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Abstract

Background: The middle cerebral artery (MCA) supplies a major part of the brain and is of considerable clinical
importance as a common location of intracranial aneurysms. The aim of the present study was to analyze the
bilateral MCAs in patients with unilateral aneurysms. Material and methods: Images of computed tomography
angiography of 45 patients were analyzed. The morphometric parameters of MCA were measured. The measured
parameters of the normal MCAs were compared with MCAs containing aneurysms located in the main trunk divi-
sion. Results: No significant differences in the length of trunk and angles between the middle and anterior cere-
bral arteries were found between the non-affected and aneurysmatic MCAs. Concerning arteries with aneurysms,
more branches originating from the main trunk division were found more frequently. The coexistence of the
more frequent trifurcation of the MCA and an aneurysm constitutes evidence of greater anatomical variability of
this arterial area in cases with a concomitant vascular malformation. Conclusions: This finding is consistent with
literature data, showing the relationship between aneurysms and arterial variability and the fact that aneurysms
are most often located at arterial divisions.
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Abbreviations

e ACA - anterior cerebral artery

¢ CT - computed tomography

e CTA - computed tomography angiography

¢ DICOM - digital imaging and communications
in medicine

e DSA —digital subtraction angiography

¢ |CA —internal carotid artery

e MCA - middle cerebral artery

¢ MRA — magnetic resonance angiography

¢ MRI— magnetic resonance imaging

e SAH —subarachnoid hemorrhage

Introduction

The middle cerebral artery (MCA) is the largest
terminal branch of the internal carotid artery (ICA),
which delivers blood to most of the cerebral hemis-
phere [1-2]. Circulatory disturbances inside the MCA
cause ischemic strokes with focal neurological deficits
[3]. The central branches of the MCA play an essen-
tial role in brain hemorrhage because they may often
rupture due to atherosclerotic lesions or arterial hy-
pertension [2]. The MCA is also a location of saccular
cerebral aneurysms [3-4]. Aneurysms of the MCA are
most often located within its main trunk division whe-
re hemodynamic stress is greatest [4-5].

From an anatomical point of view, the MCA is
a direct extension of the ICA, with the anterior cerebral
artery (ACA) being the second major branch originating
from the ICA. The MCA is separated into five segments:
M1 — M5. The first segment (M1, also known as the
sphenoidal segment) is positioned horizontally and pas-
ses in the lateral direction. Subsequently, at the limen
insulae the M1 enters the lateral sulcus of the brain,
where it splits into M2 branches [1-2]. Most frequently,
such a division is bifurcated, but there exists some va-
riability with more than two M2 branches [6-7]. Since
the M2 branches extend in the posteriorly within the
lateral sulcus and surround the insula, the M2 is named
the insular segment [2, 6]. In the region of the oper-
culae, the M2 branches further split into the M3 bran-
ches, also called the opercular segment. In the region
of the three operculae covering the lateral sulcus, the
M3 branches extend to the cerebral convexity and are
distinguished as the M4 cortical segments, which even-
tually split into the terminal (M5) segments [2].

MCA divisions are the third most frequent location
of saccular cerebral aneurysms. MCA aneurysms con-
stitute approximately 20% of all intracranial aneury-
sms [8]. Saccular cerebral aneurysms occur in approxi-
mately 2% of the entire population [8-9]. Cerebral

vessels with potential vascular malformations may
be visualized using three basic diagnostic methods:
digital subtraction angiography (DSA), computed to-
mography angiography (CTA) and magnetic resonance
angiography (MRA) [7, 10]. CTA used in this article is
commonly considered in clinical practice. It is a rapid
and accessible imaging test which can be performed
at the Emergency Departments. CTA allows an imme-
diate detection of cerebral aneurysms [10]. The aim
of this study was a CTA-based comparative analysis of
the bilateral MCAs in patients with unilateral saccular
aneurysms localized within the M1 division.

Material and methods

We performed a retrospective morphometric analy-
sis of CTA images obtained from 45 patients who were
treated at a single neurosurgery center in the in the years
2018-2019. The reason for referral was unilateral intra-
cranial aneurysm located in the M1 division of the MCA.

CTAs in patients with unruptured aneurysms were
performed in an outpatient setting. The CTA scans were
acquired 0.4 mm intervals using a Discovery CT 750 HD
(General Electric Healthcare, Chicago, USA) scanner
and were saved in the Digital Imaging and Communi-
cations in Medicine (DICOM) format. To visualize the-
ir blood vessels, patients were administered 80 ml of
intravenous contrast agent (Omnipaque by General
Electric Healthcare, Chicago, USA). The exclusion crite-
ria were: comorbidities that could affect the cerebral
vessel morphology (e.g. polycystic kidney disease), co-
existing cerebral aneurysm at a different location, an
expansive intracerebral hematoma in the area of the
MCA aneurysm, the M1 trunk not visible in CTA due
to massive cerebral edema. In all patients with suba-
rachnoid hemorrhage (SAH), a computed tomography
(CT) examination was performed to diagnose SAH, and
immediately afterwards a CTA examination was done.
SAH visualized in these CTAs was considered acute,
therefore cerebral vasospasm was not taken into acco-
unt in the measurement of the MCA width.

The analysis (comparisons of MCAs with M1 divi-
sion aneurysm and non-affected MCAs) was perfor-
med by two authors: a neurosurgery specialist with 15
years of professional experience in aneurysm surgery
and an anatomist with 10 years of professional expe-
rience in morphometry.

The following five parameters were measured:

1. length of M1 measured bilaterally from the ICA
division to the M1 bifurcation,

2. width of M1 in the proximal section of the artery,

3. width of M1 in the middle section of the artery,
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4. width of M1 next to the bifurcation and

5. the angle between M1 and the ACA Al segment —
measured in the plane formed by the proximal
branches of these two arteries (the angle at which
the terminal branches of the ICA bifurcate).

Statistical analysis was performed using StatSoft® sta-
tistical program STATISTICA 13.1. Distribution of variables
was checked using the Shapiro—Wilk (W) test, while the
homogeneity of variance was checked using the Fisher's
test. The results were expressed as arithmetic means
with standard deviations (SD). To compare the means,
Student’s t-test for independent variables was used. Tu-
key’s test was used for post-hoc analysis. If no similarity
of variance occurred, the non-parametric Kruskal-Wallis
test was used. The study protocol was approved by the
local Bioethics Committee (document no. KB 35/2020).

The study group comprised 25 men and 20 women
with the mean age of 62.34 years (men 61.24, women
64.56). In every analyzed CTA image, cerebral vessels
were clearly visible and morphometric measurements
were possible. Out of the 45 CTA images examined, 12
revealed unruptured MCA aneurysms, while 33 showed
ruptured aneurysms and subarachnoid hemorrhage
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(SAH). In 27 cases, the aneurysm was located on the right
MCA, whereas in 18 cases on the left MCA. Due to the
small sample size of the analyzed documentation, we de-
cided not to compare the MCA morphometric parameters
in patients with ruptured and unruptured aneurysms in
this study. Since all CTAs concerned sporadic aneurysms in
the population, the group was considered homogeneous.

A diagram of the measurements is shown in Figure
1. The number of M2 branches originating in the M1
division was also assessed. Mean values and standard
deviations of the examined parameters of the MCA, as
well as the angle between the MCA and ACA are pre-
sented in Table 1. The statistical analysis did not reveal
any significant differences in terms of sex nor aneurysm
laterality (p > 0.05) referring to both the occurrence of
aneurysms and the parameters measured.

) '_!

Figure 1. A diagram of the MCA measurements (1-5) and the

number of M2 branches originating from the M1 division

Table 1. Values of the examined MCA parameters and ACA/MCA angle

Measurement normal artery artery with an aneurysm
parameters
length of M1 45 24.1 2.43 45 23.61 2.21 0.132
width of the proximal end 45 2.19 0.19 45 2.21 0.17 0.142
width of the middle part 45 1.99 0.12 45 2.02 0.14 0.234
width of the distal end 45 1.88 0.15 45 1.92 0.13 0.145
angle of artery M1/A1 45 123.97 16.23 45 122.94 17.65 0.091
trifurcation 17 4 17 12 = =
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In the studied group, the mean length of segment
M1 was 24.1 + 2.43 mm on the non-affected side and
23.6 £ 2.21 mm on the affected side. The mean width
measured in the proximal end of the MCA was 2.19 +
0.19 mm on the non-affected side and 2.21 £ 0.17 mm
on the affected side. The mean width of the middle part
of M1 was 1.99 + 0.12 mm on the non-affected side
and 2.02 + 0.14 mm on the affected side. The mean
widths measured next to the division initiating the M2
segments on the non-affected and affected sides were:
1.88 £ 0.15 mm and 1.92 + 0.13 mm, respectively.

The angles of division between the ACA and MCA
were: 123.97 + 16.23° on the non-affected side and
122.94 + 17.65° on the affected side. The CTAs visuali-
zed the types of the M1/M2 division in terms of the
number of branches. In the study group consisting
of 90 arteries, a trifurcation was observed in 4 cases
(8.8%) of non-affected arteries and in 12 cases (26.6%)
of arteries with aneurysms. CTA with a MCA trifurca-
tion with an aneurysm on the inferior side of the M1
division is shown in Figure 2.

The MCA morphometric analysis of non-affected
arteries and aneurysms is a subject of interest for
numerous authors. However, the literature concen-
trates on the microsurgical anatomy of the MCA ba-
sed on cadaver specimens. Valuable reports on the
topic were published by Grand et al. (1980), Gibo et

al. (1981), Umansky et al. (1984) and Yasargil (1984)
[1-3, 11]. Our study focused on CTA assessment of the
M1 length and the number of M2 branches in living
patients, not cadavers.

The mean length of M1 in our study was 24.1 +2.43
mm on the non-affected side and 23.6 £ 2.21 mm on
the affected side, which was greater than those repor-
ted by other authors. According to Umansky et al., it
was 15.1 and 15.7 mm [11], respectively, and according
to Yasargil, it was 14-16 mm [3]. On the basis of the
microsurgical MCA anatomy in the Indian population,
Pai et al. obtained the mean M1 length of 20.00 mm [6],
which was relatively similar to our measurements [6].
In our study the M1 segment was bifurcated in 71 ar-
teries (78.89%) and trifurcated in 19 arteries (21.11%).
Comparable findings were published by Pai et al. [6],
and earlier by Yasargil and Umansky et al. [3, 6, 11].
According to some authors, the M1 division is always
a bifurcation and the presence of three or four main
arterial branches results from a very early M2 division,
which makes the M2 segments originate in the M1 di-
vision [6, 7, 12]. The traditional M1 division into two
M2 branches (bifurcation) is observed in vascular stu-
dies in 50% of cases, even in approx. 80% according to
some authors [6]. The two M2 branches are the supe-
rior and inferior ones.

According to the literature, in a bifurcation both
branches may be equal in diameter or one of them
may be dominant [7, 12]. A trifurcation is observed
in 12—-25% of cases but according to some authors it
is a pseudo-trifurcation with a very early division of

Figure 2. CTA two-dimensional axial projection with a M1 trifurcation with an aneurysm (A), CTA three-dimensional projection of the

M1 division — a trifurcation of M1 with aneurysm (B)
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the M2 superior branch (in 15% of cases) or the M2
inferior branch (in 10% of cases). In 5% of cases, both
branches are split early which gives the appearance of
a pseudo-tetrafurcation. In ~2% of cases, there is no
apparent division of the M1 trunk into M2 branches,
with one dominant M2 branch being the extension
of M1 and the other smaller M2 branch appearing as
a lateral branch [6, 12]. In our study, the number of
branches originating from the M1 division was coun-
ted. Out of 19 arteries with observed a MCA trifur-
cation, 15 were affected by an aneurysm, and only 4
were non-affected.

Some authors have pointed out that aneurysms
of the MCA division are characterized by a wide neck
covering the division. Thus, the anatomy of the MCA
M1 division is distorted and the visible M1 trifurca-
tion may in fact be an early division of one of the M2
branches, not a true trifurcation [11-12]. Yasargil cla-
ims that the exact anatomy of the MCA division with
the number of branches can only be determined in-
traoperatively [3]. Orakdogen et al. published a DSA
evaluation in 128 patients with aneurysms in the area
of the circle of Willis, while our study is restricted to
the CTA evaluation of MCAs in 45 patients with unila-
teral MCA aneurysms. Orkadogen et al. reported that
in patients with MCA aneurysms, anatomical differen-
ces in cerebral arteries were much less common than
in aneurysms of the anterior and posterior communi-
cating arteries (ACoA and PCoA). Anatomical differen-
ces of the MCA in patients with aneurysms are more
frequent in men. The most common anatomical va-
riation was a trifurcation of the MCA [13]. In our study,
no sex differences in the morphometric parameters
of the MCA were found. As in our study, Orkadogen
investigated ruptured aneurysms and those detected
incidentally. Patients with incidentally detected aneu-
rysms consituted 82.8%, while those with ruptured
aneurysms constituted 17.2% of the study group [13].
In our study, the proportion was similar: 73.33% and
26.67%, respectively. Both in our study and in that by
Orkadogen et al., analyses of vascular examinations
mostly included patients with SAH. Sadatomo et al.
conducted an anatomical analysis of the MCA division
in patients with aneurysms in that area and in partici-
pants with non-affected arteries.

Based on three-dimensional DSA and MRA, they
evaluated the MCA division in non-affected arteries
and in those with aneurysms of the M1 division, as
in our study. The study group comprised 62 patients.
They focused on the evaluation of the MCA division,
measuring the division angles of M2 branches, their
thickness and dominance of one branch [12]. We did

not perform such measurements in this study. On the
other hand, Sadatomo et al. excluded cases of a MCA
trifurcation from their study. They also excluded cases,
in which a ruptured aneurysm caused a intracerebral
hematoma, which prevented evaluation of the MCA in
imaging examination [12].

The morphometric parameters of the M1 segment
of the MCA are not associated with the presence of an
aneurysm in the M1 division. The coexistence of the
more frequent trifurcation of the MCA and an aneu-
rysm constitutes evidence of greater anatomical varia-
bility of this arterial area in cases with a concomitant
vascular malformation.
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