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ABSTRACT

Introduction: Fenestration of the Internal Carotid Artery (ICA) is an extremely rare congenital anatomical variation. 
Even more uncommon is the concomitant presence of another vascular pathology-an ipsilateral cerebral aneurysm, 
ipsilateral arterio-venous malformation.

Research question: We present a clinical case of a patient with a fenestration of the right ICA with associated 
aneurysm, treated with a Pipeline flow-diverter stent, and a resected ipsilateral cavernous malformation. To our 
knowledge, this is the first reported case with this constellation. 

Materials and Methods: A 44-year-old male patient presented with a generalized epileptic seizure. The MRI scan 
revealed a right frontal Cavernous Malformation (CM). The conducted Digital Subtraction Angiography (DSA) 
showed a fenestration of the right ICA and an associated aneurysm. 

Results: In the first stage the CM was resected. The patient was started on double antiplatelet therapy postoperatively. 
In the second stage a Pipeline flow-diverter stent was inserted in the right ICA, covering the fenestrated segment and 
the associated aneurysm.

Discussion and conclusion: The presence of cerebral vascular malformations (AVMs, CMs) and an associated 
aneurysm in the fenestrated segment of the ICA should raise the discussion what to treat first and how. In our case 
due to the need for antiplatelet therapy for the implantation of a flow-diverter stent, the CM was operated on first. 
In ICA fenestrations with associated aneurysm with a dominant arterial channel the implantation of a flow-diverter 
stent is an elegant method of eliminating the aneurysm from the circulation and restoring hemodynamics in the 
affected arterial segment.
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INTRODUCTION

Fenestration of the Internal Carotid Artery (ICA) is an extremely 
rare congenital anatomical variation-less than 2% of the 
intracranial arterial fenestrations [1-4]. Fenestration of an artery is 
a short segment of the artery with two lumens, each with its own 
three-layered wall structure-tunica intima, media, and adventitia 
[3,4]. This is a common finding in the vertebrobasilar system-the 
most common is the basilar fenestration with incidence of 2.33% 
and the anterior communicating complex [1,5]. The ICA is the 

artery that is least affected by this variation. In some of the cases 
reported so far this variation is accompanied by another vascular 
pathology-an ipsilateral cerebral aneurysm, ipsilateral arterio-
venous malformation. A PubMed search could not reveal another 
reported case of a fenestration of the ICA with an associated 
aneurysm and an ipsilateral CM. The hemodynamic stress in the 
fenestrated segment of the ICA increases the risk of rupture of the 
aneurysm which poses the need for active treatment. We present 
a clinical case of a patient with fenestration of the right ICA with 
associated aneurysm, treated with a Pipeline flow-diverter stent, 
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and an ipsilateral cavernous malformation that was also resected. 
An informed consent was signed by the patient for the publication 
of the following article. 

CASE PRESENTATION

A 44-year-old male patient presented to the Neurosurgical 
Department after a generalized epileptic seizure. A Magnetic 
Resonance Imaging (MRI) scan was performed before, which showed 
a Cavernous Malformation (CM) in the right superior frontal gyrus 
(Figure 1). Before operating on cerebral vascular malformations, 
we always perform a preoperative Digital Subtraction Angiography 
(DSA) (Figure 2). A fenestration in the ophthalmic segment of 
the right ICA was observed-on Figure 3 are shown images from
the 3D-angiography. An associated aneurysm (4 mm × 5 mm) was 
also diagnosed near the fenestration. The hemodynamic stress 
near the fenestration of the ICA increases the risk of rupture of 
the aneurysm [6]. The young age of the patient together with the 
aneurysm specific factors (size, location, hemodynamic stress, 
etc.) highlighted the need for active treatment. Moreover, in some 
reports arterial fenestration is a risk factor for stroke [5]. The 
aneurysm was not symptomatic and was an incidental finding. 
Endovascular treatment for the fenestration of the ICA and the 

Figure 1: We decided to treat the symptomatic lesion first - the patient had epileptic seizures due to the CM. The fenestration of the ICA with 
associated aneurysm should be treated afterwards

subsequent  double  antiplatelet  therapy  would increase the
perioperative hemorrhagic risk. 

The patient was operated on with complete removal of the CM 
which was confirmed by the histopathological examination. The 
postoperative period was uneventful. On Figure 4 is shown the 
early postoperative Computerized Tomography (CT) scan.

We decided that the most appropriate treatment for the ICA 
fenestration and associated aneurysm would be endovascular flow-
diversion. Two weeks postoperatively the patient was put on double 
antiplatelet therapy-Aspirin 100 mg and Clopidogrel 75 mg daily. 
An ADP test was performed preoperatively to rule out Clopidogrel 
resistance-the result was 15 and the patient continued taking 
Clopidogrel every other day. A Pipeline flow-diverter stent 4.25 mm 
× 16 mm was deployed in the right ICA, covering the fenestration 
and the associated aneurysm. Figure 5 includes intraoperative 
images that show the implanted flow-diverter and the already 
stagnating flow inside the aneurysm. The postoperative period 
was uneventful. The patient is continued on double antiplatelet 
therapy (Aspirin 100 mg/daily and Clopidogrel 75 mg/every other 
day) for 6 months. The follow-up DSA at 6 months is shown on 
Figures 6 and 7. The patient is symptom-free, seizure-free and is left 
only on Aspirin 100 mg/daily. 

Figure 2: Digital subtraction angiography, lateral view. A fenestration of the right internal carotid artery is observed with an associated aneurysm 
(green arrow).
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Figure 3: Images from the 3D-angiography.

Figure 4: Postoperative CT scan of the patient after operative removal of the right prefrontal cavernous malformation.

Figure 5: Intraoperative images during the positioning of the Pipeline flow-diverter stent in the right ICA. The blue arrows indicate the beginning 
and the end of the stent. The green arrow indicates the capture coil of the pipeline that is positioned distally in the right MCA. The yellow arrow 
indicates the stagnating contrast in the aneurysm, associated with the fenestration of the ICA.  
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Figure 6: Radiograph of the flow-diverter stent /blue arrow/ 6 months after the procedure.

Figure 7: Digital subtraction angiography 6 months after the procedure-complete obliteration of the fenestration and the associated aneurysm.

RESULTS AND DISCUSSION 

Fenestration of the ICA is a rare anatomical variation (less than 
2% of the intracranial arterial fenestrations), and it is even rarer 
with an associated aneurysm (13 cases) [1,2]. The incidence of 
intracranial arterial fenestration is 12.9% and is located mainly 
in the basilar artery and the anterior cerebral artery-in a study 
by Bozek in 1140 patients not a single case of ICA fenestration 
was found [7]. The presence of an ipsilateral CM is unique in the 
current case-in our knowledge this is the first reported case. Since 
1984 only 13 cases of ICA fenestration with a flow-associated 
aneurysm have been reported so far, 4 ruptured and 9 unruptured 
[1,2,8]. All the aneurysms near a fenestration of the ICA have been 

treated so far-3 cases were wrapped, 3-clipped, 5-coiled, 1-wrapped 
and coiled, 1-clipped and coiled, and the last case from 2020 was 
treated with flow-diversion [1,2,8]. This is the second reported 
case of a fenestrated ICA treated with the implantation of a flow-
diverter stent [1]. 

According to Ye, 16.4% of the patients with intracranial arterial 
fenestration could be affected by an ischemic complication [9]. 
Stroke is much more common in the presence of this anatomical 
variation involving the vertebrobasilar system.

Most publications about ICA fenestrations describe the association 
with other vascular malformations so careful angiographical 
observation is warranted [4,7]. On CT or MRI scans this anatomical 
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variation could be mistaken for arterial dissection [4]. DSA and 
the 3D reconstructed images are the gold standard for diagnosing 
arterial fenestrations.

Fenestration of the ICA leads to hemodynamic stress that could 
be the explanation for the development of associated aneurysms. 
Four of the 14 aneurysms of this type reported so far have ruptured, 
which is 28.5%. Despite the small case load described until now 
treatment is warranted. The treatment options are neurosurgical 
clipping and endovascular treatment. From the described cases 
(13) all have been treated. In only one a flow-diverter stent was 
implanted.

Flow-diversion as a method for endovascular treatment of 
unruptured aneurysm or aneurysms with failed treatment is 
becoming more and more popular. This is mainly based on the 
multicenter trial (PITA trial) from 2011 [9]. The role of the flow-
diverter stent is to reconstruct the hemodynamic flow inside the 
vessel and to allow neointimal proliferation leading to progressive 
separation of the aneurysm from the circulation. With the 
application of the Pipeline flow-diverter stent a 93% occlusion rate 
is reported at 6 months [9]. In accordance with this study, at our 
institution we have adopted the policy to make control DSA at 6 
months and then annually until the 5th year. The presence of a 
vessel fenestration puts forward another problem-the selection of 
the main hemodynamic conduit. In the current case we did not 
have this problem as the main vessel was clearly visible. However, 
if the two channels of the fenestrated vessel are the same in size, 
the selection of the one in which to insert a flow-diverter stent 
if needed should be made very carefully, otherwise ischemic 
complication might occur postoperatively. Further investigation is 
needed concerning this topic if flow-diversion becomes the favored 
treatment option of flow-associated aneurysm in fenestrated ICA 
[10,11]. 

CONCLUSION 

The combination of two types of vascular pathology in one 
patient that needs different treatment approaches/operative and 
endovascular/puts forward the question what to treat first. All 
aspects of the pathology itself (symptomatology, hemorrhagic risk, 
location, etc.) and the characteristics of the treatment (operative 
intervention, need for anticoagulation, etc.) should be taken into 
consideration. 

In ICA fenestrations with associated aneurysm with a dominant 
arterial channel the implantation of a flow-diverter stent is an 
elegant method of eliminating the aneurysm from the circulation 
and restoring hemodynamics in the affected arterial segment.
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