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Case Report: Fenestration
embedded in large vessel
occlusion at non-branching site:
A catastrophic trap for
mechanical thrombectomy
Xiaoxi Zhang*, Weilong Hua, Lei Zhang, Yongxin Zhang,
Yongwei Zhang, Jianmin Liu, Pengfei Yang, Xiaolong Xu*

and Zifu Li*

Neurovascular Center, Changhai hospital, Naval Medical University, Shanghai, China

Fenestrations are rare anatomical variants characterized by division of an artery
into two channels which join distally to form a single lumen. We here present
two acute ischemic stroke patients with occlusion in an arterial segment with
fenestration. Both occlusion sites were located at the non-branching site: one
in the mid-basilar trunk and one middle cerebral artery trunk. Successful
reperfusion was achieved in both patients, but angioplasty was avoided
during thrombectomy procedure. The two cases establish that fenestration
may be embedded in non-branching site occlusion. Surgeons should take
this abnormality into account to prevent angioplasty from causing vessel
rupture in the setting of fenestration.
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Introduction

Fenestrations are rare anatomical variants with incomplete fusion of embryologic

vessels. They are characterized by an island window in the arterial trunk with an

artery dividing into two lumens and then reforming into a single lumen (1). The two-

division artery is usually smaller than a single normal artery. The two channels, each

have their own endothelial and muscular layers but may share the adventitia. Vessel

rupture is a catastrophic complication that may occur during mechanical

thrombectomy in patients with large vessel occlusion. If the surgeons are unaware of

this underlying abnormality, angioplasty within such a narrow, dividing artery may

cause that vessel to rupture. We here present two thrombectomy cases complicated by

fenestration to improve awareness of this deadly trap associated with mechanical

thrombectomy.
Abbreviations

AcomA, anterior communicating artery; BA, basilar artery; CT, computed tomography; ICA, internal
carotid artery; LVO, large vessel occlusion; MCA, middle cerebral artery; mRS, modified Rankin Scale;
NIHSS, National Institute of Health stroke scale.
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Technical notes

The identification of fenestration is quite important during

thrombectomy, which is often observed after at least one

attempt of manipulation. A spike sign, as shown in

Figure 2D, should be considered for fenestration while not

only irregular thrombus. A dual-track sign, as shown in

Figure 1C is strongly associated with fenestration. Stent

retriever is considered to be safer than aspiration with

catheters, considering softer radial force. Commonly, a small

size stent retriever is considered safer.
Case reports

Case 1

A 51-year-old man with a history of hypertension was

admitted due to sudden onset of left-limb weakness and

slurred speech lasting 8 h. He had a National Institutes of

Health Stroke Scale (NIHSS) score of 12. Computed
FIGURE 1

Mechanical thrombectomy for a patient with basilar artery trunk occlusion w
roadmap showed basilar artery occlusion. (B) Angiogram via microcathete
Microcatheter was withdrawn and a balloon was prepared to dilate the ste
Mechanical thrombectomy was performed with a Solitaire AB 4 × 20 mm w
one pass, complete reperfusion was achieved with antegrade flow and resid
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tomography (CT) angiography showed basilar artery (BA)

occlusion.

Atherosclerotic occlusion was first considered due to

absence history of embolic diseases. Mechanical

thrombectomy was performed. Angiogram via 6F guiding

catheter positioned in the left vertebral artery confirmed

basilar artery occlusion. When the microcatheter (Rebar 18,

Medtronic, Minneapolis, MN, US) was navigated to the distal

occlusion over a microwire (Traxcess 14, Microvention, CA,

US), angiogram shows mid-basilar atherosclerotic lesion with

patent basilar artery terminus. Our initial intent was to

perform primary angioplasty using Gateway Balloon (Boston

Scientific, Natick, MA, US). However, angiography performed

via intermediate catheter showed fenestration proximal to the

lesion. Then a Solitaire FR 4 × 20 mm (Medtronic Inc.,

Minneapolis, MN, US) was used to retrieve the thrombus for

one pass, and the basilar artery was recanalized. (Figure. 1)

Dual antiplatelet therapy with aspirin 100 mg/day and

clopidogrel 75 mg/day was given due to address the residual

stenosis. The patient recovered without any neurological

deficit as assessed at discharge one week later. Post-procedural

MRI at 48 h showed massive T1 and T2 signal hyperintensity.
ith underlying fenestration. (A) Left vertebral artery angiogram under
r after crossing the occlusion showed patent basilar terminus. (C)
nosis and a fenestration was located proximally to the occlusion. (D)
hich was deployed in the basilar artery. (E,F) After thrombectomy for
ue stenosis distal to the fenestration was noted.
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FIGURE 2

Mechanical thrombectomy for a patient with right carotid terminus occlusion and subsequent left middle cerebral artery occlusion with underlying
fenestration. (A) Right internal carotid artery angiogram showing carotid terminus occlusion. (B) Control angiogram after thrombectomy showed
complete reperfusion of right internal carotid artery and subsequent occlusion of left middle cerebral artery (arrow). (C) Left internal carotid
artery angiogram confirmed occlusion of left middle cerebral artery. (D) After release of the Revive SE 4.5 × 22 mm, angiogram showed antegrade
flow and the occluded segment highly mimicked atherosclerotic stenosis. Notably, there was a spike (arrow) toward the occluded segment. (E)
After failure of first pass, the Solitaire 6 × 30 mm was then delivered and unsheathed. (F) After a second pass, complete recanalization was
achieved with normal antegrade flow and fenestration was noted.
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Case 2

A 65-year-old woman with a history of heart valve

replacement and atrial fibrillation was transferred to our

hospital due to sudden onset of left-limb weakness lasting

1.5 h. The NIHSS was 18. CT angiography showed occlusion

of right internal carotid artery (ICA).

Angiography confirmed the presence of occlusion in the

right carotid terminus. Mechanical thrombectomy was

performed with Solitaire FR 6 × 30 mm and successful

reperfusion was achieved after two passes. However, the final

angiogram showed left middle cerebral artery (MCA) trunk

occlusion through cross-filling from the anterior commutating

artery (AComA). Then, mechanical thrombectomy was first

performed with Revive SE (Codman, Raynham, MA, US).

After Revive SE release, angiogram showed antegrade flow

and the occluded segment, which closely mimicked stenosis.

After the first failure, Solitaire FR 6 × 30 mm was switched to

perform second thrombectomy, and complete reperfusion was

achieved for one pass. Final angiogram showed fenestration

located in the proximal MCA trunk (Figure. 2). At the 3-

month follow-up, the patient was hospitalized for

rehabilitation with mRS 5. Post-operative CT showed slight

edema and relived at 7 days CT.
Frontiers in Surgery 03
Discussion

We here describe two cases of emergent LVO and

fenestration with underlying etiology of atherosclerotic and

embolic diseases. A spike sign or dual-track sign, as shown in

Figures 1C, 2D, should be considered for fenestration while

not only irregular thrombus. Both cases showed fenestration

embedded in occlusion segment at the non-branching sites,

including one mid-basilar artery and one proximal MCA

trunk. Although successful reperfusion was achieved using

stent retriever thrombectomy, the surgical team almost

attempted angioplasty before assessing the patients’

anatomical features. These cases show that fenestration should

be taken into account before treating cardioembolism

occlusion at non-branching sites, and angioplasty should be

performed with caution in the areas where fenestration is

suspected.

Fenestrations are caused by incomplete fusion of

embryological arteries. They segmentally divide the normal

artery into two distinct channels with small diameters (2).

Fenestrations are mostly located in the arterial mainstem, but

they can exist in large intracranial vessels, including the

AComA, BA, MCA, and vertebral artery (2). The incidence of

fenestration differs at different sites, 0.1%–4.4% for MCA and
frontiersin.org
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1%–5% for BA (1, 3). For patients with emergent LVO, the

embolism can be set adrift only to stop at the fenestration.

The occlusion site may help indicate the presence of

fenestration embedded in an occluded segment of blood vessel

although differentiation from underlying atherosclerotic lesions

may be difficult. Any embolism or cardioembolism is usually

stuck at the bifurcation instead of at a non-branching site. When

the patient has a non-branching occlusion with underlying

embolic diseases, fenestration should be suspected, especially at

the mid-basilar and proximal MCA trunk. Meinel et al (4)

reported a case of partially occluded basilar artery fenestration at

the mid-basilar trunk. Although multimodal imaging may

provide indications of fenestration, differential diagnosis remains

difficult when the fenestration is embedded in embolic occlusion

(5, 6). According to our experiences, occlusion at the presumed

trunk may be attributed to several conditions, mainly including

severe atherosclerotic stenosis, early MCA bifurcation,

fenestration, and pseudo occlusion due to hemodynamic stasis.

After release of the stent retriever, their local configurations

became slightly different. For atherosclerotic stenosis, the

occluded segment is usually funnel-like, and the proximal lumen

is mostly tapered and gradually returns to normal. For early

MCA bifurcation, the diameter of the proximal lumen is larger

than that of the distal lumen, indicating a large branch may be

included in the occluded segment. For bifurcation occlusion, the

point of occlusion seems to be in the mid-basilar area or MCA

trunk due to hemodynamic stasis. After delayed phase on

angiogram or stent retriever release, the true point of occlusion

could be at the point of bifurcation. In fenestration, the occluded

segment usually has a non-concentric stump and retrograde

spike extending into the occlusion segment along the distal

lumen as illustrated in Case 2.

Mechanical thrombectomy has been the first-line therapy

for patients with emergent LVO (7, 8). For patients with

suspected fenestration, an appropriate thrombectomy strategy

is essential to preventing procedural complications. If

fenestration was proximal to the underlying atherosclerotic

stenosis demonstrated in case one, submaximal angioplasty

would be feasible if performed via large fenestration division

artery. If the fenestration was included in the stenosis, the

balloon selection should be based on the caliber of

fenestration division artery instead of proximal or distal

normal artery. Under some circumstances, balloon angioplasty

may not be suitable in patients with fenestration given the

narrowness of the arteries. However, because fenestration is

embedded in occlusion, its presence is difficult to

comprehend. Performing angioplasty on such a narrow blood

vessel could be catastrophic, especially when the condition

closely mimics stenosis. Therefore, angioplasty should be

performed only with caution for in cases of suspected

occlusion. In cases of suspected fenestration, stent retriever

thrombectomy is usually the first recommended treatment.

However, there is still some risk that the stent retriever will
Frontiers in Surgery 04
become stuck distally to the fenestration because of caliber

constriction, making it difficult to retract. Detachable stent

retrievers may be a suitable option. Due to the anatomical

constriction, aspiration may not work for thrombus located

beyond a fenestration. In the meantime, direct advancement

of aspiration catheter may result in vessel injury. Surgeons do

not have enough cumulative experience using aspiration

techniques for occlusion complicated by fenestration.
Conclusion

For occlusion at the non-branching site for patients with

embolic diseases, suspicion of fenestration should be raised.

Stent retriever thrombectomy might be an option for the

occlusion with suspected fenestration. Appropriate

identification of fenestration is important to avoid angioplasty

which may lead to vessel rupture for small vessel caliber

around the fenestration window.
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