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Abstract: Cerebral artery fenestration with flow-associated aneurysm is rare among cere
brovascular pathologies. Treatment includes open neurosurgery and/or endovascular treat
ment. We report a case of a 53-year-old woman with an incidentally detected aneurysm 
during magnetic resonance tomography. As the underlying cause, a digital subtraction 
angiography revealed a left internal carotid artery fenestration. Elective endovascular treat
ment via flow diversion was indicated and a pipeline embolization device was implanted. 
Follow-up examinations presented a completely occluded additional caudal limb and 
a decreasing aneurysm size. No clinically adverse events occurred within twenty-four- 
month post-treatment. Therefore, sole flow diversion was a feasible treatment option in 
this case. 
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Introduction
Fenestration of intracranial arteries is a rare but well-known phenomenon. It is 
defined as blood vessel duplication with split lumen that reunite downstream of the 
division. Incidences range up to 12.9% and, depending on cohort studies, affect 
basilar artery or anterior cerebral artery most commonly.1,4 Intracranial fenestration 
of internal carotid arteries (ICA) is extremely rare with less than 2% of all cerebral 
artery fenestrations.18 The etiology of arterial fenestration, especially of cerebral 
arteries, is probably based on insufficient fusion of fetal vessels.5 Moreover, 
aneurysms seem to appear at these atypical vessel bifurcations, probably flow- 
associated due to hydromechanical stress on vessel layers6 and can be found in 
up to 60.5% of all cerebral artery fenestrations.1 For ICA fenestrations with flow- 
associated aneurysms, there are only a handful of reports describing treatment via 
craniotomy and neurosurgery, interdisciplinary approaches or with an interventional 
treatment.10,18 To the best of our knowledge, we here present the first case with 
flow diversion as the sole treatment strategy for this extremely rare anomaly.

Case Presentation
The patient had suffered from migraine for years. Within the course of a planned 
change of medication, a cranial magnetic resonance tomography was carried out which 
presented an incidental aneurysm of the left ICA. For further consultation, she was 
admitted to the outpatient clinic of the Leipzig University Neurosurgical Department. 
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A clinical examination revealed, apart from around three to 
four episodes of nausea and headache per month, no neuro
logical deficits. She had no history of intracranial bleeding. 
A digital subtraction angiography of cerebral vessels (DSA) 
was carried out and revealed a fenestration of the left ICA, 
segment C7 (subsegment 1),12 confirming the aneurysm 
(Figure 1). No further intracranial vascular pathology was 
diagnosed. Considering all possible treatment options in an 
interdisciplinary neurovascular board, a non-surgical proce
dure was indicated and planned electively. Due to the origi
nation of the ophthalmic artery from the cranial limb, flow 
diverter implantation was indicated here in order to prevent 
too rapid occlusion or blood flow reduction.

Hence, endovascular microcatheterization was employed. 
Entry point was the right femoral artery. The pipeline device 
(PED 3.5×25 mm, Medtronic, California) was implanted into 
the cranial limb of the ICA fenestration. Directly post- 
implantation, and apart from an observed stagnation of contrast 
within the aneurysm (eclipse sign), there was no reduction in 
blood flow distal to the flow diverter (Figure 2A and E). Peri- 
interventionally, the patient was started on antithrombotic ther
apy with ASA and ticagrelor. Afterwards she was monitored at 
our operative intensive care unit overnight. No neurological 
deficit occurred; a post-interventional cranial CT scan was 
without evidence of bleeding, infarction or hydrocephalus. 
The patient was discharged from hospital after four days. 

Figure 1 3D-reconstruction (A and B) and lateral view in digital subtraction angiography (C) of left ICA presenting the fenestration with a flow-associated aneurysm within 
the proximal bifurcation. Vessel lumen diameters in mm as depicted in b: 1–2.77; 2–1.51; 3–1.90; 4–3.73; 5–3.46.

Figure 2 Angiographic follow-up via digital subtraction angiography of left ICA. (A and E) Directly after implantation of the pipeline device; (B and F) after three months; 
(C and G) after twelve months; (D and H) after twenty-four months. Note the transient relative hypoperfusion of the left anterior cerebral artery via left ICA three months 
post-interventionally that completely reversed during next follow-ups accompanied by transient intimal hyperplasia (white arrowhead).
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Follow-up examinations via DSA were carried out three, 
twelve and twenty-four months post implantation of the pipe
line device. Exemplary pictures are presented in Figure 2. The 
first follow up revealed an already completely occluded caudal 
fenestration branch accompanied by regressive aneurysm size, 
proximal intimal hyperplasia within the pipeline device, 
reduced ICA lumen diameter distal to the pipeline device 
(compare Figure 2A and B) and a hypoperfusion of the A1- 
segment of the left anterior cerebral artery, compensated by 
cross-over perfusion from the right ACI (Figure 3). The next 
two follow-up examinations presented a decreasing size of the 
flow-associated aneurysms, a full regression of the intimal 
hyperplasia and, more importantly, the physiological re- 
perfusion of the left anterior cerebral artery via left ICA. The 
dual antithrombotic therapy was deescalated to ASA mono
therapy twelve-month post-implantation. Neurological deficits 
were absent at all times.

Discussion
We here present the first case of ICA fenestration with 
a flow-associated aneurysm that was treated with flow 
diversion only. Within a follow-up over two years, the 
additional ICA branch occluded completely, and the aneur
ysm was regressive in size. No clinically relevant adverse 
events were recorded.

The ICA normally appears at the 24th day of embryo
nic development, branches off into an anterior and poster
ior division 4 days later and, at a later stage, gives rise to 
the anterior and middle cerebral artery.16 Regarding the 
complete cerebral arterial vessel system, persistent artery 
fenestrations are found in 6.6 to 24.0% of all patients and 

appear to be extremely rare involving the ICA.8,18,19 

Therapeutic options, especially when flow-associated 
aneurysms are involved, include craniotomy and neurosur
gery, mostly in ruptured flow-associated aneurysms, and 
endovascular coiling for unruptured aneurysms associated 
with ICA fenestrations.18 There is one case report of 
combined coiling and flow diversion for a patient with 
multiple flow-associated aneurysms and a fenetrated ICA, 
but clinical and radiological follow-up is not given.10 The 
fenestration was located at segments C5 and C6 (ophthal
mic part), and the aneurysms were situated very similar to 
the presented case within the proximal bifurcation and 
posterior limb of the ICA fenestration.

Concerning the management of intracranial aneurysms, 
flow diversion is of increasing importance. The main strat
egy includes altering the blood flow, especially diminishing 
blood exchange between the aneurysm and its parent vessel, 
and thereby promoting neointimal overgrowth,9,13 resulting 
in an exclusion of aneurysms from the cerebral blood circu
lation. Since the first multi-center trial in 2011 (PITA trial17), 
presenting favorable treatment results for unruptured aneur
ysms or aneurysms with failed previous therapy, evidence 
for elective flow diversion in intracranial aneurysm therapy 
is rising.3 Sufficient occlusion rates were also achieved for 
ruptured aneurysms,2 even considering new techniques to 
address the issue of antithrombotic therapy in acute subar
achnoid hemorrhage.14,15 Concerning altered cerebral perfu
sion after implantation of a flow diverting device, risk 
factors include smoking and aneurysm size,11 but late 
ischemic events seem to be rare.7 In our case, the transient 
hypoperfusion of the A1 segment of the treated side was 

Figure 3 Coronal view of both ICAs via digital subtraction angiography three months after pipeline device implantation presenting left anterior cerebral artery 
hypoperfusion from left ICA (B) that is compensated via crossflow from right ICA (A).
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compensated by crossflow from the right ICA and normal
ized within twelve-month post-implantation. No neurologi
cal deficit occurred during this period.

Conclusion
Stand-alone flow diversion might be a feasible treatment 
option for cerebral artery fenestrations with flow- 
associated aneurysms. The risks of cross-over limb occlu
sion and (transient) cerebral hypoperfusion have to be kept 
in mind for these patients.

Abbreviations
DSA, digital subtraction angiography; ICA, internal caro
tid artery.
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