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ABSTRACT

Background: Pulmonary hypertension (PH) increases mortality in infants with bronchopulmonary dysplasia
(BPD). As practice has shifted towards expectant management of patent ductus arteriosus (PDA), there is limited
data guiding treatment with PH.

Methods: Retrospective single center cohort study of neonates <32 weeks gestation who underwent surgical PDA
ligation before discharge. Ductal gradients by echocardiogram defined PH severity: severe PH as bidirectional/
right to left shunting, mild-to-moderate PH as greater than half-systemic pressure, no PH as less than half-systemic
pressure. Primary outcome was mortality. Secondary outcomes were length of stay (LOS), duration of ventilation,
post-operative inotropes, steroids, systemic pulmonary vasodilators, and incidence of BPD.

Results: Eighty patients, median gestational age 25 (23-31) weeks, underwent surgical PDA ligation between
2010-2016. Ten had severe PH, 54 mild-to-moderate PH, and 16 no PH. Severe PH group had significantly
longer LOS, 173 vs. 143 days (p=.05). PH cohort had higher surgical weight, 1.71 kg vs. 1.06 kg (p=0.04).
All deaths occurred in the PH group (6% vs. 0%), p=NS. No significant difference in ventilation, inotropes,
steroids, pulmonary vasodilators, and BPD. Although, statistically insignificant, the PH group had higher rates
of tracheostomies (18.8% vs. 6.25%).

Conclusion: Premature infants requiring PDA ligation with severe PH had longer overall LOS. All mortality
occurred in the PH group. More data is needed to determine effect of PDA on lung disease and the development
of PH.
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Introduction

Patent ductus arteriosus (PDA) is a common clinical finding in
preterm neonates. The reported incidence of PDA is 20-60%, and
it is inversely correlated with gestational age and birth weight
[1]. The presence of PDA is associated with neonatal mortality
and morbidity, such as bronchopulmonary dysplasia (BPD),

necrotizing enterocolitis (NEC), intraventricular Hemorrhage
(IVH), and retinopathy of prematurity (ROP) [2-5]. However,
there is a lack of consensus on the management of PDA; clinical
approaches are extremely variable depending on institutional
and individual experiences [6]. Some investigations concluded
that patient outcomes are not improved with treatment [7,8].
Furthermore, there is data suggesting increased adverse outcomes
with both medical and surgical closure of PDA. The use of COX
inhibitors for medical management is a risk factor for intestinal
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perforation in very low birth weight infants, and surgical ligation
has been associated with increased incidence of BPD [9].

As practice styles have shifted towards expectant management,
persistence of PDA beyond three weeks has been shown to be
associated with higher rates of BPD, NEC, ROP, longer length
of hospital stay (LOS), and increased duration of mechanical
ventilation [10]. Severity of BPD and duration of mechanical
ventilation are independent risk factors for the development
of Pulmonary Hypertension (PH), which affects up to 23% of
premature infants [11,12]. Additionally, persistence of PDA by
itself could contribute to the development of PH. Long standing
left to right shunting across the PDA induces pulmonary vascular
remodeling and increases pulmonary vascular resistance (PVR)
[13]. It is less clear how the short-term presence of PDA affects
the risk of chronic lung disease and development of PH. The
development of PH significantly increases morbidity and mortality
in BPD patients [14,15].

Despite PDA and PH being common amongst preterm neonates
there is lack of literature assessing both of these factors together.
The aim of this study was to investigate if clinical outcomes after
PDA ligation were affected by the presence of PH.

Methods

We performed a retrospective single center cohort study. Inclusion
criteria were neonates <32 weeks gestation who underwent
surgical PDA ligation as part of their initial hospitalization
between 2010-2016. Presence of PH was determined by
preoperative echocardiographic ductal gradients. No PH was
defined as predicted pulmonary artery pressure (PAP) less than
half-systemic. Mild to moderate PH was categorized as PAP
greater than half systemic and severe PH as suprasystemic PAP as
evident by right to left or bidirectional ductal shunting. Variables
that were included for analysis were gestational age, sex, birth
weight, surgical weight, hospitalization length of stay (LOS), BPD
severity, use of systemic steroids, systemic pulmonary vasodilators
post operatively, tracheostomy at discharge, and mortality. Post-
operative duration inotropes and mechanical ventilation were also
included in the analysis. The PH and no PH groups were compared.
A subanalysis was performed between the suprasystemic PH group
vs. all other patients. Univariate analyses were done using Mann-
Whitney-U tests for continuous variables and Fisher’s exact tests
for descriptive variables. All statistical analyses were done using
SPSS Version 21.0 (Chicago, IL). A p-value of less than 0.05 was
considered statistically significant.

Results

Eighty patients underwent surgical PDA ligation between 2010-
2016. The median gestational age was 25 weeks (23-31 weeks).
Of those, 10 had bidirectional PDA shunting and were classified as
severe PH. An additional 54 patients were categorized as mild to
moderate PH, and 16 had no PH (Figure 1).

Severe PH
N=10

No PH N=16

Mild-to-moderate PH N=54

Figure 1: Patient Breakdown.

Table 1: Pulmonary Hypertension vs. No Pulmonary Hypertension.

PH No PH
(N=64) (N=16)
Sex
Male 33 (51.6%) 6 (37.5%) p=0.4
Female 31 (48.4%) 10 (62.5%)
Gestational Age (weeks) 25.1(23-31) 24.4 (23-26) p=0.25
Birth Weight (kg)
Mean 0.74 (0.38-1.58) 0.68 (0.48-1.14) p=0.41
Median 0.68 0.64
Surgical Age (days)
Mean 55.3 (10-233) 34.5 (12-90) p=0.4
Median 32 32
Surgical Weight (kg)
Mean 1.71 (0.55-6.45) |1.06 (0.58-2.07) \p=0.04*
Median 1.11 0.97
Length of Stay (days) 151 130 p=0.58
Systemic Steroids 43 (67%) 13 (81%) p=0.37
Inotropes Post OP (days) 2 1.1 p=0.28
Vent Days Post OP 16.9 20.3 p=0.61
Tracheostomy Discharge 12 (18.8%) 1(6.25%) p=0.45
Systemic Pulmona:
VZsodilators Post CI;}II’ R (0E552) OL) p=0.06
Mortality 4 (6%) 0 (0%) p=0.3
Mild 7 Mild 2
BPD Moderate-Severe Moderate- p=0.86
57 Severe 16

For the first analysis, the PH group was compared against the no
PH cohort (Table 1). There was a total of 64 patients in the PH
group (severe PH + mild to moderate PH). The PH group was
made up of 33 (51.6%) males and 31 (48.4%) females, and the no
PH group consisted of 6 (37.6%) males and 10 (62.5%) females,
p=0.4. There were no significant differences in gestational age
between the 2 groups, 25.1 (23-31) weeks for PH and 24.4 (23-26)
for no PH, p=0.25. There were no significant differences between
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groups for birth weight, with median weight of 0.68 (0.38-1.58)
kg for PH and 0.64 (0.48-1.14) kg for no PH, p=0.41. The median
surgical age for both groups was 32 days, with a wider set of
distribution for the PH group (10-233 days) vs. the no PH group
(12-90 days), p=0.4. The surgical weight was significantly larger
in the PH group, p=0.04 (Figure 2). The median surgical weight in
the PH group was 1.11 (0.55-6.45) kg vs. 0.97 (0.58-2.07) in the
no PH group. There was no significant difference in hospitalization
LOS between groups (151 days in PH vs. 130 days in no PH),
p=0.58. Utilization of systemic steroids was not significantly
different between groups, p=0.37. PH patients required inotropes
for 2 days postoperatively vs 1.1 days in the no PH group, p=0.28.
On average, the PH group remained on a ventilator for 16.9 days

18
16
14
12
0.8
0.6
0.4
0.2

0

Surgical Weight (kg)
=

postoperatively compared to the no PH group at 20.3 days, p=0.61.
Patients in the PH group had a higher rate of tracheostomies at
discharge 12 (18.8%) in contrast to 1 (6.25%), but this did not meet
statistical significance, p=0.45 (Figure 3). The use of systemic
pulmonary vasodilators approached statistical significance with 12
(18.8%) patients in the PH cohort and 0 (0%) in no PH, p=0.06.
There was no difference in BPD severity between groups, p=0.86.
Mortality was seen only in the PH group with 4 (6%) patients,
p=0.30 (Figure 4).

Asub analysis was performed comparing the severe PH (10 patients)

against all other patients (70 patients no PH + mild-moderate PH)
(Table 2). The severe PH group was comprised of 8 (80%) males

Figure 2: Surgical Weight.
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Figure 3: Tracheostomy at Discharge
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Figure 4: Mortality.

Table 2: Severe PH vs. All other patients.

(sgiirg)PH No PH + Mild to Mod PH (N=70)
Sex
Male 8 (80%) 31 (44%) p=0.05
Female 2 (20%) 39 (56%)
Gestational Age (weeks) 25.1 (23-31) 25 (23-31) p=0.81
Birth Weight (kg)
Mean 0.70 (0.4-1.26) 0.73 (0.38-1.58) p=0.69
Median 0.68 0.66
Surgical Age (days)
Mean 59.5 (10-171) 49.9 (10-233) p=0.26
Median 53 30
Surgical Weight (kg)
Mean 1.77 (0.74-4.58) 1.55 (0.55-6.45) p=0.29
Median 1.26 1.08
Length of Stay (days) 173 143 p=0.049*
Systemic Steroids 7 (70%) 49 (70%) p=1
Inotropes Post OP (days) 1.3 1.9 p=0.58
Vent Days Post OP 20.1 17.3 p=0.5
Tracheostomy Discharge 2 (20%) 11 (16%) p=0.66
Systemic Pulmonary Vasodilators Post OP 3 (30%) 9 (13%) p=0.17
Mortality 1 (10%) 3 (4%) p=0.42
Mild 1 Mild 8
BPD Moderate-Severe 9 Moderate-Severe 62 P=0.89

and 2 (20%) females; the other group consisted of 31 (44%) males
and 39 (56%) females, p=0.05. The gestational age between the
two groups was equivocal at 25.1 weeks (severe PH) and 25 weeks
(all others), p=0.81. There was no significant difference in birth
weight between the two groups, p=0.69. The median birth weight
in the severe PH group was 0.68 (0.4-1.26) kg, and for all other
patients the birth weight was 0.66 (0.38-1.58) kg. Patients with
severe PH were older at time of surgery, median 53 (10-171) days,
in comparison to all other patients, 30 (10-233) days, but this was
not statistically significant, p=0.26. Severe PH patients had larger
median surgical weight at 1.26 (0.74-4.58) kg vs. 1.08 (0.55-
6.45) kg, p=0.29. The severe PH group had significantly longer

hospitalization LOS at 173 days in comparison to 143 days for all
other patients, p=0.05. Both groups utilized systemic steroids in
70% of the patients, p=1. There was no difference in the average
utilization of inotropes (1.3 vs 1.9 days post operatively), p=0.58.
Patients with severe PH required mechanical ventilation for 20.1
days post operatively, and the remaining patients remained on a
ventilator for 17.3 days on average, p=0.5. Both groups had similar
rates of tracheostomies at discharge, 2 (20%) for severe PH vs.
11 (16%), p=0.66. There was no significant difference in systemic
pulmonary vasodilator use and BPD severity between the two
groups, p=0.17 and p=0.89, respectively. The severe PH group had
1 (10%) mortality vs. 3 (4%), p=0.42.
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Discussion

Previous work has demonstrated that right to left shunting across
the PDA has been associated with increased mortality in preterm
neonates [16]. In our cohort, mortality was not significantly
increased after PDA ligation in the severe PH group, which was
defined as presence of right to left or bidirectional shunting.
However, it is clinically pertinent to highlight that all observed
mortality occurred only in patients with PH. Another clinically
relevant point is that the rate of tracheostomies was higher in the
PH group, even though this did not meet statistical significance.
It is unclear what the underlying driver for these differences is.
Patients with PH were noted to have significantly larger surgical
weights. This may suggest that delaying PDA closure until patients
are larger may potentiate worsening lung disease, development of
pulmonary hypertension, and increased morbidity. This theory is
corroborated by Saldeno’s data that associated persistence of PDA
beyond three weeks with increased morbidity [10]. Conversely,
later PDA ligation in PH patients maybe a reflection of their
underlying clinical status. Worse lung disease may delay the timing
of PDA ligation, contribute to the development of PH, and lead to
increased LOS. Other factors that may have delayed PDA ligation and
prolonged hospitalization, such as NEC and ROP, were not assessed
in this study, but should be looked at in future investigations.

One of the limitations of this study was that echocardiography
was used to establish the diagnosis PH. Echocardiography is the
noninvasive screening tool of choice that provides estimated right
ventricular and pulmonary artery pressures. However, a large
unrestrictive PDA creates systemic right sided pressures without
necessarily affecting PVR. Elevated PVR is the true hallmark of
PH. Cardiac catheterization is required to confirm the diagnosis
by direct hemodynamic measurement and calculation of PVR.
Additionally, responsiveness to pulmonary vasodilators prior to
initiation of treatment can be assessed during catheterization [17].
Bidirectional shunting or right to left shunting can only occur
with elevated PVR, which is the reason these patients in our study
were defined as severe PH. However, for patients with a large
PDA and purely left to right, our study may have overestimated
the incidence of PH. We advocate that patient with bidirectional
shunting, RV dysfunction or other evidence of severe PH undergo
catheterization to help with risk stratification. If PH is confirmed,
effective pulmonary vasoactive therapy should be initiated prior
to undergoing PDA closure. Niu and colleagues utilized a staged
approach involving catheterization with balloon test occlusion to
determine safety of ductal closure [18]. Additionally, advances
in techniques and devices have allowed for safe and effective
percutaneous PDA closure in premature neonates under 2 kg and
feasible results attainable in children as small as 1200 grams [19-
20]. This may mitigate some of the risks and adverse outcomes
associated with surgical ductal ligation. Alternative treatment
modalities such as medical management with acetaminophen has
been shown to be safe and effective [21]. Both acetaminophen and
percutaneous device closure should be further investigated to help
determine if early PDA closure in preterm neonates reduces the
risk of developing PH and improves long-term outcomes.

This study was limited by several factors. This was a retrospective
study and therefore is susceptible to selection bias. Additionally,
the relatively low sample sizes limited the power of this study. It
is possible that with a larger sample size differences that are more
significant will have been noted. Catheterization data confirming
the diagnosis of PH was lacking. Relying on echocardiography
may have overestimated the incidence PH. Data analyzing
additional comorbidities such as NEC and ROP was not performed
for this study.

Conclusion

Preterm infants with severe PH that underwent surgical PDA
ligation had longer hospitalization LOS. Patients with PH were
significantly larger at the time of surgery. All mortality occurred
in the PH group. Although, statistically not significant, there
were higher rates of tracheostomies at discharge in the PH group.
Underlying lung disease may contribute to PH development and
longer LOS. More data is needed to determine effect of PDA on
lung disease and the development of PH.
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