Factors previously found to affect duc-
tal closure during treatment (GA, preeclampsia, antenatal
glucocorticoid administration, time of treatment start) were
included in the analyses together with maximal ductal shunt
velocity adjusted for the second power of ductal diameter and
the time of echocardiography. The adjustment for second
power of ductal diameter was made to assess whether flow
velocity was independent of ductal diameter according to the
Hagen-Poiseuille equation.

3. Results

Between January 2006 and December 2009, a total of
130 infants were born at 22–27 weeks of GA at Uppsala
University Children’s Hospital. Fifty-six infants received
pharmacological treatment for patency of the ductus arte-
riosus and 6 infants received primary surgical treatment
because of contraindications for pharmacological treatment
before discharge from the same neonatal unit. In 18 infants
the PDA closed spontaneously without treatment, 13 died
and 37 did not receive pharmacological treatment before
discharge because of either contraindications for treatment
or a PDA not considered haemodynamically significant. Out
of the 56 pharmacologically treated infants, 29 (52%) showed
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Table 1: Perinatal characteristics.

Ductus closed (n = 29) Ductus persistent (n = 27) P

Gestational age, weeks (range) 25+5 (22+2–27+4) 24+3 (22+3–27+4) 0.047

Birth weight, grams (range) 718 (432–1217) 595 (440–1052) 0.363

Male gender (%) 20 (69) 14 (52) 0.274

Preeclampsia (%) 5 (17) 5 (19) 1.000

Antenatal steroids (%) 23 (79) 22 (81) 1.000

Cesarean section (%) 17 (59) 15 (56) 1.000

Surfactant (%) 28 (97) 26 (96) 1.000

successful PDA closure (Closed group) and 27 (48%) failed
to close (Persistent group).

3.1. Perinatal Characteristics. All observed perinatal charac-
teristics were similar in the two groups with the exception
of GA, which was higher in the Closed group (Table 1). No
infant had been exposed to antenatal indomethacin. Median
Apgar-scores at one, five, and ten minutes were 5, 7, and 9
in the Closed group and 5, 8, and 9 in the Persistent group
(P = 0.980, 0.807, and 0.773, resp.).

3.2. Echocardiography. All infants had a predominately left to
right ductal flow. Besides a higher maximal ductal flow veloc-
ity in the Closed group compared to the Persistent group,
no other differences in echocardiographic parameters or
ventilator characteristics were observed at the time of the last
echocardiographic examination before treatment (Table 2).

3.3. Pharmacological PDA and Concomitant Treatment Char-
acteristics. No major differences in treatment characteristics
or fluid intake during treatment were observed between the
two groups studied (Table 3). All studied infants treated
for PDA had been given indomethacin except eight, who
received treatment with ibuprofen alone (Pedea, Orphan
Europe SARL, Paris La Défense, France, 5 mg/mL, first dose
10 mg/kg/dose and 5 mg/kg/dose 24 and 48 hours after first
dose) and two infants who received both indomethacin and
ibuprofen due to shortage of indomethacin during part
of the studied period. Two infants in each group received
only two doses of indomethacin (P = 1.000) because of
contraindications for treatment. In three infants in the
Persistent group, treatment had been initiated late after birth
at 20, 24, and 40 days, respectively.

Multivariate logistical regression analysis for factors
previously found to affect ductal closure during phar-
macological PDA closure and maximal ductal shunt flow
velocity (adjusted for squared ductal diameter and for time
of echocardiography) still showed an association between
higher maximal ductal flow velocity and ductal closure
(Table 4).

3.4. Outcome at Discharge. Three infants in the Closed group
had not undergone post-treatment echocardiography before
discharge, but were considered clinically closed. They were
discharged in good condition and have not been subjected to
any further examination or treatment for ductus arteriosus
since then. In the Persistent group, eleven infants (41%)

were subjected to surgery after follow up echocardiography,
one infant (4%) received a second course of ibuprofen
at a regional hospital, three infants (11%) died with an
open ductus, five infants (19%) had spontaneous closure
of their PDA at the time of echocardiographic examination
before discharge, and seven infants (26%) were discharged
with an open ductus. Three infants (10%) in the Closed
group had reopened PDAs since the first echocardiographic
examination after treatment when repeatedly examined at
10, 23, and 28 days after treatment, respectively.

Three infants (10%) in the Closed group and 4 (15%)
in the Persistent group died (P = 0.700) at a median of 38
(range 22–42) and 17 (range 6–166) days (P = 0.480), but
no death was related to patency of the ductus arteriosus.

Using the Swedish Perinatal Quality Register (a national
register for quality control of neonatal care) and nursing flow
charts from the neonatal intensive care unit, information
regarding use of HFOV was collected. Medical records were
retrospectively assessed for information regarding diagnosis
of culture-proven episodes of sepsis in connection to PDA
treatment, bronchopulmonary dysplasia (BPD, defined as a
need for supplemental oxygen at 36 weeks GA), periventric-
ular leukomalacia (PVL), IVH (including grade), retinopathy
of prematurity (ROP), and NEC.

Eleven infants in the Closed group and 17 infants in the
Persistent group were on ventilator treatment at the start
of PDA treatment (P = 0.108). Infants in the Closed group
received CPAP therapy for a median of 46 (range 3–95) days
and were on ventilator treatment for a median of 8 (range
0–65 days) whereas infants in the Persistent group received
CPAP therapy for a median of 42 (range 0–122) days and
were on ventilator treatment for a median of 23 (range 0–
100) days (P = 0.533 and 0.100, respectively). Four infants
(14%) in the Closed group and seven infants (26%) in the
Persistent group had undergone HFOV (P = 0.322), with
a median of nine days (range 7–30) in the Closed group
and four days (range 1–11) in the Persistent group (P =
0.037). None of the infants in the Closed group and two
(7%) infants in the Persistent group had undergone HFOV
before or during pharmacological treatment for PDA (P =
0.228). None of the infants in the Closed group and two
(7%) infants in the Persistent group had undergone HFOV
before or during pharmacological treatment for PDA (P =
0.228). One (3%) versus two (7sepsis in connection to PDA
treatment (P = 0.605).

Twenty-nine (100%) versus 27 (100%) infants were
diagnosed with RDS (P = 1.000), 15 (52%) versus 16 (59%)
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Table 2: Characteristics at time of echocardiography.

Ductus closed (n = 29) Ductus persistent (n = 27) P

Age at echocardiography, days (range) 2 (0–7) 2 (0–33) 0.079

Ventilator (%) 10 (34) 16 (59) 0.108

Ventilator MAP, cmH2O (range) 8 (6–14) 9 (7–12) 0.220

CPAP (%) 19 (66) 11 (41) 0.108

CPAP pressure, cmH2O (range) 5 (4–7) 5 (3–7) 0.618

Fraction of inspired oxygen, % (range) 25 (21–52) 27 (21–42) 0.848

Systolic blood pressure1, mmHg (range) 47 (37–62) 47 (35–84) 0.987

Ductal diameter, mm (range) 1.7 (0.9–3.0) 1.8 (1.0–3.0) 0.399

Maximal ductal flow velocity, m/s (range) 1.6 (0.5–2.7) 1.1 (0.7–2.9) 0.023

LA/Ao (range) 1.5 (1.2–2.8) 1.7 (1.1–3.5) 0.198
1
21 versus 15 infants had an arterial catheter which enabled blood pressure measurements.

Table 3: Treatment characteristics.

Ductus closed (n = 29) Ductus persistent (n = 27) P

Age at treatment start, days (range) 3 (1–8) 3 (1–40) 0.117

Indomethacin (%) 26 (90) 22 (82) 0.462

Ibuprofen1 (%) 4 (14) 6 (22) 0.497

Change in weight, % (range) 1 (−10–9) 4 (−12–12) 0.090

Fluid intake, mL/kg/day (range) 134 (98–168) 139 (111–203) 0.354

Part IV, % (range) 59 (0–85) 43 (0–89) 0.468

Urine output, mL/kg/h (range) 2.1 (0.5–4.2) 2.2 (0.4–4.9) 0.594
1
1 versus 1 infants received treatment with both indomethacin and ibuprofen during the same course.

Table 4: Multivariable analysis for ductal closure.

OR (95% CI) P

Gestational age1 1.45 (0.93–2.25) 0.103

Preeclampsia 0.78 (0.11–5.60) 0.807

Antenatal steroids 0.83 (0.17–4.04) 0.817

Age at treatment start2, days 0.82 (0.60–1.12) 0.213

Maximal ductal flow velocity3, m/s 3.04 (1.01–9.22) 0.049
1
OR for every 1 week increase.

2OR for every 1 day increase.
3OR for every 1 m/s increase, adjusted for age at echocardiography and
squared ductal diameter.

with BPD (P = 0.602), 3 (10%) versus 4 (15%) with PVL (P
= 0.700), 5 (17%) versus 7 (26%) with IVH (P = 0.523), 15
(52%) versus 15 (56%) with ROP (P = 0.795) and 1 (3%)
versus 4 (15%) with NEC (P = 0.185) in the Closed and
Persistent groups, respectively. One infant in each group had
IVH grade III-IV (P = 1.000), and all others were grade I-II.

4. Discussion

Our study shows that higher gestational age and maximal
shunt velocity is associated with successful pharmacological
PDA treatment in infants born at 22–27 weeks GA. No other
factor was found to differ between infants whose PDA closed
and infants whose PDA did not close during treatment.
In a multivariable logistic regression analysis, including the
factors GA, preeclampsia, prenatal steroids, age at treatment

start, and maximal ductal flow velocity adjusted for ductal
diameter, only maximal ductal flow velocity was found to be
independently associated with ductal closure. Furthermore,
our study could not confirm any significant difference in
outcome between infants whose PDA did or did not close
during treatment.

Although the effect of ductal flow velocity on ductal
closure has previously been noted in a more mature cohort
of newborn infants, the mechanisms behind it are not exten-
sively studied [14, 15, 20]. Assuming the ductus arteriosus
to resemble a cylindrical pipe, the Hagen-Poiseuille equation
states that the flow velocity in the ductus arteriosus is
proportional to the pressure gradient between the systemic
to pulmonary circulation and to the second power of the
ductal diameter while it is inversely proportional to the
blood viscosity and the ductal length [21]. In one previous
study, the difference in maximal ductal flow velocity between
infants whose ductus did or did not close has been suggested
to be attributed to a difference in pulmonary arterial pressure
[14]. In our study the influence of maximal ductal flow
velocity was independent of the second power of the ductal
diameter. Due to the retrospective design of our study we
did not have the possibility to measure and adjust for blood
viscosity or ductal length and we could only obtain data on
the systolic blood pressure measured by arterial catheter at
the time of echocardiography from 21 infants in the Closed
group and 15 infants in the Persistent group. The uniformity
in the measured systolic blood pressures between the two
groups suggests however that a difference in the systemic
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to pulmonary circulation pressure gradient likely reflects a
higher pulmonary arterial pressure in the Persistent group.

Pulmonary vascular resistance normally decreases
rapidly with the start of ventilation and oxygenation after
birth, reversing the fetal right to left flow through the
ductus arteriosus and foramen ovale [22]. The normal
physiological ductus arteriosus closure occurs in two stages,
where the initial contraction of the vessel is a response to the
decrease in pulmonary vascular resistance and pressure, an
increase in arterial oxygen pressure, a decrease in circulating
prostaglandin E2 (PGE2), and a decrease in PGE2-receptors
in the ductal wall [19, 23–25]. Besides the vascular effect of
a higher pulmonary pressure on the ductus arteriosus, the
resulting lower blood flow and lower oxygen exposure of
the ductus would therefore prevent an effective closing with
pharmacological treatment. The previous finding of RDS
as a risk factor for failure of pharmacological treatment of
PDA underlines the close connection between ventilation,
pulmonary circulation and the existence of a PDA [16, 18].
The lack of any major difference in ventilatory parameters
and FiO2 between the Closed and Persistent groups in our
study could indicate that ductal flow may be more sensitive
to assess pulmonary vascular resistance at this early stage of
life in extremely preterm infants.

Our study is limited by its retrospective design, the
exclusion of a number of infants with PDA that were not
treated before discharge, and the use of both indomethacin
and ibuprofen during the study period. However, the two
groups were well balanced and the study had the advantage
of reflecting clinical treatment decisions based on strict
guidelines.

5. Conclusion

In summary this study indicates that the maximal ductal flow
velocity, independently of ductal diameter, is associated with
successful treatment of PDA in extremely preterm infants.
Pre-treatment echocardiographic maximal ductal flow veloc-
ity could possibly be used to assess the chances for treatment
success in individual infants, but more information on the
reliability of this parameter is needed.
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Respiratory syncytial virus (RSV) lower respiratory tract infection is the most common viral respiratory infection in infants.
Several authors have sought to determine which risk factors are the best predictors for severe RSV disease. Our aim was to evaluate
if a specific chest radiographic pattern in RSV disease can predict the disease severity. We conducted a multicenter retrospective
cohort study in term and preterm neonates with confirmed lower respiratory tract RSV infection, admitted to neonatal intensive
care units (NICU) from 2000 to 2010. To determine which factors independently predicted the outcomes, multivariate logistic
regression analysis was performed. A total of 259 term and preterm neonates were enrolled. Patients with a consolidation pattern on
the chest radiograph at admission (n = 101) had greater need for invasive mechanical ventilation (OR: 2.5; P = .015), respiratory
support (OR: 2.3; P = .005), supplemental oxygen (OR: 3.0; P = .008), and prolonged stay in the NICU (>7 days) (OR: 1.8;
P = .025). Newborns with a consolidation pattern on admission chest radiograph had a more severe disease course, with greater
risk of invasive mechanical ventilation, respiratory support, supplemental oxygen, and prolonged hospitalization.

1. Introduction

Respiratory syncytial virus (RSV) lower respiratory tract
infection is the most common viral respiratory infection in
infants [1]. It is characterized by acute inflammation, edema,
and necrosis of epithelial cells lining small airways, increased
mucus production, and bronchospasm. Radiographically,
RSV lower respiratory tract infection can present itself
predominantly as bronchiolitis, a pulmonary obstructive
disease with hyperinflation, or as pneumonitis, a restrictive
parenchymal disease with diffuse consolidation areas [2, 3].
Although neonatal RSV infection is relatively infrequent [4],
newborns have a significant risk for severe disease (i.e., need

for mechanical ventilation and/or death) [5]. The ability
to predict which neonates will have a more severe disease
course could help in the selection of treatment facilities and
guide management strategies. Several authors have sought to
determine which risk factors are the best predictors for severe
RSV disease. Younger age at presentation, lower birthweight,
prematurity, congenital heart disease, chronic lung disease,
and immunodeficiency have consistently been associated
with greater chance for hospital admission, longer hospital
stay, and need for mechanical ventilation in RSV-infected
infants [6–11].

Several studies have sought to determine which radio-
graphic findings are more frequently associated with RSV
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infection [12–14]. Some authors have suggested that specific
chest radiographic patterns in RSV-infected infants were
related with disease course and severity [6, 15–17].

Our aim was to evaluate if a specific chest radiographic
pattern (consolidation) in RSV infection can independently
predict disease severity, namely, the need for supplemental
oxygen, respiratory support, invasive mechanical ventilation,
and prolonged length of hospitalization, in a newborn
population.

2. Material and Methods

2.1. Study Design and Population. In order to establish
the relative importance of chest radiographic patterns in
RSV disease of the newborn, we conducted a multicenter
retrospective cohort study, spanning an eleven-year period
(2000–2010) by abstracting relevant data from clinical charts
and birth files in eight level III-Neonatal intensive care units
(NICU).

Term and preterm neonates, (≤28 days of life and/or≤44
weeks corrected gestational age at time of diagnosis), with
confirmed lower respiratory tract RSV infection (positive
detection of viral RNA in respiratory secretions), admitted
to a NICU were included.

The institutional ethics committee approval was
obtained in all participant institutions.

2.2. Data Collection. Medical records were reviewed for (1)
RSV diagnosis confirmed by viral diagnostic testing; (2)
demographic characteristics including gender, birth gesta-
tional age, birthweigth, and corrected gestational age at time
of diagnosis; (3) underlying medical conditions such as pre-
maturity, congenital heart disease, and bronchopulmonary
dysplasia (according to the National Institute of Health
Consensus); (4) disease severity markers including length of
stay in the NICU, need and duration of respiratory support
(invasive mechanical ventilation (IMV) and/or continuous
positive airway pressure (CPAP)), and requirement for sup-
plemental oxygen therapy; (5) development of complications
including pneumothorax, bacterial pneumonia, sepsis, and
death; (6) chest radiographic findings grouped in two
different categories: consolidation versus hyperinflation.

2.3. Chest Radiographic Patterns. Patients with alveolar infil-
trates and/or opacities with bronchogram (“white lung”)
were considered as having a consolidation pattern (Figure 1).
Patients with hyperinflated or normal radiograph (“black
lung”) were considered as having a hyperinflation pattern
(Figure 2). Chest radiographic characterization was based
on a chest radiograph taken within the first 24 hours after
admission. When multiple chest radiographs were taken,
the one with the most significant radiological findings was
considered. Patients whose radiographs could not be clearly
classified within those two categories, or had been taken
≥24 h after admission, were excluded from the analysis.

2.4. Statistical Analysis. Descriptive statistics of patient char-
acteristics were performed and reported in terms of mean

Figure 1: Consolidation pattern-chest radiograph showing pul-
monary lower left lobe consolidation.

Figure 2: Hyperinflation pattern-chest radiograph showing pul-
monary bilateral hyperinflation.

and standard deviation (SD) for the quantitative variables
and absolute frequencies and percentages for the qualitative
variables.

Demographic characteristics and risk factors were sub-
jected to univariate analysis using the χ2 test or Fisher’s exact
test for categorical variables and a 2-tailed Student’s t-test or
Mann-Whitney test for continuous variables, as appropriate.

As markers of severe disease, we selected the follow-
ing primary outcomes: need for respiratory support need
for invasive mechanical ventilation; supplemental oxygen
requirement; length of stay in the NICU (dichotomized at
>7 days using the median value of the variable).

To determine which factors independently predicted
the outcomes, statistical models were built by using mul-
tivariate logistic regression analysis (backward stepwise).
Variables statistically significant in the univariate analysis
and/or considered clinically relevant for the outcome were
entered in the model. Six potential independent predictors
were considered: birthweight, gender, prematurity, chest
radiographic pattern, congenital heart disease (CHD) and
bronchopulmonary dysplasia (BPD).

Association of predictors with the primary outcomes was
displayed using odds ratios (OR) and 95% CI’s. Predictor
variables with a P-value of <0.05 and multivariate odds
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Table 1: Demographic characteristics and risk factors of newborns hospitalized in NICU with an RSV infection presenting a CPCR versus
HPCR pattern.

CPCR
(N = 101)

HPCR
(N = 158)

P

Demographic characteristics

Gestational age, mean ± SD, wk 36.3 ± 3.0 37.6 ± 2.6 0.012a

Weight, mean ± SD, g 2828 ± 744 2980 ± 653 0.085

Gender, n (%) 0.036a

Male 46 (45.5) 93 (58.9)

Female 55 (54.5) 65 (41.1)

Corrected gestational age, mean ± SD, wk 39.6 ± 2.3 40.4 ± 2.2 0.006a

Postnatal infection, mean ± SD, d 23.7 ± 13.3 21.8 ± 14.2 0.285

Risk factors

Prematurity, n (%) 33 (32.7) 38 (24.1) 0.129

Gestational age < 34 wk 12 (11.9) 12 (7.6)

Gestational age 34–36+6 wk 21 (20.8) 26 (16.5)

Congenital heart disease, n (%) 6 (5.9) 3 (1.9) 0.083

Bronchopulmonary dysplasia, n (%) 2 (2.0) 0 (0.0) 0.151

NICU: neonatal intensive care unit; RSV: respiratory syncytial virus; CPCR: consolidation pattern in chest radiography; HPCR: hyperinflation pattern in chest
radiography; asignificant differences.

Table 2: Disease characteristics in infants hospitalized in NICU with an RSV newborns presenting a CPCR versus HPCR pattern.

Markers of disease severity CPCR (N = 101) HPCR (N = 158) P

Length of stay, median (IQR (25th–75th percentile)), d 8 (5–12) 7 (4–9) 0.005a

Supplemental oxygen

Requirement, n (%) 93 (92.0) 124 (78.5) 0.004a

Duration, median (IQR (25th-75th percentile)), d 4 (3–7) 3 (2–5) 0.003a

O2 maximum concentration, median (IQR (25th–75th percentile)), (%) 30 (28–50) 30 (27–38) 0.085

Respiratory support

Requirement, n (%) 50 (49.5) 46 (29.1) 0.001a

Duration, median (IQR (25th–75th percentile)), d 3 (1–5) 2 (1–3) 0.184

Invasive mechanical ventilation

Requirement, n (%) 23 (22.8) 17 (10.8) 0.009a

Duration, median (IQR (25th–75th percentile)), d 4 (2–6) 3 (1–4) 0.137

Maximum inspiratory pressure, median (IQR (25th–75th percentile)), mmHg 22 (20–28) 20 (20–23) 0.257

NICU: neonatal intensive care unit; RSV: respiratory syncytial virus; CPCR: consolidation pattern in chest radiography; HPCR: hyperinflation pattern in chest
radiography; IQR: interquartile range; asignificant differences.

ratios (and 95% CI’s) that did not include 1 were considered
significant. Statistical analyses were performed by using
PASW statistics 18.0.

3. Results

From the 273 patients who met the inclusion criteria 14
(5.1%) were excluded: 12 (4.4%), due to inability to clearly
classify the chest radiograph and 2(0.7%) due to missing
data. Of the 259 remaining patients, 139 (53.7%) were male.
The mean (±SD) gestational age was 37.3 ± 2.8 weeks, with
71 (27.4%) being preterm infants (<37 weeks). Corrected
gestational age at time of diagnosis was 40.1 ± 2.3 weeks and
the mean (±SD) birthweight was 2921 ± 692 grams.

3.1. Univariate Analysis. First we compared the base-
line demographic characteristics and risk factors between
patients with a consolidation pattern on chest radiography
(CPCR) versus patients with a hyperinflation pattern on
chest radiography (HPCR). Patients with CPCR were pre-
dominantly females and had lower birth and corrected ges-
tational age. No significant differences were found between
groups in any of the studied risk factors (Table 1).

Secondly, we compared differences in disease severity
markers. The proportion of infants who required supple-
mental oxygen therapy, respiratory support, and invasive
mechanical ventilation was significantly higher in the CPCR
group with significantly longer median length of stay in
the NICU and duration of supplemental oxygen therapy
(Table 2).
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Figure 3: Odds ratios (ORs) for risk factors associated with disease severity in newborns with respiratory syncytial virus hospitalized in
neonatal intensive care. According to multiple logistic regression analyses, the independent significant risk factors associated with disease
severity, that is length of stay in NICU (≤7 versus >7 days), requirement of oxygen, respiratory support and invasive ventilation are those
with a P value of <0.05. The reference category for gender is male, for prematurity (<34 and 34–36+6 weeks) is term (≥37 weeks) and for
consolidation pattern is hyperinflation. NS indicates not significant.

Finally, we observed that CPCR patients were signifi-
cantly more prone to develop complications with three times
more cases of bacterial pneumonia when compared to HPCR
patients (Table 3).

3.2. Multivariate Analysis. Of the considered predictors,
prematurity (particularly in infants <34 weeks of gestational
age) and chest radiograph pattern were independently
associated with the need for respiratory support, need for
invasive mechanical ventilation, and length of stay in the
NICU > 7 days. Only the chest radiographic pattern was
found to be an independent predictor for all four markers
of disease severity (Figure 3).

4. Discussion

Several risk factors have been used to predict severe disease
in RSV infected infants. Younger age at presentation, lower
birthweight, prematurity, congenital heart disease, chronic
lung disease, and immunodeficiency have consistently been
associated with greater chance for hospital admission, longer
hospital stay, and need for mechanical ventilation in RSV-
infected infants [6–11]. However, currently existing models
still fail to predict disease evolution in a considerable number
of patients, suggesting that there are additional factors yet to
be considered in risk stratification.

Our study showed that newborns with a consolida-
tion chest pattern had more severe disease with greater
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Table 3: Complications developed in newborns hospitalized in
NICU with a RSV infection presenting a CPCR versus HPCR
pattern.

CPCR
(N = 101)

HPCR
(N = 158)

P

Pneumothorax, n (%) 0 (0) 1 (0.63) 0.610

Pneumonia, n (%) 42 (41.6) 21 (13.3) <0.001a

Sepsis, n (%) 2 (2.0) 2 (1.3) 0.649

Death, n (%) 1 (1.0) 0 (0) 0.391

NICU: neonatal intensive care unit; RSV: respiratory syncytial virus; CPCR:
consolidation pattern in chest radiography; HPCR: hyperinflation pattern
in chest radiography; aSignificant differences.

need for supplemental oxygen, respiratory support, invasive
mechanical ventilation, and longer length of stay in the
NICU. These observations support the relevance of chest
radiographic pattern in RSV-infected newborns, as had been
previously suggested [6, 15–17]. Indeed, it could serve as a
surrogate marker of lower respiratory tract disease pattern
in RSV disease. Prematurity (particularly those ≤34 weeks
of gestational age) was also found to be an independent risk
factor for severe disease in our population, with none of the
other risk factors showing an independent effect.

Our study had a few limitations. Firstly, the sample size
allowed only the detection of risk factors strongly associated
with the primary outcomes and that were prevalent in our
study population. The small numbers of congenital heart
disease and bronchopulmonary dysplasia present in our
sample could have underestimated their effect and results
must be interpreted with caution. Low bronchopulmonary
dysplasia (diagnosed according to the National Health
Institute Consensus criteria) [18] prevalence relates to the
low number of very premature newborns (<32 weeks) with
RSV infection, which in turn could be explained by the
universal use of anti-RSV human recombinant monoclonal
antibody (palivizumab) in those patients [19].

Secondly, some patients cannot be clearly classified has
having a consolidation or a hyperinflation pattern based on
admission chest radiographs. Although such classification is
possible in the vast majority of patients, some will have incip-
ient or equivocal findings requiring chest radiograph repeti-
tion at a later time which falls beyond the scope of our study.

This study focused on a newborn population, for which
there are few available data. We have shown that a consolida-
tion pattern in RSV disease of the newborn is an independent
predictor of disease severity and should be considered
in clinical prediction rules. Better prediction of disease
severity risk on admission will allow differential management
strategies and more adequate resource allocation.

5. Conclusion

RSV-infected newborns with low gestational age (particu-
larly those≤34 weeks) and a consolidation pattern on admis-
sion (first 24 h) should be considered as high risk patients

for a severe disease course, with greater risk of invasive
mechanical ventilation, respiratory support, supplemental
oxygen, and prolonged hospitalization.
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Surfactant replacement therapy has been the mainstay of treatment for preterm infants with respiratory distress syndrome for
more than twenty years. For the most part, surfactant is administered intratracheally, followed by mechanical ventilation. In recent
years, the growing interest in noninvasive ventilation has led to novel approaches of administration. This paper will review these
techniques and the associated clinical evidence.

1. Introduction

Respiratory distress syndrome (RDS) is the most common
disease entity of premature infants. It is characterized by sur-
factant deficiency, immature airways, and lung parenchyma.
With advances in the perinatal management, particularly
antenatal corticosteroid therapy administered to the parturi-
ent, surfactant-deficient lung disease is now more prevalent
among infants less than 29 weeks’ gestation.

Surfactant is composed of phospholipids and associated
proteins, produced by the type II pneumocytes that line the
alveoli and smallest bronchioles. It reduces surface tension
and stabilizes the air-liquid interface at the alveoli, thereby
contributing to improvement in pulmonary compliance.
While surfactant is necessary for normal lung function,
adequate surfactant is not sufficient to assure normal gas
exchange in the preterm infant. There are no simple ways
to separate surfactant deficiency from other aspects of lung
development, such as airway development, alveolarization,
and the development of the pulmonary vasculature in the
preterm infant. Babies born prematurely could be deficient in
surfactant and also have underlying lung hypoplasia. Airway
development also differs between infants of comparable
gestational ages, as evidenced by susceptibility to the devel-
opment of pulmonary interstitial emphysema. Nevertheless,
surfactant treatment for RDS has been shown to dramatically
improve survival of preterm infants.

The effects of surfactant therapy on RDS can be divided
into pulmonary, cardiac, and radiologic. The immediate pul-
monary effects include rapid improvement in oxygenation
accompanied by increasing functional residual capacity, fol-
lowed by a variable increase in lung compliance. The effects
of surfactant administration on pulmonary artery pressure
and pulmonary blood flow are not conclusive. Some studies
suggest no changes in pulmonary flow after surfactant
administration, while others suggest an increase in ductal
shunt velocity and increased pulmonary blood flow. The
radiologic changes reflect the recruitment of lung volume
and decrease in atelectasis after surfactant treatment.

Administration of exogenous surfactant is the established
treatment for RDS. It is the most widely studied drug in
the last 25 years. The body of literature suggests that early
or “prophylactic” administration of surfactant is more
beneficial than late (rescue) therapy [1]. This has been a
standard practice, and premature babies at risk of RDS
often receive prophylactic surfactant in the delivery room
during their initial stabilization. However, this approach is
invasive, because it requires endotracheal intubation for ad-
ministering the surfactant.

The complications of surfactant administration, which
include bradycardia, hypoxia, and hypotension, and interest
in noninvasive respiratory support, have highlighted the
need to explore alternative forms of surfactant replacement
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therapy. One study assessed the intubation times and num-
ber of attempts between neonatal consultants, neonatal
fellows, and pediatric residents in Australia. The findings
reflected the relationship between neonatal experience and
ease of intubation [2]. Secondly, with the results of recent
randomized clinical trials, many clinicians prefer to stabilize
babies using noninvasive respiratory support initially with-
out giving surfactant [3]. A modified approach, referred to as
INSURE, requires endotracheal intubation, administration
of surfactant, followed by rapid extubation to noninvasive
support [4]. It still entails the attendant risks of intubation.

Reports of noninvasive approaches to stabilization, using
early CPAP [5, 6], renewed interest among clinicians and
questioned the need for routine surfactant administration.
These observational data suggested significantly less bron-
chopulmonary dysplasia at one center that used much less
mechanical ventilation. During the same period, Verder et al.
[4] tested a novel approach, INSURE (intubation, surfactant
administration, and extubation). This technique provides
the benefits of surfactant administration but also eliminates
continued mechanical ventilation. This approach, however,
still requires skills for intubation and has the potential for
trauma to the glottis and airway during intubation as well as
the risks of surfactant administration enumerated above.

Over the last decade, randomized controlled trials have
enrolled over 2500 infants to compare CPAP versus intuba-
tion and intermittent positive pressure ventilation (IPPV) at
birth. Some trials (VON trial, IFDAS) also included INSURE
as a third arm. Unfortunately, they reported no differences
in the incidence of BPD or associated complications of
prematurity [3].

With the uncertainty of initial management of these vul-
nerable premature infants, mechanical ventilation remains
the “default” respiratory support. Some infants with mild
surfactant deficiency may be managed without mechanical
ventilation and surfactant administration for first few days,
but the clinical problem is how to identify them. Borderline
babies, who might do well initially, often develop signs of
RDS over the next couple of days and may have a more
difficult course because of delayed surfactant administration.

As mentioned above, intubation of the trachea can be
hazardous and is usually undertaken after premedication,
which may contribute to respiratory depression and a delay
in extubation even after surfactant is administered. To
incorporate the advantages of surfactant and to limit
complications of endotracheal intubation, clinicians have
been exploring other methods of surfactant administration,
including delivery of surfactant via the upper airway or min-
imizing injury while administering intratracheal surfactant.
Several techniques, collectively labeled “minimally invasive
surfactant therapy” (MIST), have been described in which
surfactant is delivered without tracheal intubation. These
potential strategies include the following:

(1) intra-amniotic instillation,

(2) pharyngeal instillation,

(3) administration via laryngeal mask airway,

(4) administration via thin endotracheal catheter with-
out IPPV,

(5) aerosolized/nebulized surfactant administration in
spontaneously breathing infants.

2. Intra-Amniotic Instillation of Surfactant

There is only one feasibility report describing endoscopic
delivery of surfactant directly to the fetus during active
preterm labor. Using this technique, Petrikovsky et al. [7]
introduced a gas-sterilized intraoperative fiberscope through
the cervical canal into the amniotic cavity after sponta-
neous rupture of membranes during preterm labor. Using
this approach the investigators injected surfactant into the
mouths of 3 preterm fetuses through a catheter placed
through the biopsy channel of the fiberscope. They reported
no complications but suggested the need for further prospec-
tive studies to confirm the safety and efficacy of this method.
Thus far, it has not been incorporated into clinical practice.

3. Pharyngeal Instillation of Surfactant

Babies born at term normally initiate respirations by first
inspiring air and then closing the glottis while attempting
to exhale. This creates a significant positive transpulmonary
pressure and presumably forces fetal lung fluid into the
interstitium of the lung [8]. It is likely that this process results
in establishment of an air-fluid interface in the alveolus
with deposition of surfactant from the fetal lung fluid.
However, in the preterm lung, where surfactant is deficient,
a similar positive pressure may result in histologic disruption
of alveolar integrity [9], release of cytokines [10], leakage of
serum proteins [11], and inactivation of both endogenous
surfactant and any exogenously administered surfactant [12].
The pharyngeal instillation of surfactant before delivery has
the potential to replicate the physiologic process. While
the chest remains compressed in the birth canal, fetal lung
fluid can be suctioned from the upper airway and replaced
with a surfactant-containing solution. Then, as the chest
expands, the baby is stimulated to aspirate the surfactant-
containing solution providing surfactant at the advancing
air-fluid interface. This process can be further facilitated by
the application of mask CPAP.

Utilizing this approach, the initial report of pharyngeal
instillation of surfactant was published in 2004 [13]. Twenty-
three infants (560 to 1804 grams) born between 27 and
30 weeks’ gestation had surfactant (Infasurf) administered
within the nasopharynx before delivery of the shoulders after
suctioning of the nasopharynx. Newborns received CPAP at
10 cm H2O by mask as they initiated breathing, and this was
continued at 6 cm H2O for at least 48 hours. The investiga-
tors reported the technique to be relatively safe and simple
to accomplish during vaginal deliveries. Unfortunately, this
approach requires a cephalic delivery and a spontaneously
breathing infant. Cesarean section, malpresentation (breech
or transverse), or perinatal compromise limit the application
of this approach. A Cochrane review did not find any articles
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comparing this approach to no treatment or treatment with
intubation and surfactant [14].

4. Administering via Laryngeal
Mask Airway (LMA)

The LMA is a supraglottic device consisting of a curved
plastic tube with an elliptical inflatable mask that is inserted
blindly into the posterior pharynx of the baby. The mask
may be inflated in the hypopharynx to create an airtight
seal around the upper esophagus. It offers the possibility of
rapidly establishing effective ventilation and access to the
airway without the need for tracheal intubation, even when
performed by relatively inexperienced personnel. There are
different types of LMAs available (Classic; ProSeal; i-Gel;
PAX press; CobraPLA).

A protocol for LMA surfactant administration suggested
by Trevisanuto [15] involves positioning the LMA, followed
by instilling the surfactant in two to four aliquots via the
LMA. Each aliquot is usually followed by brief IPPV until
the surfactant disappears from the LMA. Once the surfactant
aliquots have been completely administered, the LMA is
removed and the baby is placed on CPAP for subsequent
management.

There are no reported studies of prophylactic or early
LMA surfactant administration [16]. One small study
reported a comparison of late rescue LMA administration
of surfactant versus no surfactant. This study enrolled 26
preterm infants≥1200 g with RDS who required CPAP. LMA
surfactant administration resulted in a reduction in the
mean FiO2 required to maintain pulse oximetry between
88% and 92% for 12 hours after the intervention. No
significant differences in subsequent mechanical ventilation,
pneumothorax, days of intermittent positive airway pressure
(IPPV), and days of IPPV or oxygen were reported [17].

Possible adverse effects of LMA surfactant administration
include hypoxia and bradycardia during administration,
laryngospasm, and malposition of the LMA, with potential
effects on the newborn [18]. The limitations of surfactant
administration using LMA are related to the nonavailability
of smaller LMA sizes for use in extremely premature infants
[18]. The technique is relatively simple and seems promising,
but well-designed studies are needed to confer safety and
efficacy.

5. Administration via Thin Endotracheal
Catheter/Feeding Tube without IPPV

This method of surfactant administration delivers exogenous
surfactant using a thin intravascular catheter or feeding tube
inserted below the vocal cords. It is classified as a “MIST”
technique. Using Magill forceps, a nasogastric tube is inserted
into the trachea under direct laryngoscopic visualization of
the vocal cords during nasal CPAP therapy. After placement
of the catheter, surfactant is administered over a period of
1–3 minutes, while the infant continues to receive nasal
CPAP. The procedure was first described in a feasibility study
including premature infants ≤27 weeks of gestation. In this

observational study, the intervention data were compared to
historical controls. Reduced mortality (11.9% versus 35.3%,
P = 0.025) and a reduced rate of severe IVH (grade 2 or 3) in
survivors (5.1% versus 31.8%, P = 0.01) were observed [19].
After the publication of these results, some German centers
adopted this method and they conducted a retrospective
analysis of data from 15 centers. A total of 1541 infants <31
weeks of gestation was analyzed [20]. One thousand two
hundred and twenty-two infants received standard care, and
319 were treated with the new method. Although smaller
(945 versus 1018 g, P < 0.001) and less mature (27.3 versus
27.9 weeks, P < 0.001), infants treated with the new method
showed less death or BPD (13.3% versus 19.9%, P = 0.007)
and less need for any respiratory support. The technical
difficulties associated with this method include the use of a
highly flexible feeding tube and the need to use Magill forceps
to advance the tube tip into the trachea. The necessary skills
set may limit more widespread application.

To overcome the limitations imposed by the flexible
nasogastric tube, Dargaville et al. tested the MIST technique
utilizing placement of a 16-gauge vascular catheter below the
vocal cords without using Magill forceps or premedication.
This study enrolled 11 infants 25–28 weeks’ gestation requir-
ing any CPAP pressure or FiO2, and 14 infants 29–34 weeks’
gestation at CPAP pressure ≥7 cm H2O and FiO2 ≥0.35. In
all cases, surfactant was successfully administered and CPAP
was reestablished. Coughing (32%) and bradycardia (44%)
were transiently noted and 44% received positive pressure
inflations. There was a clear surfactant effect, with lower FiO2

after MIST (pre-MIST: 0.39 ± 0.092; after 4 hour: 0.26 ±
0.093; P < 0.01), and a modest reduction in CPAP pressure.
Few adverse outcomes were reported: intubation within 72 h
(n = 3), pneumothorax (n = 1), BPD (n = 3), and death
(n = 1), all in the 25–28-week group. Favorable outcomes
were reported in both gestation groups, with a trend towards
reduction in intubation in the first 72 h in the 25–28-week
infants compared to historical controls [21].

The main limitations of the MIST methods are the
need for laryngoscopy and the use of Magill forceps. There
is still concern about potential trauma from both the
laryngoscope and the catheters. In active preterm infants, in
particular, placement of the catheter without sedation may be
difficult and potentially traumatic, as well as uncomfortable.
Additionally, this technique utilized a Benevista gas jet
valve to provide CPAP while administering surfactant. This
facilitates dispersion of surfactant without IPPV using a high
flow CPAP system. It is unclear whether this method will be
effective when used with Bubble CPAP or Infant flow driver
CPAP.

6. Aerosolized/Nebulized Surfactant
Administration in Spontaneously
Breathing Infants

Many believe that the noninvasive administration of an
aerosolized or nebulized surfactant might represent the best
of all possible worlds by sparing manipulation of the airway
but being able to administer surfactant early in the course
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of RDS. Until recently, aerosolization has remained elusive.
In order for the parent surfactant to be effective, four steps
need to be accomplished. First, the surfactant needs to be
aerosolized. The energy to do so may denature surfactant
proteins. Second, the appropriate particle size needs to be
achieved so that it does not “rain out” in the airway and is
capable of penetrating deep into the lung. Third, the particles
must be able to reaggregate at their site of action. Finally,
the reaggregated surfactant has to regain and maintain its
biological activity.

Use of nebulized surfactant seems to be the most
sophisticated and minimally invasive technique. Several pilot
trials have utilized this technique [22–26]. The majority of
these trials used nasal CPAP delivery. One of the studies
showed an improvement in (A-a) O2-gradient, Silverman
score, and PaCO2 [22] and another study failed to demon-
strate efficacy [23]. The studies are difficult to compare, as
different surfactant preparations and different devices for
nebulization and delivery were used, including jet nebulizers,
ultrasonic nebulizers, and vibrating membrane nebulizers.
The postnatal ages at application also varied between less
than 30 minutes to less than 3 days of age.

Arzhavitina examined an in vitro model comparing six
different nebulizers. They reported differences in the process
of aerosol droplet generation between drugs with and with-
out properties of surface activity and according to the type
of nebulizer. They hypothesized that a vibrating membrane
nebulizer is the best device for substances with surface
activity, such as surfactant, as the residual volume in the
device is minimal and the substance output is maximal [27].

The typical protocol for nebulized surfactant administra-
tion involves the use of an aerosol generator with surfactant
administered by a nasal CPAP system, using either a tight
face mask or nasopharyngeal tube [24]. Multiple factors
are reported to influence aerosol surfactant dose delivery,
including patient weight or size, minute ventilation [28],
aerosol flow and patient peak inspiratory flow, aerosol
particle size (as large as possible to avoid potential exhalation,
yet small enough to bypass the oropharynx) [26], type of
aerosol generator used, and type of surfactant [29] (Table 1).
Nebulized surfactant may reduce the need for endotracheal
intubation and is well tolerated [22, 24], apart from transient
oxygen desaturation during dosing. There are no trials
comparing the efficacy of nebulized surfactant delivery in
premature infants compared to the standard approach or
other delivery methods. Further refinements may, however,
make it an attractive technique for future consideration.

7. Summary

The current evidence regarding noninvasive surfactant deliv-
ery techniques in premature infants is limited to pilot data
and feasibility studies. This is further complicated by varying
delivery methods and nonavailability of smaller devices for
use in very preterm infants. With the growing interest in non-
invasive respiratory support techniques, until conclusive data
on superiority of approach is documented, the gold standard
of respiratory support is endotracheal intubation, admin-
istration of surfactant, and optimal mechanical ventilation.

Table 1: Factors influencing the success of aerosolized/nebulized
surfactant.

(1) Patient weight

(2) Minute ventilation

(3) Aerosol flow

(4) Patient peak inspiratory flow

(5) Aerosol particle size

(6) Type of aerosol generator

(7) Type of surfactant

Data from clinical trials of the novel techniques will need
to evaluate long-term respiratory and neurodevelopmental
outcomes to prevent any untoward harm in vulnerable
preterm infants and to assess the true cost effectiveness.
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V. Panetta,3, 4 R. Agostino,1 and C. Moretti2

1 Neonatal Intensive Care Unit, Pediatric and Neonatal Department, “S.Giovanni Calibita” Fatebenefratelli Hospital,
Isola Tiberina, Via Ponte Quattro Capi, 39-00186 Rome, Italy

2 Pediatric Emergency and Intensive Care, Department of Pediatrics, Policlinico “Umberto I,” Sapienza University of Rome,
Viale Regina Elena, 324-00161, Rome, Italy

3 SeSMIT-A.Fa.R., Medical Statistics & Information Technology, Fatebenefratelli Association for Biomedical
and Sanitary Research, Lungotevere de’ Cenci, 5-00186 Rome, Italy

4 L’altrastatistica srl Consultancy & Training, Biostatistics Office, Via Ermino, 16-00174 Rome, Italy

Correspondence should be addressed to C. Gizzi, camillagizzi@tin.it

Received 31 August 2012; Accepted 1 November 2012

Academic Editor: Gustavo Rocha

Copyright © 2012 C. Gizzi et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Aim. To evaluate whether synchronized-NIPPV (SNIPPV) used after the INSURE procedure can reduce mechanical ventilation
(MV) need in preterm infants with RDS more effectively than NCPAP and to compare the clinical course and the incidence of
short-term outcomes of infants managed with SNIPPV or NCPAP. Methods. Chart data of inborn infants <32 weeks undergoing
INSURE approach in the period January 2009–December 2010 were reviewed. After INSURE, newborns born January –December
2009 received NCPAP, whereas those born January–December 2010 received SNIPPV. INSURE failure was defined as FiO2 need
>0.4, respiratory acidosis, or intractable apnoea that occurred within 72 hours of surfactant administration. Results. Eleven out
of 31 (35.5%) infants in the NCPAP group and 2 out of 33 (6.1%) infants in the SNIPPV group failed the INSURE approach
and underwent MV (P < 0.004). Fewer infants in the INSURE/SNIPPV group needed a second dose of surfactant, a high
caffeine maintenance dose, and pharmacological treatment for PDA. Differences in O2 dependency at 28 days and 36 weeks of
postmenstrual age were at the limit of significance in favor of SNIPPV treated infants. Conclusions. SNIPPV use after INSURE
technique in our NICU reduced MV need and favorably affected short-term morbidities of our premature infants.

1. Introduction

Respiratory distress syndrome (RDS) is the single most
important cause of morbidity and mortality in preterm
infants. In past years, the standard treatment for this condi-
tion was endotracheal intubation and mechanical ventilation
(MV), as well as exogenous surfactant therapy. Although life
saving, MV is invasive, resulting in airway and lung injury
and contributing to the development of bronchopulmonary
dysplasia (BPD). Nasal continuous positive airway pressure
(NCPAP) has been advocated to be a gentler form of

respiratory support that makes it possible to reduce the
need for MV in preterm infants [1–3]. NCPAP combined
with early surfactant replacement therapy, administered by
intubation and rapid extubation (intubation-surfactant-
extubation, INSURE), has been introduced as a primary
mode of respiratory support in premature infants with RDS
with a varying degree of success, depending on patients’
gestational age (GA) and the severity of the radiological stage
of RDS and FiO2 at surfactant administration [4–10]. An
evidence-based review showed that surfactant given at an
early stage of RDS with extubation to NCPAP, compared with
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surfactant given later and continued MV, is associated with a
reduced need for MV, a lower incidence of BPD and fewer
air-leak syndromes [11].

Nasal intermittent positive pressure ventilation (NIPPV)
is a noninvasive mode of ventilation that offers more
ventilatory support than NCPAP. NIPPV may be synchro-
nized (SNIPPV) or nonsynchronized to the infant’s breath-
ing efforts. Several observations favor SNIPPV. Kiciman
et al. [12] demonstrated that thoracoabdominal motion
asynchrony and flow resistance through the nasal prongs
decreased in neonates on SNIPPV, with improved stability
of the chest wall and pulmonary mechanics. Moreover,
delivering the peak inspiratory pressure immediately after
the start of a respiratory effort, when the glottis is open,
allows pressure to be effectively transmitted to the lungs,
with little or no deviation through the esophagus into the
stomach, obtaining the double advantage of increasing tidal
volume (Vt) and reducing the risk of gastrointestinal side
effects. In doing so, it is also possible that SNIPPV recruits
collapsed alveoli and increases functional residual capacity
(FRC). Recently, Owen et al. [13] described that during
nonsynchronized NIPPV, Vt increases only when pressure
peaks occur during spontaneous inspiration, suggesting that
synchronization may be beneficial. In a previous study our
group reported that application of SNIPPV was associated
with increased tidal and minute volumes and decreased
respiratory effort when compared with NCPAP in the same
infant [14]. Finally, Aghai et al. [15] and Chang et al. [16]
demonstrated that infants receiving SNIPPV have decreased
work of breathing (WOB). Asynchronous breaths, on the
contrary, may increase the risk of pneumothorax (PNX),
blood pressure and cerebral blood flow velocity fluctuations
and WOB [16, 17].

The purpose of our study was to evaluate whether
in premature infants (GA < 32 wks) with RDS, SNIPPV
used as ventilatory support immediately after surfactant
administration using the INSURE technique is effective in
further reducing the incidence of MV within the following 72
hours when compared to the conventional INSURE/NCPAP
treatment. Our aim was also to compare the NICU clinical
course and the incidence of short-term outcomes of pretem
infants managed with SNIPPV or NCPAP after INSURE.

2. Patients and Methods

Chart data from inborn preterm infants with GA < 32
weeks admitted to our NICU from January 2009 to Decem-
ber 2010 were reviewed retrospectively with the aim of
identifying newborns treated with nasal ventilation and the
INSURE approach. Management of RDS before INSURE
and the INSURE procedure were similar for all infants.
Spontaneously breathing preterm newborns, not requir-
ing intubation at birth for cardiopulmonary resuscitation,
received early rescue NCPAP if chest retractions and/or
grunting and/or tachypnea and/or oxygen need were present.
Infants were routinely treated with caffeine (loading dose
of 20 mg per kg of caffeine citrate followed by a daily
maintenance dose of 5 mg per kg; daily maintenance dose

could be doubled to 10 mg per kg in case of persistent
apnoeic spells). Intubation for surfactant administration
(INSURE technique) was performed if the FiO2 requirement
on NCPAP (CPAP level 5-6 cm H2O) was >0.4 for more
than 30 min, to maintain transcutaneous oxygen saturation
between 85 and 93% in the presence of radiological signs of
RDS. Poractant alfa (Curosurf-Chiesi Farmaceutici, Parma,
Italy) 200 mg/kg was given endotracheally, followed by
manual ventilation by bag for 2–5 min. A preterm size
self-inflating ventilation bag was used for the procedure.
During manual ventilation, titration of O2 delivery was
achieved by connecting the inlet of the self-inflating bag to
an air/oxygen blender. Pressure was controlled by an attached
disposable manometer. Pain control for elective endotracheal
intubation was obtained by administering fentanyl 0.5–
2 mcg/kg 5–10 min before intubation. After surfactant and
manual ventilation, in the presence of a good respiratory
drive and a satisfactory transcutaneous oxygen saturation
value, infants were extubated. To reverse the potential
respiratory depression because of opioids, infants without
a good respiratory drive could receive a single dose of
Naloxone (0.04 mg/kg). After extubation, infants referred
from January to December 2009 (INSURE/NCPAP historical
control group) were treated with ventilator-derived NCPAP
(V.I.P. Bird Gold ventilator-Viasys Healthcare, Yorba Linda,
CA, USA) as per standard protocol, while infants referred
from January to December 2010 (INSURE/SNIPPV study
group) were treated with flow-SNIPPV (“Giulia” Neonatal
Nasal Ventilator-Ginevri Medical Technologies, Rome, Italy)
according to a new institutional protocol for RDS. The device
synchronizes NIPPV by means of a pneumothacograph
interposed between the nasal prongs and the Y piece [18].
Before that time, in our unit, SNIPPV was mostly used to
help infants weaning from MV after extubation and to treat
apnoea of prematurity.

Nasal prongs of the same type (Ginevri Medical Tech-
nologies, Rome, Italy) were used for both ventilation modes.
The size of the prongs was determined by the infant’s weight.
The largest possible prongs were used, with a snug fit to avoid
leakage. No precautions were taken to avoid leakage from the
mouth.

Mechanical ventilation was started in case of INSURE
failure defined as: (1) FiO2 > 0.4 to maintain SpO2 85–93%;
(2) significant apnoea defined as more than 4 episodes of
apnoea/hour or more than 2 episodes of apnoea/hour if bag
and mask ventilation were required; (3) respiratory acidosis
defined as pCO2 > 65 mmHg (8.5 kPa) and pH < 7.20 on
arterial or capillary blood gas.

A second dose and additional doses of surfactant of
100 mg/kg could be administered to infants who were on
MV, while a second INSURE was never tried. All infants
were started on parenteral nutrition (PN) within the first
24 h of life, with dextrose, amino acids, and lipids. Total
fluid volumes were increased daily until a goal of 140
to150 mL/kg/day was achieved during the first week of life.
Infants were started on trophic feeds when clinically stable.
Enteral nutrition was increased by 10–20 mL/kg every day
as tolerated until a goal of 150 mL/kg/day. PN was stopped
when full feeds (120 mL/kg/day) were tolerated.
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Echocardiography was performed in all infants at 24–
72 h of life and intravenous treatment with ibuprofen or
indomethacin for a patent ductus arteriosus (PDA) was
based on echocardiography and clinical signs. Cerebral
echography was performed within the first 48 h of life,
repeated at 7 days, and then every week until discharge.
Intracranial hemorrhages (IVH) were classified as described
by Volpe [19] and periventricular leucomalacia (PVL) as
described by de Vries et al. [20]. Late-onset sepsis was
diagnosed when a positive blood culture occurred in a sick
infant after the first 72 hours of life. Necrotizing entero-
colitis (NEC) was classified based on Bell’s criteria [21].
Retinopathy of prematurity (ROP) grades I-V were defined
as per international classification [22]. The INSURE/SNIPPV
group was compared with the INSURE/NCPAP group to
evaluate whether SNIPPV reduced the need for MV in the
72 hours after INSURE. The two groups were also compared
in terms of incidence of air leaks, need for a second dose
of surfactant, need for a high maintenance dose of caffeine,
need for postnatal steroids, O2 dependency at 28 days and 36
weeks of postmenstrual age (PMA), late-onset sepsis, nasal
complications, feeding intolerance, NEC, PDA, IVH, PVL,
ROP, and death. Duration of MV for infants who failed the
INSURE approach, days on nasal ventilation, days on oxygen,
days on parenteral nutrition, and length of hospital stay were
also evaluated in the two study groups.

The maternal variables examined included type of
delivery, antenatal steroid treatment, pregnancy induced
hypertension, prolonged premature rupture of membranes
(pPROM) > 18 h, placental abruption, intrauterine growth
restriction (IUGR), and clinical chorionamnionitis (defined
as the presence of fever with one or more of the following:
maternal leukocytosis > 15,000/mm3, uterine tenderness,
fetal tachycardia, foul-smelling amniotic fluid).

Approval for this study was obtained from the Ethics
Committee of the “S. Giovanni Calibita” Fatebenefratelli
Hospital, Isola Tiberina, Rome.

3. Statistical Methods

All data were collected in an Excel database and ana-
lyzed using the statistical package STATA 12.0. Continuous
normally distributed variables were compared using the t
Student test for unpaired data and categorical variables were
compared using the chi-square test. The Mann-Whitney test
was performed to compare continuous variables that were
not normally distributed. The Shapiro Wilk test was used to
evaluate normally distributed assumptions.

A P value less than 0.05 was considered statistically
significant.

4. Results

One hundred and sixty-seven infants with GA < 32 weeks
were referred to our NICU in the 2 study periods. Sur-
factant was administered to 101 infants (60.5%); 64 of
them underwent INSURE treatment (31 newborns in the
INSURE/NCPAP historical control group and 33 in the

INSURE/SNIPPV study group) and were included in this
review. Characteristics of the newborns included in the 2
groups did not demonstrate significant differences (Table 1).
In particular, Clinical Risk Index for Babies (CRIB) scores
[23, 24], radiographic classification [25], FiO2 values, and
transcutaneous PCO2 (tcPCO2) values before surfactant
treatment indicated that the RDS severity was similar for
the 2 groups. After INSURE, infants in the historical group
received NCPAP at a pressure level of 5-6 cm H2O with a
flow rate of 8.0± 0.5 L/min while infants in the study group
received SNIPPV in the assist/control mode (i.e., ventilator
assisting each spontaneous breath) with the following initial
respiratory parameters: Ti 0.32± 0.02 sec, back-up rate 35±
5 bpm, PIP 15±2 cm H2O, PEEP 5.5±0.5 cm H2O, flow rate
8.0± 0.5 L/min.

Table 2 reports neonatal outcomes in the 2 study groups.
Eleven (GA 27.9 ± 1.7 weeks, BW 1056 ± 222 g) out of
31 infants in the INSURE/NCPAP group versus 2 (GA 25
and 27 weeks, BW 670 and 1080 g, resp.) out of 33 infants
in the INSURE/SNIPPV group met the INSURE failure
criteria and underwent endotracheal MV (35.5% versus
6.1%; P = 0.004). Failure was due to pneumothorax in
1 infant, intractable apnoea in 4 infants, hypercapnia in 3
infants, and increased oxygen requirement in 3 infants in
the INSURE/NCPAP group, while in the INSURE/SNIPPV
group both infants failed because of increased oxygen
requirement.

INSURE failure occurred at median (range) 48.1
(5–71) hours after surfactant administration in the
INSURE/NCPAP group and at 9.5 (6–13) hours in
the INSURE/SNIPPV group. Six hours after surfactant
administration, the FiO2 requirement for infants still
on nasal ventilation was significantly higher in the
INSURE/NCPAP group (median (range): 0.30 (0.21–0.45)
versus 0.22 (0.21–0.40); P < 0.001). More infants in the
INSURE/NCPAP group needed a second dose of surfactant
(22.6% versus 3%; P = 0.025) and a high maintenance
dose of caffeine (29% versus 9.9%; P = 0.041). Treated
PDA was also more frequent in the INSURE/NCPAP group
(25% versus 6.5%; P = 0.041). Among the 10 patients
with treated PDA, only 1 in the INSURE/NCPAP group
required surgical ligation. Four (2 per group) of those infants
who were successfully treated with the INSURE approach
subsequently needed MV due to late-onset sepsis at median
age of 13 days (range 8–21 days). Although fewer infants
in the INSURE/SNIPPV group were O2 dependent at 28
days and 36 weeks PMA, this was at the limit of statistical
significance. Other neonatal outcomes did not differ in
the 2 groups, as reported in Table 2. Nasal complications,
including columella nasi bleeding, flaring of the nostrils, and
snubbing of the nose, were all transient, and the incidence
was similar in the two groups. Some infants in both groups
had moderate abdominal distention; however the incidence
of feeding intolerance was similar in the two groups. One
infant in the INSURE/NCPAP group developed NEC (Bell
stage IIA) by day 20 of life. The observed ROP case was grade
I. NICU course did not differ between groups (Table 3).
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Table 1: Neonatal characteristic in the two study groups.

INSURE/NCPAP (n.31) INSURE/SNIPPV (n.33) P value

Gestational age (wks) 29.1 ± 1.4 28.7 ± 1.3 0.768

Birth weight (g) 1305 ± 364 1283 ± 278 0.786

M/F 14/17 13/20 0.641

Multiple births 7 (22.6) 8 (24.2) 0.085

Antenatal steroids 27 (87.1) 26 (78.8) 0.689

Main maternal pregnancy diseases

(i) hypertensive disorders 6 (19.3) 9 (27.2) 0.455

(ii ) pPROM 6 (19.3) 5 (15.1) 0.729

(iii) placental abruption 4 (12.9) 3 (9.1) 0.704

(iv) corionamnionitis 3 (9.6) 4 (12.1) 1.000

(v) IUGR 5 (16.1) 5 (15.1) 1.000

Cesarean section 27 (87.0) 28 (84.8) 0.796

Apgar score at 5′ 8 (5–9) 8 (6–9) 0.947

CRIB score 2 (0–11) 1 (0–8) 0.078

RDS moderate to severe∗ 20 (64.5) 23 (69.7) 0.625

Age at NCPAP (min) 30 (15–120) 30 (15–120) 0.994

Age at INSURE (hours) 4 (0.5–17) 4 (0.5–23) 0.736

FiO2 at INSURE 0.44 ± 0.05 0.43 ± 0.03 0.332

tcPCO2 at INSURE (mm Hg) 46.6 ± 6.6 48.6 ± 7.9 0.278

Values are given as mean ± SD, median (range), or number and (%).
∗Radiographic classification.

Table 2: Neonatal outcomes in the two study groups.

INSURE/NCPAP (n.31) INSURE/SNIPPV (n.33) P value

INSURE failure 11 (35.5) 2 (6.1) 0.004

Pneumothorax 1 (3.2) 0 0.484

Surfactant second dose 7 (22.6) 1 (3.0) 0.025

Caffeine high maintenance dose 9 (29.0) 3 (9.9) 0.041

PDA treated 8 (25.8) 2 (6.1) 0.041

Postnatal steroids 4 (12.9) 1 (3.0) 0.190

O2 dep. at 28 days 6 (19.3) 1 (3.0) 0.050

O2 dep. at 36 weeks PMA 4 (12.9) 0 0.050

Late onset sepsis 4 (12.9) 4 (12.1) 1.000

Feeding intolerance 3 (9.7) 4 (12.1) 1.000

NEC 1 (3.2) 0 0.484

IVH (1-2◦) 2 (6.4) 2 (6.0) 1.000

IVH (3-4◦) 1 (3.2) 1 (3.0) 1.000

PVL 0 0 1.000

ROP 0 1 (3.0) 1.000

Death 0 0 1.000

Values are given as number and (%).

Table 3: NICU course in the two study groups.

INSURE/NCPAP (n.31) INSURE/SNIPPV (n.33) P value

Duration of MV∗ (h) 29 ± 21 39 ± 22.8 0.073

Days on nasal ventilation 4.8 (1–62) 4.9 (1–25) 1.000

Days on oxygen 7.4 (1–62) 6 (1–35) 0.704

Days on parenteral nutrition 13.2 ± 8.2 15.6 ± 9.8 0.294

Length of hospital stay (days) 49 ± 19 48 ± 25 1.000

Values are given as mean ± SD or median (range).
∗For infants who failed INSURE approach.
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5. Discussion

Early surfactant therapy administered by INSURE technique
and combined with NCPAP has been applied in preterm
infants with RDS to prevent ventilator-associated lung injury.
This strategy is effective in improving respiratory outcome
and reducing the need for MV, although several stud-
ies reported an INSURE/NCPAP approach failure ranging
between 26% and 50% [10]. In our pre-SNIPPV period,
INSURE failure occurred in about 35% of infants <32 weeks’
gestation, similar to literature reports. The introduction
of flow-SNIPPV in our Unit and its use after INSURE
significantly reduced the need for MV.

We previously observed that flow-SNIPPV in the post
extubation period supports respiratory effort more effec-
tively than NCPAP [14, 18]. According to present data, flow-
SNIPPV also seems to be promising in treating infants in the
acute phase of RDS, as a primary mode of ventilation after
INSURE.

Compared with NCPAP, SNIPPV improves ventilation
by increasing Vt [13, 14] and decreasing respiratory effort
[12, 14–16], thus representing an ideal mode of noninvasive
support. These mechanisms of action probably account for
the higher success of the INSURE/SNIPPV strategy over
the classical INSURE/NCPAP reported in our study. Indeed,
in our series of preterm infants the prominent effects of
flow-SNIPPV were those of augmenting and stimulating
spontaneous breathing as demonstrated by the absence of
respiratory acidosis and apnoeic episodes as reasons for
failure in infants who received this mode of ventilation.

It has been observed that SNIPPV significantly reduces
PCO2 values when compared with NCPAP in preterm infants
[14, 26] as a consequence of improved alveolar ventilation.
Moreover, apnoeic spells are common in premature infants
and are recognized as a significant reason for MV use.
Barrington et al. [27] found a trend towards a reduction of
apnoeic episodes per day in infants treated with SNIPPV
after extubation, while Lin et al. [28] suggested that syn-
chronization may increase the success of NIPPV in reducing
apnoeic spells. Conversely, Ryan et al. [29] and Pantalitschka
et al. [30] found that NIPPV offers no advantages over
NCPAP in treating apnoea of prematurity. According to these
observations, fewer infants in the INSURE/SNIPPV group
needed a high maintenance dose of caffeine for persistent
apnoeic spells and no infant underwent MV due to apnoea
in this group. Synchronized NIPPV may effectively help
preterm infants suffering apnoeic episodes to counteract the
mechanisms that contribute to this pathology better than
NCPAP and NIPPV.

FiO2 requirement 6 hours after INSURE was lower in
SNIPPV treated infants. One possible explanation for this
association is that SNIPPV, favoring alveolar recruitment and
keeping the lung open by applying a higher mean airway
pressure, may prevent RDS worsening more effectively than
NCPAP. For the same reasons, SNIPPV probably helps
exogenous surfactant distribution in the lungs and its more
effective action, as suggested by a reduced need for a second
surfactant dose in this group.

Recently, 3 randomized controlled trials studied the
effects of NIPPV applied in the acute phase of RDS as
a primary mode of respiratory support before surfactant
replacement. Kugelman et al. [31] observed that NIPPV,
compared with NCPAP, decreased the requirement for
endotracheal ventilation in premature infants <35 weeks
with RDS, and this was associated with a reduced incidence
of BPD. In this study however the INSURE approach was not
used. Sai Sunil Kishore et al. [32] used NIPPV at the first
signs of RDS, and coupled this technique with the INSURE
approach in premature infants with GA ≥ 28 weeks. Similar
to our reports, they found that the need for intubation and
MV was lower with NIPPV. Finally, Meneses et al. [33] could
obtain similar results using NIPPV only in infants weighing >
1000 g. According to these reports, nonsynchronized early
NIPPV seems to be beneficial for slightly older and heavier
infants when compared with NCPAP. However, as SNIPPV
presents potential advantages over NCPAP and NIPPV, its
use soon after birth in preterm infants <1000 g deserves
further investigation.

A significant reduction in BPD has been reported when
NIPPV is used as respiratory support after extubation or as a
primary mode for RDS [34–37]. In our study, the difference
in O2 dependency at 28 days and 36 weeks between the two
groups was at the limit of statistical significance, probably
due to the small number of patients included. As MV in
the first days of a preterm infant is a major factor for BPD
[38, 39], avoiding endotracheal tube ventilation remains
of paramount importance in preventing ventilator-induced
lung injury.

RDS and PDA are common comorbidities in premature
infants. In our series, more infants in the INSURE/NCPAP
group needed pharmacological treatment for PDA. Symp-
tomatic PDA is an identified risk factor for INSURE failure
[40] and may have contributed to the higher need for MV
in this group. Moreover, as mechanical ventilation strategies
may influence ductal closure [41], whether flow-SNIPPV
may have a direct effect on PDA should be investigated
further.

In our study a second INSURE after the first INSURE
failure was not attempted. Recently, Dani et al. [42] found
that multiple INSURE procedures were followed by a similar
respiratory outcome to the single procedure in a cohort of
extremely premature infants. Whether the multiple INSURE
approach might be a useful alternative to surfactant given
during MV requires specific studies.

Abdominal distension is commonly observed in infants
undergoing nasal ventilation. Although mild abdominal dis-
tension usually causes no severe complications, it may play a
role either in delaying the speed of oral feeding or in reducing
the efficacy of ventilation. In our series, one infant per group
had to discontinue oral feeding for 24 hours while on nasal
ventilation, while 2 infants in the INSURE/NCPAP group
and 3 infants in the INSURE/SNIPPV group delayed the daily
increase of oral feeds. Overall, days on parenteral nutrition
were similar in the two groups. Nasal complications were also
observed, but not serious enough to cause ventilation to be
suspended.
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The incidence of cerebral damage was very low in
the whole group, confirming the safety of this ventilatory
approach in a population of relatively large preterm infants.
Moreover, the two study groups did not differ in terms
of short-term outcomes at discharge, suggesting that flow-
SNIPPV could provide effective as well as safe ventilatory
support for the treatment of infants with RDS after surfac-
tant treatment.

The main limitations of this study are in the retrospective
design and in the small number of patients included.
Although this is a small retrospective study, it has been
conducted over a relatively short clinical period, during
which we are not aware of any significant shift in clinical
practice other than the introduction of flow-SNIPPV as
a respiratory support after INSURE, therefore we do not
believe that other changes in clinical practice not recorded
for this analysis might explain the differences between the
two groups. Nevertheless, these data need to be confirmed
in a randomized controlled trial, and the possible underlying
protective mechanisms of SNIPPV on acidosis and/or on
apnoea deserve specific investigation.

Another limitation of our study relates to the small
number of infants included weighing less than 1000 g at
birth, since most of the difficulties in keeping infants away
from MV are encountered with these tiny newborns. In our
series, 5 infants in each group had a birth weight <1000 g.
Among these, 4 in the NCPAP group and 1 in the SNIPPV
group failed the INSURE approach. Thus, further work is
needed to establish the effectiveness of SNIPPV in extremely
low birth weight infants.

6. Conclusions

Our data suggest that, for infants being treated with nasal
ventilation for RDS, the use of flow-SNIPPV after surfactant
administration using the INSURE technique is safe and
beneficial, as evidenced by the decreased need for MV, with
no worsening of prematurity-related outcomes, compared
with infants who underwent the classical INSURE/NCPAP
approach. Further studies should be conducted to confirm
these findings, to evaluate the real improvement in long-
term outcome in SNIPPV treated newborns, to determine
the optimal ventilatory settings of the SNIPPV system and
to investigate the possibility of using SNIPPV to treat apnoea
of prematurity and as a primary support for idiopathic RDS
before surfactant administration particularly in extremely
low birth weight infants.
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