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ABSTRACT

Introduction: Guidelines recommend lifelong
follow-up with transthoracic echocardiograms
(TTE) for patients who had a patent ductus
arteriosus (PDA) device closure via catheteriza-
tion. The goal of this study was to determine the
utility of follow-up TTE in patients who under-
went an uncomplicated PDA device closure
after infancy.

Methods: Chart review was performed on
patients who had a PDA closure > 1 year of age
between 1/1/2002 and 6/1/2020. Patients were
excluded if they had other congenital heart
disease, did not have a follow-up
TTE > 6 months after procedure, had a residual
PDA or velocity > 2.0 m/s in the left pulmonary
artery (LPA) or descending aorta (DAo) on the
first TTE > 6 months after device placement.
Time points included the initial TTE after the
procedure, first TTE > 6 months after proce-
dure, and the most recent TTE.

Results: A total of 189 patients met the study
criteria. The median age and weight at initial
procedure were 2.7 (1.0-64.7) years and 12.5
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(3.4-69.2) kg. Most recent TTE was performed
2.0 (0.4-17.0) years after PDA closure. There
were no significant differences in fractional
shortening (36.4 £ 5.0% vs. 36.9 £+ 5.6%) or
LPA velocity (1.1 £ 0.4 m/s vs. 1.1 £ 0.4 m/s)
from initial to most recent TTE, respectively.
Left ventricular internal diastolic diameter Z-
score significantly decreased (1.4 £ 1.8 wvs.
—0.01 £ 1.2, p <0.01) and DAo peak velocity
significantly increased (1.2 +0.3m/s vs.
1.3 £ 0.3m/s, p=0.02) from initial to most
recent TTE, respectively. No patient died or
underwent an intervention on the LPA or DAo
for stenosis. Seventy-five patients had a total of
208 repeat TTE > 1year after PDA procedure
with no change in clinical management.
Conclusions: In patients who underwent an
uncomplicated PDA closure after infancy, TTE
parameters improved or stayed within normal
limits on the most recent TTE. Repeat lifetime
TTEs after 1-year post-device placement in this
population may not necessarily be needed if
there are no clinical concerns.
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Key Summary Points

Guidelines recommend intermittent
lifelong echocardiograms in patients who
underwent a transcatheter patent ductus
arteriosus (PDA) device closure.

In this study, no significant complications
were noted in patients that had an
uncomplicated PDA device closure with
follow-up echocardiograms.

The need for routine lifelong
echocardiograms in this population
should be further evaluated to determine
the cost-effectiveness of this
recommendation.

INTRODUCTION

A patent ductus arteriosus (PDA) represents one
of the most common cardiovascular conditions
observed in approximately 1 in 2000 term
births, accounting for 5-10% of all congenital
heart disease [1]. Usual treatment of a hemo-
dynamically significant PDA during infancy has
been via pharmacological, surgical, or tran-
scatheter closure depending on the clinical sit-
uation [2-7]. In addition, PDAs may also be first
diagnosed when patients are older [8]. PDAs
discovered later in life may still meet indica-
tions for treatment [9]. In these older patients,
device closure via catheterization procedure is a
reasonable treatment option [10-17].
Complications associated with PDA device
closure are well documented and include
venous vascular damage, tricuspid valve dam-
age, device embolization, left pulmonary artery
stenosis, and descending aorta stenosis [18-28].
That said, most of these complications are
noted early after device placement
[20, 21, 24, 28]. Close echocardiographic follow-
up in patients with device complications are
clearly indicated. However, guidelines also state
“in the first 2 years after PDA closure, either
surgically or with a device, annual transthoracic
echocardiogram (TTE) was rated appropriate (8/

9). TTE every S years was rated appropriate for
surveillance of patients after successful device
closure, even with no or mild sequelae (7/9)”
[29]. The utility of follow-up TTEs in patients
undergoing an uncomplicated PDA device
placement is unknown.

The goal of this study was to determine the
utility of follow-up echocardiograms in patients
who underwent an uncomplicated PDA device
closure performed after infancy.

METHODS

This study was approved by PDA Follow Up
Echocardiograms (STUDY00001277). A retro-
spective chart review on all patients that
underwent a PDA device closure > 1 year of age
between 1/1/2002 and 6/1/2020 was performed.
Patients that had a PDA device closure < 1 year
of age were excluded because believe that is a
unique population due to possible prematurity
issues that may affect outcomes. Patients were
included if they had an uncomplicated PDA
device placement in the catheterization labora-
tory and had no concerns on their first follow-
up TTE 6 months post device placement. A > 6-
month time period was chosen because there
did not appear to be clinically significant TTE
changes between TTE performed between 6 and
12 months versus TTE performed more than
12 months post device placement in post hoc
analysis. This allowed for a larger “n” to be
evaluated versus using a > 12-month post
device cut off. Patients who had small muscular
ventricular septal defects and/or patent foramen
ovales were included. Patients were excluded if
they had other congenital heart disease,
had > moderate tricuspid regurgitation on ini-
tial post device TTE, had a velocity > 2.0 m/s in
the left pulmonary artery (LPA) or descending
aorta (DAo) on the first TTE > 6 months after
device placement, had a residual PDA on the
first TTE > 6 months after device placement, or
did not have a follow-up TTE > 6 months after
procedure.

Demographic data collected included age and
weightat time of PDA device placement, and most
recent clinical status. Type of PDA device was
recorded. The initial TTE post device placement,
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the first TTE > 6 months post device placement,
and the most recent TTE were reviewed.
Echocardiographic data recorded included short-
ening fraction, left ventricular internal diastolic
dimension Z-score, left pulmonary artery veloc-
ity, and descending aorta velocity.

Data are presented as means and standard
deviations unless otherwise stated. Paired t tests
were used for data analysis. Significance was set
at p < 0.05.

RESULTS

Total of 363 patients were reviewed. One hun-
dred seventy-four patients were excluded (no
follow-up echocardiogram > 6 months post
device placement, n =123, congenital heart
disease, n = 41; velocity > 2.0 m/s in the LPA on
the first TTE > 6 months after device place-
ment, n = 5; velocity > 2.0 m/s in the DAo on
the first TTE > 6 months after device place-
ment, n = 3; and residual PDA > 6 months after
PDA device placement, n = 2). There were no
deaths noted post-device placement as could be
determined by hospital records for those
patients discharged from clinic or lost to follow-
up. This study therefore consisted of 189
patients.

Table 1 PDA device data

Device (2 = 189) n %

Amplatzer Duct Occluder” 68 36.0
Amplatzer Duct Occluder IT* 6 32
Amplatzer Duct Occluder II AS/Piccolo® 2 1.1
Amplatzer Vascular Plug® 10 53
Amplatzer Vascular Plug II* 13 69
Amplatzer muscular ventricular septal defect® 2 1.1
Nit Occlud® 63 333
Flipper Detachable Embolization Coil® 25 132

PDA patent ductus arteriosus

*Abbott Cardiovascular

bPlymouth, MN, USA; B Braun Interventional Systems,
Bethlehem, PA, USA

“Cook Medical, Bloomington, IN, USA

Median age and weight at initial procedure
were 2.7 (1.0-64.7) years and 12.5 (3.4-69.2) kg.
Devices used for PDA closure are presented in
Table 1. All patients were noted to be clinically
doing well at their last clinic visit with no car-
diac medications being administered and
activity similar to peers documented in the
clinic chart. Seventy-eight patients were dis-
charged from cardiology clinic, 61 patients were
lost to follow-up, and 50 patients are still being
followed in cardiology clinic.

Initial TTE was performed 33.3 + 125.3 days,
median O days (0-1231 days) after PDA device
placement, first follow-up TTE > 6 months post
device placement was performed at 1.3 &+
1.4 years, median 1.0 year (0.5-13.5 years), and
the most recent TTE was performed at
3.2 £ 3.2 years, median 2.0 years (0.5-17 years)
post device placement. The left pulmonary
artery velocity and left ventricular internal
diastolic diameter were significantly different
between the initial TTE post device placement
and the first follow-up TTE > 6 months post
device placement (Table 2). The DAo velocity
and left ventricular internal diastolic diameter
were significantly different between the initial
TTE post device placement and the most recent

Table 2 Initial echocardiographic changes

Initial Follow-up
echocardiogram echocardiogram
(n = 189) (n = 189)
DAo 1.22 4+ 0.33 1.23 + 0.27
velocity
(m/s)
LPA velocity  1.14 £ 0.39* 1.07 £ 0.29*
(m/s)
Shortening ~ 36.51 % 5.03 37.17 + 4.85
fraction
(%)
LVIDD 0.88 £+ 1.58* 0.03 £ 1.14*
Zscore 064 (— 24410 0.03 (— 329 to 3.09)
6.59)

DAo descending aorta, LPA left pulmonary artery, LVIDD
left ventricular internal diastolic dimension

*Significant difference (p < 0.05)
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Table 3 Final echocardiographic changes

Initial Most recent
echocardiogram  echocardiogram
(n = 94) (n = 94)
DAo velocity  1.20 &£ 0.32* 1.28 £ 0.28*
(m/s)
LPA velocity  1.14 £ 0.40 1.12 £+ 0.35
(m/s)
Shortening 36.42 £+ 5.03 36.94 £+ 5.58
fraction
(%)
LVIDD 1.36 + 1.77* — 0.05 £+ 1.16*
Zscore 114 (— 231t — 003 (— 420 to
6.59) 2.42)

DAo descending aorta, LPA left pulmonary artery, LVIDD
left ventricular internal diastolic dimension
*Significant difference

1.40

Velocity Changes Over Time

1.30
1.22

TTE (Table 3). Left pulmonary artery and
descending aorta velocities over time are pre-
sented in Fig. 1.

No patient underwent a surgical or catheter
intervention for left pulmonary artery or
descending aorta stenosis. Seventy-five patients
had a total of 208 TTE > 1 year after PDA device
placement. No clinical changes were made
based on the follow-up TTE results.

DISCUSSION

Device closure for PDAs in the catheterization
laboratory is a reasonable treatment option,
especially for older patients [11, 19, 24].
Immediate complications are well known, but
longer-term results are less well delineated.
Because of the lack of long-term data, current
guidelines state that it is appropriate to obtain
TTEs on a regular basis, even in patients with no
or mild sequelae [29]. In this study, patients
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Fig. 1 Velocity changes over time in the left pulmonary artery and descending aorta
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that underwent an uncomplicated PDA device
closure after infancy had no long-term compli-
cations related to the PDA device. Follow-up
surveillance TTEs for these patients did not
change clinical management.

Reported complications after PDA device
closure include venous/arterial vascular dam-
age, tricuspid valve damage, device emboliza-
tion, left pulmonary artery stenosis, and
descending aorta stenosis [19, 22, 24, 28]. Most
of these complications can be appreciated dur-
ing the device procedure or relatively soon after
the device procedure [19, 28]. In addition, most
of these studies evaluated device closures per-
formed during infancy with a large percentage
of these patients being premature. Reported
complications are significantly less in the older
patient undergoing PDA device closure
[10, 12-17]. This is likely due to technical issues
based on the size of the patient.

Of these complications, left pulmonary
artery and descending aorta stenosis are the
complications that may be noted weeks to
months after device placement [20, 21, 24, 30].
Previous studies in infants have noted increased
velocities in the LPA and DAo immediately after
PDA device placement that generally remained
stable or improved over time [18, 20, 25]. Actual
catheterization or surgical interventions to
relieve LPA or DAo stenosis in infants is rela-
tively rare with the incidence ranging from O to
4% [20-22, 25]. Most of these interventions also
appeared to occur within the first few months
after PDA device placement [20, 21, 24]. In
patients undergoing PDA device closure at an
older age, no reports of subsequent LPA or DAo
stenosis requiring intervention have been
reported [10-17]. Again, this is likely because
the patients are larger and thus the device may
be more easily judged as seated well or not in
respect to the LPA or DAo.

This study, using an uncomplicated cohort
of patients undergoing PDA device closure,
reaffirms the above-noted published findings of
stable ventricular function, normalization of
left wventricular dimensions, and clinically
stable velocities in the LPA and DAo with no
need for catheter or surgical intervention in
these vessels in the majority of patients
[11-15, 20, 24, 30]. The DAo velocity did

significantly increase from initial TTE to most
recent TTE in this study. The most recent DAo
velocity of 1.3 m/s, however, is well within
normal limits, and though statistically signifi-
cant, is likely clinically not significant.

The earlier studies noted above studying PDA
device closure evaluated all patients that
underwent closure whereas this study only
evaluated a select group of patients > 1 year of
age that had no concerns after PDA device
placement after a 6-month time-period. This
may explain why no complications were
reported in this study. This cohort was specifi-
cally chosen because of the recent guidelines
that state that TTEs is generally acceptable and
is generally reasonable for surveillance for the
patient’s lifetime even in an asymptomatic
patient with no or mild sequalae [29]. There is
no question if there are concerns on the
immediate follow-up TTEs that close follow-up
should be performed. That said, it is expressly
stated, TTEs annually for the first 2 years and
then every 5 years after device placement are
appropriate in patients with no concerns. This
study noted that there were no cardiac compli-
cations seen if there were no concerns on the
first TTE > 6 months post device placement.
The long-term complications of worsening LPA
or DAo stenosis did not occur in this single-
center patient cohort. To our knowledge, it has
not been reported in other studies evaluating
PDA device closures in children and adults. It
may be that if there was no significant stenosis
noted immediately post device placement,
there would be no nidus for fibrosis and nar-
rowing of the respective vessels, and somatic
growth would prevent any subsequent stenosis
(20, 25, 30].

These findings would suggest that the
guidelines of lifelong TTE surveillance for this
uncomplicated patient cohort could be changed
from an “appropriate” rating of 7-9, to “may be
appropriate” with a rating of 4-6. These guide-
lines do consider if clinical status and/or new
concerning signs or symptoms arise that a TTE
is appropriate with a rating of 9 (29). Follow-up
for these patients could be changed to inter-
mittent cardiology or even routine primary
physician clinic visits with TTE only obtained if
new findings such as wupper-lower blood
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pressure discrepancies, new-onset hypertension,
or new murmur arise. Limiting the use of TTEs
in this low-risk group would substantially
decrease their lifetime healthcare cost. As seen
in this study, there was a significant amount of
TTEs > 1-year post device placement that did
not change clinical management.

There were multiple limitations to this
study. This was a single-center retrospective
chart review study with all the inherent limi-
tations of such a design. This was a relatively
small select population evaluated, though one
of the largest studies with a reasonable length
of follow-up available. This study evaluated
patients over an 18-year time span, so vari-
ances in individual and institutional manage-
ment of PDA follow-up occurred and were not
taken into account for analysis. There was no
set echocardiographic timing schedule for
these patients with the schedule determined by
the primary cardiologist, so a more uniform
analysis of TTE changes could not be per-
formed. There were no long-term complica-
tions documented, so risk factors could not be
determined. Approximately a third of patients
were lost to follow-up so it is possible that late
complications or mortality may have been
missed, but we think that this is unlikely since
these patients would have probably been
referred back to our institution if clinical con-
cerns had arisen or would have had mortality
records noted in the hospital chart.

CONCLUSIONS

In patients who underwent an uncomplicated
PDA closure after infancy, TTE parameters
improved or stayed within normal limits on the
most recent TTE. These findings need to be
corroborated with larger studies with longer
follow-up. If verified, the TTE guidelines need to
be reassessed. Repeat lifetime TTEs after 1-year
post-device placement in this population may
not necessarily be needed if there are no clinical
concerns.
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