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Reactive in-stent stenosi
s of a pipeline
embolization device in a child
A case report
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Abstract
Rationale : Pipeline embolization device pipeline embolization device (PLED) is one of the most preferred flow-diverting devices
used in treating giant and complex intercranial aneurysms. The occurrence of in-stent stenosis (ISS), which is a partially reversible
complication, has been associated with PLED. Trauma around the neck of the aneurysm during our attempts to implant the PLED
across the aneurysm resulted into inflammatory reactions, endotheliazation, granular tissue formation, and subsequent ISS.

Patient concerns:We present an 11-year-old girl with dizziness of 6 days duration on account of which she was admitted at our
institution. Physical as well as neurological examinations did not yield much.

Diagnoses: Cerebral angiography revealed a right cavernous segment giant aneurysm.

Interventions: We initially implanted Pipeline embolization devices (PLEDs) (ev3, Irvine, California, USA) across the neck of the
aneurysm which resulted into ISS 6 months after the operation.

Outcomes: We also attempted balloon angioplasty which failed during our second operation. She was finally treated with
Neuroform stent (Stryker Neurovascular, USA) with no further complication and two years follow-up revealed no ISS.

Lessonssubsectionsasperstyle:A combination of multiple kinds of flow diverting devices could reduce the incidence of ISS
in selected patients with complex aneurysms. Minimal trauma caused by PLED at aneurysm site could also reduce incidence of ISS.

Abbreviations: ACA = anterior-communicating artery, ISS = in-stent stenosis, MCA = middle communicating artery, PCA =
posterior communicating artery, PLED = pipeline embolization device.
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1. Introduction

Pipeline embolization device (PLED) is one of the most preferred
flow diverting devices used in treating giant and complex
intercranial aneurysms.[1–3] Ischemia as a result of parent vessel
occlusion, thromboembolism, intraparenchymal hemorrhage as
well as aneurysm rupture are the potential complications
associated with PLED.[2] Nevertheless, the incidence of in-stent
stenosis (ISS), which is a partially reversible complication has
been associated with PLED.[1,3] In most cases, ISS is usually
observed as a tardy complication.[3] Segmental, diffuse as well as
multifocal ISS is usually associated with PLED.[3] The patho-
physiology of ISS although still a matter of debate is a complex
biological process.[1,4] Angiography is usually the most preferred
modality used to follow patient who are treated via PLED.[3,5,6]

ISS is often asymptomatic and if at all symptomatic, signs and
symptoms are observed two months after the initial operation on
angiogram.[2,3] Our patient developed ISS after our operation
with PLED. Shewas finally treated withNeuroform stent (Stryker
Neurovascular, USA) with no further complications.
2. Case report

We present an 11-year old girl with dizziness of six days duration
on account of which she was admitted at our institution. Physical
as well as neurological examinations did not yieldmuch. Cerebral
angiography revealed a right cavernous segment giant aneurysm
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Figure 1. A, Cerebral angiography showing a right cavernous segment giant aneurysm. B, This figure shows a successful implantation of the first pipeline. The
microcatheter also went through the first pipeline smoothly. C, This figure shows a reconstructed parent vessel after implantation of pipelines. D, This figure shows
no stenotic changes and a normal reconstructed segment of the vessel 3 months after the procedure, E, and F, The vertebral artery and contralateral ACA
compensate the right middle communicating artery (MCA) and right ACA through the posterior communicating artery (PCA). G, H, and I, These figures show ISS at
bridging points of the PLED sixmonths after the procedure. J, This figure shows successful implantation of Neuroform stents in the stenotic point (ISS). K, This figure
shows a visible ipsilateral ACA with improved blood flow and speed. M, No ISS two years after implantation of the Neuroform stent.
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Figure 1. (Continued).
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(Fig. 1A). We managed the patient via endovascular therapeutic
option. The entire endovascular procedure was done
under general anesthesia. Implantation of PLEDs (ev3, Irvine,
California, USA) across the aneurysm necks was the best
endovascular treatment option for this patient. Our aim was
to make sure the PLED bridged the aneurysm necks. We
introduced a 7 French 90cm cook long sheath (eV3) and a 5
French 115cm Navien intermediate catheter (eV3) into the
aneurysm to provide support for the pipeline delivery and
releasing. The first pipeline was released successfully and the
microcatheter went through the first pipeline smoothly (Fig. 1B).
We noticed displacement of first pipeline into the aneurysm sac

during our attempt to introduce the second pipeline. So, we
withdrew the second pipeline and attempted several times to
reposition the first pipeline cross the aneurysm necks with hitches.
We finally reconstructed the aneurysmal artery with three PLEDs
(Fig. 1C). The patient was put on dual-antiplatelet therapy
comprising of daily soluble aspirin and clopidogrel according to
her body mass index after the operation. She was discharged
home 5 days after the operation.
Three months follow-up revealed a decrease in the aneurysm

sac with satisfactory ipsilateral anterior communicating artery
(ACA) opacification but a decreased blood flow. On angiogram,
the conformation of the stent in Towne’s and lateral views
3

revealed no stenotic changes and reconstructed segment still
normal (Fig. 1D) Also, the conformation in bridging point looks
normal and smooth without ISS.
The six-month follow-up revealed a smaller aneurysm sac

and a further decrease in blood flow. The ipsilateral ACA
opacification was no longer visible. We observed that, the
vertebral artery and contralateral ACA compensated the right
middle communicating artery (MCA) and right ACA through the
posterior communicating artery (PCA) (Fig. 1E and 1F). We also
observed ISS at bridging points of the PLED (Fig. 1G, 1H and 1I).
We attempted retreating the patient via balloon angioplasty but
failed to achieve a satisfactory blood flow and speed.
We finally treated the patient with Neuroform stent (Stryker

Neurovascular,USA).The stentwas implanted in the stenoticpoint
(Fig. 1J). The blood flow and speed improved and the ipsilateral
ACAwas visible again (Fig. 1K).Again, after the secondprocedure,
the patient put on dual-antiplatelet therapy comprising daily
soluble aspirin and clopidogrel according to her body mass index
after the operation. Twoyears follow-up revealed no ISS (Fig. 1M).
3. Discussion

Pipeline embolization device (PLED) have proven to be effective
in the management of wide necked or complex fusiform
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Figure 1. (Continued).
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aneurysms.[1,5] PLEDs are able to occlude the aneurysm by
initiating intra-aneurysmal thrombosis. The occlusion of the
aneurysm sac occurs as a result of PLED’s ability to disrupt blood
flow into the aneurysm sac.[3,7] Nevertheless, PLED are not
devoid of complications such as ISS. Our patient is the second
pediatric case who developed ISS during management with
PLED. Almost all the cases reported in literature are adult cases.
However, the incidence of age variance in relation to this
endovascular complication has not been exploited.
Most of the complications as observed by Cohen et al were

grouped into stent configuration and location.[3] These changes
were delayed end tapering, configuration changes as well as
minor and major creeping.[3] Signs of minor creeping were
observed on the stent after implant as variations in marker
disposition while major creeping were observed as variations in
the absolute location of the stent ends compared to original
placement or even migration.[3]

Also, several animal prototypes have been used to demonstrate
diverse phases of cellular reaction after stent placements resulted
into ISS.[1] Schwartz et al classified these cellular reactions into
early, intermediate and late phases.[6] The early phase consists of
thrombus development as well as inflammation while the
intermediate phase consists of endothelialization as well as
4

granulation tissue formation.[1,6] The late phase however consists
of smooth muscle cells as well as matrix development.[1,6] We
think trauma around the neck of the aneurysm during our
attempts to implant the PLED across the aneurysm resulted into
inflammatory reactions, endotheliazation, granular tissue forma-
tion, and subsequent ISS.
Xiang et al are of the view that torpid aneurysmal flow as

well as extremely low wall shear pressure may stimulate
aneurysmal wall mortification through unknown inflammatory
pathways leading to ISS.[4] Cohen et al are of the view
that immediate angiographic manifestation of ISS and im-
provement of patients whose antiplatelet agents’ doses were
augmented suggest a distinctive biological behavior that is very
dissimilar to the ISS that was initially related to neointimal
hyperplasia.[3]

Lubicz et al evaluated ISS by assessing the gap between the
contrast filled vessel lumen and the inner contour of the stent,[7]

while Ruben et al evaluated ISS by linking vessel lumen on follow-
up with the initial angiograms.[1] We adapted both evaluation
modalities as used by Lubicz et al andRuben et al assess ISS in our
case. In most ISS cases, stenosis is usually asymptomatic. During
follow-up after our initial treatment, our patient did not show
any symptoms.
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In severe ISS cases, antiplatelet therapy has proven to be
effective in reversing the stenosis with only conservative
management.[3] In our case however, although we gave aspirin
and clopidogrel, a second stenting with Neuroform stent was
necessary to ensure blood flow and speed was adequate in the
ipsilateral ACA. Balloon angioplasty was not a good treatment
option for our patient. Cohen et al established that only
angioplasty balloons and not low-pressure balloons are capable
of reopening tapered diverter ends that are implanted in the
arterial wall.[3] We however did not attempt diverter angioplasty
during the management of our patient.
Several studies have proven that Neuroform stent accelerates

the endovascular management of multifaceted and wide-necked
cerebral aneurysms.[8–10] Also, Neuroform stents may strengthen
the robustness of aneurysm embolization as a result of amalgam-
ation of hemodynamic as well as biological consequences.[8,11]

Canton et al proved that Neuroform stents, notwithstanding their
trifling metal surface area coverage, can considerably change the
baseline hemodynamics.[11,12] These stents were able to decrease
the velocity of aneurysmal inflow jet as well as decrease intra-
aneurysmal vorticity and shear pressure.[8,11,12] Nevertheless, like
any flow diverting device, Neuroform also has complications like
thromboembolism and delayed ISS.[8] We achieved adequate
blood flow and speed in the ipsilateral ACA using Neuroform
stents with no further complications.
4. Conclusion

The choice of flow diverting devices should be individualist with
much attention paid to the location, size as well as the nature of
the aneurysm. A combination of multiple kinds of flow diverting
devices could reduce the incidence of ISS in selected patients with
complex aneurysms. Minimal trauma caused by PLED at
aneurysm site could also reduce incidence of ISS.
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