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Morphometry of the Middle Cerebral Arteries:
A Radio-Anatomical Study Based on Computed
Tomography Angiography Findings

Morfometria de las Arterias Cerebrales Medias: Un Estudio Anatomo-Radioldgico
Basado en los Hallazgos de la Angiografia por Tomografia Computada
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SUMMARY: Middle cerebral artery (MCA), which has the largest irrigation area of the arteries that feed the brain, is an impagrtant arter
whose microanatomy should be well known because of its vascular variation. In pathologies which are known to affect #ascdetspstem
such as type 2 diabetes mellitus (T2DM) and hypertension, morphometric characteristics of MCA gain importance. The aiudyfithte
compare the morphometric characteristics of M1 segment of MCAin T2DM and hypertensive patients with those of healthyoprityaliging
computed tomographic angiography (CTA). The study was carried out with retrospective morphometric analysis of CTA imaipekvid 2818
between 40 and 65 years of age. The individuals were grouped in four as hypertensive patients (group 1), patients withif2B)Mpédrents
with hypertension and T2DM (group 3) and healthy control group (group 4). Length and diameter measurements of M1 segmdatmeaie p
and recorded by using 3D CTA images. While statistically significant difference was found between bilateral M1 segmerst ofidwibiaromen
and men (p<0.05), no statistically significant difference was found between segment lengths (p>0.05). As a result aftlaplysisiperformed,
it was concluded that right and left M1 segment diameter of group 1, group 2 and group 3 was found to be different from gotlisdxes
(p<0.05). We believe that this study will both be a guide in radio-anatomic assessments to be performed and also in@eragemitdevel of
information in the surgical treatment of the artery by showing the morphometric changes that occur in M1 segment of MCAdisdaxi2s!
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INTRODUCTION

Middle cerebral artery (MCA), which is the thickest2001). However, studies have reported that when the irrigation
branch of internal carotid artery (ICA), is also an importardrea of MCA is considered, 30-66 % probability of death is
artery associated with 20-43 % of all intracraniateported (Hacket al, 1996; Gurol & St Louis, 2008). In the
haemorrhages. While an occlusion in MCA is known to bease of a malignant MCA, this rate can go up to 80 % (Vahedi
the most common cause of ischemic stroke, the blockageatfal, 2007).

M1 segment of MCA may cause severe damage to the brain,

and even death (Sét al, 2010). It is reported that 86.2 % of MCA, which has the largest irrigation area of the three
MCA's aneurisms occur in M1 segment of the arterynain arteries known to feed the brain, is also the continuation
(Brzegowyet al, 2018). of ICA in terms of calibration and course. The fact that it

supplies blood to a large part of the brain, including a part of
Although MCA infarction isn't a rare condition, it is the frontal lobe and the lateral surface of the temporal and
seen only in 0.9 % of acute stroke disease (Akiyatral, parietal lobes, causes serious clinical picturearirurysm
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(Shi et al., 2010). Good micro-anatomical knowledge iof the Local Clinical Research Ethics Committee (2020/
required to be successful in the surgical treatment of ti877). The study was conducted between 2014 and 2020
pathologies of this artery, which has a large irrigation areby performing retrospective morphometric analyses of
The most important reason for this is the fact that MCA is th@TA images of 200 individuals aged between 40 and 65
structure with the most vascular variation among cerebralho referred to the University Faculty of Medicine
arteries. Surgeons’ knowing these vascular variations well cRadiology Department. Axial, sagittal and coronal sections
provide benefits such as correcting ischemia resulting fromere used in the measurements taken from CTA. Images
stroke, restoring perfusion and saving the patient frowf the participants who had aneurysm in brain arteries,
neurological deficits by minimizing ischemic brain damagéhose who had temporary ischemic attack, embolism,
(Gurol & St Louis, 2008; Shat al, 2010). Although there are endovascular treatment history, those who were using
many branching, variation, anomaly and duplication studiesgarette or alcohol, those who had hyperlipidemia, those
on MCA in the literature, the fact that chronic diseases gbunger than 40 and older than 65, those who had a diag-
participants have beenignored in these studies draws attentisis of hypertension and T2DM for less than 5 years and
as an important deficiency. This situation limits learning thmore than 10 years were excluded from the study. Images
effects of chronic diseases on MCA in literature. A greawith artefact were not included in the study. The individuals
majority of the studies conducted are radiological studies included in the study were grouped in four;
addition to cadaveric and experimental studies (Akiyatna
al., 2001; Vahedgt al,, 2007; Kahilogullaret al, 2012; Ciftci Group 1: Hypertensive patients (n=45)
et al, 2022). Today, due to its advantage of being a nofsroup 2: Patients with T2DM (n=45)
invasive method, computed tomographic angiography (CTA3roup 3: Patients with T2DM and hypertension (n=45)
is an up-to-date tool used in endovascular treatments aBdoup 4: Healthy control group (Individuals who met the
intracranial assessment. CTA is advantageous comparedrtolusion criteria, who did not have a diagnosis of T2DM
cadaver based anatomical studies in terms of creating a largehypertension), (n=65)
data base and allowing more precise measurements (Brzegowy
et al, 2018). Hypertension, which is known as a major risk Imaging method: Images were obtained from
factor for stroke, has been reported to cause cerebrovasc@amatom Definition Flash, Simens Healthcare, Forchheim,
changes, arterial wall thickening and endothelial damag@&ermany double source spiral CTA. The device was 256
These changes trigger or accelerate atherosclerosis formatsaetion multislice CT. Its dose is 120 kv 35 mA. Section
by changing cerebral blood flow (Chobanian, 1992; Faraco thickness of the device is 0,6 mm, and the amount of
ladecola, 2013). It is reported that there are frequent diabetiontrast material is 100 ml. For CTA scanning, parameters
cerebrovascular disorders in the chronic period of type 2 diaere adjusted as 120 kv for tube voltage for Simens, 200
betes mellitus (T2DM), which is a common heterogeneousA for tube voltage, 64¥0.6 mm for collimation, 500 ms
metabolic associated with chronic complications such der gantry turnaround time, 0.6 mm for section thickness.
nephropathy, angiopathy, retinopathy and peripheral
neuropathy. Nutrition of the brain is also affected by recurrent The patient was laid on the table in supine position
hypoglycaemia attacks and poor metabolic control (Americamith the head in the front and the arms on the sides. The
Diabetes Association, 2006). scanning area was set from vertex to mentum. A single
section was placed on the reference image from the ‘region
Pathologies such as T2DM and hypertension amf interest’ design to aorta by using the ‘Bolus tracking’
important pathologies which increase the tension of thaethod and the threshold was adjusted as 100 HU to start
vascular wall and consequently predispose to stroke (Dolanaging. 80-100 ml low osmolarity non-ionic contrast ma-
et al, 2013; Chi & Lu, 2017). In the literature reviewterial was injected to the median cubital vein with an
conducted, no studies were found evaluating the MCAutomatic pump with an injection rate of 4-5 mL/sec and
morphology of T2DM and hypertensive patients. This studfollowing the contrast material, 40 ml physiological saline
aims to compare the morphometric characteristics of Mdolution was injected for homogeneous distribution.
segment of MCA in patients with T2DM and hypertension by
using CTA images. MCA has 4 main segments:

M1 (sphenoidal) segment: It is parallel to sphenoid canal,
MATERIAL AND METHOD it has a posterior course.

M2 (insular) segment: It progresses in insula.

M3 (opercular) segment: It progresses over frontal, parietal
Patient Population. The study protocol was approved byand temporal opercula.
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M4 (cortical) segment: It progresses in lateral fissure ar@fatistical Analysis. The compliance of data to normal
spreads to the cortex in the lateral side of frontal, pariet@iktribution was examined with Kolmogorov Smirnov test
and temporal lobes. MCA has central (perforating) arahd it was found that the data were not normally
cortical branches throughout the course mentioned abadistributed. For data which were not normally distributed,
(Brzegowyet al, 2018). median and minimum (min) and maximum (max) values
were given. Mann Whitney U test was applied to the data
The following parameters were measured bilaterallp compare the parameters of male and female patients in
by performing vascular analysis and using 3D images #fte same group. Kruskall Wallis H test was applied to the
that vascular residue does not affect measurement:  data to compare the parameters of the patients between
the groups. Post Hoc Mann Whitney U test and paired
1. Length of M1 measured bilaterally from the internatomparisons were conducted to find out from which

carotid artery division to the M1 bifurcation, groups the difference between the groups originated from.
2. Diameter of M1 in the middle section of the artery. FiPost Hoc test was given as Model Viewer table. p<0.05
gure 1 shows measurement parameters. values were considered as statistically significant. IBM

SPSS Statistics 22.0 for Windows program was used in
In the literature, it is stated that the normal limit oftatistical analyses.
the length value of the M1 segment of the MCA is 15-17
mm, while the normal limit of the diameter measurement
is 2.4-4.6 mm (Ozsogt al, 2007). RESULTS

Ethical consideration. Malatya Clinical Researches

Ethical Board (2020/1377). 85 women (42.5 %) and 115 men (57.5 %) were
included in the study; mean age of women was found as

Data Analysis.The data were transferred to the screen f&7.25:1.1, while mean age of men was found as 303R

radiological analysis. All radiological measurements

determined were performed and recorded by a single In our study, the normal limit of MCA M1 segment

specialist radiologist. The images taken were started to leeagth measurement was 23 % on the right and 22 % on

evaluated from axial sections. They were then analysedtire left; The normal limit of the diameter measurement

each of the three planes (axial, sagittal, coronal) by usings determined as 79 % on the right and 80 % on the left

maximum intensity projection images. (Table I).

Fig. 1. M1 Segment of MCA (A: Starting point of M1 segment, B: midpoint of M1 C: End of M1 segment).
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Table 1. Occurrence of the value ranges of the diameter and segmeatients, statistically significant difference was found in bi-
lengths of the M1 segment of the MCA lateral MCA M1 segment diameter measurement in the

Parameters RightM1 Left M1 comparison of female and male patients between the groups
(mm) Segment Segment (p<0.05), while no statistically significant difference was
<15 %31 %29 found in segment length (p>0.05) (Table III).
LENGTH 1517 %23 %22
>17 %47 %49 In parameters which were found to be statistically
24 %21 %20 significant in terms of the result of Kruskal Wallis test, Mann-
y 0. 0. . .
D AMAT Whitney U test was conducted as post hoc test to find out
ERS Zf:"G %79 %80 which group the difference resulted from. According to the
>4 - -

analysis results, difference was found between group 1 and
group 2 and group 4 in right MCA Mlsegment diameter
In CTA assessments, M1 segment diameter of righteasurements of male patients, while difference was found
MCA was found to be larger in men when compared withetween group &nd group 2 and group 4 in left MCA
women in Group 4 (p<0.05) (Table II). Mlsegment diameter measurements. In female patients,
difference was found between group 3, group 2, group 1 and
According to the results of Kruskal Wallis test use@roup 4 in right MCA M1segment diameter measurements
for the M1 segment diameter and segment leng#nd between group 3 and group 2 and group 4 in left MCA
measurements of MCA between groups in female and mall segment diameter measurements (p<0.05) (Fig. 2).

Table II. Comparison of M1 segment diameter and segment length measurements of MCAin male and female patients accapding to gro

Female Male
Groups Parameters (mm) Median (min - max) Median (min - max) P
RightM1 Dia. 26 2-3.2 28 2-3.2 0277
Group 1 Left M1 Dia. 26 2.3-71) 2.7 (1.9-34) 0548
RightM1 Len. 15(2.6-22.6) 16 (11.4- 24.2) 0.208
Left M1 Len. 15,8 (2.4-23.4) 16.3 (8- 22.7) 0524
RightM1 Dia. 24 2.1-29) 24 2- 3.1 1
Group 2 Left M1 Dia. 25@0.9-27) 25@2.2-31) 0.405
RightM1 Len. 15.5 (12.2 - 18.6) 16.7 (11.3- 21.9) 0.315
Left M1 Len. 17.1 (10.1- 24.4) 16.8 (12- 22.5) 0.840
RightM1 Dia. 24 (1.6-3.2 25 @2-3) 0.139
Group 3 Left M1 Dia. 25 (1.6-3) 25(1.9-3.3) 0.086
RightM1 Len. 14.9 (10.2- 21.2) 15.9 (7.2- 26.4) 0.250
Left M1 Len. 16.1 (8.7- 18.5) 14.8 (5- 23.4) 0.751
RightM1 Dia. 3 (25-3.9) 26 (2.2-35) 0.004*
Group 4 Left M1 Dia. 3(25-3.7) 27 @2.4-33 0.081
RightM1 Len. 16.9 (7.6- 19.9) 16.8 (12.4- 22.1) 0524
Left M1 Len. 16.8 (9.7- 19.4) 176 (14.1-21.1) 0.251
* = Significant differences at the p<0.05 level; M1 Dia. = Arteria cerebri media; M1 Len. = Arteria cerebri media)
Table Ill. Comparison of M1 segment diameter and segment length measurements of MCA between groups.
Group 1 Group 2 Group 3 Group 4
Parameters (mm) Median Median Median Median p
(min-max) (min-max) (min-max) (min.-max)
RightM1 Dia. 28 (2-3.2) 24 (2-3.1) 25 @2-3) 29 2.2-35) <0.001*
Male Left M1 Dia. 2.7 (1.9-34) 25 @2.2-31) 25 (@1.9-33 29 2.4-33) 0.005*
RightM1 Len. 16(11.4-24.2) 16.7 (11.3-21.9) 159 (7.2- 26.4) 16.8 (12.4-22.1) 0407
Left M1 Len. 16.3 (8-22.7) 16.8(12-22.5) 14.8 (5- 234) 176 (14.1-21.1) 0.101
RightM1 Dia. 26 2-3.2) 24 2.1-29) 24 (1.6-3.2 3(25-3.4) <0.001*
Female Left M1 Dia. 26 2.3-71) 25 (@1.9-27) 25 (1.6-3) 3(25-3.7) <0.001*
RightM1 Len. 15(2.6-22,6) 15.5 (12.2-18) 14.9 (10.2- 21) 16.9 (7.6-19.9) 0537
Left M1 Len. 15.8 (2.4-23) 17.1 (10.1-24) 15.1 (8.7-18.5) 16.8 (9.7-19.4) 0.539

*: Significant differences at the p<0.05 level; M1 Dia. = Arteria cerebri media diamater; M1 Len. = Arteria cerebri meulia lengt

1583



CIFTCI, R.; TOY, S.; ER ULUBABA, H.; SENOL, D.; CINARLI, F. S. & SIGIRCI, A. Morphometry of the middle cerebral arteries: A radio-anatomical study based on computed tomography
angiography findingsint. J. Morphol., 41(5)1580-1586, 2023.

41 4
E E o4
E E s T*
e s
° B
=t
s 2 5 27
= s
> 1 T 1
o 5
A 0 y T T T B 0 L— T T T
Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4
* *
. . | .. 1
3 T E 34
£ * E T T
I : 8
o °
€
s 2 S
= =
= =
[=) 1] o
o 3
C 0 T T T D 0 T T T T
Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

Fig. 2. Post-Hoc test results of vessel diameter in male and female patients (*: Significant differences at the
p<0.05 level, **: Significant differences at the p<0.01 level; M1 diameter: right Arteria Cerebri Media; A
and B = female patients; C and D = male patients.

DISCUSSION

The aim of this study was to find out whether there Hypertension causes hypertrophic formation in ce-
were differences between MCA M1segment diameter amebral veins, leading to an increase in vascular wall volume,
length measurements of hypertensive patients (Group &j increase in wall thickness and a decrease in vascular
T2DM patients (Group 2), patients with hypertension andmen. Hypertension may also cause hardening of the large
T2DM (Group 3) and healthy control group (Group 4). lrarteries in the brain, leading to cognitive disorders (Faraco
retrospective morphometric assessments between grogpkadecola, 2013).
on CTAimages of individuals, it was found that there were
no statistically significant differences between the bilate- Although there are limited number of studies
ral M1 segment diameters of both women and men. Ascamparing hypertensive and normotensive individuals,
result of the post hoc analysis performed to find out whidhcrease in lumen diameter and wall-to-lumen ratio in MCA
group the difference resulted from, it was concluded thassociated with high blood pressure has been reported in
right and left M1 segment diameters of group 1, group %/ pertensive rat models (Rigsbyal, 2007). Another ex-
and group 3 were different from those of group 4 in botberimental study which reported that chronic hypertension
sexes. Malignant MCA infarct is an important clinicakcauses vascular remodelling in artery wall during the
picture of cerebral circulation that causes death in 70-808focess also supports this information (Pétal, 2010).
of the cases; moreover, it is associated with long term
disability in survivors. Since aneurysms are frequently seen In our study, it was concluded that bilateral M1
in areas with branching in MCA, it is important to haveliameters of hypertensive patients was statistically narrower
information about different artery models, especially fothan those of the control group. This information supports
aneurysm-related surgeries. the literature reviewed. It was concluded that M1 diameter
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of group 3 was narrower when compared with that of growgdfects vascularity in cerebral vessels and causes important
4. Although M1 length measurement of group 3 was shorteonditions such as stroke (Faulkner & Belin de Chanteméle,
than the other groups, this difference was not statisticatB018). In our study, the rate of CVO in the Group 3 group
significant. In literature, short M1 segment of MCA iswas found to be 32 %.
reported as an important condition that increases the risk of
aneurysm (Zuradaet al, 2010).
CONCLUSION

The International Diabetes Federation estimated that
1 in 11 adults aged 20-79 years (415 million adults) had
diabetes mellitus globally in 2015. Over 90 % of diabetes In the literature, morphometric studies on MCA focus
mellitus cases are T2DM (International Diabetes Federatiamm radiological imaging studies in the presence of plaque or
2015). Studies which report that the probability of T2DMsymptomatic sclerosis and it can be seen that there is a
associated vascular diseases to cause mortality and morbidigficiency in comparing the length and diameter of M1
was 80 %, T2DM increased the risk of stroke 1.5-3 timesegment of MCA with healthy control group in conditions
and increased short and long term mortality after stroke shewch as hypertension and T2DM. Cerebrovascular Event
the importance of vascular remodelling in T2DM @al, (CVO) rates of the patients were found to be 23 % in Group
2010). 1, 27 % in Group 2, and 32 % in Group 3.

In their study, Tchistiakovat al. (2014), used As a result of our study, it was concluded that the
magnetic resonance imaging technique to find out hodiameter of M1 segment of MCA was narrower in female
T2DM and hypertension together affected braimand male hypertensive and T2DM patients when compared
vascularization and concluded that in T2DM anadvith healthy control group, while there were no differences
hypertension comorbidity, especially hypertension coulih length. We believe that the results found will be a guide
increase tendency for cerebrovascular event. Hearad  while evaluating the changes in MCA in hypertension and
(2020), reported that when compared with healthy2DM diseases and will increase the level of micro-anatomic
individuals, T2DM patients had higher plaque prevalenceéformation on surgical treatment of this artery.
maximum plaque length, maximum wall thickness and
maximum lumen stenosis.

CIFTCI, R.,; TOY, S.; ER ULUBABA, H.; SENOL, D.; CINARLI,

Patients with T2DM have increased incidence 0'%‘ S. & SIGIRCI, A. Morfometria de las arterias cerebrales

th leroti di | inh | arterial edias: Un estudio anatomo-radiolégico basado en los ha-
atheroscierotic CE?.I’ lovascular, p.e.rlp eral ar e”a, arn zgos de la angiografia por tomografia computdaia.J.
cerebrova_scular_dlseasg. Comorbidity of hypertensmn Nforphol., 41(5) 1580-1586, 2023.
frequent in patients with T2DM and this can affect
cerebrovascular anatomy (Deegal, 2012). It is thought RESUMEN: La arteria cerebral media (ACM), que otor-
that insufficient hypertensive control accompanying T2DMa la mayor area de irrigacion de las arterias que alimentan el cere-
makes macro and micro vascular complications more sevére, es un vaso importante cuya microanatomia debe ser bien co-
and vascular and structural anomalies worse. Howevernfcida por su variacion vascular. En patologias que afectan al sis-
was concluded in our study that there were no statisticaffil“a cerebrovascular, como la diabetes mellitus tipo 2 (DM2) y la
significant differences in diameter and segment length Blfpertensi(’)n, las caracteristicas morfométricas de la ACM cobran

M1 i 2 and 3 Thi It how that importancia. El objetivo de este estudio fue comparar las caracte-
In group < and group . This resuit may show that O morfométricas del segmento M1 de la ACM en pacientes

patients have sufficient hypertension control. con DM2 e hipertensos con las del grupo control sano mediante el
uso de angiografia por tomografia computada (TC). El estudio fue
In our study, it was concluded that in addition tQealizado através de andlisis morfométrico retrospectivo de ima-
having narrower M1 segment diameter than the contrgénes de TC de 200 individuos entre 40 y 65 afios de edad. Los
group, group 2 and group 3 also had narrower M1 segmémdividuos fueron divididos en cuatro grupos, como pacientes
diameter than group 1, which consisted of only hypertensiypertensos (grupo 1), pacientes con DM2 (grupo 2), pacientes con
individuals. We believe that this situation is a result of th@iPertensiony DM2 (grupo 3) y grupo control sano (grupo 4). Las

fact that the damage of T2DM to vascular structures is mor&@diciones de longitud y diametro del segmento M1 se realizaron
severe when compared with hypertension y registraron utilizando imagenes 3D TC. Si bien se encontraron

diferencias estadisticamente significativas entre los diametros bi-
. laterales de los segmentos M1 de mujeres y hombres (p<0,05), no
Elevated HT rates in both men and women are close¥ encontraron diferencias estadisticamente significativas entre las
associated with increased obesity rates. Currently, up to [6gitudes de los segmentos (p>0,05). Como resultado del andlisis
% of essential HT cases are associated with T2DM. T2Dpbst hoaealizado, se concluyd que el didmetro de los segmentos
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M1 derecho e izquierdo del grupo 1, grupo 2 y grupo 3 fue diféternational Diabetes Federation. Diabetes Atlas. 7th ed. International

rente del grupo 4 en ambos sexos (p<0.05). Creemos que estdiabetes Federation, Diabetes Atlas, 2015.

estudio sera una guia en las evaluaciones anatomo-radiolégit@glogullari, G.; Ugur, H. C.; Comert, A.; Tekdemir, I. & Kanpolat, .

y también mejorara el nivel de informacién microanatémica en The branching pattern of the mldQIe cerebral artery: is the |'ntermed|ate
. L . P trunk real or not? An anatomical study correlating with simple

el tratamiento quirdrgico al mostrar los cambios morfométricos angiography. J. Neurosurg., 116(5):1024-34, 2012.

que ocurren en el segmento M1 de la ACM en las enfermeda@'goy, K. M.; Yilmaz, D. M.; Haclyakupog'lu, E.; Haclyakupog'lu, S.:

con DM2. Erman, T. & Arslan, A. Orta serebral arter ve anevrizmalari. Ars,iv

Kaynak Tarama Dergisi, 16(3):159-71, 2007.

PALABRAS CLAVE: Arteria cerebral media; Pires, P. W.; Deutsch, C.; McClain, J. L.; Rogers, C. T. & Dorrance, A. M.
Angiografia por tomografia computarizada; Diabetes mellitus Tempol, a superoxide dismutase mimetic, prevents cerebral vessel
tipo 2; Hipertension. remodeling in hypertensive rats. Microvasc. Res., 80(3):445-52, 2010.

! Rigshy, C. S.; Pollock, D. M. & Dorrance, A. M. Spironolactone improves
structure and increases tone in the cerebral vasculature of male
spontaneously hypertensive stroke-prone rats. Microvasc. Res.,
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