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Abstract The objectives of this study were to elucidate the
normal anatomy of middle cerebral artery (MCA) bifurca-
tions and to analyze the differences in patients with MCA
aneurysms. In the present study, 62 patients underwent
three-dimensional magnetic resonance angiography, and no
intracranial lesions were noted. The widths of M1 and the
superior and inferior M2 branches, as well as their respec-
tive lateral angles, were measured. These values were used
to calculate the daughter artery ratio (DA ratio; width of
larger M2/width of smaller M2) and the lateral angle ratio
(LA ratio; lateral angle between M1 and larger M2/lateral
angle between M1 and smaller M2). The DA and LA ratios
of 54 MCA aneurysm patients (34 with ruptured aneurysms,
20 with unruptured aneurysms) were also calculated, using
three-dimensional digital subtraction angiography, and com-
pared with the normal values. In normal patients, the widths
of M1 and the branches of M2, the lateral angles, and the
LA and DA ratios were not significantly different between
the right and left sides. The bilateral superior and inferior
lateral angles of normal MCAs were significantly wider than
those of MCAs with aneurysms. The DA ratio was 1.5±0.4
in normal MCAs and 1.7±0.7 in MCAs with aneurysms;
this difference was significant (p<0.05). The LA ratio was
1.3±0.4 in normal MCAs and 2.1±1.4 in MCAs with
aneurysms; these values were also significantly different
(p<0.01). Normal cerebral artery bifurcations show close to
symmetric structure in the M2 branches and the lateral angles,
whereas aneurysmal MCAs do not show this symmetry.
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Introduction

Many intracranial aneurysms occur at arterial bifurcations,
and hemodynamic stress on these bifurcations is a mechanism
of aneurysmal formation [20, 21]. In previous studies, we
evaluated the relationship between aneurysmal neck location,
daughter artery size, and lateral angles and reported that in
many unruptured middle cerebral aneurysms, the aneurysmal
necks deviate to the smaller daughter artery side [15–17]. In
ruptured middle cerebral artery (MCA) aneurysms, the necks
tend to be located on the midline of the bifurcation. Three-
dimensional structures surrounding cerebral artery bifurca-
tions vary with individual patients, including within the pop-
ulation of normal patients. There are currently no studies
comparing these structures between patients with normal
MCA bifurcations and those with bifurcations harboring
MCA aneurysms. Our study is focused on analyzing the
three-dimensional differences in these two types of MCA
bifurcations. This type of structural study may provide clues
for determining the morphological factors contributing to the
development of aneurysms.

Patients and methods

Patient population

Magnetic resonance angiography (MRA) performed in 62
cases at the Higashihiroshima Medical Center did not reveal
any vascular lesions. The middle cerebral artery (MCA)
type included in this study was exclusively the bifurcation
type, and trifurcation types were excluded. Thirty-five male
and 27 female patients with ages ranging from 20 to 81
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(mean; 59.4) were selected. The chief complaints were as
follows: 18 cases of vertigo or dizziness, 9 of headache, 8 of
numbness, 6 of tinnitus, 5 of facial palsy, 3 of brain check-
up, 2 of visual field defect, and 1 each of sarcoidosis,
trochlear nerve palsy, head injury, exophthalmos, eye-lid
swelling, aortic valve stenosis, meningitis, ventricle dilata-
tion, examination before coronary artery bypass grafting,
and drug intoxication. There were four cases of trifurcation
in the right MCA and five in the left MCA. These nine
trifurcations were excluded from the study. The bifurcation
point in this study was defined to be the ones that were the
nearest from M1/M2 transition points and the bifurcating
points of early branches are not included in this study. Thus,
the anatomy of a total of 115 MCA bifurcations was
examined.

Fifty-one consecutive patients with MCA aneurysm of
the saccular type were hospitalized at the Higashihiroshima
Medical Center, and three-dimensional digital subtraction
angiography (3D-DSA) was performed in all of these
patients. They included 19 male and 32 female patients,
with ages ranging from 35 to 90 (mean; 61.3). The total
number of aneurysms was 54, of which 34 aneurysms were
ruptured (dome size; 6.7±3.2 mm) and 20 were unruptured
(dome size; 5.6±3.5 mm). The age of cases with unruptured
aneurysms was 61.2±14.6 and that with ruptured aneurysms
was 61.4±7.3. They did not show statistically difference. In
ruptured aneurysms, DSA studies were performed within
24 h from the onset in all cases.

3D-MRA and 3D-DSA studies

The Achieva 1.5-T Pulsar (Royal Philips Electronics, the
Netherlands) was used for the MRA studies, and the Toshiba
Infinix Celeve VC system (Toshiba, Inc., Tokyo, Japan) was
used for the DSA studies. The raw data were transferred to
the ZIO M900 workstation (Zio Software Inc., Tokyo, Japan)
and analyzed to obtain the 3D information. The ZIO M900
workstation makes it possible to observe the MCA bifurcation
with or without aneurysms from various angles and to mea-
sure the length, width, and the 3D angles of the arteries which
constitute the MCA bifurcations.

Normal anatomy of the MCA bifurcations and anatomy
of the MCA bifurcations with aneurysms

There are two lateral angles in each MCA bifurcation, which
are situated between M1 and one of the M2 branches. The
lateral angle between M1 and the superior M2 branch was
called the superior lateral angle and that between M1 and the
inferior M2 branch was called the inferior lateral angle.
These two lateral angles were determined by viewing the
plane decided by M1 and one of the M2 branches from the
perpendicular direction (Fig. 1). In MCA aneurysm cases,

M1 is often called the parent artery and M2 is called the
daughter artery. Whether the superior or the inferior branch
of the M2 is larger is undecided, and it varies depending on
individual cases. In this study, the daughter artery ratio (DA
ratio) and lateral angle ratio (LA ratio) are defined as follows:
DA ratio, width of larger M2 branch/width of smaller M2
branch and LA ratio, lateral angle between M1 and the larger
M2 branch/lateral angle between M1 and the smaller M2
branch. When the widths of the twoM2 branches are identical
and the two lateral angles are not identical simultaneously, LA
ratios are calculated as the larger lateral angle/smaller lateral
angle.

The widths of the M1 and superior and inferior M2
branches, the superior and inferior lateral angles, and the
DA and LA ratios were measured in normal MCA bifurca-
tions using 3D-MRA and the ZIO M900 system. On the
other hand, the superior and inferior lateral angles and the
DA and LA ratios were measured using 3D-DSA and the
ZIO M900 system for three categories, total aneurysm cases
(both unruptured and ruptured aneurysm cases), unruptured
aneurysm cases, and ruptured aneurysm cases. All these

Fig. 1 Shaded triangles are planes described by M1 and either the
superior or inferior M2 branches. Upper right superior lateral angle;
lower right inferior lateral angle. The Zio M900 workstation automat-
ically measures these angles when the examiner specifies the plane
including M1 and 1 of the M2 branches

Table 1 Measurement of normal MCA bifurcation

Right Left p value

Width of M1 (mm) 2.2±0.3 2.2±0.2 0.2508

Width of superior branch (mm) 1.4±0.4 1.4±0.4 0.7352

Width of inferior branch (mm) 1.5±0.4 1.5±0.3 0.5867

Superior lateral angle (°) 117.1±22.1 119.7±24.3 0.5441

Inferior lateral angle (°) 107.2±24.9 113.5±25.9 0.1856

LA ratio 1.3±0.5 1.3±0.4 0.7866

DA ratio 1.5±0.4 1.4±0.4 0.2163
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data were statistically examined using Student’s t test, which
was performed using commercially available software (Stat
View, version 5.0; SAS Institute, Inc., Cary, NC, USA).

Receiver operating characteristic analysis of lateral angles
and LA and DA ratios

A receiver operating characteristic (ROC) analysis was per-
formed to differentiate the lateral angles and the LA and DA
ratios between the normal MCAs and the MCAs with aneur-
ysms (including the three categories of total, unruptured, and
ruptured aneurysm cases) and to differentiate LA and DA
ratios between ruptured and unruptured aneurysms cases.
The ROC analysis is commonly used when evaluating diag-
nostic tests [12]; the ROC curve is used to plot sensitivity
against 1-specificity because the cutoff point varies continu-
ously from larger to smaller values. Thus, for larger values of
the cutoff point, sensitivity is low but specificity is high. As
the cutoff point progressively decreases, sensitivity increases
and specificity decreases. Thus, the curve is used to plot the
trade-off between sensitivity and specificity, and the closer the
curve is to the upper left-hand corner of the plot, the better the
discrimination. The cutoff point was determined at the point
where the Youden Index [3] shows the maximum value (You-
den Index=sensitivity+specificity−1). Statistical Package for
the Social Sciences (SPSS) II (SPSS Japan Inc., Tokyo, Japan)
was used for the ROC analysis.

Results

Width of M1 and branches of M2, superior and inferior
lateral angles, and LA and DA ratios in normal MCA
bifurcations

The width of the right M1 was 2.2±0.3 mm and that of the
left M1 was 2.2±0.2 mm. The width of the superior branch
of the right M2 was 1.4±0.4 mm and that of the left M2 was
1.4±0.4 mm. The width of the inferior branch of the right
M2 was 1.5±0.4 and that of the left M2 was 1.5±0.3 mm.
The right superior lateral angle was 117.1±22.1°, and the
left superior lateral angle was 119.7±24.3°. The right infe-
rior lateral angle was 107.2±24.9°, and the left inferior
lateral angle was 113.5±25.9°. Thus, the right LA ratio
was 1.3±0.5, and the left LA ratio was 1.3±0.4. The right
DA ratio was 1.5±0.4, and the left DA ratio was 1.4±0.4.

When the above values were compared between the right
and left sides, they were not statistically different (Table 1).
However, when the superior and inferior lateral angles were
compared, the superior lateral angle was statistically wider
than the inferior lateral angle on the right side (p<0.05). The
superior lateral angle tended to be wider than the inferior
lateral angle, but was not statistically different on the left
side (Table 2).

Lateral angles of normal MCAs and MCAs with aneurysms

Four lateral angles were measured in this study: right superior,
left superior, right inferior, and left inferior lateral angles.
When these lateral angles were compared among normal
MCA and total aneurysm cases (this category includes both
ruptured and unruptured aneurysm cases), all of the four
lateral angles were statistically wider in the normal MCA than
those in the total aneurysm cases. When these lateral angles

Table 2 Lateral angles of the normal MCA bifurcations

Superior lateral angle Inferior lateral angle p value

Right (°) 117.1±22.1 107.2±24.9 0.0256

Left (°) 119.7±24.3 113.5±25.9 0.1948

Table 3 Lateral angles of the
normal MCA and MCA
with aneurysm

Normal MCA Total AN p value

Right superior lateral angle (°) 117.1±22.1 92.3±33.6 <0.0001

Left superior lateral angle (°) 119.7±24.3 93.1±32.5 0.0002

Right inferior lateral angle (°) 107.2±24.9 93.2±38.3 0.0382

Left inferior lateral angle (°) 113.5±25.9 84.2±46.7 0.0008

Normal MCA Unruptured AN p value

Right superior lateral angle (°) 117.1±22.1 83.2±37.3 <0.0001

Left superior lateral angle (°) 119.7±24.3 91.3±37.4 0.0081

Right inferior lateral angle (°) 107.2±24.9 96.1±45.7 0.2255

Left inferior lateral angle (°) 113.5±25.9 68.6±42.8 0.0002

Normal MCA Ruptured AN p value

Right superior lateral angle (°) 117.1±22.1 97.1±31.0 0.0029

Left superior lateral angle (°) 119.7±24.3 93.9±31.2 0.0013

Right inferior lateral angle (°) 107.2±24.9 91.4±33.9 0.0292

Left inferior lateral angle (°) 113.5±25.9 92.1±48.0 0.0251

Neurosurg Rev (2013) 36:437–445 439



were compared among normal MCA and ruptured aneurysm
cases, all of the four lateral angles were also statistically wider
in the normalMCA than those in the ruptured aneurysm cases.
When these lateral angles were compared among normal
MCA and unruptured aneurysm cases, three of the four lateral
angles were statistically wider in the normal MCA than those
in the unruptured aneurysm cases (Table 3).

DA and LA ratios of normal MCA and MCA aneurysm
cases

The DA ratio of the normal MCA cases, which includes
both left and right sides, was 1.5±0.4 and that of the total

aneurysm cases, which includes both ruptured and unrup-
tured aneurysm cases, was 1.7±0.7. A significant difference
was calculated (p<0.05) using Student’s t test. When the
DA ratios of normal MCA and unruptured aneurysm cases
(DA ratio=2.1±0.8) were compared, the difference was
more prominent (p<0.01). On the contrary, when the DA
rations of normal MCA and ruptured aneurysm cases (1.4±
0.5) were compared, no statistically significant differences
were observed. The LA ratio of the normal MCA cases was
1.3±0.4 and that of the total aneurysm cases was 2.2±1.4,
which demonstrated a significant difference (p<0.01) using
Student’s t test. The LA ratio in both the unruptured (2.6±
1.4) and ruptured (1.9±1.3) aneurysm cases demonstrated a

Table 4 Daughter artery ratio
and lateral angle ratio

aCut point did not detected be-
cause it did not reach significant
differences by ROC analysis

Normal MCA Total AN p value Cut point

DA ratio 1.5±0.4 1.7±0.7 0.0193 –a

LA ratio 1.3±0.4 2.2±1.4 <0.0001 1.6

Normal MCA Unruptured AN p value Cut point

DA ratio 1.5±0.4 2.1±0.8 <0.0001 1.9

LA ratio 1.3±0.4 2.6±1.4 <0.0001 1.6

Normal MCA Ruptured AN p value Cut point

DA ratio 1.5±0.4 1.4±0.5 0.6033 –a

LA ratio 1.3±0.4 1.9±1.3 <0.0001 1.6

Ruptured AN Unruptured AN p value Cut point

DA ratio 1.4±0.5 2.1±0.8 0.0001 1.7

LA ratio 1.9±1.3 2.6±1.4 0.07 –a

Fig. 2 Representative normal
right middle cerebral artery
(MCA) in a 65-year-old man.
The superior lateral and inferior
lateral angle measures as well
as their widths are almost the
same. Thus, both the lateral
angle (LA) and daughter artery
(DA) ratios are 1.0
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significantly high count compared to the normal MCA cases
(both of them p<0.01) (Table 4). Representative cases of

normal MCA, MCAwith unruptured and ruptured aneurysm
are shown in Figs. 2, 3, and 4 respectively.

Fig. 3 Representative left
MCA unruptured aneurysm in a
65-year-old woman. Both the
LA and DA ratios are high, at
2.7 and 2.5, respectively

Fig. 4 Representative right
MCA ruptured aneurysm in a
62-year-old man. The LA ratio
is high, at 1.9. However, the
DA ratio is low, at 1.0
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Receiver operating characteristic analysis on lateral angles,
and LA and DA ratios

Student’s t test revealed that there was a significant difference
between the DA ratios of the normalMCA and total aneurysm
cases. However, no significant difference was observed on
ROC analysis. The LA ratios of the normal MCA and total
aneurysm cases, both the DA and LA ratios of the normal
MCA and unruptured aneurysm cases, the LA ratio of the
normal MCA and ruptured aneurysm cases, and the DA ratio
of the ruptured and unruptured aneurysm cases demonstrated
significant differences by ROC analysis, and their cut-off
points were 1.6, 1.9, 1.6, and 1.7, respectively (Table 4). The
ROC curves of the two representatives are shown in Fig. 5.

Discussion

With the advent of 3D-DSA and 3D time-of-flight MRA, it
has become possible to obtain detailed information regard-
ing the cerebral arteries [1, 5, 8, 9, 14]. Morphological
evaluation of the circle of Willis in healthy patients using
DSA and MRA is currently under-reported [10, 22], and
extensive studies have not been performed.

The width of M1 and the branches of M2, as measured in
healthy Japanese patients by MRA, were approximately 2.2
and 1.4–1.5 mm, respectively, in our study. In a previous
report from Poland, the widths of M1 and the branches of
M2, measured by MRA, were approximately 2.4 and 1.6–
1.7 mm, respectively [22]. These slight differences may be
due to variable imaging conditions during MRA, or due to
racial differences. The average width of M1 in a cadaveric
brain has been reported as 3.9 mm [6], which was quite
different from our results. However, the width of M1 in the
cadaveric brain was obtained by measuring the outside
diameter, whereas we measured the inside diameter to ob-
tain our result; this may be the main reason for the discrep-
ancy. In addition, the MRA value represents the flow inside
the artery, which tends to be narrower than the actual inside
diameter.

In this study, superior and inferior lateral MCA angles
were measured. The former tended to be wider than the
latter on the left side, and this difference reached statistical
significance on the right side. When LA ratios were calcu-
lated; however, no significant differences in the extent of
lateral angle asymmetry were observed between the right
and left sides. When lateral angles were compared between
normal MCAs and the MCAs of aneurysm patients, the four
lateral angles (right superior, left superior, right inferior, and
left inferior) in the aneurysm cases were significantly
smaller than those in the normal patients. This may be
because aneurysms are space-occupying lesions that dislo-
cate the M2 branches to the lateral side; thus, the lateral

angles became smaller. Even if no other reason exists, by
this argument, the lateral angles of MCAs with ruptured

Fig. 5 Top The area under the receiver operating characteristic (ROC)
curve for the LA ratio between normal MCAs and all MCAs with
aneurysm is 0.74 [95 % confidence interval (CI), 0.66–0.83]. The
cutoff point for the LA ratio is 1.6, the sensitivity is approximately
61 %, and the specificity is 84 %. Bottom The area under the ROC
curve for the DA ratio between ruptured and unruptured aneurysmal
vessels is 0.79 (95 % CI, 0.66–0.92). The cutoff point for the LA ratio is
1.6, the sensitivity is approximately 70 %, and the specificity is 85 %
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aneurysms would be smaller than those with unruptured
aneurysms, as ruptured aneurysms are larger than their
unruptured counterparts (as mentioned in the “Patients and
methods” section). A comparison of the lateral angles, cal-
culated as the average of the superior and inferior lateral
angles, yielded different results. The average value of the
lateral angles of right MCAs with ruptured aneurysms was
188.5°, whereas that of right MCAs with unruptured aneur-
ysms measured 179.3°. The average value of the lateral
angles of left MCAs with ruptured aneurysms was 186.0°,
whereas that of the left MCAs with unruptured aneurysms
measured 159.9°. The average value of the lateral angles of
MCAs with ruptured aneurysms was larger, not smaller,
than that of their unruptured counterparts. Therefore, anoth-
er factor besides space occupation may be responsible for
the differences in lateral angle measurements in MCAs with
aneurysms.

The possibility that a smaller lateral angle per se is the
structural cause of a developing aneurysm cannot be ruled
out. To clarify this, it is necessary to compare the same
patient’s bifurcations by 3D-MRA or 3D-DSA before and
after aneurysmal development. In our series, there was only
one example of such a comparison. A 72-year-old male was
referred to our hospital for an incidentally discovered unrup-
tured aneurysm. He had been evaluated 11 years ago by
MRA in another hospital; however, as three-dimensional
images were not available from this study, the precise lateral
angles could not be measured. There were, however, no
conspicuous differences in the construction of the parent
and daughter arteries when comparing images obtained after
aneurysmal development to the baseline images (Fig. 6). If it

is confirmed that lateral MCA angles do not show signifi-
cant changes before and after aneurysmal development, a
smaller lateral angle or development of asymmetry in the
lateral angles could be considered as risk factors for future
aneurysmal formation.

The Student’s t test demonstrated that the DA and LA
ratios of normal MCAs were both significantly smaller than
those of MCAs with aneurysms. However, when they were
compared by ROC analysis, significant differences were
observed only for the LA ratios; the cutoff point was 1.6.
These results mimicked those of the comparison between
normal MCAs and MCAs with ruptured aneurysms. How-
ever, the DA and LA ratios of MCAs with unruptured
aneurysms both indicated a significant difference by ROC
analysis when compared with normal MCAs. Thus, the
lateral angle of MCAs with aneurysms, regardless of whether
they are ruptured or unruptured, tends to be asymmetrical.
However, an asymmetrical M2 width is a feature specific to
MCAs with unruptured aneurysms. The DA ratio of unrup-
tured aneurysms is significantly higher than that of ruptured
aneurysms, with a cutoff point of 1.7. This result is consistent
with that of our previous report [17].

This retrospective study aims to clarify the morphologi-
cal differences between normal vessels and vessels contain-
ing aneurysms. In ruptured aneurysms, the influences of
hematoma, vasospasm, brain edema, and hydrocephalus on
the measurement of the lateral angles and the width of
daughter arteries must be considered. In our series, there
were no cases of massive hematoma, and DSA was per-
formed within 24 h of the onset of symptoms. Therefore, the
influence of the first two factors can be ignored. However,

Fig. 6 A case of unruptured
aneurysm. A 72-year-old male
had been evaluated 11 years ago
by MRA in another hospital
(a) although three-dimensional
images were not available from
this study. The precise lateral
angles could not be measured.
There were, however, no
conspicuous differences in the
construction of the parent
and daughter arteries when
comparing images of the MRA
obtained after aneurysmal
development (b) to the
baseline images. c, d The
three-dimensional DSA
of the same patient
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the influence of the latter two cannot be ruled out. A pro-
spective study focusing on these morphological points may
help to clarify the characteristics that predict aneurysmal
development or rupture; this is very useful information for
those without aneurysms or who have unruptured aneurysms.

Reports describing computational flow dynamic studies
on aneurysms per se or on parent arteries are gradually
increasing [7, 13, 23–25]. There is a particular focus on wall
shear stress as a possible mechanism of aneurysmal forma-
tion. It has been reported that high wall shear stress plays an
important role in aneurysm initiation and growth [4, 11].
However, Shojima et al. [18, 19] and Doenitz et al. [2]
proposed that reducing wall shear stress inside an aneurysm
leads to its progression and eventual rupture. Flow dynamic
studies focusing on the structural differences in the daughter
arteries, including normal cerebral artery bifurcations, have
not been adequately performed. These studies would be
useful in understanding the mechanism of aneurysm forma-
tion and rupture.

In conclusion, we found that MCA bifurcations in
patients with aneurysms show differences from their normal
counterparts. The lateral angles are more narrow in patients
with aneurysms, and the angles in bifurcations with aneur-
ysms tend to be asymmetrical. Unruptured aneurysms tend
to have asymmetrical widths of M1 and M2. Prospective
studies concerning these characteristics may help clinicians
to predict which currently normal MCAs are prone to future
aneurysm or rupture.
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Comments

Waleed A. Azab, Safat, Kuwait
In this study, Sadatomo et al. utilized 3D-DSA in patients with

MCA saccular aneurysms and MRA in normal subjects to analyze the
morphometry of MCA bifurcations in patients with and without MCA
aneurysmal rupture. They found that MCA bifurcations in patients with
aneurysms show differences from their normal counterparts; the lateral
angles are more narrow in patients with aneurysms, the angles in
bifurcations with aneurysms tend to be asymmetrical, and unruptured
aneurysms tend to have asymmetrical widths of M1 and M2.

Although factors other than vessel diameters and take off angles
may be contributing to aneurysmal rupture and measurements could be
compromised by vasospasm in patients with post-aneurysmal rupture
SAH, the findings of the study add to our understanding of the
mechanisms underlying MCA aneurysm rupture and can potentially
help predicting such an event and treating it in a timely fashion.

Simone Peschillo and Roberto Delfini, Rome, Italy
In this interesting article by Sadatomo et al., the authors have

studied 62 patients without vascular lesions and 51 consecutive
patients with saccular aneurysms of the MCA in order to be able
to compare, between the two patient populations, the size and the
angles measured at the level of the MCA bifurcation. When these
lateral angles were compared among normal MCA and total rup-
tured and unruptured aneurysm cases, all of the four lateral angles
studied were statistically wider in the normal MCA than those in
the total aneurysm cases. When these lateral angles were compared
among normal MCA and ruptured aneurysm cases, all of the four

lateral angles were also statistically wider in the normal MCA than
those in the ruptured aneurysm cases. This is very interesting
because of the potential useful information that could emerge from
a neuroradiological study of the patient: In particular, a smaller
lateral angle or development of asymmetry in the lateral angles
could be considered as risk factors for future aneurysmal formation
or rupture and, thus, address the patient to further controls. As
mentioned by the Authors, a prospective study focusing on these
morphological points may help to clarify the characteristics that
predict aneurysmal development or rupture.

Hussam Metwali, Hannover, Germany
In this article, the authors studied the difference between the con-

figuration of middle cerebral artery bifurcation in the presence and
absence of aneurysm. This series includes ruptured and unruptured
aneurysms. The influence of the presence of an aneurysm is studied
in the terms of changes in the lateral angle ratio and the daughter artery
ratio. Significant differences were found. Sadatomo et al. stated that
this difference can help to understand the etiology of the formation of
an aneurysm and mechanism of its rupture.

Although the clinical impact of this study is not clear, it can help with
further flow dynamic studies to understand the flow stresses at the moment
of study but in our eyes still cannot clarify the cause/result dilemma of
aneurysmal development. It is difficult to say if this change is the cause of
the aneurysmal development or it is a deformation due to the presence of
an aneurysm. This may require the angiographies of the patients before
development of the aneurysm to be studies in conjunction of the angiog-
raphies of the same patients after development of the aneurysm. We
recommend the author to continue their work screening high-risk popula-
tion and pick the population who will develop the disease.

Neurosurg Rev (2013) 36:437–445 445


	Differences between middle cerebral artery bifurcations with normal anatomy and those with aneurysms
	Abstract
	Introduction
	Patients and methods
	Patient population
	3D-MRA and 3D-DSA studies
	Normal anatomy of the MCA bifurcations and anatomy of the MCA bifurcations with aneurysms
	Receiver operating characteristic analysis of lateral angles and LA and DA ratios

	Results
	Width of M1 and branches of M2, superior and inferior lateral angles, and LA and DA ratios in normal MCA bifurcations
	Lateral angles of normal MCAs and MCAs with aneurysms
	DA and LA ratios of normal MCA and MCA aneurysm cases
	Receiver operating characteristic analysis on lateral angles, and LA and DA ratios

	Discussion
	References


