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 Background: Intracranial arterial variations are a frequent finding in the general population. Knowledge of these vascular 
variations has significant clinical impact because some of them predispose patients to development of an an-
eurysm or cerebrovascular ischemic disease. The purpose of this study was to evaluate the frequency of in-
tracranial vascular variations and associated vascular lesions on computed tomography angiography (CTA) 
examinations.

 Material/Methods: CTA examinations performed by 16-detector computed tomography were prospectively reviewed in 455 patients 
for the presence of fenestrations, duplications, hypoplasia, aplasia, aneurysms, and other vascular lesions.

 Results: Arterial fenestrations were found in 2.4% of patients, with the vertebrobasilar system as the most common lo-
cation. The remaining fenestrations were located on the middle cerebral artery M1 segment (0.2%), anterior 
communicating artery (0.4%), and anterior cerebral artery A1 segment (0.6%). No associated aneurysms were 
noted in these patients. The prevalence of an azygos anterior cerebral artery was 1.5%. Bihemispheric anterior 
cerebral artery was found in 0.9%, hypoplastic A1 segment in 17.6%, and congenital absence of A1 segment in 
0.4% of patients. Fetal origin of the posterior cerebral artery was found in 37% of cases. Hypoplastic vertebral 
artery terminating as posterior inferior cerebellar artery was observed in 9 patients, while transversal anasto-
mosis between vertebral arteries was seen in only 1 patient.

 Conclusions: CTA precisely demonstrates the diversity of intracranial arterial variations, whose overall frequency in this study 
is similar to previous radiological reports. Furthermore, our results do not show significant association between 
the frequency of aneurysms and cerebral arterial anomalies.
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Background

Anatomical cerebral arterial variations are a very frequent find-
ing in the general population due to the complex embryology 
of intracranial circulation. The most common normal variants 
of cerebral circulation include: fenestrations and duplications, 
persistent primitive fetal arteries, hypoplasia, and aplasia of ar-
terial segments [1]. However the clinical significance of these 
variants is quite different. Thus, the presence of fenestrations 
and duplications may predispose patients to aneurysm devel-
opment [2]. Moreover, the occlusion of an azygos or bihemi-
spheric anterior cerebral artery (ACA) may result in ischemia 
of both hemispheres. Furthermore, patients with fetal origin 
of posterior cerebral artery (PCA) and concomitant atheroscle-
rotic disease of the carotid artery are prone to ischemic events 
in the PCA territory [3]. Although the majority of normal vari-
ations have no major clinical impact, their appreciation may 
aid in surgical planning and can be useful in preventing com-
plications during endovascular treatment.

Although digital subtraction angiography remains the standard 
reference procedure for detection of intracranial vascular vari-
ations, it is an invasive technique with potential complications 
[4]. Computed tomography angiography (CTA) has emerged as 
an important noninvasive diagnostic tool in the evaluation of 
intracranial circulation. The main drawback of CTA is radiation 
exposure of the patient. Previous studies investigating radia-
tion dose in CTA examination reported the effective dose rang-
es between 0.6 and 1.2 mSv depending on the scanning proto-
col [5,6]. This is slightly higher than the dose a patient receives 
during DSA. However, local doses in CTA examination do not 
reach thresholds for the development of cataract formation, 
induction of thyroid malignancy, or hair loss [6]. Moreover, fur-
ther developments, including reduced tube voltage and reduc-
ing scanning time, may provide a decrease in effective dose.

CTA allows reliable evaluation of intracranial arterial patholo-
gy, including aneurysms, stenosis, and occlusions. Moreover, 
CTA provides useful information about anatomical variations 
of cerebral circulation, with reported high sensitivity and spec-
ificity (81–90% and 93%, respectively), approaching the di-
agnostic accuracy of digital subtraction angiography [7]. At 
present, there are several reports regarding the use of CTA 
for the assessment of intracranial arterial variations [1,8,9]. 
However, these reports were mostly focused on fenestrations, 
duplications, and their association with aneurysm formation. 
Nevertheless, the prevalence of some of the normal variants, 
such as azygos ACA, hypoplastic vertebral artery terminating 
as posterior inferior cerebellar artery, and bihemispheric ACA, 
has not been previously reported using CTA. Thus, the pur-
pose of this study was to provide analysis of the prevalence 
and characteristic features of intracranial arterial variations 
and insight into associated vascular lesions.

Material	and	Methods

This prospective study was conducted between January 2012 
and May 2013 and included 517 patients who underwent CTA. 
Most patients had or were suspected to have subarachnoid 
hemorrhage, ischemic cerebrovascular disease, or prolonged 
unexplained headache. Sixty-two patients were excluded from 
the study due to suboptimal image quality, leaving 455 CTA 
studies for detailed analysis. There were 202 men and 253 
women (mean age 51±12 years). The study was approved by 
an institutional review board and written informed consent 
was obtained from all participants.

CTA examinations were performed at GE Medical System 
(Waukesha, WI, USA). Images were obtained from C3 to the 
vertex using the following scanning parameters: detector 
rows, 16; collimation, 0.625 mm; pitch, 1.375; gantry rotation 
time, 1.0 s; slice thickness, 0.625 mm; tube load, 380 mA; and 
tube voltage, 120 kV. A total volume of 80–100 mL of Ultravist 
370 was injected at a rate of 4.0–4.5 mL/s through an ante-
cubital vein. The scan delay time was determined by a bolus 
tracking technique with a region of interest at 1 internal ca-
rotid artery. As soon as a threshold of 100 HU was exceed-
ed, the spiral scan was automatically started. Coronal and 
sagittal multiplanar reformatted, maximum intensity projec-
tions and 3D volume-rendered images were created at a GE 
Advantage Workstation.

The demographic data, including sex, age at the time of pre-
sentation, and indication for the CTA, were recorded. A prospec-
tive evaluation of CT examinations patients was performed in-
dependently by 2 radiologists (A.S. 3 years of experience and 
D.S. 15 years of experience) using axial and multiplanar refor-
matted images with attention to the presence of intracrani-
al vascular variations: fenestrations, duplications, hypoplasia, 
aplasia, and persistent carotid-basilar anastomosis. The exam-
ined variables were presented as frequencies. Independent-
samples t-test was used for statistical evaluation. A value of 
p less than 0.05 was considered as significant.

Results

Arterial	fenestrations	and	duplications

Intracranial arterial fenestrations were found in 11 (2.4%) 
patients. The most common location was the vertebrobas-
ilar system, with 5 (1.1%) fenestrations. The fenestrations 
of the basilar artery were observed in 4 patients (0.8%) and 
were located at the proximal segment with small slit-like con-
figuration (Figure 1A). The median length of the fenestrat-
ed segment was 11.6 mm, with 2 channels of 2.0 mm and 
3.2 mm. The associated intracranial arterial variations were 
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observed in 1 patient, who had ACA trifurcation and bilat-
eral fetal PCA. Vertebral artery fenestration was found in 1 
patient (0.2%) (Figure 1B), and was located at the V4 seg-
ment, with a length of 5.6 mm. The remaining fenestrations 

were found at the middle cerebral artery M1 segment in 1 
patient (0.2%), anterior communicating artery (ACoA) in 2 
patients (0.4%), and ACA A1 segment in 3 patients (0.6%) 
(Figure 2A–2C). The patient with fenestration of the middle 
cerebral artery had fetal PCA as an associated variation. No 
associated aneurysms were noted in patients with fenestra-
tions. Arterial duplication was observed in 2 patients (0.4%), 
who had duplicated ACoA and duplicated PCA P1 segment, 
respectively (Figure 3A, 3B).

A B

Figure 1.  Vertebrobasilar system fenestration. Three-dimensional volume-rendered image shows basilar artery fenestration immediately 
above the vertebrobasilar junction (thick arrow). Trifurcation of the anterior cerebral artery (arrowhead) and fetal right posterior 
cerebral artery (thin arrow) are seen as associated anomalies (A). Axial maximum intensity projection image shows fenestration 
of left vertebral artery C4 segment (arrow in B).

A

B

C

Figure 2.  Oblique axial volume-rendered projection shows M1 
segment right middle cerebral artery fenestration 
(arrow in A). Three-dimensional volume-rendered 
image shows fenestration of anterior communicating 
artery (thick arrow) and right fetal posterior cerebral 
artery (thin arrow) as associated anomalies (B). Three-
dimensional volume-rendered image shows anterior 
cerebral artery A1 segment fenestration (arrow in C).
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Anterior cerebral artery variants

The prevalence of an azygos ACA was 1.5% (7 patients) 
(Figure 4A). Three patients had an associated giant aneu-
rysm of the internal carotid artery C7 segment. Other associat-
ed vascular variations were fetal PCA in 3 patients, and hypo-
plasia of an ACA A1 segment in 2 patients. Bihemispheric ACA 
was noted in 4 patients (0.9%) (Figure 4B). In 3 cases the right 

ACA was dominant. Hypoplasia of the A1 segment was found 
in 17.6% of patients (Figure 4A, 4B), while congenital absence 
of A1 segment was observed in 2 patients (0.4%) (Figure 5A). 
Among patients whit hypoplastic A1 segment, 25% had an as-
sociated aneurysm of ACoA. The prevalence of ACA trifurcation 
was 1.9% (Figure 5B). Seven patients had associated vascu-
lar variants: 4 patients had hypoplastic A1 segment, and 3 pa-
tients had fetal PCA.

A B

Figure 3.  Cerebral arteries duplication. Three-dimensional volume-rendered image shows anterior communicating artery duplication 
with each vessel originating separately from an anterior cerebral artery (arrows in A). Three-dimensional volume-rendered 
image shows duplication of P1 segment left posterior cerebral artery (arrow). Dolichoectasia of the basilar artery is seen as 
an associated anomaly (B).

A B

Figure 4.  Anterior cerebral artery variations. Three-dimensional volume-rendered image shows azygos anterior cerebral artery (thick 
arrow), and hypoplastic A1 segment of right anterior cerebral artery (thin arrow in A). Three-dimensional volume-rendered 
image shows bihemispheric anterior cerebral artery (thick arrow). Hypoplastic left A1 segment (arrowhead) and anterior 
communicating artery aneurysm (thin arrow) are seen as associated anomalies (B).
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Posterior cerebral artery variants

Fetal origin of PCA was found in 106 patients (23.3%), 51 cas-
es on the left and 37 cases on the right, while bilateral location 
was present in 18 patients (Figure 6). Associated aneurysm 
was detected in 27 patients: 18 patients had an aneurysm of 
the middle cerebral artery, 4 patients of the internal cerebral 
artery C7 segment, and 5 patients of the ACoA. This vascular 
variation was more common in men (p<0.05).

Intracranial vertebral arteries variants

Hypoplastic vertebral artery terminating as posterior inferior 
cerebellar artery was observed in 9 cases (1.9%) (Figure 7A). 
One patient had an associated aneurysm of ACoA. All patients 
were men (39–68 years). This anatomical variation was more 
common on the right. Transversal anastomosis between ver-
tebral arteries was seen in 1 patient (0.2%) (Figure 7B).

Persistent	carotid-basilar	anastomosis

A lateral Saltzman type 2 persistent trigeminal artery was 
found in 1 patient (0.2%) (Figure 8).

Arterial	variations	and	intracranial	aneurysms

In our study population, 115 aneurysms were detected. Three 
patients had multiple aneurysms. The aneurysms were locat-
ed at ACoA (n=39), middle cerebral artery (n=44), internal ce-
rebral artery C7 segment (n=28), ACA (n=2), and basilar artery 
(n=2). Among patients with aneurysms, 60 had an associat-
ed vascular variation. The rate of vascular variations was not 
significantly different in patients who had and did not have 
aneurysms (p>0.05). Similarly, there was no significant differ-
ence in the rate of aneurysms among patients who had and 
did not have vascular variants (p>0.05).

Discussion

Normal variants of intracranial circulation are frequent inciden-
tal finding on CTA studies. Although most of these variations 
have no significant clinical importance, some may predispose 
the patient to development of aneurysms or ischemic events. 
Moreover, their recognition on CTA examinations is important 
for surgical and endovascular treatment planning.

Fenestration and duplication of intracranial arteries are among 
the most frequent vascular variations [2]. Fenestration consists 
of 2 arterial channels that fuse at the distal end and develop 
as a consequence of fusion failure during early gestation. The 
most common site of fenestration is the vertebrobasilar sys-
tem, with high prevalence reported in previous studies [8–10]. 
Baratha et al. [9] reported a 2.8% overall rate of intracranial 

Figure 6.  Posterior cerebral artery variations. Three-dimensional 
volume-rendered image shows fetal right posterior 
cerebral artery (thick arrow) and hypoplastic A1 
segment of right anterior cerebral artery (thin arrow).

A B

Figure 5.  Anterior cerebral artery variations. Three-dimensional volume-rendered image shows absence of right A1 segment (thick 
arrow) in association with right middle cerebral artery aneurysm (thin arrow in A). Three-dimensional volume-rendered image 
shows anterior cerebral artery trifurcation (thick arrow). Hypoplastic right A1 segment is also seen (thin arrow in B).
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vertebrobasilar fenestrations and observed intracranial ver-
tebral artery fenestrations in 0.40% of patients, consistent 
with the 0.38% found in the current study. However, the cur-
rent study result of 0.8% BA fenestrations is significantly low-
er than the previously observed prevalence, and was closer to 
the results of the conventional angiographic studies (0.6%) re-
ported by Takahashi et al. [11]. This discrepancy might be at-
tributable to the larger study population and different clinical 

diagnoses of selected patients in prior CT and MR angiograph-
ic studies. Due to the complex embryology and anatomy of 
the anterior communicating system, fenestrations and dupli-
cations in this region are frequent findings. CT angiograph-
ic prevalence of anterior communicating region fenestrations 
was reported to be 5.3–6.9% [8,9], but the frequency of ante-
rior communicating region fenestration in our study was much 
lower (1.2%). The difference is likely due to the different inclu-
sion criteria concerning clinical indications, and inclusion of 
more patients with normal CTA findings in the present study. 
To our knowledge, the prevalence of duplication of ACoA has 
not been previously reported on CTA. Although the observed 
frequency of this variation in previous anatomic reports [12] 
is very high (18%), it was detected in only 1 patient (0.2%) in 
our study population.

Earlier studies have reported high incidence of aneurysms in 
association with arterial fenestrations. Pathologically, it could 
be explained by defects in the vessel wall at each end of the 
fenestration, which results in hemodynamic stress and struc-
tural degenerative changes in the vessel [13]. In this regard, 
Bayrak et al. [8] found that 27.5% of patients with fenestra-
tions had aneurysms, but only 2 patients had an aneurysm at 
the fenestration site. Furthermore, no significant difference 
was found in the rate of aneurysms between patients with and 
without fenestrations. Similar results were reported by Baratha 
et al. [9]. In the present study, aneurysms were detected in 
29% of patients. Among these patients, 52% had associated 
vascular variations, but none had fenestrations. On the basis 
of these results, it could be assumed that although fenestra-
tion is recognized as a risk for aneurysmal development, sig-
nificant association could not be established.

A B

Figure 7.  Vertebral arteries variations. Three-dimensional volume-rendered image shows hypoplastic right vertebral artery ending-like 
posterior inferior cerebellar artery (arrow in A). Three-dimensional volume rendered image shows intervertebral transversal 
anastomosis (arrow in B).

Figure 8.  Persistent trigeminal artery. Three-dimensional 
volume-rendered image shows lateral Saltzman type 
2 persistent trigeminal artery (thick arrows) and 
characteristic hypoplastic appearance of the basilar 
artery (thin arrow) proximal to its anastomosis with the 
persistent trigeminal artery.
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Previous studies concerning the frequency and clinical signif-
icance of an azygos ACA are numerous [14–16]. This vascular 
variation represents a single midline A2 trunk that supplies 
blood to both hemispheres [15]. The reported prevalence of 
this anomaly was 1.3–2.0% in MR angiographic studies [16,17]. 
CT angiographic findings have not been previously published, 
but closely correlate with these results according to the pres-
ent study (1.2%). Since there is a single A2 trunk, its occlu-
sion may result in ischemia of both hemispheres. The same 
clinical significance has bihemispheric ACA, where one A2 seg-
ment is hypoplastic, and the contralateral A2 segment sup-
plies the medial portions of both hemispheres [1]. To date, the 
prevalence of this vascular variant has not been reported on 
CTA, and was found to be 1% in our study, which is in accor-
dance with prior anatomic reports (18). Among all ACA varia-
tions, A1 segment hypoplasia is the most frequent, observed 
in 10% of autopsies [18]. Similarly, the present study detect-
ed it in 17.6% of patients. Moreover, we found an associated 
ACoA aneurysm in 25% of these patients. Since an ACoA an-
eurysm frequently occurs in patients with these patients, it is 
of great clinical importance to carefully examine contralateral 
the ACA-ACoA junction on CTA examinations. Only 2 patients 
in the current study had unilateral A1 aplasia. Our results are 
consistent with the findings of anatomic studies, reporting 
that the A1 segment is seldom absent. The least significant 
ACA variation is its trifurcation or persistent median artery 
of the corpus callosum, and was observed in 2.2% of our pa-
tients. The results from the present study are in accordance 
with those of Uchino et al. [16], who found this anomaly in 
3% of their study population.

Fetal origin of PCA is a very common vascular variant, in which 
the caliber of the PCA is the same or greater than that of the 
ipsilateral P1 segment [19]. It occurs when embryonic PCA does 
not regress, resulting in the persistence of internal carotid ar-
tery blood supply to the occipital lobe. Consistent with pre-
vious reports [4], the prevalence of this arterial variant was 
37% in our study, occurring more commonly on the right side 
and with a slight male predominance. Such a fetal anasto-
mosis may predispose patients to an ischemic event in PCA, 
since it allows thrombo-embolic material from the carotid ar-
tery to pass into the PCA.

The intracranial part of vertebral arteries is frequently the site 
of various vascular variations, with fenestrations, duplications, 
and aneurysms being the most common [20]. Although the 

prevalence of vertebrobasilar system fenestrations and dupli-
cations has been previously extensively studied, the number 
of CT and MR angiographic reports describing other vascular 
anomalies is very limited. In the current study, a transversal in-
tervertebral anastomosis beneath the vertebrobasilar junction 
was observed in 1 patient. To the best of our knowledge, this 
is the first report of such a case diagnosed by CTA. This unusu-
al variant could be the result of fusion of anterior spinal artery 
branches, as hypothesized in previous anatomic studies [21]. 
Although the prevalence of anterior spinal artery originating 
from transverse intervertebral anastomosis was reported to 
be 6.3% [20], it was not detected in our study. However, due 
to the small diameter of this artery, the visualization of ante-
rior spinal artery is not an obligatory finding on CTA.

Hypoplastic vertebral artery terminating as posterior inferior 
cerebellar artery is a rare variation, detected in 0.2–1.3% of 
the population [20]. Since there is no connection between ver-
tebral arteries, the compression or occlusion of one of these 
arteries can lead to ischemia of the cerebellum or lateral me-
dulla. Although this vascular variant has many clinical implica-
tions, its significance and prevalence have not been previous-
ly reported in CT and MR angiography studies. In the present 
study, hypoplastic vertebral artery terminating as posterior 
inferior cerebellar artery was observed in 2.5% of patients. 
All patients were young men examined due to a first epilep-
tic attack. However, more clinical studies are needed to clar-
ify this association.

The main limitation of this study was the absence of conven-
tional angiography findings as a standard reference procedure. 
Moreover, most of examined patients had or were thought to 
have ischemic or hemorrhagic cerebrovascular disease, which 
could have introduced some selection bias. In addition, the 
relatively small number of patients included in the study pre-
cludes generalized conclusions.

Conclusions

The results of our study provide comprehensive evaluation of 
intracranial vascular variations using CTA, reporting the prev-
alence of a few of them for the first time. Furthermore, this 
study demonstrated that the rate of aneurysms was not sig-
nificantly different in patients who had and did not have vas-
cular variants.
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