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Case Report

Delayed Ischemic Stroke after Flow Diversion of Large
Posterior Communicating Artery Aneurysm

Si OnKim', Yeon Gu Chung', Yu Sam Won', Myung Ho Rho?

! Department of Neurosurgery, Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, Korea
ZDe,oartmen[ of Radiology, Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, Korea

For securing large, giant, and wide-neck aneurysms, conventional coil em-
bolization has substantial limitations, such as incomplete occlusion, recan-
alization, and a high recurrence rate. To overcome these limitations, a
novel paradigm was suggested and, as a result, flow-diverting device was
developed. The flow-diverting device is an innovative and effective techni-
que to allow securing of large, giant, and wide-neck aneurysms. In nu-
merous studies, the flow-diverting device has shown better outcomes
than coil embolization. However, the flow-diverting device has also some
risks, including rupture of aneurysm, intracerebral hemorrhage, and ische-
mic stroke. In addition, with more experience, unexpected complications
are also reported.Sm In the present case, we experienced a delayed ische-
mic stroke at 27 days after endovascular treatment. The patient had mul-
tiple aneurysms and, among them, we treated a large posterior communi-
cating artery aneurysm using Pipeline™ Embolization Device. The patient
was tolerable for 25 days, but then suddenly presented intermittent right
hemiparesis. In the initial diffusion magnetic resonance imaging (MRI),
there was no acute lesion; however, in the follow-up MRI, an acute is-
chemic stroke was found in the territory of anterior choroidal artery
which was covered by Pipeline Embolization Device. We suspect that
neo-intimal overgrowth or a tiny thrombus have led to this delayed
complication. Through our case, we learned that the neurosurgeon
should be aware of the possibility of delayed ischemic stroke after flow
diversion, as well as, long-term close observation and follow-up angiog-
raphy are necessary even in the event of no acute complications.
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INTRODUCTION introduced for the treatment of irresoluble aneurysms.'”

The endovascular treatment of intracranial aneurysms
has become an alternative technique of surgical clip-
ping for 25 years.9>18> However, coil embolization still
has limitations, especially, in wide-neck, large, and

)5)9)

. 2 ]3) . .
giant aneurysm cases. To overcome these limi-

tations, the flow-diverting device was developed and

After the efficacy and safety of the flow-diverting de-
vice has been demonstrated in several studies, it has
generally been accepted as a new solution for large or
wide-neck aneurysms. Although the flow-diverting de-
vice has low recanalization rate and low recurrence rate,
it also has severe and unexpected complications, such

as ischemic stroke, spontaneous rupture of aneurysm,
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intracerebral hemorrhage, and stent stenosis. VD)

Among these complications of the flow-diverting de-
vice, ischemic stroke due to thromboembolism and
perforator occlusion is well-described and occurs most
frequently. In previous reports, ischemic strokes were
reported to occur in 2.5-13% of patients and most
of the instances occurred during the endovascular
treatment.””""”) Tschemic stroke may result from in-
sufficient antiplatelet therapy, stent wall thrombus
formation and occlusion, parent artery occlusion or
distal thromboembolic events. It should also be noted
that this complication was more frequent in posterior
circulation and giant aneurysm cases.”"”

In the present case, we observed a delayed ischemic
stroke in the territory of the anterior choroidal artery
which was covered by the flow-diverting device for
the treatment of a large posterior communicating ar-

tery aneurysm.

CASE REPORT

A 56 year-old male with histories of cerebral palsy,
craniotomy for head trauma, and acute myocardial in-
farction, presented at our hospital for incidentally de-
tected aneurysms. Because of cerebral palsy, he al-
ready had right hemiparesis (motor grade IV, modi-
fied Rankin Scale (mRS) score 2), but other neurologic
examinations were intact. In his brain MRA, there
were four aneurysms on the right and left middle cer-
ebral artery (MCA) bifurcation, anterior communicat-
ing artery (ACoA), and left posterior communicating
artery (PCoA). The bilateral MCA bifurcation and
ACoA aneurysms were smaller than 5 mm, but the
left PCoA aneurysm was measured 19 mm.

Due to the history of myocardial infarction, the pa-
tient already had administered aspirin and clopidog-
rel for one year. Prior to the endovascular treatment,
we performed a drug resistance test for aspirin and
clopigrel. Aspirin resistance test was 387 ARU (Aspirin
Reaction Unit, normal range: < 550, aspirin resistance:
> 550) and clopidogrel resistance test was 120 PRU
(P2Y12 Reaction Unit, normal range: < 240 PRU, clo-
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pidogrel resistance: > 240 PRU). These results con-
firmed that the patient does not had resistance to as-
pirin and clopidogrel.

We conducted a diagnostic transfemoral cerebral an-
giography (TFCA) under local anesthesia. In TFCA,
the large PCoA aneurysm was located between the
left PCoA and the left anterior choroidal artery
(AChA), and had a small daughter sac in the dome of
the aneurysm. The left AChA was separated from the
large aneurysm, but the proximal PCoA originated
from the neck of the large aneurysm. Since the large
aneurysm was wide-neck and involved the proximal
PCoA, we decided to reschedule the operation for de-
ploying the flow-diverting device at the large aneur-

ysm and conventional coiling at the other aneurysms
(Fig. 1).

Fig. 1. 3D reconstruction of the left ICA angiography. A large
PCoA aneurysm is located between PCoA and AChA (neck: 11
mm, length: 18 mm, width: 9 mm, postero-inferior projection).
Proximal PCoA originates from the aneurysm neck, but prox-
imal AChA is slightly separated from the aneurysm. ACoA and
left MCA aneurysms are also visible (Black star: Large PCoA
aneurysm, White arrow: AChA, Arrow head: PCoA). Lt = left;
ICA = internal carotid artery, PCOA = posterior communicating
artery; AChA = anterior choroidal artery; ACOA = anterior com-
municating artery; MCA = middle cerebral artery.



Under general anesthesia, the operation was per-
formed under intravenous heparin infusion with the
goal of maintaining an activated clotting time at 2
times of the normal value. After the puncture of the
right common femoral artery, 7-French Flexor shuttle®
guiding sheath (Cook Medical, Bloomington, IL, USA)
was placed in the left internal carotid artery (ICA)
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and the left ACoA and MCA bifurcation aneurysms
were managed first using micro-catheters and coils.
After the successful coiling of the left ACoA, MCA bi-
furcation aneurysms, the Marksman™ Micro Catheter
(ev3/Covidien, Irvine, CA, USA) was placed on the
left proximal MCA and Pipeline™ Embolization
Device (PED; ev3/Covidien, Irvine, CA, USA) was de-

Fig. 2. (A, B) Postoperative right anterior oblique and lateral view. (C, D) 3D reconstruction of PED and coils. (C, D) PED is well-at-
tached to the distal ICA wall (Black star: Large PCoA aneurysm, Arrow head: Deployed PED, White arrow: coil embolization of the
left ACoA, MCA aneurysms, Black arrow: cranial fixator of a previous craniotomy, Black star: Large PCoA aneurysm). PED = Pipeline™
Embolization Device; ICA = internal carotid artery; PCOA = posterior communicating artery; ACOA = anterior communicating artery;
MCA = middle cerebral artery.
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ployed from the proximal MCA to the horizontal seg-
ment of the cavernous ICA, with covering the AChA
and PCoA (Fig. 2). Throughout the course of deploy-
ment, the combination of forward pressure and re-
traction technique was used to maximally attach PED
to the ICA wall. The deployment of PED was success-
fully performed and, in the post-operative angiog-
raphy, whole branch vessels were not interrupted by
PED including PCoA, AChA (Fig. 3). After emboliza-
tion of the left side aneurysms, the femoral access site
was closed with Perclose ProGlide (Abbott Vascular,
Santa Clara, CA, USA) and, two days after the endo-
vascular treatment, the patient was discharged with
dual antiplatelet therapy, clopidogrel 75 mg, and as-
pirin 100mg daily, without neurologic deficit.

Dual antiplatelet therapy was continuously main-
tained and complications of the flow-diverting device
were not observed during 25 days. However, 25 days
after the endovascular treatment, the patient suddenly
presented intermittent right hemiparesis. Although his
symptom was not prominent in neurologic examina-

tion and he already had right hemiparesis due to pre-

vious cerebral palsy, we readmitted him for checking
the diffusion magnetic resonance imaging (MRI). In
the initial diffusion MRI which was checked at 25
days after the endovascular treatment, an ischemic
stroke was not found, so we recommended TFCA for
further evaluation. However, he refused more tests
and management, because he had phobia about the
additional brain exam. We comprehended his phobia
because he already had histories of cerebral palsy and
craniotomy for head trauma. Because the initial MRI
was fine, we maintained dual antiplatelet therapy
without additional medication and closely observed
his symptoms in the hospital (Fig. 4). However, as
time passed, the patient complained of more frequent
and worsening hemiparesis, so we rechecked dif-
fusion MRI and MRA. In the second diffusion MRI
which was checked at 27 days after the endovascular
treatment, ischemic stroke in the territory of the left
AChA was observed (Fig. 5) and his symptom, right
hemiparesis, was aggravated to motor grade II and
mRS score4. We recommended a follow-up TFCA to
confirm the occlusion of AChA, but the patient re-

Fig. 3. (A) Post-operative angiographyin the arterial phase. After the deployment of PED, all of the branch vessels, including AChA
and PCoA, are well-maintained. (B) Post-operative angiography in the venous phase. The flow stagnation at PCoA aneurysm sac is
observed (White arrow: AChA, Arrow head: PCoA). PED = PipelineTM Embolization Device; AChA = anterior choroidal artery; PCoA =
posterior communicating artery.
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Fig. 4. Diffusion MRI scan at 25 days after the endovascular
treatment. The patient presented intermittent right hemiparesis,
but there was no acute lesion in the territory of left AChA.
MRI = magnetic resonance imaging; AChA = anterior choroidal
artery.

fused again. We maintained dual antiplatelet therapy
without additional medication, and transferred him to
the department of rehabilitation for physical training
of right hemiparesis. He discharged with the dual an-
tiplatelet medication at 83 days after the endovascular
treatment. At the point of discharge, right hemiparesis

was improved to motor grade III and mRS score 3.

DISCUSSION

After introducing of the flow-diverting device in
2011, it has become an innovative technique to allow
for a more effective and safety endovascular treat-
ment of large, wide-neck, and complex aneurysms.
Furthermore, its outcomes also show an excellent oc-
clusion rate, a low recanalization rate, as well as ac-
ceptable morbidity and mortality as compared to coil
embolization. The flow-diverting device has emerged
as an answer to previously irresoluble aneurysms;

however, it is not free from some complications. In re-
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Fig. 5. Diffusion MRI scan at 27 days after the endovascular
treatment. The patient's hemiparesis was aggravated, so we re-
checked diffusion MRI again. In follow-up MRI, acute ischemic
stroke was found in the territory of the left AChA. MRl = mag-
netic resonance imaging; AChA = anterior choroidal artery.

cent studies, the complications of flow-diverting de-
vice, such as branch vessel and/or perforator occlu-
sion, rupture of aneurysm, intracerebral hemorrhage
(ICH), stent stenosis and even death were reported
(Table 1).-8m13191617)19)

Numerous single and multicenter studies demon-
strated overall rates of adverse complications (Table
1); among these studies, intra-operative and post-op-
erative rupture of aneurysm is a serious concern of
flow-diverting device. Although, rupture of aneurysm
was reported only 0.6-4%, however, once it occurs, it
leads to serious sequelae. In Kallmesstudy,m the over-
all rupture rate was only 0.6%; however, the rupture
rate was increased with the aneurysm size (giant
4.5%, large 0.6%, small aneurysm 0%). Most of this
complication arose in the procedure of wire, mi-
cro-catheter manipulation, deployment of device, and
balloon inflation for remodeling the device. Therefore,
a careful placement of micro-catheter and a gentle

manipulation of the device are crucial points for pro-
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Table 1. Complication rates of the flow-diverting device

Complete
Author, . Ruptured : Anterior : - n and near
The year of Al:fg:fnts r{ws Unruptured  Posterior lr;g;—o;i)gzg\r/]e A:Leligs: ICH Is;tl'rlce)lr;nelc Morbidity Mortality complete
publication "y aneurysms  circulation P P occlusion
rate
38?13”9' et al., 1451 / 1654 4% 3% 6% 5% 4%
gg':r;’es et al, 793 /906 76 :717 838 :59 0% 0.6% 24%  47% 7.4% 3.8%
Dhonald etal. 279 1.4% 1.4% 5.0% 7.1% 0.7%
;%ag' et al. 191 /251 76 :717 237 : 14 2.1% 0.5% 1.0%  68%  14.1% 0.5% 91.2%
?Oﬁ‘g“y et al. 97 / 97 0:97 79 : 18 3.2% 43%  10.3% 4.4% 6.3% 84.2%
ggla';“h' et al., 40 / 40 0:40 36 : 4 0% 0% 50%  2.5% 7.5% 2.5% 84.0%
'zog'lfSet al., 38/ 49 137 48 1 1 7.8% 0% 0%  13.2%  13.2% 0% 81.6%
ygls;ek et al. 27 / 28 2:25 26 : 2 0% 0% 0% 0% 0% 0% 100%
g"oolrjfe'th et al., 24 / 24 0:24 17 :7 4.2% 0%  42%  13%  167% 4.2% 83.3%
%"IL; et al. 98 / 119 0:98 98 : 21 0% 0.8% 0%  4.2% 8.4% 0.8% 93.2%
gg'g'e et al, 36/ 42 411 28%  11.1%  56%  13.9% 2.8%

ICH = Intracerebral hemorrhage

tecting rupture of aneurysm.

Flow diversion-induced ICH is a more specific com-
plication and leads to a significant morbidity and
mortality. The incidence of ICH was 1-5% of the pa-
tients in several retrospective reports and the exact
mechanism is unclear (Table 1). However, dual anti-
platelet therapy, hemorrhagic conversion of ischemic
stroke, intra-operative hypertension, and altered pres-
sure dynamics are suspected to be causes of ICH.”"”
As all of the above are related to blood pressure,
blood pressure should be strictly controlled to prevent
hemorrhagic complications.

Ischemic stroke has been reported to be a major
complication accounting for 2.5-13.2% of all cases and
a vast majority of strokes occurred within 30 days af-
ter the endovascular treatment.'” Owing to the throm-
bogenic nature of the metal component, low porosity
of the flow-diverting device, and selective thrombosis
in aneurysm sac, ischemic stroke is an expected

complication.””"® In most studies, the patency of
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branch vessels and perforators was maintained; how-
ever, in overlapping multiple devices, posterior circu-
lation, large and giant aneurysm cases, occurrence
risk of ischemic stroke increased more.”"?121019)
The possible mechanism of ischemic stroke is as fol-
lows: intimal hyperplasia with thrombus propagation,
insufficient antiplatelet activity, improper deployment,
compromise of covered branch, and in-stent stenosis.'®"

In order to prevent this complication, the dual anti-
platelet therapy is required in both preoperative and
postoperative settings. Similarly to other endovascular
stents, the dual antiplatelet therapy is administered
prior to deployment of flow-diverting devices. In

W) yremedication was performed

most studies,g)
prior to the operation (aspirin 81-325 mg plus clopi-
dogrel 75 mg for more than five days, or loading as-
pirin 325-500 mg plus clopidogrel 300-600 mg). After
the operation, it is recommended to continue the dual
antiplatelet therapy for 3 - 6 months; then, clopidogrel

may be stopped depending on follow-up MRA or



TFCA and clinical results.”"?'9" There are some con-
troversies about the appropriate period of clopidogrel
administration. For preventing delayed ischemic strokes
and complete occlusion of giant aneurysms, the pa-
tients may require clopidogrel administration longer.
But if the patients have hemorrhagic risks, clopidogrel
may be stopped early.4)7)16)18)21) Therefore, for prevent-
ing these risks of both hemorrhagic and ischemic
complications, as well as for appropriate termination
of clopidogrel administration, it is necessary to peri-
odically follow up angiography and to closely observe
clinical symptoms.w)

In our case, we experienced a delayed ischemic
stroke at 27days after PED deployment. During the
operation, no complications including thromboem-
bolic event occurred and PED was appropriately de-
ployed at the desired location. In post-operative an-
giography, the patency of AChA was well-maintained
and the flow stagnation in aneurysm sac was arisen
immediately after PED deployment. Despite the suc-
cessful operation, we encountered an unexpected
complication and the exact mechanism leading to is-
chemic stroke in our patients remains unclear. We
suspect that the convex curvature of PED at AChA
and PCoA induces a delayed occlusion of AChA. The
convexity of PED made pores slightly spread and
thereby tiny thrombus in the aneurysm sac could
cross to the AChA through the enlarged pores.
Another possibility is a gradual occlusion of AChA in
the process of endothelial remodeling. Overgrowth of
neo-intima around the aneurysm neck could be the
cause of AChA occlusion.” Intra-operatively, acute
thromboembolic events can be detected easily and
managed with glycoprotein IIb/Illa platelet inhibitors;
however, post-operatively, it is difficult to predict and
reduce the complications. Therefore, in order to pre-
vent thromboembolic events, it is important to ob-
serve neurologic changes both throughout and after
the operation and to continue the dual antiplatelet
therapy. The reported case suggest that, in order to
prevent the occurrence of a delayed ischemic stroke,

it is necessary to administer the dual antiplatelet ther-
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apy for over 3 months, as well as to check the fol-

low-up angiography, and to closely observe the patient.

CONCLUSION

The flow-diverting device is an innovative technique
allowing for a more effective and safe endovascular
treatment of previously untreatable aneurysms; the
outcomes of PED are also considerably better than the
coil embolization. However, there are still complica-
tions, such as rupture of aneurysm, ischemic stroke,
and flow diversion-induced ICH. In our case, despite
the successful deployment of flow-diverting device,
we observed a delayed ischemic stroke as an un-
expected complication. Therefore, the neurosurgeon
should be aware of the possibility of delayed compli-
cations, even in cases when no acute complications
during the operation are observed. Furthermore, in
order to prevent these delayed complications of the
flow-diverting device, it is crucial to efficiently ad-
minister the dual antiplatelet therapy, as well as to
check follow-up angiography and closely observe clin-

ical symptoms.
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