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BACKGROUND AND PURPOSE: Fenestrations of intracranial arteries are variants resulting from incom-
plete fusion of primitive vessels. An association with aneurysms is suggested in many studies. On
conventional angiography, fenestrations are rarely visible. 3D rotational angiography (3DRA) provides
improved visualization of cerebral vessels from any desired angle. We used 3DRA to assess the
frequency and location of fenestrations of intracranial arteries and a possible relationship with
aneurysms.

MATERIALS AND METHODS: In 208 patients with suspected intracranial aneurysms, 3DRA of 1, 2, or
3 cerebral vessels (in 143, 16, and 49 patients) was reviewed for the presence and location of
fenestrations and aneurysms. When fenestrations were present in combination with aneurysms, we
noted the relationship of the locations.

RESULTS: In 59 of 208 patients, 61 fenestrations were detected (28%). Fenestrations were more
frequent in the anterior than in the posterior circulation (23% versus 7%), and the most common
location was the anterior communicating artery (AcomA) (43 of 61, 70%). The frequency of fenestra-
tions in 185 patients with aneurysms was not different from the frequency in 23 patients without
aneurysms. Of 220 aneurysms present in 208 patients, 10 aneurysms (4.5%) were located on a
fenestration. Of 61 fenestrations, 51 (84%) were not associated with an aneurysm.

CONCLUSIONS: With 3DRA, fenestrations were found in 28% of patients. In our study, fenestrations
occurred more often in the anterior than in the posterior circulation, and the most common location
was the AcomA. A definite relationship between fenestrations and aneurysms cannot be concluded
from our data.

Fenestrations of intracranial arteries are segmental duplica-
tions of the lumen into 2 distinct endothelium-lined chan-

nels, which may or may not share their adventitial layer.1 They
can range from a small focus of divided tissue to long-segment
duplication. Fenestrations are the result of partial failure of
fusion of paired primitive embryologic vessels or incomplete
obliteration of different anastomosis in a primitive vascular
network.1,2 The association of fenestrations with aneurysms
has been suggested in many small case series, though the exact
relationship is not well defined. Surgical and anatomic studies
indicate that fenestrations of intracranial arteries occur com-
monly, especially in the anterior communicating artery
(AcomA) complex.3-6 Demonstration of fenestrations on con-
ventional angiography is exceptional. Most fenestrations are
only visible from 1 specific viewing angle, which is likely not
present in the limited available projections of conventional
angiography.1,7 Because with 3D imaging any desired viewing
angle is on hand, the detection rate of fenestrations has im-
proved.8-12 Few data are available on the frequency and distri-
bution of locations of fenestrations. In this study, we assessed
the frequency, location, and relationship with aneurysms of
fenestrations of intracranial arteries by using 3D rotational
angiography (3DRA) performed in patients with suspected
intracranial aneurysms.

Materials and Methods

3DRA
In our practice, in all patients with suspected intracranial aneurysms

in whom treatment is being considered, an intra-arterial digital sub-

traction angiography is performed of all cerebral vessels. When an

aneurysm is apparent or suspected, additional 3DRA is performed of

the vessel harboring the aneurysm to evaluate its presence and anat-

omy and to determine the type of treatment (coiling, surgery, or par-

ent vessel occlusion). In patients with aneurysms allocated to coiling,

3DRA is repeated immediately before coiling with the patient under

general anesthesia, to find out the best working projection.

Angiographic imaging was performed on a biplane neuroangio-

graphic unit (Integris BN 3000 Neuro; Philips Medical Systems, Best,

the Netherlands). 3DRA was performed with an 8-second 180° rota-

tional run with acquisition of 200 images and with injection of 3– 4

mL of contrast material per second in the internal carotid or vertebral

artery. On a dedicated workstation, 3D reconstructions were made in

a maximal matrix of 512 � 512 � 512.3

Patients
For the purpose of this retrospective study, we included patients who

had undergone 3DRA and who had the raw 3DRA dataset available

for review on a hard disk or a compact disk. Raw datasets were re-

quired to make high-resolution reconstructions on the workstation

with new sophisticated software to evaluate the presence of fenestra-

tions. Patients were thus not consecutive.

We included 208 3DRA datasets that were made between June

2004 and October 2008. The following patient and imaging charac-

teristics were recorded in a data base: examination date, patient name

and sex, date of birth, presence and location of aneurysms visible on

the 3DRA dataset, presence and location of fenestrations, and number

of vessels with rotational runs.
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In patients with both aneurysms and fenestrations, we classified

the relation of the location of the fenestration with the location of the

aneurysms as remote from the fenestration, adjacent but unrelated to

the fenestration, or on the fenestration itself (Fig 1). In addition, we

assessed whether detected fenestrations were visible in retrospect on

standard projections of 2D angiographic images.

Data Analysis
We compared sex distribution in patients with and without fenestra-

tions. In patients with and without intracranial aneurysms, we com-

pared the proportion of patients with a fenestration with those with-

out a fenestration. In patients with fenestrations, we compared the

proportion of fenestrations in the anterior circulation with the pro-

portion of fenestrations in the posterior circulation. For comparison

of proportions, the �2 test was used.

Results

Patients
Of 208 patients with re-evaluated 3DRA datasets, 71 (34%)
were men and 137 (66%) were women, with a mean age of 52.8
years (range, 14 – 84 years). Of 208 patients, 49 had 3DRA of 3
vessels (both carotid arteries and a vertebral artery), 16 had
3DRA of 2 vessels (14 patients with both carotid arteries and 2
patients with a carotid and a vertebral artery), and 143 patients
had 3DRA of 1 vessel (carotid artery in 122 patients and ver-
tebral artery in 21 patients). Altogether, 248 carotid arteries
and 72 vertebral arteries were imaged with 3DRA.

In 23 patients, no aneurysm was detected. The remaining
185 patients had 218 aneurysms with the following locations:
AcomA, 62 (28%); middle cerebral artery, 49 (22%); posterior
communicating artery, 40 (18%); basilar artery, 13 (6%); cav-
ernous sinus, 11 (5%); carotid tip, 11 (5%); anterior choroidal
artery, 9 (4%); ophthalmic artery, 8 (4%); posterior inferior
cerebellar artery, 6 (3%); superior cerebellar artery, 4 (2%);
vertebral artery, 3 (1%); P1 segment of the posterior cerebral
artery, 1 (1%); and anterior inferior cerebellar artery, 1 (1%).

Fenestrations
Results are summarized in Fig 2. Sixty-one fenestrations were
present in 59 of 208 patients (28%, 2 patients had 2 fenestra-
tions) with the following locations: AcomA in 43 (70%), mid-
dle cerebral artery in 12 (20%), posterior cerebral artery in 2
(3%), carotid artery in 1 (2%), vertebral artery in 1 (2%),
superior cerebellar artery in 1 (2%), and basilar artery in 1
(2%). Of 59 patients with fenestrations, 22 (37%) were men
and 37 (63%) were women. Sex distribution did not differ
between patients with and without fenestrations. Of 61 fenes-
trations, 56 were located in the anterior circulation, diagnosed
on 248 carotid artery 3DRAs, (23%), and 5 were located in the
posterior circulation, diagnosed on 72 vertebral artery 3DRAs
(7%). This difference was significant (P � .0043).

Fifty-six fenestrations were present in 54 of the 185 patients
(29%) with aneurysms. Five fenestrations were present in 5 of
the 23 patients (22%) without aneurysms. This difference was
not significant.

Fig 1. Classification of the relation of the location of the fenestration with the location of the aneurysm. A, Aneurysm is located on the fenestration in a patient with a vertebrobasilar
junction aneurysm and a proximal basilar fenestration. B, Aneurysm is located adjacent to (but not on) a fenestration in a patient with an AcomA aneurysm and a fenestration of the AcomA.
C, Aneurysm is located remote from a fenestration in a patient with a basilar tip aneurysm and a proximal basilar fenestration.

Fig 2. Flow chart of 208 patients with 3DRA.
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The anatomic relationship of the 56 fenestrations and the
aneurysms in 54 patients with aneurysms was as follows: an-
eurysm located on the fenestration itself in 10 (18%), aneu-
rysm adjacent to the fenestration in 12 (21%), and aneurysm
remote from the fenestration in 34 (68%). In 208 patients with
218 aneurysms, 10 aneurysms (4.5%) were located on a fenes-
tration and 210 were not. Of 61 fenestrations, 51 (84%) were
not associated with an aneurysm.

Of 61 fenestrations detected on 3DRA, 10 (16%) were in
retrospect visible on 2D angiographic images.

Discussion
In this study, we found that fenestrations of intracranial arter-
ies are commonly found with 3DRA imaging. The frequency
of 28% for the presence of fenestrations found in this study is
an underestimation because most patients had only 1 vessel

territory imaged with 3DRA. With complete 3DRA evaluation
of all cerebral vessels, a frequency of approximately 40%
would probably be a realistic estimate. Although fenestrations
can be located anywhere in the intracranial circulation (Fig 3),
they occur more often in the anterior circulation than in the
posterior circulation. The most common location is the
AcomA, followed by the middle cerebral artery (Fig 4). Al-
though most fenestrations are located on or near the circle of
Willis, distal cerebral arteries can also be fenestrated (Fig 4C).

The common occurrence of fenestrations of intracranial
arteries, especially in the AcomA complex, is well known from
anatomic and surgical studies.3-6 However, with 2D angiogra-
phy, fenestrations are rarely found: In 2 studies of 5190 and
4500 cerebral angiograms, fenestrations were reported in 0.7%
and 0.07%, respectively.1,7 Apparently, with 2D imaging, most
fenestrations are overlooked or are invisible because of over-

Fig 3. Unusual locations of fenestrations of intracranial arteries. A, Fenestration of the supraclinoid internal carotid artery associated with an aneurysm. B, A very small fenestration on
the proximal middle cerebral artery. C, A short-segment fenestration of the posterior cerebral artery.

Fig 4. Examples of middle cerebral artery fenestrations (arrows). A, Fenestration at the bifurcation with an associated aneurysm. B, Small fenestration at the neck of an aneurysm in a
patient with 2 middle cerebral artery aneurysms. C, A 10-mm segment fenestration in a distal middle cerebral artery (M3).
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projecting vessels, preferential flow in 1 limb, or location re-
mote from the region of interest. Many fenestrations are only
visible from specific viewing angles that are usually not avail-
able on 2D imaging. Also in our study, just a small minority
of fenestrations was, in retrospect, visible on standard 2D
angiographic projections. With the advanced postprocessing
techniques of 3DRA, cerebral vessels can be evaluated from
any desired angle, and complex vascular anatomy can be
unraveled effectively, allowing detection of many vessel
fenestrations.

The advantage of 3D imaging in the detection of fenestra-
tions has recently also been demonstrated in a study using CT
angiography (CTA).8 In this study, fenestrations were re-
ported in 11% of patients. The lower reported frequency of
intracranial fenestrations with CTA compared with 3DRA
(despite complete imaging of the brain vasculature with CTA)
reflects the lower resolution of CTA combined with less-so-
phisticated postprocessing software. Few data are available on
the detection of fenestrations with MR angiography (MRA),
but the frequency seems lower as reported with both 3DRA
and CTA.10-12

The association of aneurysms with fenestrations has been
extensively documented, though the reason for this relation-
ship is not well understood: Vessel wall microstructure at fen-
estrations is not different from that of normal cerebral vessels.
At branching points, medial defects are equally as common in
fenestrations as in normal vessel branching points. Aneurysms
associated with fenestrations are classically thought to arise at
the proximal end of a fenestration due to a combination of a
medial defect and hemodynamic stresses, similar to aneurysm
formation on the circle of Willis.13 In our study, the frequency
of fenestrations was not different in patients with or without
aneurysms. Most fenestrations were not associated with an
aneurysm on the fenestration itself, and most aneurysms were
not located on a fenestration. Our patient group was selected
on the suspicion or presence of intracranial aneurysms. These
criteria resulted in a maximal bias toward patients with aneu-
rysms and to an overrepresentation of aneurysms in respect to
fenestrations. Therefore, a definite relationship between fen-
estrations and aneurysms cannot be concluded from our data.
Also in a recent CTA study,8 fenestrations were found to be
equally common in patients with and without aneurysms and
an association of fenestrations and aneurysms could not be
established either.

On the other hand, a probable relation of aneurysms with
fenestrations has been suggested for vertebral junction aneu-
rysms because most of these rare aneurysms are associated
with a proximal basilar fenestration.14-16 Also, some unusual
locations of fenestrations in combination with aneurysms in
our patient group might suggest a relationship (Figs 3A and
4A, -B). Although fenestrations might not be related to aneu-

rysms in general, fenestrations on specific locations could,
nevertheless, be associated with aneurysms. Without the avail-
ability of robust data on the frequency and location of fenes-
trations in the general population as a control, no definite
relationship between fenestrations and aneurysms can be es-
tablished. Perhaps, specific aneurysms (for example vertebral
junction aneurysms) might be associated with a fenestration at
that site.

Presently available data indicate that the detection rate of
fenestrations with 3DRA is higher than that with CTA or
MRA.

Conclusions
With 3DRA, fenestrations were found in 28% of patients. Fen-
estrations occur more often in the anterior circulation than in
the posterior circulation, and the most common location is the
AcomA. A definite relationship between fenestrations and an-
eurysms cannot be concluded from our data.

References
1. Sanders WP, Sorek PA, Mehta BA. Fenestration of intracranial arteries with

special attention to associated aneurysms and other anomalies. AJNR Am J
Neuroradiol 1993;14:675– 80

2. Padget DH. The development of the cranial arteries in the human embryo.
Contrib Embryol 1948;212:207– 61

3. Gomes FB, Dujovny M, Umansky F, et al. Microanatomy of the anterior cere-
bral artery. Surg Neurol 1986;26:129 – 41

4. Serizawa T, Saiki N, Yamaura A. Microsurgical anatomy and clinical signifi-
cance of the anterior communicating artery and its perforating branches.
Neurosurgery 1997;40:1211–16

5. Tao X, Yu XJ, Bhattarai B, et al. Microsurgical anatomy of the anterior com-
municating artery complex in adult Chinese heads. Surg Neurol 2006;65:
155– 61

6. Wollschlaeger G, Wollschlaeger PB, Lucas FV, et al. Experience and result with
post-mortem cerebral angiography performed as routine procedure of the
autopsy. AJR Am J Roentgenol 1967;101:68 – 87

7. Teal JS, Rumbaugh CL, Bergeron RT, et al. Angiographic demonstration of
fenestrations of the intradural intracranial arteries. Radiology 1973;106:123

8. Bharatha A, Aviv RI, White J, et al. Intracranial arterial fenestrations: fre-
quency on CT angiography and association with other vascular lesions. Surg
Radiol Anat 2008;30:397– 401

9. de Gast AN, van Rooij WJ, Sluzewski M. Fenestrations of the anterior commu-
nicating artery: incidence on 3D angiography and relationship to aneurysms.
AJNR Am J Neuroradiol 2008;29:296 –98

10. Uchino A, Kato A, Abe M, et al. Association of cerebral arteriovenous malfor-
mation with cerebral arterial fenestration. Eur Radiol 2001;11:493–96

11. Uchino A, Nomiyama K, Takase Y, et al. Anterior cerebral artery variations
detected by MR angiography. Neuroradiology 2006;48:647–52

12. Uchino A, Takase Y, Nomiyama K, et al. Fenestration of the middle cerebral
artery detected by MR angiography. Magn Reson Med Sci 2006;5:51–55

13. Finlay HM, Canham PB. The layered fabric of cerebral artery fenestrations.
Stroke 1994;25:1799 – 806

14. Peluso JP, van Rooij WJ, Sluzewski M, et al. Aneurysms of the vertebrobasilar
junction: incidence, clinical presentation, and outcome of endovascular treat-
ment. AJNR Am J Neuroradiol 2007;28:1747–51

15. Campos J, Fox AJ, Vinuela F, et al. Saccular aneurysms in basilar artery fenes-
tration. AJNR Am J Neuroradiol 1987;8:233

16. Kowada M, Yamaguchi K, Takahashi H. Fenestration of the vertebral artery
with a review of 23 cases in Japan. Radiology 1972;103:343– 46

1350 van Rooij � AJNR 30 � Aug 2009 � www.ajnr.org


