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Abstract

Device-induced aortic obstruction is a known rare complication following transcatheter closure
of patent ductus arteriosus in extremely low-birth-weight infants. Various mechanisms have
been proposed. We report the first description of late aortic obstruction due to ductal vasocon-
striction on pulmonic end causing device to be gradually pushed out of aortic end in a
980-gram premature infant.

Transcatheter closure of patent ductus arteriosus in extremely low-birth-weight infants using
the Amplatzer Piccolo Occluder (APO; Abbott Structural Heart, Plymouth, MN, USA)
has become widely accepted as a safe and efficient alternative to surgical ligation in infants
of ≥ 700 grams, with a> 97% success rate and a low incidence of periprocedural complica-
tions.1–3 Aortic obstruction due to device protrusion has been reported in 1.2% of cases.4

Late occurrence of device-induced aortic obstruction is exceptional.

Case description

A 27-weeker premature infant was intubated at day 1 because of infant respiratory distress
syndrome and remained ventilator-dependent. Echocardiography diagnosed a haemody-
namically significant patent ductus arteriosus. After two unsuccessful courses of paracetamol
(15mg/kg/day, 3 days), his clinical condition continued to deteriorate with necrotising entero-
colitis and escalation in respiratory support with high-frequency oscillation ventilation.
Transcatheter patent ductus arteriosus closure was performed at day 21 (procedural weight:
980 grams) under high-frequency oscillation. Last-minute echocardiography measured an
8.7-mm ductal length and a 2.6-mm minimal ductal diameter, leading to implant a 4/2 APO
device through a 4-French femoral vein, under ultrasound guidance, with its aortic tip anterior
to the orogastric tube on fluoroscopy. After device release, echocardiography checked co-axial,
intraductal device positioning, with no peri-device residual shunt and peak velocities< 1.2 m/s
in both left pulmonary artery and descending aorta. The baby was transferred back to the
neonatal ICU Initial follow-up was uneventful with unchanged weekly ultrasound controls
and de-escalation of respiratory support with extubation at day 7. From post-procedural week
4, echocardiography showed device protrusion to descending aorta, with descending aorta flow
disturbances on colour Doppler imaging an increased Doppler velocity at 3.0 m/s and a discreet
diastolic tail. At post-procedural week 8, aortic obstruction was more pronounced and looked
solely related to late device protrusion, as no posterior shelf may evoke an associated native
aortic coarctation. Close monitoring showed progressive aggravation of aortic obstruction
(Fig 1, Supplementary materials S1), whilst the device looked as being pushed out of aortic
end (Fig 2). At 4 months, the baby had gradually developed a symptomatic, acquired aortic
coarctation. He underwent surgical coarctation repair through posterolateral thoracotomy, with
end-to-end anastomosis without cardiopulmonary bypass. The aortic disk of the APO device
was removed, and the aortic end of the ductus disconnected, with external ligation of the device
into the duct in order to keep it firmly attached (Supplementary materials S2). After 5 years of
follow-up, the child is alive and asymptomatic and required no re-intervention.

Discussion

Device protrusion is a known complication following transcatheter patent ductus arteriosus
closure, with a greatest potential for vascular obstruction in smaller infants. In extremely
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low-birth-weight infants, mild increase in descending aorta flow
velocities in the early post-procedural period tends to improve spon-
taneously.5 Clinically significant device-induced aortic obstruction is
rarer; its reported incidence was 1% (1/100) in the US multicenter
premarket clinical trial (procedural weight: 1250 [700–2000] grams)
and 1% (1/102) in the French multicenter study (procedural weight:
1543 ± 648 grams).1,2 The time course for the development of post-
procedure vessel obstruction is usually within 24 hours. Potential
mechanisms for device protrusion have been proposed, most of
which are related to technical issues or inadequate expertise leading
to inappropriate device selection, inadequate imaging, manipula-
tions errors, or device malposition.4 Device deformation has also
been suggested, based on a small case series of 14 preterm infants
reporting incredibly high immediate rates of aortic and severe left
pulmonary artery obstruction (21.4% and 35.7%, respectively),6

but their device selection process was inappropriate as 12/14 infants
received an oversized device.7 In another series, a 660-gram infant

developed both left pulmonary artery and aortic obstructions follow-
ing an oversized device implantation (ductal diameter/length:
2.9 mm/5.3 mm, device: 5/4 APO).8 Minocha et al. reported the
aortic migration of a 5/2 APO device in a 2.4-kg, ex 23-weeker pre-
mature infant.9 Not only the device was oversized (ductal diameter/
length: 2.5 mm/8.1 mm) but also operator-related factors may be
incriminated as device part of the aortic disc protruded into the aorta
immediately after release, whilst it had been checked completely
intraductally before release.

Delayed occurrence with late diagnosis of device protrusion is
exceptional and may not be directly explained by operating factors.
In our case, the device was (a) properly selected (ductal diameter/
length: 3 mm/8mm, device: 4/2 APO) and (b) properly positioned
as it was placed intraductally with normal peak velocities in descend-
ing aorta including until the third week after device implantation.
High-frequency oscillation ventilation should not compromise
device placement.10

Figure 1. Doppler flow velocities in descending aorta demonstrating normal velocities at post-procedural day 1 (a), week 1 (b), and week 3 (c) with gradual increase from week 4
(d) and week 8 (e), towards severe aortic obstruction at week 16 (f).

Figure 2. Two-dimensional colour Doppler imaging showing an intraductally well-positioned device at post-procedural day 1 (a) with device protrusion at week 8 (b) and the
device being pushed out of aortic end at week 16 (c).
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Hand injection of a small amount of contrast may have offered
angiographic landmarks to accurately appreciate whether an ante-
rior segment of the patent ductus arteriosus would have been let
uncovered by the device at the pulmonic end.4 However, transcath-
eter patent ductus arteriosus closure in extremely low-birth-weight
infants using no contrast injection has been reported by many
groups including us, with similar success and complication rates
as compared to those who use it.2,3 By the elimination of potential
mechanisms, our understanding is that we may have let uncovered
a segment of ductal tissue on the pulmonic end that could have led
to post-procedure ductal vasoconstriction on pulmonic end, caus-
ing device to be pushed out of aortic end. This is in keeping with
delayed gradual progression to aortic obstruction. To the best of
our knowledge, this is the first report demonstrating that mecha-
nism by serial ultrasound monitoring. This should encourage
interventionists to let no uncovered segment at the pulmonic
end when placing the APO device intraductally in< 2 kg infants,
although it may increase the risk of device-related left pulmonary
artery obstruction, which has to be carefully ruled out by echocar-
diography before device release. In our case, the device has been
surgically removed, according to the management algorithm for
device protrusion published in the consensus guidelines.4

Conclusion

Ductal vasoconstriction at the pulmonic end may lead to delayed
device-induced, clinically significant aortic obstruction after trans-
catheter patent ductus arteriosus closure in extremely low-birth-
weight infants. Being aware of that mechanism, clinicians should
(a) strive to position the APO device intraductally with no uncov-
ered patent ductus arteriosus segment at the pulmonic end in
< 2 kg infants and (b) closely monitor the descending aorta veloc-
ities during at least the end of the first month after device
implantation.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951123000938.
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