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In-stent stenosis is a feared complication of flow diversion treatment for cerebral aneurysms.
We present 2 cases of patients treated with pipeline flow diversion for unruptured cerebral
aneurysms. Initial perioperative dual antiplatelet therapy (DAPT) consisted of standard aspirin
plus clopidogrel. At 6-month follow-up cerebral angiography, the patients were noted to have
developed significant in-stent stenosis (63% and 53%). The patients were treated with cilostazol
and clopidogrel for at least 6 months. Subsequent angiography at 1-year post-treatment
showed significant improvement of the in-stent stenosis from 63% to 34% and 53% to 21%.
The role of cilostazol as treatment of intracranial in-stent stenosis has not been previously de-
scribed. Cilostazol's vasodilatory effect and suppression of vascular smooth muscle proliferation
provides ideal benefits in this setting. Cilostazol plus clopidogrel may be a safe and effective
alternative to standard DAPT for treatment of in-stent stenosis following flow diversion and
warrants further consideration and investigation.
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INTRODUCTION

the metallic surface presents an inher-
ent risk for platelet activation and sub-

Flow diverters are used for aneurysm
embolization and are currently ap-
proved by the Food and Drug Admin-
istration for treatment of unruptured
supraclinoid internal carotid artery (ICA)
aneurysms. Flow diverters are deployed
endovascularly for treatment of intracra-
nial aneurysms and act as a scaffold for
endothelial re-establishment.” However,

sequent thrombus formation prior to
complete endothelial reconstruction.?
As with other endovascular treatments,
flow diversion incurs risks including
hemorrhage, failure of complete treat-
ment, and acute thromboembolic
events. To mitigate the risks of throm-
boembolic complications, perioperative
dual antiplatelet therapy (DAPT) is a cor-
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nerstone of flow diversion medical management. First-line,
standard DAPT for pipeline flow diversion typically consists
of full-dose aspirin and clopidogrel. Despite standard DAPT
use, current literature reports flow diversion thromboembol-
ic complication rates between 4% and 9%.* Additionally, in-
stent stenosis has been reported in a number of case reports
and case series with relatively high incidence.”®

Alternative antiplatelet options to standard DAPT, including
ticagrelor and prasugrel, have been investigated to mitigate
the risks of thromboembolic complications in cerebral aneu-
rysms treated with flow diversion.? However, cilostazol has
not been well studied in this setting. As a potential alterna-
tive, cilostazol has been shown to inhibit platelet aggrega-
tion while also simultaneously vasodilating and suppressing
pathological proliferation of vascular smooth muscle’ There-
fore, we hypothesize that cilostazol and clopidogrel may
prove beneficial for in-stent stenosis following pipeline flow
diversion that is refractory to standard DAPT.

We present case illustrations of 2 patients with an unrup-
tured ICA aneurysm that were treated with Pipeline Flex Em-
bolization Device (PED; Medtronic, Irvine, CA, USA) for flow
diversion. The subsequent development of in-stent stenosis
was treated with cilostazol and clopidogrel following initial
prophylactic treatment with standard aspirin plus clopi-
dogrel. Subsequent digital subtraction angiography (DSA)
demonstrated significant improvement in luminal narrowing
following cilostazol treatment with resolution of in-stent
stenosis. This is likely due to the unique ability of cilostazol
to prevent platelet aggregation while simultaneously mit-
igating negative vascular remodeling. Although a causal
relationship cannot be determined in these cases, cilostazol

Table 1. Patient case summaries
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may have helped resolve in-stent stenosis and this warrants
further investigation.

CASE REPORT

At our institution, we perform a routine 6-month follow-up
DSA unless a patient becomes symptomatic, at which point
we obtain a magnetic resonance angiogram (MRA) soon-
er. Following the 6-month DSA, another routine follow-up
DSA is performed at 1-year. During these timepoints, P2Y12
reaction unit testing is performed to confirm anti-platelet
response. Thereafter, a follow-up MRA is obtained at 3-year
and 5-year follow-up. If there is a concern for in-stent stenosis
at any point in time, an MRA is obtained within 6 months.

We present a retrospective analysis of 2 patients who un-
derwent PED for flow diversion treatment of an unruptured
left supraclinoid ICA aneurysm and subsequently developed
significant in-stent stenosis on follow-up DSA. A summary
is noted in Table 1 and Fig. 1. Institutional Review Board ap-
proval was waived for this study. All patients provided writ-
ten informed consent for this study.

Case 1

A 68-year-old female with hypertension, hyperlipidemia,
peripheral vascular disease, and 1 pack-per-day smoking
presented with transient ischemic attacks (TIA). She was
neurologically intact on examination. An unruptured left
ICA aneurysm was incidentally discovered during the work-
up of her TIA. Left paraclinoid ICA fusiform segmented
aneurysm (10.8x8.6x9.1 mm in size) was visible on magnetic

Variable Case 1

Case 2

Aneurysm
Treatment
6-month follow-up 63% in-stent stenosis
34% in-stent stenosis

Clopidogrel 75 mg QD

12-month follow-up

Medication regimen

Aspirin 325 mg QD — cilostazol 100 mg BID

PRU 112

Plan Continue clopidogrel+cilostazol
MRA at 18-month follow-up

10.8 mm left ICA paraclinoid fusiform aneurysm

3.75 by 16 mm pipeline flex embolization device

5.1 mm left SHA aneurysm

4 by 14 mm pipeline flex embolization device
53% in-stent stenosis

21% in-stent stenosis

Clopidogrel 75 mg QOD
Aspirin 325 mg QD — cilostazol 100 mg BID

84

Stop clopidogrel+cilostazol
Aspirin 325 mg QD
MRA at 24-month follow-up

PRU, P2Y12 reaction unit; ICA, internal carotid artery; QD, daily; BID, twice daily; MRA, magnetic resonance angiogram; SHA, superior

hypophyseal artery; QOD, every other day.
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resonance imaging (MRI) and confirmed with DSA (Fig. 2A).
The patient elected to be treated with PED flow diversion. A
3.75x16 mm PED was successfully deployed in the left supr-
aclinoid ICA across the aneurysm. Following the procedure,
the patient was continued on standard aspirin (325 mq)
plus clopidogrel (75 mg) as DAPT. A post-procedure head
computed tomography (CT) showed no new signs of isch-
emia or hemorrhage. The patient remained neurologically
intact and was discharged after observation in the inten-
sive care unit (ICU). Follow-up cerebral DSA at 6-months
demonstrated interval development of significant in-stent
stenosis of the left ICA with 63% luminal narrowing (1.99 mm
diameter just distal to flow diverter vs. 0.74 mm in-stent). The
degree of stenosis was measured as a ratio of the narrowest
in-stent diameter and distal normal diameter of the supracli-
noid ICA (Fig. 2B). The patient’s DAPT regimen was switched
at this time, and she was treated with cilostazol 100 mg twice
daily (BID) and clopidogrel 75 mg daily. At 1-year follow-up,
repeat DSA of the left ICA demonstrated significant improve-
ment of in-stent stenosis to 34% luminal narrowing (2.17 mm

Treatment with

6 month follow up

just distal to flow diverter vs. 143 mm in-stent) (Fig. 2Q). Giv-
en the residual stenosis and her smoking history, the patient
planned to continue taking cilostazol and clopidogrel, obtain
a follow-up head MRA with contrast in 1 year, and repeat the
angiogram in 2 years. The patient experienced no adverse
events from the medication and no thromboembolic or
hemorrhagic complications during this follow-up period.

Case 2

A 38-year-old woman with a history of chronic migraines
presented to the emergency department with worsening
head and neck pain that was attributed to her migraine.
She reported that over the last month, she had increasing
left-sided headaches associated with photophobia and in-
termittent nausea. She had no neurological deficits. Upon
work-up of her worsening migraine symptoms, an unrup-
tured left superior hypophyseal ICA aneurysm, visible on
MRI/MRA and confirmed with DSA, was measured to be
5.1%4.3x5.3 mm. Subarachnoid hemorrhage was ruled out
with a lumbar puncture negative for xanthochromia. After

12 month follow up

pipeline flow cerebral cerebral
diversion angiography angiography
Discovery of an
unruptured left
Case 1 ICA aneurysm < = : > < : : >
Aspirin+clopidogrel Cilostazol+clopidogrel
I N TR IR R | |
>
WO W10 W20 W30 W40 W50 A We0 W70 W80 W90 W100 y
T A
Aspirin+clopidogrel Cilostazol+clopidogrel Aspirin 325 mg
Case 2 ) l
Discovery of an
unruptured left
ICA aneurysm

Treatment with
pipeline flow
diversion

6 month follow up
cerebral

angiography

12 month follow up

24 month follow up

Fig. 1. Timeline of diagnosis and treatment of patient cases. ICA, internal carotid artery; WO, discovery of aneurysm; W, week.
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discussion with the patient regarding the size of the aneu-
rysm and rupture risk, the patient elected to be treated with
PED flow diversion. The patient was pre-treated with aspirin
325 mg and clopidogrel 75 mg daily and was continued
on DAPT following the procedure. A 4x14 mm PED was
deployed in the left supraclinoid ICA across the aneurysm
(Fig. 3A). The patient remained neurologically intact and was
discharged after observation in the ICU. Follow-up DSA at
6 months post-procedure demonstrated 53% in-stent steno-
sis of the left ICA at the location of the flow diverter 341 mm
diameter of ICA just proximal to flow diverter vs. 1.60 mm)
(Fig. 3B). She was treated with cilostazol 100 mg BID and
clopidogrel 75 mg every other day given a low P2Y12 reactiv-
ity unit result indicating that she was a hyper-responder. At
T-year follow-up, DSA demonstrated significant resolution of
the in-stent stenosis down to 21% (3.42 mm proximal to flow
diverter versus 2.69 mm at the narrowest segment in-stent)
(Fig. 3C). Given the significant improvement of the in-stent
stenosis, the patient’s cilostazol and clopidogrel were dis-
continued at this point and she was maintained with aspirin
325 mg daily monotherapy indefinitely. Her follow-up MRA
at 2 years post-procedure showed no significant in-stent
stenosis. There were no further adverse events during the
follow-up period, and she tolerated her medications well
without any thromboembolic or hemorrhagic events.

DISCUSSION

Our 2 cases demonstrated the potential efficacy of cilostazol

Vol. 16, No. 3, November 2021

and clopidogrel DAPT in treating in-stent stenosis after intra-
cranial flow diversion. The pathophysiology of in-stent ste-
nosis has been studied in pre-clinical models in the setting
of cardiac and neurovascular intervention. It is hypothesized
to be caused by thrombus development and inflammation
leading to endothelialization and followed by late phase
smooth muscle cell formation.? Cilostazol's mechanism of
action and pharmacology may help explain its utility in in-
stent stenosis.

Classically, aspirin and P2Y12 receptor blockers, most
commonly clopidogrel, are used as DAPT in flow diversion
cases. Clopidogrel exerts its antiplatelet effect by irreversible
inhibition of the P2Y12 adenosine diphosphate receptor and
preventing expression of GPIIb/llla receptors on the platelet
surface, thus blocking the aggregation and activation of
platelets.” Since clopidogrel is a prodrug requiring CYP450
hepatic activation, its drug efficacy varies greatly depend-
ing on the responsiveness of the patient. Hypo-responders
to clopidogrel have been reported to have higher risks of
thrombotic complications, such as myocardial infarction,
stroke, and cardiovascular death.'” Hyper-responders, on the
other hand, are more likely to have hemorrhagic events.
Prasugrel, an indirect P2Y12 irreversible inhibitor, acts similarly
but utilizes a different activation pathway that includes rapid
de-esterification prior to conversion of the active metabolite;
therefore, its metabolism is not impacted by CYP genetic
polymorphisms.'® Ticagrelor exerts its antiplatelet effect by
reversible inhibition of P2Y12 receptors. Unlike clopidogrel,
the direct-acting thienopyridine ticagrelor does not require
hepatic activation, thus facilitating a more rapid and greater

| A 100 AT
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Fig. 2. Angiographic images for Case 1. (A) Left internal carotid artery (ICA) injection showing a left fusiform paraclinoid aneurysm measuring
8.5 mm by 10.8 mm. (B) Six-month follow-up cerebral angiogram with left ICA injection showing significant in-stent stenosis of up to 63% compared
to immediate distal ICA diameter (white arrow). (C) Cerebral angiogram with left ICA injection at one-year follow-up from procedure and 6-month
post cilostazol treatment demonstrating improved in-stent stenosis decreased to 34% (white arrow).
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antiplatelet response.” Studies suggest that DAPT regimens,
which include ticagrelor or prasugrel, are safe and effective
alternatives to clopidogrel-based DAPT regimens for preven-
tion of thromboembolic complications in patients undergo-
ing flow diversion procedures." However, the use of newer
P2Y12 inhibitors like ticagrelor and prasugrel remains limited
to special circumstances, such as clopidogrel resistance.”

Cilostazol, on the other hand, exerts its effect by inhibiting
phosphodiesterase IIIA (PDE-3A) activity, leading to increased
levels of cyclic adenosine monophosphate (CAMP). Elevation
in CAMP levels in blood vessels and platelets increase active
forms of protein kinase A, which subsequently lead to direct
inhibition of platelet aggregation, in addition to inducing
vasodilatory effects on vascular smooth muscle and the
ability to suppress vascular smooth-muscle cell proliferation,
improve the function of vascular endothelium, and inhibit
the pathological proliferation of the vascular intima.” As
such, the efficacy of cilostazol has been explored in treating
neurovascular and cardiovascular diseases. In one study for
ischemic stroke, cilostazol combined with aspirin reduced
the risk of stroke recurrence compared to aspirin or clopido-
grel alone.” Cilostazol also prevents the progression of the
symptomatic intracranial arterial stenosis due to its ability to
suppress vascular smooth muscle proliferation and inhibition
of pathologic proliferation of vascular intima. These unique
properties of cilostazol may explain why our DAPT regimen
of cilostazol and clopidogrel improved pipeline in-stent ste-
nosis that proved to be refractory to standard DAPT.

- | “\\\'}vw‘:‘x},\m\\ \ "
U \ i

While the use of cilostazol in intracranial neurovascular pro-
cedures as a means of mitigating thromboembolic complica-
tions remains limited, the effectiveness of cilostazol in reduc-
ing complications, such as in-stent stenosis, has been widely
demonstrated in cardiovascular literature. Early studies of
coronary artery restenosis rates following primary stenting
in patients treated with standard DAPT were reported to be
between 15 and 30%.” As an alternative to standard DAPT,
cilostazol was investigated and shown to have significantly
lower rates of restenosis when used as an alternative to, or
in conjunction with, clopidogrel as triple antiplatelet thera-
py.14 Douglas et al”” conducted a randomized, double-blind,
placebo-controlled trial in 705 subjects after coronary artery
stent placement and demonstrated significant improvement
in restenosis rate in the cilostazol group compared to the
placebo group.

Less frequent restenosis after cilostazol use has also been
demonstrated in carotid artery stenting (CAS). Restenosis
after CAS is noted in up to 8% of patients.' Studies have
shown that cilostazol use leads to decreased rates of in-stent
restenosis and improved patency compared to other anti-
platelet agents such as ticlopidine or clopidogrel. The results
suggest this is due to the inhibitory effect on smooth muscle
cell growth.” In a meta-analysis of 6 studies, Galyfos et al."®
demonstrated significantly lower in-stent stenosis after CAS
with cilostazol use without affecting other severe complica-
tion rates for myocardial infarction, stroke, or death. When
patients are hypo-responders to clopidogrel, cilostazol has
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Fig. 3. Angiographic and imaging for Case 2. (A) Left ICA injection after Pipeline Embolization Device deployment showing normal ICA caliber with-
out stenosis. (B) Six-month follow-up cerebral angiogram with left ICA injection showing significant in-stent stenosis of 53% compared to immediate
proximal ICA diameter. (C) One-year follow-up angiogram from the procedure and 6-month post cilostazol treatment demonstrating improved in-

stent stenosis decreased to 21%.
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been shown to be an effective option to decrease rates of
ischemic events in patients with CAS."”

Although there is strong evidence to support the efficacy
of cilostazol in treating cardiac endovascular intervention
and CAS,%® there is still limited evidence to strongly support
cilostazol as a better candidate or adjunct in dual antiplatelet
treatment for in-stent stenosis following flow diversion of
intracranial aneurysms. While the extrapolation of data and
treatment protocols from cardiac and vascular surgery may
be helpful, it should not be done without a complete un-
derstanding of the risks and benefits. Future studies should
be conducted to further explore the role of cilostazol in re-
ducing thromboembolic complications seen in intracranial
stents. In our patients, the adoption of cilostazol plus clopi-
dogrel DAPT was only utilized after follow-up DSA showed
worsening restenosis and treatment failure of standard DAPT.

Additionally, the challenge of determining clinically signif-
icant stenosis needs to be evaluated. Rates of in-stent ste-
nosis following flow diversion are limited to case series and
range from 9.8-39.0%."*' While a definitive time course of
the cellular changes seen in humans after flow diversion has
yet to be elucidated, studies utilizing animal models allow
us to make general predictions of the time course of events
causal for in-stent stenosis formation. The stages consist of
inflammation and thrombus formation (0-30 days), endothe-
lialization and granulation tissue (14-90 days), and smooth
muscle formation and matrix formation (2-6 months).?> One
study demonstrated a stenotic area with thrombus on the
surface of the device struts, covered by neointima in histo-
logical preparations of flow diverters placed in pigs, which
can provide a possible explanation for in-stent stenosis.”>

The challenge is to determine which patient is at risk of
becoming symptomatic from in-stent stenosis and what are
the predisposing factors. Fortunately, the natural history of
most in-stent stenosis appears to be benign and transient,®’
but this conclusion is based on limited data influenced by
a small number of case series and likely underreporting. It
may be difficult to justify additional endovascular treatment,
such as balloon angioplasty, for in-stent stenosis given the
potential hemorrhagic complications of treating an already
diseased segment compared to the reported natural history,
but if cilostazol proves to be a useful adjunct in antiplatelet
therapy in flow diversion then only the safety profile of the
medication needs to be considered.

Finally, when using cilostazol, its side effects and contra-
indications should be considered. Cilostazol has been re-
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ported to increase cardiovascular mortality in patients who
have congestive heart failure due to its PDE-3A inhibitory ef-
fects.” It is, therefore, contraindicated in patients with heart
failure. Lastly, the Medicare fee schedule cost of cilostazol is
significantly higher than aspirin or clopidogrel for patients.
Cost effectiveness has been established for use in patients
with coronary stents.”> However, the cost-benefit of using
cilostazol for intracranial stenting should be analyzed espe-
cially if financial constraints are suspected to present a barrier
to individual patient care.

We present a use of cilostazol and clopidogrel as a possible
alternative option to standard DAPT for treatment of intra-
cranial in-stent stenosis following PED flow diversion with
favorable results. The natural history of in-stent stenosis from
flow diversion is not well elucidated and cilostazol may be a
useful treatment option. Although we cannot claim a causal
relationship based on this limited case series, cilostazol’s
ability to prevent platelet aggregation while simultaneously
mitigating negative vascular remodeling events likely under-
lies the reversal of in-stent stenosis and prevention of throm-
boembolic complications observed in these 2 cases. Future
comparative studies on the effect and mechanisms underly-
ing cilostazol in preventing thromboembolic complications
seen in intracranial aneurysms treated with flow diversion
are warranted.
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