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MIDDLE CEREBRAL ARTERY REVASCULARIZATION
ANATOMICAL STUDIES AND CONSIDERATIONS ON THE ANASTOMOSIS SITE
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ABSTRACT - In the surgical management of skull base lesions and vascular diseases such as giant aneurysms,
involvement of the internal carotid artery may require the resection or the occlusion of the vessel. The anastomosis
of the external carotid artery and the middle cerebral artery with venous graft may be indicated to re-establish
the blood flow. To determine the best suture site in the middle cerebral artery, an anatomical study was carried
out. Fourteen cerebral hemispheres were analysed after the injection of red latex into the internal carotid artery.
The superior and inferior trunk of the main division of the middle cerebral artery have more than 2 mm of
diameter. They are superficial allowing an anastomosis using a venous graft. The superior trunk has a disadvantage,
it gives rise to branches for the precentral and post-central giri. The anastomosis with the inferior trunk presents
lower risk of neurological deficit even though the angular artery originates from it.
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Revascularizagao da artéria cerebral média: estudo anatémico e consideragdes sobre o local de sutura

RESUMO - No tratamento cirtirgico das lesdes da base do crinio e patologias vasculares como aneurismas
gigantes, a ressecgdo ou oclusio da artéria cardtida interna pode ser necessdria. A anastomose das artérias
cardtida externa e cerebral média com interposigiio de enxerto venoso pode ser utilizada para restabelecer o
fluxo sangufnco. Para determinar o melhor local de sutura na artéria cerebral média, realizou-se um estudo
anatdmico. Quatorze hemisférios cerebrais foram analisados depois da injegéio de ldtex vermelho na artéria
carétida interna. Os ramos superior e inferior da divisfio principal da artéria cerebral média tém mais de 2 mm
de didmetro. Eles sdo superficiais ¢ permitem uma anastomose utilizando um enxerto venoso. O tronco superior
tem a desvantagem de dar origem aos ramos para os giros pré € pés-centrais. A anastomose com o tronco
inferior apresenta menor risco de déficit neurolégico, apesar da artéria angular ter origem desse vaso.

PALAVRAS-CHAVES: Artéria cerebral média, anastomose, revascularizagfo, anatomia.

After acute occlusion of the middle cerebral artery (MCA) by thrombus or embolus, 18 to
80% of the patients develop infarct with neurological deficits!®111635 The arterial blood reflow can
prevent serious neurological deficits in many of these patients'®?3!%, Several options for the MCA
revascularization have been used: embolectomy's*, direct arterial graft™'®, vein graft®, superficial
temporal artery to MCA anastomosis and carotid artery (internal or external) to MCA anastomosis
using saphenous vein graft4!220242527-30,
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In the surgical management of the cavernous sinus diseases', the internal carotid artery (ICA)
can be involved or even infiltrated by the lesion. It may be necessary to sacrifice the vessel for
radical tumour removal and revascularization of the ICA may be indicated. The anastomosis of the
petrous or cervical portion of ICA with the supraclinoid portion, using a vein graft, has been performed
in skull base surgery®. In a recent lecture at our Service®, Sekhar presented the advantages of the
anastomosis of the external carotid artery to the MCA for cerebral revascularization over the
anastomosis with the petrous ICA, in cavernous sinus surgery. To determine the best suture site in
the MCA, an anatomical study of the calibre and position of the arterial branches of the MCA was
carried out.

MATERIAL AND METHODS

The internal carotid arteries of fourteen human cerebral hemispheres of adult cadavers, fixed
with 50% formaldehyde solution, were injected with approximately 70 ml red latex (Neoprene,
DuPont). The anterior portion of the temporal lobe was removed for better visualization of the
MCA, in order to study and classify the MCA branches. The perforating arteries from the proximal
MCA (M1) were observed and classified by their location and types of division. The cortical branches
were classified according to their courses and territory of blood supply. Diameters of the MCA,
characteristics of the origin of the MCA and the trunk after the main bifurcation, and the presence of
anomalous arteries were studied. The distances from the MCA origin to the main bifurcation (M1
segment), and from the main bifurcation to the first trunk division (M2 segment) were measured.

RESULTS AND LITERATURE REVIEW

The calibre at the origin of the MCA (11 hemispheres, 78.57%) varied from 2.9 to 3.9 mm
(mean 3.2 mm). According to the literature the MCA calibre varies from 2.0 to 4.9 mm, averaging
3.0 mm3&3%,

The MCA most frequent pattern of the main division was bifurcation (85.57%). It was observed
in 12 hemispheres (Figs 1 and 2). Trifurcation (7.15%) and a single trunk (7.15%) were found in one
specimen each. According to different authors the frequency, of bifurcation ranges from 64% to
95%, trifurcation from 5% to 29% and single trunk from 4% to 6%2%419323,

The bifurcation pattern was: (a) superior trunk giving origin to the orbitofrontal, prefrontal,
precentral, central and anterior parietal arteries; (b) inferior trunk to the posterior parietal, anterior
temporal, middle temporal, posterior temporal, temporo-occipital, angular and temporopolar arteries.
According to Umanski et al.™ the posterior parietal artery originates from the superior trunk, beyond
the other branches related and the inferior trunk originates only the temporal, anterior, middle and
posterior arteries.
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Fig 3. The middle cerebral artery (MCA) gives rise to the superior (TS) and the inferior trunks
(T Inf). Their branches are originated at the insula. The frontal (FT), parietal (PL) and temporal
lobes (TL) are also seen.

The trifurcation pattern was: (a) the orbitofrontal, prefrontal, precentral and central arteries
from the superior trunk; (b) the anterior parietal, posterior parietal, temporo-occipital and angular
arteries from the middle trunk and; (c) the anterior temporal, middle temporal and posterior temporal
arteries from the inferior trunk. The same was found in the literature, except for the presence of
prefrontal and temporo-occipital arteries®.

In the case of MCA as undivided trunk the anterior temporal artery originated from an
independent branch. The orbitofrontal and prefrontal arteries originated from the same branch as
well as the precentral and central arteries. The other branches were absent.

From 11 hemispheres, which presented bifurcation pattern of the MCA, 6 showed a dominant
superior trunk (54.5%) and the diameters varied from 2.0 mm to 2.7 mm, averaging 2.29 mm + 0.26
SD. The other five showed dominant inferior trunk (45.4%), and the diameters varied from 2.3 mm
to 3.0 mm, averaging 2.11 mm + 0.50 SD (Fig 3). No case of non dominant bifurcation was observed.
Gibo et al.® related non dominant bifurcation in 18%, dominant superior trunk in 28% and dominant
inferior trunk in 32% of the hemispheres.

The distance from the bifurcation of the internal carotid artery to the main division of the
MCA ranged from 11.45 mm to 26.9 mm, averaging 18.5 mm (Fig 4). According to the literature
this distance ranges from 4.3 mm to 19.5 mm®.

The distance from the main division of the MCA to the first division of the superior trunk
studied in 12 hemispheres (85.7%) varied from 5.9 to 18.9 mm (mean 11.9 mm). The distance from
the main division of the MCA and the first division of the middle trunk, observed in one hemisphere
(7.14%) was 13.9 mm. The distance from the main division of the MCA to the first division of the
inferior trunk in 9 cases (64.3%) varied from 8.7 mm to 54.8 mm, averaging 20.4 mm.

Earlier branches of the MCA trunk were observed in 10 hemispheres (71.4%). These arteries
supplied the temporal lobe (70%), frontal lobe (20%) and frontal and temporal lobe (10%). The
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Fig 4. The M 1 segment of the middle cerebral artery is seen from
the carotid bifurcation (*) to its main division (MD). The olfactory
bulb (OIf B), the optic nerve (ON) and the temporal lobe (TL) are
also visualized.
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Fig 5. The position of the lateral (lat), intermedial (interm), and medial (med) perforating
arteries are showed arising from the M 1 segment of the middle cerebral artery. The internal
carotid artery (ICA), the anterior cerebral artery (ACA) and the bifurcation (bifurc) of the
middle cerebral artery are indicated.
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Fig 6. The lateral perforating arteries (LPA) arise from the distal
segment of the middle cerebral artery, between the frontal (FL)
and temporal lobes (TL).

Fig 7. The duplicated middle cerebral artery (Dupl Art) arises from the internal carotid artery.
The optic nerve (ON), the carotid artery bifurcation (CABIf), the middle cerebral artery (MCA)
and the frontal lobe (FL) are also seen.
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Fig 8. When the artery is clamped, its perimeter corresponds to 2 x 3 mm (A). When it is not
clamped, the perimeter corresponds to 2nR (B).

number of earlier branches of the MCA varied from 2 to 5. The most frequent earlier branch was the
temporopolar artery, in 80% of the hemispheres, followed by the anterior temporal (40%), orbitofrontal
(30%), middle and posterior temporal (20%). According to the literature the incidence of earlier
ramification occurs from 61% to 91,9% of the cases. These branches run to the temporal lobe
(approximately 77%) and to the frontal lobe (23%)*#*. The number of earlier branches per hemisphere
ranges from 2 to 6, and the temporopolar and anterior temporal arteries are the most frequent®3-33,

The perforating arteries varied from 1 to 20 per hemisphere, averaging 11.6. These values are
similar to those observed by Rosner et al.'". Based on the literature, the perforating arteries of the
M1 segment of the MCA were divided in three different groups, considering its origin, composition
and morphology (Fig 5). a) The perforating arteries from the medial group arise from the proximal
M1 segment, close to the internal carotid artery bifurcation'. They were observed in 72,7% of the
cases and varied from 2 to 8, averaging 4.4 arteries per hemisphere. They are the least frequent, and
are observed, according to the literature, in 50% of the cases, varying up to 8 arteries per hemisphere.
b) The perforating arteries from the intermedial group arise from the middle of the M1 segment. The
characteristic of this group is the presence of one or two larger arteries forming branch complexes'*¥,
They were observed in all the specimens, and varied from 1 to 11, averaging 3 arteries per hemisphere,
Marinkovic et al."* observed intermedial perforating arteries in 88% of the hemispheres, and they
varied from 1 to 7 arteries, averaging 3 per hemisphere. c) The lateral perforating arteries arise from
the distal M1 segment close to its main division (Fig 6). These arteries are S shaped'*'®. As in the
literature, the lateral perforating arteries were considered the most frequent ones. They varied from
1 to 8, averaging 4.8 arteries per hemisphere.

One duplication of the MCA was observed in one hemisphere (7.14%). The diameter of the
duplicated artery was 1.4 mm, and it arose from the internal carotid artery (Fig 7). Its origin was
situated 4.3 mm from the MCA, and gave rise to the temporopolar, anterior temporal and a lateral
perforating artery, Umanski et al.3? observed the duplicated artery in 1% of the cases. Its diameter
was 3.5 mm and it gave rise to the temporal lobe cortical branches and perforating branches.

One accessory MCA was observed in one cerebral hemisphere (7.14%). The diameter of the
accessory artery was 1.5 mm. It arose from the anterior cerebral artery and gave rise to the orbitofrontal
and Heubner artery. Umanski et al.* observed the accessory artery in 2% of the cases. The cortical
ramification to the orbitofrontal, precentral and central areas arose from the accessory artery. It also
gave rise to the perforating and Heubner arteries.

DISCUSSION

The surgical management of pathologies, such as giant aneurysms or skull base tumours, may
carry high risks of lesioning the internal carotid artery (ICA). The cavernous sinus tumours,
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particularly, may involve or infiltrate the ICA. An ICA to MCA anastomosis may be necessary to
preserve the cerebral hemisphere vascularization in order to achieve total tumour removal, with
resection of the infiltrated vessel.

Conley?, in 1953, described 11 cases of ICA anastomosis, using vein grafts, in patients with
head and neck tumours. Patients with such lesions, that infiltrate the ICA were previously submitted
to a ligature or surgical removal of the ICA, with very high mortality and morbidity.

After this initial experience, other centres performed anastomosis using vein grafts for cerebral
revascularization. The anastomosis of the petrous ICA to the supraclinoid portions®, or the
anastomosis of the cervical ICA to the supraclinoid portion®, using vein graft, have been performed,
but it is necessary to clamp the ICA for a long period carrying the risk of ischemia. The anastomosis
between the external carotid artery and a calibrous branch of the MCA, using a vein graft, do not
require temporally closure of the ICA and reduces the risk of ischemia.

Direct anastomosis, such as the superficial temporal artery (STA) to the MCA branches, may
not provide enough blood flow to supply the whole MCA territory. The vein graft allows direct
anastomosis from a more calibrous vessel, as the external carotid artery.

The saphena magna is regularly used for the graft. Some centres use one of the branches of
the external carotid artery as donor vessel'2, We have the experience of using the superficial temporal
artery'®. The proximal suture is performed end to end at the bifurcation of the carotid artery. The
graft is passed subcutaneously in the preauricular region, and an end to side anastomosis is performed
distally. According to Sekhar® the artery should have when clamped at least 3 mm of width (Fig 8)
in order to provide the adequate blood flow. The perimeter of a circumference is determined by the
formula P=2nR, where P is the perimeter and R is the radius. As the perimeter corresponds to 2
times 3mm, and equalling terms, we have 2x3=2nR and R=3/3,1416=0.955. Therefore, the vessel
should have at least a diameter of 1.91 mm. From this anatomical study, it was observed that the
branches of the main division of the MCA have more than 2 mm of diameter. The main division of
the MCA is situated between 11.45 and 26.9 mm from the bifurcation of the ICA, where the vessels
change direction, passing on the insula and ascending. The position of the receptor vessel is also
very important. The more superficial it is, the easiest the suture will be. The craniotomy is planned
according to this anatomical situation of the MCA branches.

The branches of the main division of the MCA have an adequate calibre and a superficial
position, and they are not related to the perforating vessels. Due to these characteristics it is possible
to clamp those vessels with low risk of ischemia in the corresponding territory. All the branches of
the MCA after the main bifurcation (M2) are long enough for an anastomosis. Sundt et al.* considered
the superior branch the most suitable for an anastomosis. But, the superior branch is responsible for
the irrigation of the precentral and postcentral giri. The inferior branch is also adequate to the suture,
and it would carry a lower risk of neurological deficit. The angular artery originates from the inferior
branch. This artery is not as calibrous as the branches from the main division, but it is more superficial.
It carries low risk of neurological deficit, if the anastomosis is performed in the non dominant
cerebral hemisphere.

In conclusion, performing an anastomosis between the external carotid artery and calibrous
branches of the MCA, using vein graft, is an important alternative to preserve the blood flow in the
MCA territory. This technique allows a radical removal of skull base tumours, that infiltrate the
internal carotid artery. It permits the management of giant aneurysms of the ICA and MCA. The
superior and inferior branches from the main division of the MCA are suitable for the anastomosis
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