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Introduction

Stent dislocation during or after implantation is a dreaded
complication of pediatric interventional cardiology.1 An
embolism of a dislocated stent into peripheral, poorly
accessible vessels can complicate stent retrieval. An unfold-
ed stent that cannot be refolded sufficiently at the sheath
carries a relevant risk of vascular injury in the event of
retraction.

In patientswith a Fontan circulation, especially in a failing
situation with existing protein-losing syndrome, any loss of
flow energy in the pulmonary circulation caused by stenosis
of the pulmonary arteries is harmful and must be treated
consequently.2–4 In case of unsuccessful treatment results
using balloon dilatation, a stent implantation may be indi-
cated to improve the pulmonary flow.5,6

Case Presentation

Here, we report an 8-year-old patient with double inlet left
ventricle in Fontan circulation who suffered from a failing
Fontan situation with protein-losing enteropathy. Cardiac
magnetic resonance imaging showed evidence of left pul-
monary artery (LPA) stenosis; therefore, indication for diag-
nostic cardiac catheterization was made. We detected a
relevant 50% stenosis of the LPA proximal to the pulmonary
artery (PA) bifurcation (►Fig. 1A; diameter of LPA stenosis
4.8mm, LPA distal 9.5mm) with a pressure gradient of 5mm
Hg (systolic gradient between PA and distal LPA). After
unsuccessful multiple balloon dilatations with NuMed
Tyshak Mini 8mm (pfm medical, Cologne, Germany) and
Ultraverse 035 10�20mm (Bard Peripheral Vascular Inc.,
Arizona, United States), the decision to implant a stent was
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Abstract In Fontan patients, any pulmonary stenosis may impede free passive inflow into the
pulmonary circuit and elevate central venous pressure. When stenting such pulmonary
stenosis, dislocation of a stent is a feared complication. Here, we report on a successful
retrieval of a dislocated Cook Formula stent into the peripheral left pulmonary artery in
a Fontan patient with protein-losing enteropathy using a steerable sheath and a
grasping forceps. Furthermore, a successful stent implantation for treating the stenosis
was possible. Subsequently, we simulated the retraction technique ex vivo. To manage
stent dislocation during complex pediatric catheter interventions, we can recommend
the use of a steerable sheath guiding a grasping forceps. A dislocated stent can be
grasped, completely longitudinally refolded, and safely retrieved.
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made. The implantation of an 8�12mm Cook Eq. 535 stent
(CookMedical, Bloomington, Indiana, United States) resulted
in distal slippage of the stent during implantation
(►Video 1). Retraction of the stent via balloon catheter
into the stenosis area was unsuccessful. The stent was then
deployed to the periphery below PA by means of further
retractionmaneuvers. Therewas the indication for salvaging
the stent with a Maslanka grasping forceps (Maslanka,
Tutlingen, Germany). It was not possible to pass the LPA
stenosis with a Cook Check-Flo 6F sheath (Cook Medical,
Bloomington, Indiana, United States), a Terumo 6F long
sheath (Terumo, Tokyo, Japan), or a Terumo 7F Destination
sheath. Furthermore, it was not possible to navigate the
forceps sufficiently through the sheath catching the stent.
After changing to a steerable Oscor DestinoTwist 6.5F sheath
(Oscor, Palm Harbour, Florida, United States), the Maslanka
grasping forceps could be navigated sufficiently. This allowed
the proximal stent end to be grasped. A retraction into the
stenosis area followed, here the stent could be refolded
longitudinally under intermittent traction directly at the
distal end of the 6.5F sheath and pulled into (►Fig. 1B and
►Video 2). The stent could be fully explanted over the
inserted sheath. Despite signs of questionable intima lesion
on the explanted stent (►Fig. 1C), no evidence of relevant
vascular injury could be seen in different control angiogra-
phies. Furthermore, a new 8�12mm Cook Eq. 535 stent
could be correctly implanted in the LPA stenosis area via a
Terumo 6F long sheath. The final angiography showed an
improvement in the vessel diameter and no indication of
vascular complications (►Fig. 1D and ►Video 3).

Video 1

The unsuccessful stent implantation with distal
slippage of the stent during implantation. Online
content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0041-1736207.

Video 2

The complete retrieval of the refolded stent into the
steerable 6.5F sheath. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0041-
1736207.

Video 3

The final angiography after successful stent implanta-
tion with improved diameter of the left pulmonary
artery and no signs for pulmonary vessel injury after
stent retrieval and new stent implantation. Online
content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0041-1736207.

Discussion

Stent dislocation is a rare but dreaded complication in
interventional treatment of complex congenital heart dis-
ease.1 Systematic scientific studies on this complication are
lacking. In the case presented here, successful retrieval of a
dislocated, already deployed Eq. 535 stent was achieved
without any relevant vascular injury. To further investigate
the possibilities of such an interventional stent retrieval
technique, we subsequently simulated the procedure ex
vivo (►Fig. 2A, B and ►Video 4). Here, we were able to
reproduce complete refolding of a deployed Eq. 535 stent. By
repeatedly gently advancing and retracting the forceps at the
distal end of the sheath and pulling into the sheath, the stent
could be completely longitudinally refolded (►Fig. 2C). Due
to the force exerted on the distal end of the sheath by this
procedure, leading to deformation (►Fig. 2D), we recom-
mend using a stable sheath, such as Cook Flexor Check-Flo or
Oscor Destino Twist sheath, for stent retrieval with the
presented technique. Injury to the intima remains a possible
dangerous complication even with this retrieval technique,
especially during the final pull into the sheath end. Such an
intimal injury should be avoided by careful retraction
maneuvers.

Fig. 1 (A) Preinterventional angiography with LPA stenosis (reduced
vessel diameter 4.8mm, LPA distal 9.5mm). (B) Fluoroscopic control
of the retrieval of the refolded Cook Eq. 535 stent. (C) Explanted
refolded stent with signs for minimal intima lesion (asterisk). (D) Final
angiography with improved vessel diameter and no indication of
vascular complications. LPA, left pulmonary artery.
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Video 4

Redrawn simulated stent retrieval: a deployed Cook
Eq. 535 stent is grasped with a Maslanka grasping
forceps and carefully folded back fully longitudinally
with forward and retraction maneuvers under tension
and pulled into a Cook Flexor Check-Flo sheath. The
refolded stent and the mildly destructed distal end of
the sheath are then shown (see also ►Fig. 2) Online
content including video sequences viewable at: https://
www.thieme-connect.com/products/ejournals/html/
10.1055/s-0041-1736207.

Conclusion

Management of complication during complex interventions
in patients with congenital heart defects is of crucial impor-
tance. In case of dreaded stent embolism,we can recommend
the use of a steerable sheath to improve forceps guiding for
grasping a dislocated stent. In our experience, by using a
guided forceps, a Cook Eq. 535 stents can be grasped,
completely longitudinally refolded at the distal sheath end,
and retrieved through a steerable sheath.
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Fig. 2 (A, B) Grasping of the deployed stent with grasping forceps,
pulling of the grasping forceps at the distal end of the sheath, and the
associated refolding of the stent (see also ►Video 4). (C) The fully
longitudinally refolded stent. (D) The distal end of the sheath mildly
destructed by stent retraction.
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