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Background: While intravascular hemolysis is rare after transcatheter closure of small and moderate patent ductus arteriosus
(PDA), large and tubular hypertensive ducts have a distinct morphological and physiological entity that makes complete closure
challenging. Objectives: We aimed to evaluate the advantages of using a double disk device in the closure of a large tubular
hypertensive PDA. Materials and Methods: During the period from January 1, 2018, to January 1, 2023, 25 (5.9%) of 420 patients
who underwent transcatheter closure of PDA at Al-Najaf Cardiac Center, Najaf, Iraq, were found to have large nonrestrictive
tubular PDA with severe pulmonary arterial (PA) pressure and thus enrolled in this study. Results: The mean of patients’ ages
and weights were 14.6 years and 36kg, respectively. Pre-closure mean and peak PA pressures were 50 mmHg and 95 mmHg,
respectively. Post-closure mean and peak PA pressure were 30 mmHg and 55 mmHg, respectively. Immediate successful closure
was achieved in 24 patients (96%). Amplatzer Muscular Occluder and Amplatzer Septal Occluder were successfully used in
17 patients with no, trivial, or mild residual shunt and without development of intravascular hemolysis during the follow-up
period. Conclusion: The risk of intravascular hemolysis can be avoided when double-disk devices are used to close large tubular
hypertensive PDA.
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The most popular and accepted classification of PDA was
described by Krichenko et al. Figure 1: Type A: conical
ductus with a prominent aortic ampulla and constriction
at the pulmonary artery end. Type B: window-like (wide
and short) ductus. Type C: tubular ductus without
constrictions. Type D: complex ductus with multiple
constrictions. Type E: bizarre configuration with an

INTRODUCTION

Patent ductus arteriosus (PDA) is one of the most
common congenital heart defects. It accounts for 6%—11%
of congenital defects in children and is twice as common
in female compared to male patients.?) Most PDA cases
are diagnosed and managed in childhood, and the first

presentation in adulthood is infrequent.*

Although small-sized PDA may not cause significant
symptoms until discovered accidentally, larger-sized PDA
often causes shortness of breath, exercise intolerance, and
palpitations. Untreated large PDA in late adolescence and
adulthood carries a high risk of congestive heart failure,
pulmonary hypertension, pulmonary vascular obstructive
disease, and even death. PDA can be complicated by
bacterial endocarditis, aneurysm formation, and ductal
wall calcification.!
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elongated, conical ductus with narrowing as far from
the anterior border of the trachea as possible (via lateral
angiography).l’

With significant advances in the device’s technology,
transcatheter closure of virtually all types of PDA has
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Figure 1: (A) Aortogram in lateral (90°) projection of a 10-year-old female patient demonstrates a large patent ductus arteriosus (PDA) without
constriction. (B) Aortogram in lateral (90°) projection immediately after closure of PDA with Amplatzer Ductal Occluder (16:14 mm) demonstrates
significant residual shunt between the device and the ductal walls (arrows). (C) Aortogram in lateral (90°) projection, 30 min after closure demonstrates
good device position with significant decrement of the residual shunt (arrow). This patient developed severe intravascular hemolysis 18h post-
closure, which failed to respond to medical treatment, and the patient was referred for surgery

become the treatment of choice in most cardiac care
centers. However, transcatheter closure of large tubular
PDA in all age groups remains a technical challenge.®-1”
PDA with severe pulmonary arterial (PA) hypertension
presents multiple challenges for cardiologists.
Evaluation of pulmonary vascular bed reversibility and
achievement of complete transcatheter device closure
without residual shunt are definitive goals. Surgical
closure of large non-constricting PDA is not free of risk
due to known pathophysiological and hemodynamic
complications.!!!-13

Intravascular hemolysis caused by residual shunt
post transcatheter closure is rare, but persistent severe
intravascular hemolysis may be associated with significant
hemodynamic challenges such as coagulopathy and
renal failure.>' In this article, we report our experience
with transcatheter closure of large tubular PDA with
severe PA hypertension using single- versus double-disk
occluders.

We evaluated the potential advantages of using double-
disk devices in order to avoid intravascular hemolysis after
transcatheter closure of large tubular PDA with severe PA
pressure in older children, adolescents, and adults.

MarteriaLs AND MEeTHODS

Patients and study design

From January 1, 2018, to January 1, 2023, 25 (5.9%) of 420
patients who underwent transcatheter closure of PDA at
Al-Najaf Cardiac Center, Najaf, Iraq, were found to have
large tubular PDA with severe PA pressure and enrolled in
this study.

Pre-catheterization data like age, sex, weight, upper and
lower limb oxygen saturation at rest and after exercise,
chest X-ray, 12-lead ECG, and detailed transthoracic
echocardiographic (TTE) study were recorded for each

patient. Patients’ demographic and hemodynamic data are
shown in [Table 1].

TTE evaluation included the following: ventricular
function and dimension, PA pressure (from tricuspid
regurgitation velocity), size of the ductus, and associated
cardiac lesions.

Patients included in this study were older children,
adolescents, and adults with large tubular PDA
(predominant left to right shunt, LV volume overload)
and reactive pulmonary vascular bed (reversible
pulmonary hypertension). Patients with irreversible
pulmonary hypertension, constricted non-tubular PDA,
and those requiring surgical interventions for associated
cardiac lesions were excluded. Patients with pulmonary
to systemic arterial pressure >60% 30min post-closure
(balloon or device) of the PDA were excluded, the device
was removed, and they were referred for further evaluation.
Procedures were performed under local anesthesia or deep
sedation and TTE guidance.

Prophylactic antibiotics with ceftriaxone (50 mg/kg) were
administered intravenously at the time of vascular access,
followed by cefixime (10mg/kg/day) orally for 3 days.
All patients were kept on oral sildenafil citrate and/or
bosentan for at least 6 months after the procedure.

A study of right and left heart catheterization was
performed to evaluate pulmonary and systemic pressures,
the magnitude of the left to right shunt, and pulmonary
vascular resistance.

Aortograms in the right anterior oblique (30°) and lateral
(90°) views were obtained, and measurements of length,
aortic end, and pulmonary end of the PDA were done
using the catheter diameter as the reference.

The same protocol for transcatheter PDA closure, as
described by other authors, was followed. The devices
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used for closure of the PDA were Amplatzer Ductal
Occluder Type I (AGA Medical Corp., Plymouth, MN,
USA), Amplatzer Muscular Occluder (AGA Medical
Corp.), and Amplatzer Septal Occluder (ASO; AGA
Medical Corp.).

The device chosen must be at least Smm larger than the
diameter of the narrowest PDA, as long as it resulted in
closure of PDA with no more than a mild residual shunt
(successful closure).

All patients were admitted to the cardiac follow-up unit
for overnight observation. Admission for more than
24h was not required, except for those complicated by
intravascular hemolysis. Each patient was evaluated
clinically and by TTE at the time of hospital discharge
and 1, 3, and 6 months post-closure and then annually
for evidence of intravascular hemolysis, device position,
residual shunt, ventricular function, and PA pressure.

The mean of the follow-up period was 29.52 months
(12-52 months). At each visit, detailed clinical history
was obtained and thorough physical examination done,
including monitoring of oxygen saturation at upper and
lower limbs and at rest and exercise with transthoracic
echocardiographic study looking for ventricular function,
device position, residual shunt, and degree of PA pressure.

Ethical approval

This study was approved by the Najaf Health directorate.
Patients were informed about the procedures in the study, and
verbal consent was obtained from all patients for enrollment.
According to document number 598, a local ethics commission
reviewed and gave its approval to the study protocol, subject
information, and permission form on August 16, 2022.

Statistical analysis

Statistical analysis was carried out using SPSS version
27. Categorical variables were presented as frequencies
and percentages. Continuous variables were presented as
(means = SD). Pearson’s chi-square test was used to find
the association between categorical variables. A P value of
<0.05 was considered significant.

ResuLts

Twenty-five (5.9%) of 420 patients with PDA met the
inclusion criteria and were included in this study. In terms
of patient’s age and weight, the mean and range were 14.6
years (10-29 years) and 36kg (26-74kg), respectively. Pre-
closure mean and peak PA pressures were 50 mmHg and 95
mmHg, respectively. PDA pulmonary end diameters (the
narrowest parts) ranged from 9 to 15mm, and their lengths
ranged from 12 to 27 mm.

Post-closure mean and peak PA pressure were 30 mmHg
and 55 mmHg, respectively. The means of fluoroscopic

time and procedure duration were 17.8 (12-22) min and
73.1 (110-45) min, respectively. Immediate successful
closure was achieved in 24 patients (96%), while immediate
complete closure was found in 40% of patients.

Amplatzer Ductal Occluder (size 16:14mm) was used
in seven patients, Figure 1. In two patients, the devices
embolized into pulmonary arteries were retrieved and
replaced by Amplatzer Muscular occluders with no residual
shunt. Of those with successful closure, four patients had a
mild residual shunt post-closure. Intravascular hemolysis
that developed in four patients with residual shunt within
the first 24 h was resolved, with conservative management
(intravenous hydration and alkalinization of the urine)
in two patients and required surgical intervention and
ligation of the PDA, due to persistent severe intravascular
hemolysis, severe anemia, and increased renal function
indices in the other two patients.

Amplatzer Muscular Occluder (sizes 16, 18, and 20 mm),
Figures 2 and 3 was used in 14 patients with no residual
shunt in 10 patients and trivial or mild residual shunt
in four patients, which disappeared completely, without
the development of intravascular hemolysis during the
follow-up period.

ASO (two devices, each sized 24 and 26 mm) were used in
three patients, with a trivial-mild residual shunt in two of
them that resolved spontaneously a few days post-closure
without the development of clinically detectable hemolysis.

Failure of the closure of the PDA was observed in a
25-year-old male patient with a large tubular PDA and
mild coarctation of the aorta due to a persistent moderate
residual shunt 30min after deployment of an ASO, size
26mm, so the device was retrieved and the patient referred
for surgery. No device embolization, pulmonary branch
stenosis, or aortic coarctation was reported during the
postoperative and follow-up periods. Mild left ventricular
dysfunction developed in two patients post-PDA closure
and was treated conservatively.

At 6-month follow-up, only two patients were found to
have moderate pulmonary hypertension with peak PA
pressure of 55 and 50 mmHg, as estimated from TTE
measurement of tricuspid valve regurgitation velocity.
At the last follow-up, all patients showed a reduction
in PA pressure, improvement in left ventricular dilation
and function, and complete closure with no evidence of
residual shunt or clinically detectable hemolysis.

Discussion

Transcatheter closure of PDA is a well-established
procedure with favorable outcomes and few adverse
effects.*!9 Large non-constricting PDA and simultaneous
severe pulmonary hypertension is an anatomical and
physiological entity that presents substantial challenges in
transcatheter closure. #1413
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Figure 2: (A) Aortogram in lateral (90°) projection found in a 12-year-old female patient demonstrates a large tubular patent ductus arteriosus (PDA)
without significant constriction. The peak and mean pulmonary arterial pressure were 80 and 50 mmHg, respectively. (B) Aortogram in lateral (90°)
projection immediately after closure of large PDA with Amplatzer Muscular Occluder (18 mm) demonstrates significant residual shunt through the
device and between the device and the ductal wall (arrow). (C) Aortogram in lateral (90°) projection, 20 min after closure, demonstrates good device

position with mild residual shunt mostly through the device (arrow)

Figure 3: (A) Aortogram in lateral (90°) projection of an 18-year-old male patient demonstrates a large patent ductus arteriosus (PDA) without
significant constriction. (B) Aortogram in lateral (90°) projection immediately after closure of large PDA with Amplatzer Muscular Occluder (20 mm)
demonstrates good device position and significant residual shunt through the device (arrow). (C) Aortogram in lateral (90°) projection, 10 min after
closure, demonstrates good device position with less than mild residual shunt (arrows) that disappeared on follow-up without clinically detectable

hemolysis

We assume that longstanding large left to right ductal
shunt and progressive PA hypertension change the
anatomical and physiological features of the ductus.

We report two observations during transcatheter closure
of large non-constricting hypertensive ducts. The first
is the expandable character of the ductus arteriosus;
for example, a duct diameter that normally would call
for an ADO-I of 12:10mm could accept a device of
16:14mm without creating a noticeable waist, which
makes it a wonder that the recommendation for a proper
device size in such a PDA should differ from that of the
usual ones. The second observation is that such a large
non-constricting hypertensive ductus takes a long time
to properly grab the device, in other words, the device
needs a long time to adhere to the ductal wall, which was
identified by the dye opacification between the device and
the ductal wall during the post-closure aortogram, and it

was more noticeable with low-profile devices like ADO-I
[Figures 1B and 2B].

Although complete closure (without residual shunt) is
commonly achieved in constricting PDA,!% this is not
always possible or may require a longer time with large
non-constricting PDA (needs up to 30min in some
cases).1L17)

Elimination of the residual shunt is mandatory to avoid
the risk of post-closure intravascular hemolysis, which may
be severe and continuous, resulting in significant adverse
events (such as coagulopathy and renal failure).*!%¥1 Mild
hemolysis may be efficiently treated conservatively with
hydration, alkaline diuresis, haptoglobin, antiplasmin, and
correction of anemia (blood transfusion, iron, and folate
replacement), but residual shunt should be eliminated
invasively by catheterization or by surgery.>%141920 Jn
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patients with large PDA and severe pulmonary hypertension,
every effort should be made to achieve complete closure and
avoid serious potential sequelae of the residual shunt.

In this study, we found that double-disk devices like the
Amplatzer Muscular Occluder (the most frequently used
device) are effective in closing large non-constricting
(tubular) PDAs with complete closure or only a trivial
residual shunt that vanishes completely without any
reported intravascular hemolysis events during follow-up.

The harder profile of the Amplatzer Muscular Occluders
(in comparison to the Amplatzer ductal occluders) and the
presence of two discs are probably the reasons behind the
absence of significant post-closure intravascular hemolysis.

Although two patients had undergone device embolization
shortly after discharge, no device embolization was
recorded at the post-catheterization follow-up period. Mild
left ventricular dysfunction that developed in two patients
post-PDA closure was resolved by conservative treatment.
The same finding had been reported by other authors.?-?

In our study, we followed strict rules to avoid closure
of large PDA with irreversible PA hypertension. Only
two patients were found to have a moderate degree of
pulmonary hypertension during the follow-up period,
and both had positive treatment outcomes with target
pulmonary hypertension treatment. Rebound or persistent
pulmonary hypertension was reported even after initial
apparently successful closing procedures.?*2

CoNcLusIoN

We conclude that the use of double-disk devices in the
closure of large tubular PDA and severe pulmonary
hypertension is associated with avoiding the risk of post-
closure intravascular hemolysis and its adverse effects.
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