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ABSTRACT

Objective. To investigate the relationship between surfactant replacement therapy and the development of a
haemodynamically significant ductus arteriosus.

Methods. All premature infants at 28-32 wk gestation with a clinical diagnosis of respiratory distress syndrome were
retrospectively reviewed and subdivided into two groups; intubated, mechanically ventilated and received surfactant (Group
1); and received nasal continuous positive airway pressure alone (Group 2). The relationship between groups and
characteristics of the hemodynamically significant ductus arteriosus was analyzed.

Results. Seventy babies were identified of whom 35 (50%) received surfactant. Babies in group I and II were comparable for
gestational age, birthweight, antenatal steroids, gender and fluid intake in first week of life. Babies treated with surfactant
therapy were found to be more likely to have a haemodynamically significant ductus arteriosus (p< 0.01), larger transductal
diameter (p=0.01) and increased rate of therapeutic interventions to close the ductus (p<0.01). Ventilation parameters
(mean airway pressure and fractional inspired oxygen) were higher in group I.

Conclusion. Neonates with respiratory distress syndrome (RDS) who were treated with surfactant replacement are at
increased risk of a hemodynamically significant ductus arteriosus that requires therapeutic intervention. Whether the
relationship  reflects their underlying lung disease or is a direct effect of surfactant requires prospective evaluation.  [Indian
J Pediatr 2010; 77 (1) : 51-55] E-mail: Arvind.Sehgal@southernhealth.org.au
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There is compelling evidence that intra-tracheal
surfactant replacement therapy (SRT) reduces the
severity of early respiratory disease and both morbidity
and mortality associated with respiratory distress
syndrome (RDS).1,2,3,4 Although the effects on
oxygenation, pulmonary function and other
physiologic indices of respiratory well-being have been
extensively researched, the effect of SRT on myocardial
performance and hemodynamics is poorly understood.
There is data demonstrating a biphasic fluctuation of as
much as 22 mm Hg in mean arterial pressure (MAP)
after SRT.5 An inevitable consequence of improved lung
compliance is a reduction in pulmonary vascular
resistance which may lead to an augmentation in the
volume of any systemic-to-pulmonary shunt. There is
conflicting data on whether surfactant administration
leads to alteration in transductal and pulmonary blood

flow or to increased incidence of symptomatic ductus
arteriosus.6,7,8 In a randomized controlled trial of rescue
surfactant in infants 29-31 wk gestation, specifically
comparing Infasurf (calfactant) and Survanta
(beractant), an equal occurrence of ductus arteriosus
was noted though the exact incidence was not
reported.9

While exogenous surfactant therapy has an
established role in the management of RDS, the optimal
patient population and timing of surfactant delivery
remains controversial.10 Prophylactic therapy offers the
advantage of rapidly establishing normal surfactant
pools and improving lung mechanics, however, a
relative disadvantage is that an infant in whom RDS
may not develop may be intubated and may receive a
drug that may not be necessary. Selective surfactant
therapy avoids the risk of overtreatment by treating
only those infants with symptoms of RDS. The
disadvantage of selective surfactant therapy is that
delayed administration of surfactant allows lung
inflammation and protein-containing fluid influx to
impair gas exchange further before therapy is
provided.10 Mid-term infants (28-32 wk gestation)
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represent a population where benefits of surfactant
administration have not been well studied
systematically. This population differs in two respects;
firstly, the intrinsic risk of respiratory distress syndrome
is lower and secondly, many of these patients are
successfully managed with nasal continuous positive
airway pressure support alone. The risk-benefit ratio
has not been well elicited in this population. The goal of
this study was to characterize the relationship between
SRT and the likelihood of a hemodynamically
significant ductus arteriosus (HSDA) necessitating
treatment in mid-term neonates.

MATERIALS AND METHODS

A retrospective cohort study was conducted. Subjects
were identified by the exposure, not by the outcome. All
premature infants who were born between 28-32 wk
gestation, over a period between October 2006 and
September 2007, and had a clinical diagnosis of RDS
were identified from a local electronic database. All
neonates with congenital heart disease, chromosomal
abnormalities or other complex syndromes were
excluded. Neonates were categorized into two groups:
neonates who were intubated, mechanically ventilated
and received SRT (Group I neonates), and neonates who
received nasal continuous positive airway pressure
(nCPAP) alone (Group II neonates). A diagnosis of RDS
was made on basis of oxygen requirement (> 30%) and
characteristic chest radiograph features e.g.,
reticulogranular/air bronchogram pattern. The usual
clinical indication for intubation in RDS was increased
work of breathing and oxygen requirement greater than
30%. The normal practice at our unit is to administer
Curosurf TM (poractant alfa) if the FiO2 remained
greater than 30% for 30-45 min. All patient health care
records were reviewed in a systematic way to obtain
details of patient demographics, indices of
cardiorespiratory well-being (e.g., apgar scores,
ventilator requirements, blood pressure, need for
cardiotropes) and clinical characteristics of any
symptomatic ductus arteriosus [defined by features of
murmur, wide pulse pressure, high ventilatory
requirements].

All echocardiography evaluations were performed
according to standardized protocols by trained
sonographers from the pediatric cardiology department.
The decision to perform echocardiography was on the
basis of clinical suspicion as highlighted above and not
as part of any screening program. The ductus arteriosus
was interrogated from a suprasternal notch short axis
view and identified using a combination of two-
dimensional (2D) and colour flow Doppler imaging.
Transductal diameter (2D) and flow pattern (pulse
wave Doppler) were calculated according to published

methods.11 The assignment of hemodynamic
significance was based on a combination of
echocardiographic characteristics as well as the
magnitude of the clinical signs of pulmonary
overcirculation or systemic hypoperfusion. A HSDA
was defined by a transductal diameter > 1.5 mm with
echocardiography findings of a significant transductal
shunt (e.g., left atrium: aorta ratio > 1.4, unrestrictive
transductal flow on pulse wave Doppler with velocity <
1.5 m/sec)12 and features of pulmonary overcirculation
(e.g. increased oxygen or ventilation requirements or
increased pulmonary vascular markings) and/or
systemic hypoperfusion (e.g., hypotension, metabolic
acidosis). Additional factors considered as part of the
decision making process included gestational age, and
chronological age. All patients with a hemody-
namically significant ductus arteriosus were
considered eligible for treatment, but the decision to
intervene was at the discretion of the responsible
physician on the basis of overall clinical impact. The
standard approach to treatment was to administer a
dose of 0.1 mg/kg indomethacin, once a day for 6 days.
Surgical ligation was performed in cases of failure to
close after 2 courses or contraindications to medical
therapy. Data was also collected on major neonatal
morbidities including chronic lung disease (defined as
oxygen requirement at 36 wk corrected gestational age),
intraventricular hemorrhage and necrotizing
enterocolitis according to the usual definitions. The
primary outcome was the development of a
hemodynamically significant ductus arteriosus which
required therapeutic intervention. Secondary outcomes
included the size of the HSDA and age at diagnosis.

Descriptive statistics was used to characterize
baseline neonatal characteristics and characteristics of
the ductus arteriosus. Parametric (Students t-test) or
non-parametric (Mann-Whitney U test) analysis, where
appropriate, was performed for continuous datasets.
Chi square or Fisher exact test was used to analyze
categorical variables between groups. As this study was
hypothesis generating, a sample size of convenience
was chosen over a one year period.

RESULTS

Seventy patients were identified who met eligibility
criteria of whom half were managed by intubation,
mechanical ventilation and received SRT (Group I) and
the rest with nCPAP alone (Group II). Neonates in
group I had higher mean FiO2 (fractional inspired
oxygen) requirement, and higher MAP in first two days
of life (Table 1) compared to group II. The overall daily
total fluid intake increased from 70.7 ± 10 ml/kg/day
on day 1 to 147.3 ± 13.3 ml/kg/day by day 7 but there
was no significant difference in fluid intake between
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groups. The median age of initial surfactant
administration was 2 hours (range) with average
number of 1.37 ± 0.59 doses per patient. All
echocardiograms were done within 24 hr of the clinical
request. All patients had a single echocardiography
evaluation before being started on indomethacin. Babies
who were treated with SRT had increased transductal
diameter and earlier clinical presentation of duct
related disease (Table 2). The need for therapeutic
strategies to close the ductus arteriosus was also higher
in group I. Treated patients received 2 courses of
indomethacin except in 2 cases where surgical ligation
was performed due to contraindications to medical
therapy. Although the numbers are small we identified
a significant increase in the rate of chronic lung disease
in the surfactant treated group [5/35 (14.3%) vs 0/35
(0%)]. Two infants amongst the cohort developed stage
II (Bell’s staging) necrotising enterocolitis (NEC) both
belonged to surfactant group. Eight infants in

surfactant group developed intracranial hemorrhage
(ICH) (4 - grade I; 2 - grade II; 1 grade IV) while three
infants developed ICH in the nCPAP group (all grade I).
The differences between groups for NEC and ICH were
not statistically significant. There was no difference in
mortality between groups.

DISCUSSION

While causality may not be ascribed, the present study
suggests an important association between surfactant
replacement therapy and the ductus arteriosus as
manifested by increased transductal diameter, earlier
clinical presentation and increased likelihood of
therapeutic intervention.

Surfactant and Acute Cardiorespiratory Physiology:
The hemodynamic consequences of surfactant deficient
lung disease include increased pulmonary vascular
resistance and both intra- and extrapulmonary shunts.
While intra-tracheal administration of surfactant has
been shown to improve oxygenation and pulmonary
function in preterm animals and infants with RDS,1,13,14

the systemic hemodynamic consequences are less well
understood. In a previous study, the administration of
synthetic surfactant to 25 preterm infants led to a
significant reduction in pulmonary artery pressure, and
increased transductal flow within 15 min of
administration, when given between 2-22 (median 4.5)
hr of age. These effects were sustained for 1 hr after
instillation, and had subsided by 12 hr and were
ascribed to its pulmonary pressure lowering effects.6

Others have suggested that the decrease in pulmonary
vascular resistance may be caused by alveolar
stabilization and improved oxygenation, release of
vasodilator agents from the lungs, or a combination of
both.1 We have recently reported an increase in the ratio
of pulmonary to systemic blood flow (Qp: Qs) and
ductal size within 30 min of bovine lipid extract
surfactant (BLESTM) instillation in the delivery room.15

Alterations in cerebral blood flow after surfactant have
also been reported.16 The magnitude of these
hemodynamic changes and the rapidity of their onset
may have implications, although longitudinal
hemodynamic evaluations after SRT have not been
performed and any potential relationship to brain
injury has not been investigated.

Surfactant and the hemodynamically significant
ductus arteriosus: The focus of the present study was to
determine any possible association between SRT and
need for treatment of a HSDA. It is reported that of those
who were given SRT, 86% received therapeutic
intervention for a HSDA; data which is comparable
with other studies.17 The lack of a difference in the LA:
Ao ratio between groups is interesting. This may relate
to timing of the assessment or alternative reasons for

TABLE 1. Comparison of Neonatal Demographics and Clinical
Characteristics. Data Presented as Frequency, Median
(Interquartile) or Mean ± SD # p < 0.05

Group I Group II
n = 35 n = 35

Antenatal steroids (n) 83% 85%
Gestational age (weeks) 29.6 (28, 31) 29.5 (28, 31)
Birth weight (grams) 1367 ± 383.2 1389 ± 398.2
Apgar @ 1min 6 (4.2, 6.7) 7 (6, 8)
Apgar @ 5 min 8 (7,9) 9 (8, 9)
Mean FiO2 (%) # 36.5 (30, 47)# 27.5 (25, 31)
Mean MAP (cm H2O)# 9.8 (9, 11)# 7 (6, 7)
Maximal FiO2 (%)# 41 (32, 57.5)# 27 (25, 31)
Maximal MAP (cm H2O)# 10.7 (9.6, 11.4)# 7 (6, 7)
Need for HFOV 3 0
Pulmonary hemorrhage* 4 0
Metabolic acidosis (pH<7.25 4 1
& base deficit > -7)
Need for cardiotropes 3 1
Aminophylline 32 27
Feeds commenced (day) 3 (2, 5) 2.5 (1, 4)
Full feeds (day) 11 (10,13) 9 (7, 11)
Culture proven sepsis 0 0

MAP-Mean airway pressure, FiO2- Fractional inspired oxygen,
HFOV- High frequency oscillatory
ventilation, * includes persistent pink endo-tracheal secretions.

TABLE 2. Characteristics of HSDA According to Allocated
Group. Data is Presented as Mean (SD), Frequency (%) or
Median (interquartile range) as Appropriate.
HSDA=Hemodynamically Significant Ductus Arteriosus

Group I Group II p value
n=35 n=35

2D echo confirmed HSDA 14 (40%) 6 (17%) <0.01
Age at diagnosis (days) 4 (3-6) 12 (7-17) <0.01
Transductal diameter (mm) 2.8 ± 0.6 1.8 ± 0.5 0.014
% of ducts needing treatment 12/14 0 (0%) <0.01

(85.7%)
Left atrium: aorta ratio 1.84 ± 0.4 1.6 ± 0.3 0.29
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increased left atrial pressure (e.g.,  mechanical
ventilation, fluid status). Finally, the measurement itself
is somewhat subjective and prone to significant
measurement error. In a small case series of 10 patients
Fujiwara demonstrated a clinically significant ductus
arteriosus in all surviving neonates treated with a
combined bovine / artificial surfactant preparation. A
significantly higher rate of HSDA was identified after
human amniotic surfactant administration when
compared to a control group of neonates.13 There is
conflicting data on how surfactant alters the timing of
presentation of the HSDA although an increased
occurrence of HSDA during the early course of RDS has
been reported.6,7 A previous study using porcine
surfactant showed no change in pulmonary blood flow
and no increase in incidence of HSDA.8 The
discordance in these studies may relate to differences in
surfactant preparations, response to treatment or
intrinsic patient factors, although these have not been
formally evaluated.

The impact of a HSDA should also be considered
particularly as the combined effects of chronic
pulmonary over circulation and increased need for
mechanical ventilation and/or oxygen therapy may
have a negative impact on pulmonary mechanics.18

Recent evidence from an immature primate model
demonstrated that early ibuprofen therapy led to
normalization of Qp: Qs leading to improved
alveologenesis and decreased chronic lung disease
changes.19

While the present study provides useful information,
there are several limitations most notably the small
sample size, lack of randomization and retrospective
nature of the study design. Although we compared
babies who were intubated, mechanically ventilated and
received SRT to those managed with nCPAP alone, there
is a disparity in respiratory acuity as judged by the need
for higher FiO2 and MAP. The development and clinical
impact of a HSDA may also relate to underlying disease
as respiratory disease itself has been proposed as an
important factor in the development of prolonged ductal
patency in a previous study.20 The decision to treat or not
was based on a combination of echocardiographic
characteristics and clinical state of babies. Retrospective
design of the study does not allow standardization for
this. It should also be recognized that there is no
universally accepted standard of a HSDA.

CONCLUSION

Current management of RDS relies heavily though
not primarily on surfactant therapy due to its beneficial
effects on oxygenation and pulmonary function.
Despite significant advances in respiratory

management and neonatal intensive care, the benefits
of SRT have not translated into reduced rates of
neonatal morbidities. Although the immediate
respiratory benefits are obvious clinically, there is a
need to be cognizant of potential adverse effects of
therapy. The hemodynamic consequences of surfactant
administration are likely to be complex but need further
investigation. The purpose of the present study is not to
dissuade neonatologists from administering surfactant
to patients who are likely to benefit treatment, but to
highlight the potential association of intervention to a
hemodynamically significant ductus arteriosus. It is
important, however, that the need for surfactant
administration in preterm babies be individualized.
Given the potential changes in hemodynamics after
SRT, infants should be monitored clinically and where
possible, echocardiographically for appearance of a
HSDA necessitating treatment.
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