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Safety and Outcomes of 
Transcatheter Closure of 
Patent Ductus Arteriosus
in Children With Pulmonary Artery Hypertension

To investigate whether transcatheter device closure of patent ductus arteriosus (PDA) 
is safe in children with pulmonary artery hypertension, we retrospectively analyzed our 
experi ence with 33 patients who underwent the procedure from January 2000 through 
August 2015.

Pulmonary artery hypertension was defined as a pulmonary vascular resistance index 
(PVRI) >3 WU · m2. All 33 children (median age, 14.5 mo; median weight, 8.1 kg) under
went successful closure device implantation and were followed up for a median of 17.2 
months (interquartile range [IQR], 1.0–63.4 mo). During catheterization, the median PVRI 
was 4.1 WU · m2 (IQR, 3.6–5.3 WU · m2), and the median mean pulmonary artery pres
sure was 38.0 mmHg (IQR, 25.5–46.0 mmHg). Premature birth was associated with 
pulmonary vasodilator therapy at time of PDA closure (P=0.001) but not with baseline 
PVRI (P=0.986). Three patients (9.1%) had devicerelated complications (one immediate 
embolization and 2 malpositions). Two of these complications involved embolization coils. 
Baseline pulmonary vasodilator therapy before closure was significantly associated with 
intensive care unit admission after closure (10/12 [83.3%] with baseline therapy vs 3/21 
[14.3%] without; P <0.001). Of 11 patients receiving pulmonary vasodilators before closure 
and having a device in place longterm, 8 (72.7%) were weaned after closure (median, 24.0 
mo [IQR, 11.0–25.0 mo]).

We conclude that transcatheter PDA closure can be performed safely in many chil
dren with pulmonary artery hypertension and improve symptoms, particularly in patients 
born prematurely. Risk factors for adverse outcomes are multifactorial, including coil use 
and disease severity. Multicenter studies in larger patient populations are warranted. (Tex 
Heart Inst J 2020;47(4):250-7)

T he natural history of patent ductus arteriosus (PDA) is well known,1,2 and 
transcatheter closure of PDA in children has been well described.1,3,4 Despite 
inherent risks, such as device malposition or embolization,5 transcatheter PDA 

closure compares favorably with surgical PDA closure; it is associated with similar 
complication rates but lower costs and shorter hospital stays.6,7

 One dilemma is how to treat PDA in patients with pulmonary artery hypertension 
(PAH), given the associated risks of PAH crisis and device-related complications. Most 
studies of PDA closure in patients with PAH have included adults.8-18 Pediatric studies 
have generally involved small patient populations, and varying hemodynamic criteria 
for diagnosing PAH have been used, most often pulmonary artery pressure (PAP) 
rather than the PVRI.8,10,11,13-15,18 The high levels of PAP associated with unrestrictive 
ductal shunting do not necessarily reflect the high pulmonary vascular resistance 
associated with pulmonary vascular disease. Moreover, relying on echocardiographic 
evidence of elevated PAP, including bidirectional shunting through the PDA, to 
diagnose PAH may miss cases of PAH that would otherwise be diagnosed by cardiac 
catheterization.11,19-24 Overall, however, studies of PDA closure in children with PAH 
have shown relatively positive outcomes and low complication rates.
 To evaluate the safety and outcomes of transcatheter PDA closure in children with 
PAH, we retrospectively examined our center’s experience. We also used pulmonary 
vascular resistance criteria, with or without prior vasodilator therapy, as the basis for 
diagnosing PAH.
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Patients and Methods

We retrospectively identified all patients ≤18 years of 
age with PDA and PAH who underwent transcatheter 
closure of the PDA at our center from January 2000 
through August 2015. Data were collected by searching 
our Pediatric Cardiac Catheterization Database for the 
records of all patients who met the study criteria. All 
medical records and catheterization reports for qualify-
ing patients were reviewed in accordance with a proto-
col approved by our Institutional Review Board.
 Pulmonary artery hypertension was defined as a 
PVRI >3 Wood units (WU) · m2, according to the 2015 
Pediatric Pulmonary Hypertension Guidelines from 
the American Heart Association (AHA) and American 
Thoracic Society (ATS).25 Transcatheter device closure 
was defined as release of a device in an attempt to close 
a PDA. Hemodynamic data, medical records, and sub-
sequent catheterizations were reviewed in detail.
 We excluded patients older than 18 years, as well as 
those who had complex congenital heart disease, those 
whose charts lacked sufficient hemodynamic data to 
calculate PVRI at the time of PDA closure, and those 
who did not undergo transcatheter PDA closure.
 On the basis of clinical assessment and published 
recommendations,26,27 the primary cardiologist in each 
case decided whether to refer a patient for cardiac cath-
eterization to determine the feasibility of transcatheter 
device closure, and likewise to refer a patient for recath-
eterization postoperatively for vasodilator testing when 
indicated. The decision to attempt transcatheter closure 
was made at the discretion of the patient’s interventional 
cardiologist on the basis of anatomic variables and he-
modynamic measurements calculated according to the 
Fick principle.
 Contraindications to transcatheter closure in patients 
who underwent diagnostic hemodynamic cardiac cathe-
terization were as follows: a pulmonary-to-systemic 
vascular resistance ratio of >0.5:1, lack of vasorespon-
siveness or decrease in PAP after test occlusion of the 
PDA, baseline right-to-left or bidirectional shunting 
across the PDA, and prior evidence of substantial right-
to-left shunting as evidenced by clinically substantial 
pre- and postductal saturation gradients.
 The primary outcomes were device-related complica-
tions (device embolization or malposition) and death. 
Secondary outcomes were recatheterization, changes in 
pulmonary vasodilator and diuretic medications, and re-
admission after PDA closure for reasons related to PAH.
 Demographic variables included sex, weight, age, pre-
mature birth (at gestational age <37 wk), and genetic 
diagnosis of trisomy 21. Anatomic variables included 
PDA type (types A–E)28 and minimum PDA diameter. 
Details of evaluation during catheterization included 
baseline hemodynamics, angiographic measurement 
of the PDA, and responses to pulmonary vasodilator 

testing (defined as a decrease of ≥20% in mean PAP 
[mPAP] or PVRI after administration of 100% FiO2, 
80 ppm of inhaled nitric oxide, or both)29 and balloon 
occlusion testing of the PDA.
 Data were analyzed with use of Stata software, version 
14 (StataCorp). Clinical and demographic variables were 
presented as standard summary statistics. Continuous 
variables were presented as mean ± SD or as median and 
interquartile range (IQR). Categorical variables were pre-
sented as number and percentage. Univariable analyses 
were performed by using the Student t test or Wilcoxon 
rank-sum test for continuous variables and the χ2 test or 
Fisher exact test for categorical variables. A P value <0.05 
was considered statistically significant.

Results

A total of 682 patients with a diagnosis code for PDA 
underwent a total of 780 cardiac catheterizations for 
PDA closure in our hospital’s pediatric cardiac cathe-
terization laboratory. Of these, 33 patients met the 
study inclusion criteria (Fig. 1; Table I). Sixteen patients 
(48.5%) had been born prematurely (mean ge stational 
age at birth, 27.9 ± 4.1 wk), 2 of whom had a device-
related complication and one of whom died of a 
non–device-related complication after transcatheter 
PDA closure.
 At baseline, 12 patients (36.4%) were receiving at least 
one pulmonary vasodilator (usually oral sildenafil), 
including 4 patients receiving multiple agents and 
2 patients receiving inhaled nitric oxide (one was also 
receiving iloprost). Six patients (18%) were admitted to 

682 Patients with
diagnosis of PDA

540 ≤18 years of age

65 Had PAH

33 Underwent
PDA closure

142 Excluded
76 Complex CHD
22 Previous ligation or
     spontaneous closure
     of PDA

475 Excluded
448 No PAH
27 Insufficient data

32 Excluded because did
     not undergo PDA closure

44 >18 years of age

Fig. 1  Flow chart shows selection of patients included in the 
study. 
 

CHD = congenital heart disease; PAH = pulmonary artery 
hypertension; PDA = patent ductus arteriosus
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the intensive care unit (ICU) before device closure, 4 of 
whom had respiratory insufficiency or failure.

Catheterization Data
The median PVRI was 4.1 WU · m2 (IQR, 3.6–5.3 
WU · m2) (Table II); the highest PVRI among indi-
vidual patients was 11.1 WU · m2. The median PVRI 
was similar between patients who had been born pre-
maturely (4.2 WU · m2 [IQR, 3.6–5.1 WU · m2]) 
and those born full-term (4.1 WU · m2 [IQR, 3.4–6.7 
WU · m2]) (P=0.986). Seven patients (21.2%) under-
went pulmonary vasodilator testing, 6 of whom had 
a marked clinical response in either mPAP or PVRI. 
Four patients underwent balloon occlusion testing of 
the PDA and showed a median improvement in mPAP 
of 33.9% (IQR, 18.0%–47.6%). Of the 4 patients who 

had a device-related complication or died, only one (Pa-
tient 4) underwent acute pulmonary vasodilator testing, 
and none underwent balloon occlusion testing. The me-
dian improvement in mPAP immediately after device 
closure was 24.7% (IQR, 8.5%–35.3%).
 The predominant PDA type, according to the Kri-
chenko classification,28 was type A (16 patients, 48.5%) 
(Table III). The median minimum ductal diameter was 
2.6 mm (IQR, 2.2–4.0 mm). The most frequently used 
closure device was the Amplatzer Duct Occluder type I 
(Abbott) (n=17 [51.5%]), followed by embolization coils 
(n=9 [27.3%]) (Table IV). The time period (or era) in 
which the procedure was performed had a clear effect 
on device choice, with a notable decrease over time in 
the number of PDA closures performed with emboliza-
tion coils (Fig. 2).

Procedural Outcomes
All 33 patients left the catheterization laboratory with 
a PDA closure device in place. The median time to last 
follow-up was 17.2 months (IQR, 1.0–63.4 mo). Three 
patients (9.1%) had a device-related complication (Table 
V). Two device-related complications involved emboli-
zation or malposition of a coil immediately after release, 
resulting in a coil-related complication rate of 22.2% 
(2 of 9 coils placed); in each case, the coil was retrieved 
and replaced during the same catheterization. The third 
device-related complication involved a device found to 
be malpositioned 3 weeks after implantation. One pa-
tient (3.0%) experienced a cardiac arrest (likely due to 
PAH crisis) 4 days after device implantation and died 
6 months later of a cardiac arrest secondary to chronic 
respiratory failure. Of note, this patient had a large 
PDA and showed signs of high-output failure from 
left-to-right shunting before transcatheter closure. The 
median PVRI in our study population was similar 
between patients who had a device-related complica-
tion or died (4.1 WU · m2 [IQR, 3.8–4.1 WU · m2]) 
and those who did not (4.2 WU · m2 [IQR, 3.6–5.3 
WU · m2]) (P=0.294).
 The 2 patients who had the most severe adverse events 
related to PDA device closure (Patients 2 and 3; Table V) 

TABLE I. Baseline Demographic and Clinical 
Characteristics of the 33 Patients

Variable Value

Female 20 (60.6)

Weight (kg) 8.1 (5.7–11.0)

Age (mo) 14.5 (8.8–23.8)

Premature birth* 16 (48.5)

Trisomy 21 5 (15.2)

Pulmonary vasodilator therapy 12 (36.4)

Diuretics use 15 (45.5)

Underlying BPD or CLD 2 (6.1)

BPD = bronchopulmonary dysplasia; CLD = chronic lung disease 

 

*Gestational age <37 weeks 

 

Data are presented as number and percentage or as median and 
interquartile range.

TABLE II. Hemodynamic Characteristics of the 33 Patients 
During Catheterization

Variable Median (IQR)

Qp/Qs ratio 1.5 (1.2–1.8)

Systolic PAP (mmHg) 49.0 (36.0–61.0)

Mean PAP (mmHg) 38.0 (25.5–46.0)

Systolic PAP/systolic AoP (%) 61.6 (45.2–77.1)

PVRI (WU · m2) 4.1 (3.6–5.3)

PVR/SVR 0.32 (0.22–0.37)

Cardiac index (L/min/m2) 3.5 (3.2–4.1)

AoP = aortic pressure; IQR = interquartile range; PAP = 
pulmonary artery pressure; PVR = pulmonary vascular 
resistance; PVRI = pulmonary vascular resistance index; Qp = 
pulmonary flow; Qs = systemic flow; SVR = systemic vascular 
resistance

TABLE III. Frequency of Patent Ductus Arteriosus by 
Krichenko Classification

Type No. (%)*

A 16 (48.5)

B 2 (6.1)

C 4 (12.1)

D 5 (15.2)

E 5 (15.2)

* One patient had unknown ductal morphology and was not 
 included in the frequency counts.
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had also been admitted to the ICU before device closure. 
Patient 2 needed endotracheal intubation and milrinone 
infusion in the ICU before device closure. Thirteen 
patients (39.4%) were admitted to the ICU after clo-
sure for a median stay of 3.5 days (IQR, 1.0–5.3 d), 
most often for close monitoring without further changes 
in therapy. Patients receiving baseline pulmonary vaso-
dilator therapy before closure were more often admitted 
to the ICU afterward (10/12; 83.3%) than were patients 
not receiving such therapy (3/21; 14.3%) (P <0.001).
 Eight patients were referred for recatheterization dur-
ing the postprocedural follow-up period. One needed 
stent implantation to treat pulmonary vein stenosis, and 
another needed confirmation of device malposition into 
the aorta (Patient 2, Table V). The remaining 6 patients 
needed recatheterization primarily for pulmonary vaso-
dilator testing, which was first performed a median of 
16 months (IQR, 11.8–20.3 mo) after device placement. 
At the time of their most recent recatheterization (a me-
dian of 28.5 months [IQR, 15.8–39.8 mo] after device 
placement), these 6 patients showed clinically relevant, 
but not statistically significant improvement in median 
mPAP from 37.5 mmHg (IQR, 28.5–50.3 mmHg) 
at baseline to 24.0 mmHg (IQR, 22.3–25.0 mmHg) 
(P=0.074); they showed no statistically significant 
change in median PVRI from baseline (5.0 WU · m2 

[IQR, 4.1–8.1 WU · m2]) to the time of their most 
recent recatheterization (5.2 WU · m2 [IQR, 4.6–5.3 
WU · m2]) (P=0.593).

Clinical Outcomes
Of the 12 patients who were receiving pulmonary 
vaso dilator therapy before device closure, 10 had an 
uncomplicated closure, and 11 ultimately had a device 
in place for the long term (excluding Patient 2, who 

eventually underwent surgical closure). Eight of the 11 
patients (72.7%) had their vasodilator dose, number of 
medications, or both decreased at a median time of 7 
months (IQR, 3.6–8.5 mo) or were completely weaned 
from therapy by a median time of 24.0 months (IQR, 
11.0–25.0 mo) after closure. Premature birth was signifi-
cantly associated with pulmonary vasodilator therapy at 
the time of PDA closure: 11 of 16 patients (68.8%) born 
prematurely compared with 1 of 17 patients (5.9%) born 
full-term (P=0.001). All 8 patients who were weaned 
from pulmonary vasodilator therapy after closure had 
been born prematurely. Of the 15 patients receiving 
diuretic medications before closure, 11 (73%) had the 
dosing frequency decreased or were weaned from thera-
py during the study period.
 Only one patient needed readmission, for exacerba-
tion of PAH, 4.5 months after PDA closure. The patient 
was transferred to our institution after a cardiopulmo-
nary arrest that followed surgical repair of an incarcer-
ated hernia. Initial treatment with inhaled nitric oxide, 
iloprost, milrinone, and sildenafil was later changed to 
subcutaneous trepostinil. By study’s end, this patient 
had been weaned from all medications, and his hemo-
dynamic status was normal.

Discussion

To our knowledge, this is the first evaluation of trans-
catheter PDA closure in a pediatric population in which 
the primary inclusion criterion was PVRI >3 WU · m2, 
as established by the 2015 AHA/ATS Guidelines for 
Pediatric Pulmonary Hypertension.25 We contend that 
PVRI is more specific than PAP for identifying patients 
who have true pulmonary vascular disease and are 
therefore at risk for adverse outcomes of PDA closure.
 Our results indicate that transcatheter PDA closure 
is safe. A closure device was successfully implanted in 
all patients, and only 2 (6.1%) had acute procedural 
complications (device embolization or malposition 
upon release). That the 2 patients with the most severe 
device-related adverse events had needed ICU admis-

TABLE IV. Devices Used for Transcatheter PDA Closure 
in the 33 Patients

Device No. (%)

Amplatzer Duct Occluder* 17 (51.5)

Embolization coil 9 (27.3)

Amplatzer Vascular Plug II* 5 (15.2)

Nit-Occlud PDA** 1 (3)

Amplatzer Vascular Plug* 1 (3)

PDA = patent ductus arteriosus 
 

   * Abbott 
** PFM Medical
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Fig. 2  Graph shows frequency of device use in the study 
population by time period, with a notable decrease in use of 
embolization coils over time.
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TABLE V. Clinical Characteristics of the 4 Patients Who Had Device-Related Complications or Died

Variable

Patient

1 2 3 4

Age (mo) at 
baseline, sex

14, F 14, F 10, F 13, M

Weight (kg) at 
baseline

10 5.3 5.7 8

Premature birth 
(<37 wk)

No Yes (35 wk) Yes (26 wk) Yes (24 wk)

Diagnosis Asymptomatic 
moderate PDA, 
left-sided 
heart dilation

Small-to-moderate VSD, 
large PDA

CLD, restrictive VSD, 
moderate PDA

PDA

ICU admission 
before catheterization

No Yes 
(H1N1 influenza–related 
ARDS, endotracheal intubation)

Yes 
(respiratory distress, 
aspiration pneumonia, CHF)

No

Pulmonary vasodilators 
before catheterization

No Inhaled nitric oxide, 
then sildenafil

No Sildenafil, 
bosentan

Krichenko PDA classification A B D E

Minimum PDA diameter (mm) 2.2 6 3.7 2

Hemodynamics at baseline

    Qp/Qs ratio 1.6 1.7 0.8 1

    PVRI (WU · m2) 3.2 4.3 4 4.1

    Systolic PAP (mmHg) 38 55 60 30

    Mean PAP (mmHg) 29 48 46 22

    Systolic PAP, % systemic 40 77 88 37

Device Embolization coil Amplatzer Duct Occluder Amplatzer Vascular Plug II Embolization 
coil

Adverse event Immediate 
embolization to 
LPA

Malposition of device into 
aorta 3 wk after closure with 
substantial residual shunting 
and failed extubation

Bradycardic arrest 
(× 2) 4 d after 
catheterization in presence 
of Pseudomonas tracheitis 
(received inhaled nitric oxide, 
sildenafil, and bosentan after 
PDA closure)

Bradycardic arrest 6 mo 
after catheterization, 
secondary to chronic 
respiratory failure

Malposition of 
coil into aorta

Outcome Successful coil 
retrieval; replace- 
ment with 2 
embolization coils

Surgical device removal; 
surgical closure of PDA 
and VSD

Death Successful 
coil retrieval; 
replacement 
with Amplatzer 
Vascular Plug II

Recatheterization No Yes (3 wk after PDA closure, 
to confirm device malposition 
in aorta)

No No

ARDS = acute respiratory distress syndrome; CHF = congestive heart failure; CLD = chronic lung disease; F = female; ICU = intensive 
care unit; LPA = left pulmonary artery; M = male; PAH = pulmonary artery hypertension; PAP = pulmonary artery pressure; PDA = 
patent ductus arteriosus; PVRI = pulmonary vascular resistance index; VSD = ventricular septal defect
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sion before the procedure makes it reasonable to assume 
that the severity of PAH at presentation is a potential 
risk factor because the procedure acutely alters hemody-
namics. Embolization coils were involved in both cases 
(a coil-specific complication rate of 22.2%); therefore, 
device choice was likely a major contributor to the over-
all rate of adverse events. Nonetheless, the coils were 
easily retrieved and replaced without further problems. 
As in most centers, coils were used relatively frequently 
at our hospital in the first half of our study period and 
less frequently in the second half when newer technolo-
gies became available. The Amplatzer Duct Occluder 
was used in our patient population as frequently as 
in other studies; notably, however, those studies also 
reported frequent use of the Amplatzer Muscular VSD 
Occluder (Abbott) to treat PDAs with large ductal di-
ameters.8,10,11,13,14,17,18

 The distribution of PDAs by morphologic classifica-
tion in our patient population was similar to that in 
other studies, although the 49% prevalence of classic 
type A PDA in our study was relatively lower than the 
60% to 80% prevalence reported by others in similar 
populations.9,12,14,17,18

 Several previous studies incorporated PVRI data into 
confirming the presence of severe PAH.9-12,16,18 
However, almost all of those studies included adult 
patients, limited inclusion to patients with large, unre-
strictive PDAs, or both. Although the PVRI inclusion 
criterion in our study successfully identified patients 
with true pulmonary vascular disease, the baseline PVRI 
value was not significantly higher in patients who had 
device-related complications than in those who did not. 
This analysis was limited by the small population size 
inherent to this disease; however, the results indicate 
that risk factors for complications within this popula-
tion are multifactorial.
 One dilemma interventionists face is how best to de-
termine which patients are at high risk for complications 
beyond what clinical data the care team has provided. 
Acute pulmonary vasodilator testing has been well de-
scribed in patients with PAH undergoing evaluation 
for PDA device closure,10,12,15,16,18,30 and balloon occlusion 
testing of PDA has been used in previous studies, either 
as part of an institutional protocol or simply in selected 
patients.8-11,13,14,17,18 At our institution, the interventionist 
decides whether to perform these tests at the time of 
device placement. Nearly all the patients in our cohort 
who underwent acute pulmonary vasodilator testing 
responded, and those who underwent balloon occlu-
sion testing showed an overall improvement in mPAP in 
response. Although not analyzed within the scope of 
this study, the severity of pulmonary vascular disease 
was included in our individualized risk stratification 
process and was strongly considered in deciding wheth-
er to implant a device in patients who underwent hemo-
dynamic testing without device closure.

 As in previous studies,10-13,16,17 most of our patients 
showed clinical improvement during the study period. 
Few investigators have reported baseline use of pul-
monary vasodilators before device closure. Niu and 
colleagues11 described baseline use of pulmonary vaso-
dilators in 5 of 6 patients who eventually underwent 
transcatheter PDA device closure; 2 of them were given 
multiple agents, including inhaled nitric oxide. Similarly, 
our center often uses pulmonary vasodilator therapy to 
attenuate pulmonary vasoreactivity before procedures 
that can exacerbate PAH; however, this therapy is indi-
vidualized. Many patients in our study underwent re-
catheterization, as is our institution’s practice, to help 
manage pulmonary hypertension therapy as the treat-
ment team decides. Nearly 75% of our patients who 
were receiving baseline pulmonary vasodilator therapy 
were weaned from or had their medications discontin-
ued within several months of device closure, indicating 
a clinically important improvement in the status of their 
PAH. This was particularly true of patients born pre-
maturely, who constituted all who were weaned from 
pulmonary vasodilator therapy.
 As a result of this study, our institution has standard-
ized its approach to patients with coexisting PDA and 
PAH. Our inpatient nursing team charts pre- and post-
ductal saturations for 7 to 10 days, paying special atten-
tion during activities that can cause stress or Valsalva 
maneuvers (for example, stooling, bathing, and suction). 
Similar monitoring is performed during outpatient vis-
its. If there is no substantial postductal desaturation and 
if the PDA shunts mostly left-to-right and is considered 
severe enough to warrant closure, the child is referred for 
catheterization and possible PDA closure. We now rou-
tinely perform acute pulmonary vasodilator or balloon 
occlusion testing (or both) in children with a PDA and 
a PVRI >3 WU · m2. If the patient responds to testing, 
meets other indications for PDA closure, and has a favor-
able ductal anatomy, we proceed with device closure. 
 When substantial right-to-left shunting or a preductal- 
to-postductal saturation gradient is noted, any associ-
ated ventilatory factors are optimized; risks associated 
with gastroesophageal reflux, infection, and atelectasis 
are minimized; and targeted therapy including phos-
phodiesterase inhibitors, endothelin receptor antago-
nists, or both is initiated. If the right-to-left shunting 
improves or resolves, the patient can be referred for 
transcatheter PDA closure. Delayed response to acute 
pulmonary vasodilator testing is now a contraindication 
for PDA closure, although closure may be reconsidered 
after prolonged therapy.

Limitations
Our study has limitations. First, it was retrospective, 
which precluded our determining any causal relation-
ships between patient characteristics, catheterization 
data, or practice variation and outcomes of PDA closure 
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in children with PAH. Second, because this study was 
not designed as an intention-to-treat analysis, we cannot 
recommend a general approach to patients with coex-
isting PDA and PAH, but can only comment on our 
particular approach to those patients that our care team 
deemed clinically amenable to PDA closure. Therefore, 
this study cannot be used to determine the safest PVRI 
at which device closure can be attempted. Last, given 
the relative infrequency of children with true pulmo-
nary vascular disease and a PDA, as well as complica-
tions associated with PDA closure, our ability to find 
significance in the statistical analyses was limited.

Conclusion

Transcatheter PDA closure can be performed safely 
and successfully in certain children with PAH, and it 
can improve PAH symptoms over time, particularly in 
patients born prematurely. Acute respiratory illness and 
severity of presentation should be considered before at-
tempting device implantation because these factors can 
increase the risk of adverse hemodynamic effects. Acute 
pulmonary vasodilator and balloon occlusion testing can 
be used effectively to triage high-risk patients who can 
be treated medically and reevaluated at a future date. 
Choosing an appropriate device can help to mitigate 
embolization risks, taking into consideration the rate of 
embolization or malposition when using coils and the in-
terim advances in device technology. Multicenter studies 
with larger patient populations are needed to overcome 
the inherent limitations of a single-center study.
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