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INTRODUCTION

Patients with bronchopulmonary dysplasia (BPD) have
immature lung parenchyma and alveolar simplification.
Embryologically, alveolar development and angiogenesis
develop together, and therefore when there is immature
alveolar development, there is abnormal development of
pulmonary vascularity.'™® The fragile lung beds of these
patients have decreased alveolar-capillary and vascular
surface area for gas exchange, concerning for an
increased susceptibility to and exaggerated respiratory
effect from left to right shunts."'® Additionally, pre-
mature infants with BPD are at high risk of left
ventricular diastolic dysfunction, making their pulmo-
nary vasculature even more susceptible to untoward
hemodynamic effects of intracardiac shunts."'"*° Due to
the fragility of the alveolar-capillary surface and
increased left ventricle diastolic pressures,"'*™*° these
patients may be prone to pulmonary edema and
vascularity changes when exposed to even the slightest
excess pulmonary blood flow (Qp) from cardiac shunts.
In a retrospective review of 20,496 patients, 1314 (6%)
were found to have an atrial septal defect (ASD) with an
increased odds of developing BPD, making ASDs a
potentially modifiable risk factor for BPD development.*
Multiple single-center studies have demonstrated
improvement in symptoms and echocardiographic find-
ings after infants with BPD undergo ASD closure.***°
However, the natural history of BPD is to improve over
time,> so it is unclear if the improvement seen is
secondary to the ASD closure or from the expected
clinical course of BPD. Our study retrospectively applies
a novel BPD-ASD score to evaluate if ASD closure is
associated with an acute change in clinical course apart
from the background clinical trajectory. This was
evaluated by comparing the BPD-ASD score slope over
time before and after closure. It was our hypothesis that
the slope of the BPD-ASD score would acutely and
significantly improve after ASD closure in infants with
BPD and ASD, supporting the possibility that ASD
closure results in clinical improvement. This score also
allows for standardized measures of BPD-ASD illness in
inpatients that could be used in future studies.

METHODS

We performed a retrospective cohort study of all patients
with BPD and < 10kg who underwent secundum ASD
closure between 2020 and 2023 at Texas Children's
Hospital. Inclusion criteria included (1) prematurity
defined as gestational age at birth less than 37 weeks;
(2) the presence of moderate to severe BPD, defined per

Jensen et al.**; and (3) a history of either surgical or

catheterization-based secundum ASD closure as an
inpatient at a weight less than or equal to 10kg.
Exclusion criteria included other significant congenital
heart disease. The institutional review board at Baylor
College of Medicine approved this study.

A BPD-ASD scoring system was developed by a
multidisciplinary team consisting of a neonatologist,
general pulmonologist, a specialist in pulmonary hyper-
tension, and interventional cardiologist. This scoring
system was presented to the BPD-pulmonary hyper-
tension subcommittee of the BPD Collaborative and
modified based on recommendations. The scoring system
consisted of assigning points based on the level of BPD
severity, respiratory symptoms, diuretic use, growth, type
of respiratory support, inspired fractional oxygen need
(FiO,), and estimated right ventricular (RV) pressure
using the degree of systolic ventricular septal flattening
on echocardiogram (Table 1). The respiratory symptoms
and support were determined by review of flowsheets
and daily progress note for the 24 h before the time point
being reviewed. The definition of growth < 10% was
based on the Fenton 2013 growth chart calculator for
patients up to 50 weeks corrected gestational age and the
2006 World Health Organization growth standard charts
were used for patients over 50 weeks corrected gesta-
tional age to 2 years of age.”> We chose to use a systolic
septal configuration to estimate RV pressure by echo-
cardiogram, as this parameter is the most consistently
used method in our echocardiography lab to estimate RV
pressure in this patient population. The maximum
possible BPD-ASD score using the scoring system was
15 points, with a higher score indicating a worse clinical
status. This score was retrospectively applied to the
patients at 1, 4, and 8 weeks pre-intervention, at the time
of ASD closure, and at 1, 2, 4, 6, 8 weeks post-
intervention (if data were available via chart review).

Statistical analysis

Descriptive data are reported as median and interquartile
range (IQR). First, a spaghetti plot was created with each
line representing a unique patient demonstrating the BPD-
ASD score at each point to allow visual demonstration of
changes in score over time. Second, to compare changes
over time, mixed linear regression analysis accounting for
repeated measures was performed with week as the
independent variable, BPD-ASD score as the dependent
variable, and status pre- versus post-intervention as the
interaction term. A secondary mixed linear regression
analysis was then performed adding interaction terms at
the change from 1 to 2 weeks, 2 to 3 weeks, 3 to 4 weeks,
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TABLE 1 Bronchopulmonary dysplasia-atrial septal defect
scoring system consisting of points assigned for each variable.

1) Moderate to Severe BPD 1

2) Respiratory symptoms

a. Tachypnea with RR 260 1
b. Retractions 1
c. Sedated and/or paralyzed 3

3) Diuretic amount/dependence
a. One oral diuretic < BID 1

b. One IV diuretic < BID, oral diuretics = TID, or two 2
oral diuretics

¢. 2 One IV diuretic or > BID IV diuretic, Diuretic drip, 3
2 3 oral diuretics

4) Growth Failure
a. >10 percentile for CGA 0
b. <10 percentile for CGA 1

5) Respiratory Support, unable to be weaned

a. Supplemental oxygen 1
b. Noninvasive positive pressure 2
c. Invasive mechanical ventilation 3
6) FiO,

a. <30% 0
b. 30%-60% 1
c. >60% 2

7) RV pressure estimate by systolic septal flattening

a. <% 0
b. >12 1
c. Systemic 2

Abbreviations: BID, twice a day; BPD, bronchopulmonary dysplasia; CGA,
corrected gestational age; FiO,, inspired fractional oxygen; IV, intravenous;
RR, respiratory rate; RV, right ventricle; TID, three times a day.

and 4 to 8 weeks, to compare and assess the slopes in
greater detail.

To assess the effects of each clinical variable on the total
BPD-ASD score, a sub-analysis of the subcomponents of the
scoring system was performed. For this analysis, the
respiratory components of FiO,, respiratory support, and
respiratory symptoms were combined into a respiratory
score with a maximum total points of 8. The remaining
subcomponents were diuretic use, growth, and estimated
RV pressure by systolic septal flattening on echocardiogram.
First, stacked area graphs were plotted for each of these
subcomponents to visualize the pre- and post-intervention
trends. Mixed linear regression analysis of the pre- and post-
slopes for each subcomponent were then performed.

RESULTS

Ten patients met the inclusion criteria. Nine of these
patients underwent cardiac catheterization device clo-
sure and one underwent surgical closure (patient #10) of
the ASD due to the size of the defect and deficient ASD
rims. There were no procedural or postprocedural
complications. Table 2 demonstrates baseline data,
length of stay, and respiratory support at the time of
ASD closure and discharge for the patient cohort. The
median pre-procedure length of stay was 210 days
(interquartile range [IQR]: 152-303) and post-procedure
median length of stay was 43 days (IQR: 25-67).

The decision to close the ASD was made by the
bedside teams based on clinical criteria, including the
inability to wean respiratory support, consideration for
tracheostomy, high diuretic needs, and increased work of
breathing including tachypnea and retractions. If a
patient had pulmonary hypertension on catheterization
but had reactive pulmonary vasculature, consideration
was given for ASD closure to help limit the development
of pulmonary edema with initiation of pharmacotherapy.

Indication for closure of the ASD in four patients was
potential need for tracheostomy due to the inability to
wean respiratory support from invasive ventilation
(identified with “b” in Table 2), continuous positive
pressure, or high-flow nasal cannula. Of these four
patients, one was weaned from invasive ventilation to
room air within 4 weeks, one from high flow nasal
cannula to low flow nasal cannula within 1 week, and
one from invasive ventilation to 2L low-flow nasal
cannula within 4 weeks after ASD closure. One of these
four patients (#5) required invasive mechanical ventila-
tion 6 weeks after the procedure and tracheostomy
placement 12 weeks after the procedure. After ASD
closure, all three patients with tracheostomy already in
place at the time of ASD closure were able to have their
ventilatory support weaned enough to be transitioned
successfully from a hospital to home ventilator or reach
low enough home ventilator settings to be safely
discharged home within a maximum of 45 days (identi-
fied with “a” in Table 2).

Table 3 displays invasive hemodynamic data obtained at
the time of cardiac catheterization, showing baseline data
along with data during pulmonary vasoreactivity testing.
Five patients were on pulmonary vasodilator therapy at the
time of catheterization. At baseline, all patients had sub-
systemic RV pressure and all but one had an indexed
pulmonary vascular resistance (PVRi) less than 6 Wood-
units.m? Percent systemic right ventricle systolic pressure
(RVSP) ranged from 43% to 68%. Three patients had
elevated baseline left atrial or pulmonary artery wedge
pressures, defined as a pressure = 10 mmHg.**
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Six patients underwent pulmonary vasodilator test-
ing. With vasodilator testing, two patients (#3 and #9)
had improvement in the percent systemic RVSP by more
than 10%, while the other four had minimal change to
the RVSP even with improvement in PVRi. All patients
in which testing was performed had responsive PVRi to
less than 6 Wood-units.m>. Of the five patients on
pulmonary vasodilator therapy at the time of catheteri-
zation, one was weaned off by 12 weeks. One patient
with Trisomy 21 was not on pulmonary hypertension
medication at the time of catheterization due to inability
to tolerate initiation of therapy but was able to be
maximized on full dose sildenafil therapy by 1 week after
the ASD closure without development of pulmonary
edema.

Table 4 demonstrates the number of patients for each
variable at each time point that data were available. Since
this was a retrospective study, protocols were not in place
for follow-up echocardiograms, so the majority of
missing follow-up data was secondary to the lack of
echocardiogram at particular time points. Other variables
were not obtainable in some patients due to those
patients not being in our institution's hospital at those
particular time points.

A spaghetti plot with BPD-ASD score for each patient
over time from 8 weeks pre- to 8 weeks post-intervention
is shown in Figure 1a. In all but one patient, the scores
appear to drop rapidly after intervention. Notably,
patient #4, who had a low pulmonary blood flow to
systemic blood flow ratio (Qp:Qs) of 1.1 at baseline and
1.3 with pulmonary vasodilator testing underwent ASD
closure due to excessive diuretic need, respiratory
symptoms, and right heart dilation. This patient demon-
strated a similar benefit with ASD closure, as

demonstrated by a decline in BPD-ASD score from 8 at
intervention to 5 at 1 week and to 3 by 8 weeks. Figure 1b
demonstrates pre- and post-intervention regression lines
split by intervention only. There was a significant
difference in pre- versus post-intervention slope when
split only by time of intervention (p = 0.048) and not by
weeks post-intervention. Figure 1c demonstrates a
regression line and 95% interval lines fit to the measures
scores and comparisons of the pre- and post-intervention
rates of change by grouped weeks. There was a
significant difference when pre-intervention slope
(0.0+/— 0.1) was compared with week 1 post-
intervention slope (—2.1+/— 0.8, p =0.014), week 2 to
week 3 post-intervention slope (—0.8 + /— 0.8, p = 0.013),
and week 3 to week 4 (—1.0 4+ /— 0.5) post-intervention
slope (—=1.0+ /— 0.5, p =0.001). After week 4, there was
no longer a significant negative slope in the score.

A sub-analysis of each subcomponent of the BPD-
ASD score was performed. Each patient in the cohort was
grouped by point assignment for each variable. The
percentage of patients with higher diuretic use, higher
respiratory scores, and higher estimated RV pressure
appeared to decrease after intervention (Figure 2). The
percentage of patients with systemic RV pressure before
ASD closure did not appear to change after closure.
Growth did not appear to have a difference in slope from
pre- to post-intervention either, as it was improving
throughout the entire time course. When the pre- and
post-intervention slopes of the diuretics, respiratory,
growth, and estimated RV pressure were compared,
there was a significant difference between pre- and post-
intervention slopes for diuretics (p = 0.018) and respira-
tory score (p=0.018). While the pre- and post-
intervention slope of the estimated RV pressure score

TABLE 4 Number of patients with data for each BPD-ASD scoring system variable at each time point.

Weeks relative

to intervention BPD severity Symptoms Diuretics
-8 10 7 7
—4 10 9 9
-1 10 10 10
0 10 10 10
1 10 10 10
2 10 10 10
4 10 10 10
6 10 10 10
8 10 8 10

Growth Support FiO, RV pressure Total
7 7 7 7 7
9 9 9 9 9

10 10 10 10 10

10 10 10 10 10

10 10 10 10 10

10 10 10 6 6

10 10 10 6 6

10 10 10 6 6

10 9 8 5 5

Abbreviations: ASD, atrial septal defect; BPD, bronchopulmonary dysplasia; FiO,, inspired fractional oxygen; RV, right ventricular.
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Spaghetti plot with BPD-ASD Scores in each patient over time

BPD-ASD Score

BPD-ASD Score

Regression of All BPD-ASD Scores over time, split only by intervention

Regression of All BPD-ASD Scores over time, by weeks post-intervention

14 Slope 1:-0.1 + 0.2/week, vs. slope of 0 p=0.217 1"
Slope 2:-0.4 + 0.2/week, vs. slope of 0 p=0.001
Slope 1 vs. Slope 2 p=0.048

BPD-ASD Score
o

Slope 1: 0.0+ 0.1/week
Slope 2:-2.1 + 0.8/week
Slope 3:-0.8 + 0.8/week
Slope 4: -1.0 + 0.5/week
Slope 5: +0.5 + 0.2/week
*p £0.05 when compared to Slope 1

p—

8 6 B 2 0 2 4 6 8 2
Week (in relation to intervention)

K 6 4 2 0 2 a 6 8

-8 -6 -4 2 o 2 4 6 8 '
Week (in relation to intervention)

Week (in relation to i

FIGURE 1 (a) Spaghetti plot showing each individual bronchopulmonary dysplasia (BPD)-atrial septal defect (ASD) score over time
with time “0” marking the intervention, and scores 8 weeks before and 8 weeks after the intervention. (b) A simplified graph, with the only
breakpoint at intervention, to allow the analysis of aggregate slopes with 95% confidence limits (regression lines) before and after
intervention. This shows that while the pre-intervention slope was no different than 0, the score post-intervention was significantly
decreasing, and the pre- and post-intervention slopes were significantly different than each other. (c) Graph with slopes and 95% confidence
limits before and after intervention, with additional division of time periods post-intervention to evaluate the speed of change in relationship
to intervention timing. Before intervention, the BPD-ASD score was stable with no change over time. The week after the intervention the
score drops an average of 2.2 + 0.8 points, which is a significant slope change (p = 0.014). The mean score continues to significantly drop

through weeks 2 and 4 post-intervention. After week 4, there is no longer a significant drop in score. *p < 0.05.
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>10% for GA
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Estimated right ventricular pressure
<% Systemic
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FIGURE 2 Stacked area graphs for each subcomponent of the bronchopulmonary dysplasia (BPD)-atrial septal defect (ASD) score,
showing by shade the proportion of subjects with each subcomponent score. (a) The proportion of patients with high diuretic scores

decreases after the intervention. (b) Respiratory score, which is a combination score consisting of the FiO, need, respiratory support, and
respiratory symptoms scores. After the intervention, the majority of the patients had a lower score than before the intervention. (c) Growth
score, showing no difference in improvement of growth pre- and post-intervention. (d) Estimated right ventricular (RV) pressure, which
shows that after the intervention the majority of patients ultimately had a normal RV pressure.

intervention systemic RV pressure readings by echo-
cardiogram underwent the ASD closure at the corrected
gestational age of 111 weeks and had already undergone
tracheostomy, making accurate septal assessment in the
standard parasternal short axis view difficult due to

did not demonstrate significance, the post-intervention
slope demonstrated a significant difference compared
with a slope of 0 while the pre-intervention slope did not
demonstrate a significant difference compared with a
slope of 0 (Figure 3). One of two patients (#7) with post-
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FIGURE 3 Regression analysis with 95% interval lines fit for each subcomponent of the bronchopulmonary dysplasia (BPD)-atrial
septal defect (ASD) scoring system was performed with the only breakpoint at the time of intervention. (a) The pre-intervention diuretic
score was not significantly different than a slope of 0. The post-intervention diuretic score slope was significantly different than a slope of 0
(decreasing) and the post-intervention score slope was significantly different than the pre-intervention diuretic score slope (p =0.018). (b)
Respiratory score consisted of the total points assigned for FiO, need, respiratory symptoms, and respiratory support. The pre-intervention
respiratory score slope was not significantly different than 0. The post-intervention respiratory score slope was significantly different than 0
(decreasing) and the post-intervention score slope was significantly different than the pre-intervention respiratory score slope. (c) The
growth score slope was significantly different than 0 (decreasing) for both pre- and post-intervention and there was no significant difference
between slope 1 and slope 2. (d) The pre-intervention estimated RV pressure score slope was no different than 0, but the post-intervention
estimated RV pressure score was significantly different than 0, indicating a significant decrease in estimated RV pressure score. However,
there was no difference between pre- and post-intervention slopes. *p < 0.05.

artifactual interference with sonography from the sever-
ity of the lung disease. The second of the two patients
was patient #5 who required escalation of respiratory
support and intubation 6 weeks after the procedure.
Once intubated and provided with adequate respiratory
support, the septal flattening resolved immediately.

DISCUSSION

Our study demonstrates improvement in patient clinical
status after ASD closure in patients < 10 kg with BPD. We
also demonstrate the utility of a novel BPD-ASD scoring
system that allows for more objective assessment of this
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patient cohort over time. By demonstrating a significant
improvement in the slope of the BPD-ASD score after
ASD closure, early ASD closure appears to have
significant benefit in this particular population. This
improvement was most prominent in the first-week post-
intervention, and continued up to 4 weeks post-
intervention. When a subanalysis of the components
used in the BPD-ASD score was performed, significant
improvement in diuretic use and a respiratory status was
demonstrated. The slope of estimated RV pressure by
echocardiogram for pre- and post-intervention was not
significantly different, though the post-intervention slope
was significantly different when compared with no
change at all. This suggests that perhaps with more
patients, the pre- and post-intervention estimated RV
pressure slope might result in a significant difference. In
addition, many patients had a very prolonged length of
stay and ASD closure might have expedited their ability
to discharge home by being transitioned from intra-
venous to oral diuretics and to respiratory support
compatible with discharge home. Three of four patients
being considered for tracheostomy were able to avoid a
tracheostomy after ASD closure.

Several single-center descriptive studies have demon-
strated improvement in the respiratory status of BPD
patients with ASD who undergo secundum ASD closure
both surgically and by catheterization.”> *>*’>° In a
recent retrospective case—-control study, six patients who
underwent transcatheter occlusion of their ASD demon-
strated a faster rate of improvement in their BPD severity
compared with those patients who did not undergo ASD
closure.?? Nevertheless, all studies to date have been low-
powered and mostly descriptive in nature. Our study
adds to the literature by demonstrating that the
improvement in clinical status is expedited after ASD
closure is performed rather than just secondary to the
natural improvement that can occur in BPD patients and
that this improvement seems to be primarily secondary
to improved respiratory and diuretic status. In addition,
this benefit seems to be seen immediately and up to 4
weeks post-intervention.

Remarkably, the median pre-procedure hospital
length of stay was 210 days and median post-procedure
length of stay was 42.5 days. While this may imply that
closure of these patients’ ASDs was performed late in the
patients’ hospitalization and that they would be dis-
charged in the same timeframe despite the ASD closure,
given that 9 out of 10 of the patients were on non-
dischargeable respiratory support at the time of catheter-
ization, one could possibly infer that the ASD closure
expedited discharge home by allowing transition to
respiratory support suitable for discharge. It is unclear
if the total length of stay would have been shorter if

on Access

secundum ASD closure was performed sooner than the
median corrected gestational age and weight of 54 weeks
and 6145g.

Another finding was the significant difference in the
slope of estimated RV pressure after ASD closure
compared with a slope that would be reflective of no
improvement at all. This is consistent with previous data
described in which pulmonary hypertension improved
after ASD closure.”**%* Vyas Read demonstrated a 2.44-
fold higher prevalence of pulmonary hypertension®® in 57
patients and Choi demonstrated an odds ratio of 3.8 for
the presence of pulmonary hypertension in an atrial
shunt group compared with non-atrial shunt group.*
This does not answer the question as to whether the ASD
is an aggravator for pulmonary hypertension or just
associated with pulmonary hypertension in these pa-
tients, but given that multiple studies, including ours,
have demonstrated improvement in pulmonary hyper-
tension after ASD closure, it could possibly be inferred
that ASDs in these patients contribute to, rather than
relieve, pulmonary hypertension. In addition, of the six
patients who underwent vasodilator testing during
catheterization, only two had improvement in percent
RV pressure more than 10% while the other four had
minimal or no change to the right ventricle pressure
despite an improvement in PVRi. Given the improve-
ment in PVRi and minimal change in RVSP, this
indicates that the extra volume to the right heart from
an ASD in a patient with BPD may be a contributor to
elevated pulmonary artery pressures in some of these
patients. Answering this question is important, as
pulmonary hypertension in the presence of BPD is
associated with higher rates of mortality’’*° with as
high of an odds ratio as 3.15 compared with those
patients without pulmonary hypertension,*” in addition
to a 3.8-fold increased risk for tracheostomy.*' Notably,
all patients in our study had between 43% and 68%
systemic RVSP at the time of cardiac catheterization with
Qp:Qs ranging from 1.1 to 2.4 at baseline. Even the
patients with relatively lower Qp:Qs demonstrated
improvement in their BPD-ASD score and were able to
be transitioned to respiratory support appropriate for
home. This implies that even with a relatively low Qp:Qs
by cardiac catheterization, due to the reduced vascular
surface area and the overall fragile nature of their
lungs,'® patients may still benefit from ASD closure. This
finding is consistent with other studies that have had
similar findings.**** Lastly, no patient suffered mortality
or had a pulmonary hypertension event requiring the
ASD as a “pop-off” after the ASD closure.

All of our patients met the published American Heart
Association pediatric pulmonary hypertension guidelines
that ASD closure should be considered if PVRIi is
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< 6 Wood-units.m? and pulmonary vascular resistance to
systemic vascular resistance ratio is < 0.3 at baseline or if
there is PVRi reversibility to < 6 Wood-units.m® with a
pulmonary vascular resistance to systemic vascular
resistance ratio of < 0.3. However, this recommendation
is for patients with normal lung development and does
not account for the unique myocardium, vascularity, and
alveolar development of premature infants with BPD'®
who may benefit from a more aggressive approach to
ASD closure. While “small” ASDs are typically not
considered for closure, this is only in patients “with no
other risk factors” per the AHA Scientific Statement,**
which would not apply to the BPD patient population.
Risk factors in BPD are myriad in a disease that is
hallmarked by decreased angiogenesis and alveolariza-
tion and abnormal vascular function and structure,
leading to decreased alveolar-capillary surface area and
exaggerated effects of left to right shunts. The decreased
vessel number in addition to the abnormal vessel
function and structure can lead to leaky capillary vessels
and pulmonary hypertension with even the slightest
extra pulmonary blood flow.'™ Additionally, the vessels
are hyper-sensitive to hemodynamic stress, which can
cause long-term endothelial injury, smooth muscle cell
proliferation, precocious maturation of immature mes-
enchymal cells into mature smooth muscle cells, and the
incorporation of fibroblasts/myofibroblasts into the
vessel wall, all contributing to pulmonary hypertension
development.’ Outside of the studies already mentioned,
studies have also been published demonstrating abnor-
mal left ventricle structure and diastology’'™*° in
premature infants with BPD. Certainly elevated left
ventricular filling pressures could also affect the devel-
opment of pulmonary hypertension and the development
of increased capillary pressure leading to a “leaky”
pulmonary bed and therefore lower tolerance of excess
pulmonary blood flow. The pathophysiology of pulmo-
nary hypertension and respiratory compromise is differ-
ent than in an idiopathic pulmonary hypertension
patient and should be taken into consideration when
considering treatment plans for BPD patients.

The catheterization risks such as vascular injury, device
embolization, device erosion, and arrhythmia,42 coupled
with the surgical risks such as pericardial effusion, arrhyth-
mia, and infection®> must be considered when determining
patient suitability for ASD closure. Fortunately, we had no
complications with any of the catheterizations or the surgical
procedure. This is consistent with a total of 46 combined
patients with a weight under 10kg from previously
published studies having no complications with
catheterization-based closure®>***® and 111 combined pa-
tients under 10 kg from previously published studies having
minimal complications with surgical ASD closure.*”**>°

Our study is limited by the single-center nature of this
work. Additionally, this institution has the robust
support of a pulmonary hypertension association accre-
dited center of comprehensive care that may not be
generalizable to all centers. The study was retrospective
with associated limitations, including limited follow-up
data on some patients and varying approaches to the use
of pulmonary vasodilators, feeds, and diuretics by care
teams. The number of patients included in the study is
few due to the rarity of the procedure, making extensive
statistical analysis difficult. The developed BPD-ASD
scoring system is limited in its ability to assess ASD
closure in patients with tracheostomy, as many markers
of improvement, such as rate, positive end-expiratory
pressure, and peek inspiratory pressure, are not included
in the scoring system. Modifications to account for this
limitation are something to consider moving forward
with the scoring system.

In conclusion, our study demonstrated improvement
in BPD-ASD clinical score status primarily through
improved respiratory score and diuretic use that is
attributable to closure of an ASD in BPD patients less
than 10 kg. There is also some improvement in estimated
RV pressure by echocardiogram in BPD patients who
underwent closure of a secundum ASD. While the risks/
benefits of ASD closure must be weighed in this
population, when selected appropriately, these patients
appear to have improvement in their clinical course.
Future studies to validate the scoring system should be
performed in a larger multicenter population and also
with a comparison cohort.
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