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ABSTRACT

Introduction: The superior cerebral artery is a clinically significant vessel, but little is known
about its radiological anatomy. The aim of this study was to describe the anatomical
variations of the proximal segment of the superior cerebellar artery using Computed
Tomography Angiography.
Materials and methods: The study group consisted of 200 subjects (54.5% female, mean age
+SD 56.2 +17.2 years) that had undergone head Computed Tomography Angiography.
Subjects with any intracranial pathologies were excluded. Images in Maximum Intensity
Projections were used to study the anatomical anomalies of the superior cerebellar artery.
Results: In 200 subject 388 superior cerebellar arteries were found. Twelve (3.09%) SCAs were
duplicated in 11 patients and all originated from the basilar artery. In 8 (4.00%) patients the
superior cerebellar artery was absent. The origin of the SCA was most often bilateral, mainly
from the basilar artery (76.29%). The superior cerebellar artery diameter, measured at the site
of the origin, was statistically significantly different depending on the place of the origin:
wider when originating from the basilar artery as a single vessel (1.48 & 0.42 mm vs. 1.34
+0.52 mm; p = 0.03) and narrower when originating as duplicated one (1.38 + 0.48 mm vs.
1.46 + 0.44 mm; p = 0.55).
Conclusion: Superior cerebellar artery usually originates bilaterally from the basilar artery as
a single trunk. Its diameter is significantly wider in that type in comparison to other
anatomical variations.
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1. Introduction

The superior cerebellar artery (SCA) often arises from the
upper part of the basilar artery (BA), passes near the
oculomotor, trochlear and trigeminal nerves and supplies
the upper part of the cerebellum, part of the pineal gland, the
anterior medullary velum and the part of the choroid plexus of
the third ventricle called the “tela chorioidea” [1]. The SCA
might be a cause of a neurovascular conflict which is defined
as a subgroup of cranial nerve dysfunction due to a contact
between a blood vessel and the nerve, that usually occur in the
cerebropontine angle [2] and may result in trigeminal
neuralgia. In 71.5-100% of patients with a diagnosed idiopathic
trigeminal neuralgia, a neurovascular conflict was detected
during microvascular decompression of the trigeminal nerve
[3]. In 66.5-88% of cases, this was caused by the SCA [3].

The relationship between the SCA and the trigeminal nerve
was also identified in cadavers without a history of facial pain.
In a study by Ramesh and Premkumar [4], conducted on
100 hemispheres, the offending vessel was found in 39% of
studied material. In 53.8-86.6% of cases the compression of the
trigeminal nerve is caused by the SCA [4-6]. SCA aneurysms
can also cause oculomotor palsy. The third cranial nerve
usually lies between the posterior cerebral artery (PCA) and the
SCA (97.86%) [7], but its location between two SCA branches
was also reported (2.14%) [7]. Different anatomical variations
such as a common SCA-PCA trunk or a duplicated SCA can
predispose to oculomotor nerve compression [7,8]. SCA
aneurysms are rare (1.7%) [9], but in context of their specific
anatomy are characterized by a high frequency of treatment
complication [10,11].

Although the anatomy of the posterior circulation is very
complex and the SCA is the most consistent artery in terms of
origin and location [8], many variations of the SCA have been
described. A sound of knowledge of SCA anatomy and its
adjacent structures is crucial for conducting surgical proce-
dures used to treat compression syndromes, aneurysms or
ischemic infarcts.

Despite its clinical importance, the anatomy of the
proximal segment of the SCA has not been widely described.
To our best knowledge only one study by Uchino et al. [12]
described the anatomy of the SCA using Magnetic Resonance
Angiography. Several cadaveric studies were also performed,
in which different variations of the SCA have been described
[1,6,13-16]. However, SCA diameter, its distance to the P1

segment of the PCA and its relation to side or gender was not
fully described. A thorough description of vascular variations
of the SCA seems to be lacking.

The aim of this study was to describe the anatomical
variations of the proximal segment of the SCA using
Computed Tomography Angiography.

2. Materials and methods
2.1.  Study group

The study group consisted of 200 adult subjects (54.5% female,
mean age + SD: 56.2 + 17.2 years) that had undergone head
CTA in the Department of Radiology, Jagiellonian University
Medical College. The study population was recruited from
among patients undergoing radiological examination due
to mild head trauma (without an intracranial hematoma)
or viscerocranial pathologies (i.e. chronic rhinosinusitis).
Patients with mild head trauma in our study group that
underwenthead CT angiography are limited to few cases when
the presence of other signs and symptoms such as dizziness,
vomiting, prolonged headache and slight meningeal signs.
Above mentioned can indicate a cerebrovascular pathology.
These patients underwent unenhanced CT and when the
cause of prolonging symptoms was not diagnosed a CT
angiography was performed. In all cases the underlying
pathology was not found and patients were discharged in
good condition.

Patient exclusion criteria were: signs of vascular (aneu-
rysm, cavernous angioma, arteriovenous malformation etc.) or
non-vascular (neoplasm, hematoma etc.) intracranial pathol-
ogies, stroke or previous intracranial surgical interventions.
Low quality images or images containing artifacts were
excluded. Patients were analyzed as an entire group, then
divided according to the side from which the SCA originated.

2.2.  Imaging and analysis

Images were acquired using a multi-row computed tomogra-
phy (Somatom Sensation 16; Siemens AG, Germany) with the
following study parameters: exposure: 120kV, 74mA,
120 mAs; rotation time: 0.75; slice thickness: 3 mm,; pitch:
1.5. Patients were injected intravenously with an iodine
contrast medium (Ultravist, Bayer, Germany) to achieve
angiographic images. Collected data were transferred to a

Table 1 - Side of SCA origin depending on its anatomical variant.

Origin Total Left side Right side p-value
Total SCA, n (%) 388 193 (49.74) 195 (50.26) 0.58
BA, n (%) 347 (89.43) 172 (44.33) 175 (45.10) 0.66
Duplicated SCA, n (%) 12 (3.09) 8 (2.06) 4 (1.03) 0.24
Single SCA, n (%) 335 (86.34) 164 (42.23) 171 (44.07) 0.34
PCA, n (%) 18 (4.64) 8 (2.06) 10 (2.58) 0.63
Common SCA and PCA from BA, n (%) 23 (5.93) 13 (3.35) 10 (2.58) 0.52
Aplastic SCA, n (%) 12 (3.09) 7 (1.80) 5 (1.29) 0.56

BA - basilar artery, SCA - superior cerebellar artery, PCA - posterior cerebral artery, p-value was calculated using the x> Pearson's test.
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Table 2 - Laterality of SCA origin depending on its anatomical variant.

Origin Bilateral Unilateral p-value

BA, patients (arteries) 149 (298) 40 (49) <0.01
Duplicated SCA, patients (arteries) 1(2) 10 (10) <0.01
Single SCA, patients (arteries) 148 (296) 39 (39) <0.01

PCA, patients (arteries) 0 (0) 18 (18) <0.01

Common SCA and PCA from BA, patients 4 (8) 15 (15) <0.01
(arteries)

Aplastic SCA, patients (arteries) 4 (0) 4 (0) <0.01

Total SCA, patients (arteries) 157 (306) 43 (82) 200 (388)

BA - basilar artery, SCA - superior cerebellar artery, PCA — posterior cerebral artery, p-value was calculated using the x> Pearson's test.

workstation equipped with an IMPAX 6.4 Solution Software
(Agfa HealthCare, Belgium). Maximum intensity (MIP) and
Volume Rendering (VR) reconstructions were examined in
three planes: coronal, sagittal and axial. All images were
carefully studied by two independent neuroradiologist, with
15 and 20 years of experience. If a difference of opinion on
particular patients occurred, the patients were examined
together by both researchers. The proximal part of the SCA was
studied, taking into consideration its origin, number of
branches, the internal diameter measured at the site of the
origin, and distance from the SCA to the P1 segment of the PCA.

2.3.  Statistical analysis

Statistical analysis was conducted using computer software
Statistica 10.0 PL by Statsoft. Elements of descriptive statistics
were used (mean, standard deviation, percentage distribu-
tion). We used the x? Pearson's test to compare proportions,
the Student's t-test and the Mann-Whitney U test to compare

continuous variables as appropriate. p-values of less than 0.05
were considered to indicate statistical significance.

2.4. Ethics

All patients gave their written and informed consent prior to
inclusion into the study. The research protocol was approved
by the Jagiellonian University Ethics Committee (registry
number KBET/299/B/2012). The study has been performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

3. Results

The frequency of different anatomical anomalies depending
on the side of origin is shown in (Table 1). In 200 patients we
have found 388 SCAs. In 11 patients, there were 12 duplicated
(3.09%) SCAs. All of them originated from the BA, in 1 patient

Table 3 - The diameter of the SCA in different anatomical variants.

Origin/type Diameter of SCA Diameter of SCA p-value
originating originating
From the BA Not from the BA
BA, mm, mean (SD) 1.47 (0.42) 1.32 (0.53) 0.04
Duplicated SCA, mm, 1.38 (0.48) 1.46 (0.44) 0.55
mean (SD)
Single SCA, mm, 1.48 (0.42) 1.34 (0.52) 0.03
mean (SD)
Origin/type Diameter of SCA Diameter of SCA p-value
originating originating
From the PCA Not from the PCA
PCA, mm, mean (SD) 1.36 (0.33) 1.46 (0.44) 0.31
Origin/type Diameter of SCA Diameter of SCA p-value
originating originating
Common SCA-PCA Not common SCA-PCA
origin from the BA origin from BA
Common SCA and PCA 1.30 (0.66) 1.47 (0.42) 0.07

from BA, mm, mean (SD)

p-value shows the results of comparison between the SCA diameter originating from specific region (second column) in comparison to all other
SCA originating from different region (third column). p-Value was calculated using the Student's t-test. Values in bold mark statistical
significance. Diameter was measured at the site of the origin of the SCA; BA - basilar artery, SCA - superior cerebellar artery, PCA — posterior
cerebral artery, SD - standard deviation. The values for in single and duplicated SCA are not given in case of origine from PCA and common
origin of SCA and PCA from BA because we only found duplicated SCA originating from BA.
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on both sides. In 8 (4.00%) patients the SCA was absent: on the
left side in 3 patients, on the right side in 1 patient and on both
sides in 4 patients. In 1 case we have found a left hypoplastic
SCA, and in two cases we have found a right hypoplastic SCA.
There was no significant difference (p > 0.05) between the
sides from which the duplicated SCA originated.

Symmetry of the SCA is presented in (Table 2). Most
commonly the SCA originated as a single vessel bilaterally
from the BA (76.29%). A common site of origin of the SCA and
the PCA was present more frequently unilaterally (3.87%). This

was also the case when the SCA originated from the PCA
(4.64%).

There was no difference in the inner SCA diameter,
measured at the site of origin, between the left and right
sides (1.46 &+ 0.42 mm vs. 1.45 4+ 0.46 mm; p = 0.88). Differences
in SCA diameter, measured at the site of origin, between male
and female subjects, showed borderline statistical significance
(1.50 + 0.44 mm vs. 1.42 + 0.43 mm; p = 0.07). The diameter of
the SCA was significantly different depending on the place of
origin (Table 3). The diameter of the lower vessel in duplicated

Y PCA V— PCA Y PCA
SCA SCA
BA BA BA
/\VA /\VA /\VA
Type 1 Type 2a Type 2b
148 patients, 74% 4 patients, 2% 4 patients, 2%
PCA N A X PCA
S s — SCA
SCA SCA
BA BA BA
AVA VA AVA
Type 3a Type 3b Type 4a
1 patient, 0.5% 10 patients, 5% 4 patients, 2%
PCA X‘ PCA PCA
_ SCA SCA SCA L
BA BA BA
VA VA VA
Type 4b Type 5a Type 5b
15 patients, 7.5% none 18 patients, 9%

Fig. 1 - Superior cerebellar artery - anatomical variations and frequency of their occurrence in our study [patients (%)]. Type 1 -
typical configuration (both SCAs originate from the BA); Type 2 - aplastic SCA (2a - bilaterally; 2b - unilaterally); Type 3 -
duplicated SCA (3a - bilaterally; 3b - unilaterally); Type 4 - common origin of PCA and SCA from BA (4a - bilaterally, 4b -
unilaterally); Type 5 - SCA originates from the PCA (5a - bilaterally; 5b - unilaterally). SCA - superior cerebellar artery; BA -

basilar artery; PCA - posterior cerebral artery.
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Fig. 2 - Computed Tomography Angiography - maximum
intensity projection images showing typical configuration
(A), and typical configuration with early bifurcation of SCA
on the left (B). PCA - posterior cerebral artery; SCA -
superior cerebellar artery; BA - basilar artery; VA -
Vertebral artery.

SCA cases was comparable on both sides (right vs. left: 1.23
+0.33mm vs.1.24 £0.35mm; p=0.95; diameter range:
0.8-1.6 mm), but in comparison to the upper branch, the
lower vessel had a significantly smaller diameter (1.45
+0.44 mm vs. 1.23 + 0.33 mm; p = 0.04).

There were no significant differences between the distance
from the SCA to the P1 segment of the PCA on either side
(left vs. right 2.72 + 1.96 mm vs. 2.75 + 1.80 mm; p = 0.90). In
14 patients we have found the fetal origin of the PCA. Hence,
the measurement was impossible to take.

3.1.  SCA origin classification

Based on the observations made in this study, we propose the
following SCA classification [Fig. 1]. We classified the SCA,
taking into account its origin, into 5 types: Type 1 - typical
configuration (both SCAs originate from the BA) [Fig. 2]; Type 2
- aplastic SCA (2a - bilaterally; 2b - unilaterally); Type 3 -
duplicated SCA (3a - bilaterally; 3b - unilaterally); Type 4 —
common origin of PCA and SCA from the BA (4a - bilaterally, 4b
- unilaterally) [Fig. 3]; Type 5 - SCA originates from the PCA (5a
- bilaterally; 5b - unilaterally) [Fig. 3].

4, Discussion

In this prospective study we have described the anatomical
variations of SCA origin using CTA. There is only one other
study, in which the SCA was assessed using MRA (Magnetic
Resonance Angiography). In that study 145 MRA images were
analyzed [12]. The SCA was also described in several cadaveric
studies, but these are of limited use due to the very small size
of the studied number (n=20-31) of cadaveric brains
[1,6,8,13,14,16]. Only one study by Songur et al. [16] included
a significantly larger number of brains (n=110) in their
investigation. In our study 200 patients were examined.

Duplicated SCAs have been reported in 5.9-28.0%
[1,6,8,12,14-16]. All duplicated arteries, in our study, originated
from the BA, while other works show that duplicated SCAs can
originate also from the PCA [12,13,17]. Bilateral duplication is
rare, and its frequency ranges from 2% to 8% [12,15,18].
Triplication of the SCA is also a rare finding and was seen in
only one case in two separate studies by Hardy et al. [18] and
Habibi et al. [14], and in 8% of cases in the study by Mani et al.
[15]. In the present study we have found a smaller incidence of
duplicated SCAs — unilateral duplication in 12 cases (3%) and
bilateral duplication in one case (0.25%). Aplasia of the SCA has
notbeen previously reported [1,8,18], while in our study 12 (3%)
arteries were aplastic, in 4 patients unilaterally and in 4
bilaterally. This phenomenon can potentially be explained by
the fact that small arteries may not be hemodynamically
efficient, therefore are not visible in angiographic studies and
thus were considered as aplastic. Recent studies prove that
MRA and 3D Rotational Angiography are more suitable for
imaging detailed anatomy of cerebral blood vessels [18].
Frequency of aplastic arteries can also be explained by the
limited resolution of CTA, and thus the difficulty in demon-
strating the small SCA [13].

The origin of the SCA varies in different studies. The most
common anatomical variant of the SCA is a single trunk
originating from the BA - its frequency ranging from 84% to
90% [1,8,18]. This is consistent with our study (84%). An SCA
arising from the PCA was reported in 2.6-10% of analyzed cases
[12,16,18]. In our study the SCA originated from the PCA in
4.5%. This type of origin was present only unilaterally, while in
other studies, cases of bilateral SCA origin from the PCA were
noted [12,13,17]. A common site of origin of the PCA and the
SCA from the upper part of the BA was found in 5.75% of cases
in our study, in contrary to a study by Gonzalez et al. [1] where

Fig. 3 - Computed Tomography Angiography - maximum intensity projection images. Type 4a (A); Type 4b (B); Type 5b (C).

PCA - posterior cerbral artery; SCA - superior cerebellar artery.



234 NEUROLOGIA I NEUROCHIRURGIA POLSKA 48 (2014) 229-235

such type of anatomy was reported in 35%. However in a study
by Songur et al. [16] this variant has been found in 6.3% on right
and in 10.0% on left side, pointing to significant discrepancies
between studies.

The diameter of the SCA, taking into account the SCAs side
of origin, to the best of the authors' knowledge, has not yet
been described. Taking into account the literature data, the
mean width of the right SCA ranges from 1.28 to 1.64 mm and
for the left 1.27-1.66 mm [1,8,14,16]. Our measurements are
consistent with the above mentioned ones (right 1.45 mm, left
1.46 mm). The study by Bullitt et al. [19] shows different
cerebral arteries diameter depending on gender. However in
our study, differences in SCA diameter, between men and
women, show only borderline statistical significance. This
could be due to the differences in study group size.

The diameter of the SCA differs significantly depending on
its origin - it is the largest when arising from the BA. We have
not found a single study, in which such dependency would be
reported. This could carry practical implications. Narrower
vessels are more likely to predispose to ischemic events,
especially after surgical manipulations. The diameter of the
vessel and its site of origin may influence the frequency and
severity of a neurovascular conflict. In our study the diameter
of the upper artery was larger than that of the lower one in
duplicated SCAs. This is similar to the results obtained by
Garcia-Gonzalez et al. [1]. However this was studied when
measuring the branches of the SCA after bifurcation (upper
was larger than lower) and not trunks [1]. The distance
between the SCA and the P1 segment of the PCA was, in our
study, larger than in the results obtained by other researchers
(right side: 2.75 mm vs. 1.19-1.45 mm and left side: 2.72 mm vs.
1.19-1.33 mm; p = 0.9) [1,7]. The comparison between cadaveric
studies and radiological studies is not possible because
radiological studies provide us only with internal blood vessel
diameter and cadaveric studies provide only the external
vessel diameter. Greater distance between PCA and SCA is
probably caused by the fact that we have only studied the
internal diameter of the artery.

Multiplicity of SCA anatomy occurs probably due to its
embryogenesis. The SCA derives from the Internal Carotid
Artery, and during development connects to the BA. Depend-
ing on the time and location of the merging of the two
longitudinal neural arteries a BA arises. In view of that, the SCA
can connect to the posterior circulation in different places [17].

Our study has a number of limitations. Although the size of
our study group is the largest among studies considering SCA
anatomy, it is still inadequate to determine anatomical
variation precisely. Secondly, radiological imaging only allows
us to assess hemodynamically efficient arteries. This fact may
justify the high frequency of aplastic arteries. Furthermore, a
16-row Computed Tomography might not be sufficient enough
to visualize small abnormalities such as arterial fenestrations
and hypoplastic arteries. Moreover, radiological imaging is not
as accurate as cadaveric studies. Results of other studies
assessing SCA anatomy are depicted in (Table 4).

Anatomical variations in cerebral circulation may cause
important clinical issues for neurologists, radiologists and
neurosurgeons. Thorough knowledge and understanding of
anatomy may allow for better diagnosis and pathology
treatment, as well as help to avoid dangerous pitfalls.
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Presented data may be especially useful for neurosurgeons
operating in the field of the vertebrobasilar system. A smaller
SCA originating from PCA may by more prone to injury during
surgery. A common origin of PCA and SCA from the BA trunk
creates a risk of accidental closing of one of those vessels
during clipping of PCA or SCA aneurysms.

In this study we have presented the variety of SCA origins
from the vessels of the posterior circulation. The results of this
study enabled us to identify several types of SCA anatomy
(Fig. 1), thus allowing for the creation of a new SCA
classification system.
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