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Middle Cerebral Artery Variations:
Duplicated and Accessory Arteries

Masaki Komiyama, Hideki Nakajima, Misao Nishikawa, and Toshihiro Yasui

PURPOSE: Our goal was to analyze the anatomic similarity between the duplicated middle
cerebral artery (MCA) and the accessory MCA and their relationship to the early branches of
the MCA.

METHODS: We reviewed stereoscopic angiograms of duplicated MCAs in four patients and
accessory MCAs in four patients with reference to the origin, size, and cortical supply of these
anomalous vessels, along with the presence of perforating arteries and the recurrent artery of
Heubner (RAH).

RESULTS: The duplicated MCAs supplied the cortical territory of the temporopolar and the
anterior temporal and/or middle temporal arteries. The accessory MCAs supplied the cortical
territory of the orbitofrontal and/or prefrontal arteries. The duplicated MCAs had perforating
arteries in three of four cases and coexisted with the RAH in three of four cases, whereas the
main MCA had perforating arteries in all four cases. The accessory MCA had perforating
arteries in all four cases and coexisted with the RAH in three of four cases, whereas the main
MCA had perforating arteries in one of four cases.

CONCLUSION: A consistent cortical supply by the duplicated MCA and the accessory MCA
to the anterior temporal lobe and the anterior frontal lobe, respectively, and its similarity to the
cortical supply by the early branches of the MCA suggest that development of duplicated and/or
accessory MCAs is an anomalously early ramification of the early branches of the MCA.

In 1962, Crompton (1) described the accessory mid-
dle cerebral artery (MCA), which included duplication
of the MCA, and the anomalous vessel originating from
the Al portion of the anterior cerebral artery (ACA),
which coursed parallel to the MCA. In 1973, Teal et al
(2) proposed using the term MCA duplication to char-
acterize the two vessels originating from the distal end
of the internal carotid artery, and the term accessory
MCA to describe the anomalous vessel originating from
the ACA. We use Teal’s classification because it is
widely accepted. Although there are several explana-
tions for the duplicated MCA and the accessory MCA
(3-6), their embryologic origins are still an open ques-
tion. The early branch of the MCA proximal to the
bifurcation or the trifurcation supplies either the ante-
rior temporal lobe or the anterior frontal lobe (7). We
found a great similarity between the cortical territory of
this early branch of the MCA and that of the duplicated
or accessory MCA. This prompted us to review these
anomalous vessels to postulate a theory as to their com-
mon origin. Knowledge of the anomalous ramification
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of the MCA is important for the surgical treatment of
cerebral aneurysms (1, 8—10) and for understanding the
collateral blood supply in cerebral ischemia (11) associ-
ated with duplicated or accessory MCAs.

Methods

We observed duplicated MCAs in four patients and acces-
sory MCAs in four patients, who included five men and three
women, 29 to 81 years of age (mean age, 60 years) (Table).
Patients 1 through 4 were examined for an aneurysmal sub-
arachnoid hemorrhage, patient 5 was examined for a brain
tumor (craniopharyngioma), patient 6 was examined for para-
ganglioma in the nasal cavity, and patients 7 and 8 were exam-
ined for ischemic stroke. All the patients except patient 6
underwent four-vessel stereoscopic cerebral angiography. Two
patients were studied by magnified cut-film angiography and
the remaining six were examined by digital subtraction angiog-
raphy. The duplicated and accessory MCAs were reviewed with
special attention to the origin of the vessels, the size of the
vessels at their origin, their course, the presence or absence of
perforating arteries and the recurrent artery of Heubner
(RAH), and the cortical distribution. We also determined the
possibility of associated vascular lesions, such as cerebral an-
eurysms, vascular stenosis, and occlusion.

Results

We encountered two duplicated MCAs and two
accessory MCAs among 500 consecutive cerebral an-



46 KOMIYAMA

AJNR: 19, January 1998

Summary of eight patients with duplicated or accessory middle cerebral arteries

Size
Agey Anomalous Origin of ocfoll;f;/ Perforator Perforator Cortical
Case Se); Vessel Dup/Acc Dup/ Acc of Dup/  of Main RAH Area Associated Disease
McA  ICA MCA ACA  Acc Acc MCA  MCA
MCA MCA
1 29/M Dup MCA Proximal 1.0 090 0.60 0.50  Parallel + + + TP, AT ICA aneurysm
ICA
2 46/F Dup MCA Proximal 1.0 076 0.71 0.29  Temporal + + — TP, AT ICA aneurysm
ICA swing
3  67/F Dup MCA Proximal 1.0 071 0.60 0.37  Temporal + + + TP, AT, M1 aneurysm
ICA swing MT
4  66/M Dup MCA Proximal 1.0 092 0.69 0.32  Temporal - + + TP, AT MCA bifurcation
ICA swing aneurysm; Ant
comm artery
aneurysm
5 54/M Acc MCA Proximal 1.0 087 0.72 0.37  Parallel + + + OF Craniopharyngioma
ACA
6 81/F Acc MCA Proximal 1.0 086 0.75 0.44  Parallel + - + OF, PF Paraganglioma
ACA
7 63M Acc MCA Distal ACA 1.0 0.69 0.71 0.26  Parallel + - — OF, PF ICA and MCA
occlusion
8§ 71/M  Acc MCA Distal ACA 1.0 0.75 0.75 0.60  Parallel + - + OF, PF ICA and MCA
occlusion

Note.—ACA indicates anterior cerebral artery; Acc, accessory; Ant comm, anterior communicating; AT, anterior temporal; Dup, duplicated; ICA,
internal carotid artery; MCA, middle cerebral artery; MT, middle temporal; OF, orbitofrontal; PF, prefrontal; RAH, recurrent artery of Heubner; and
TP, tempropolar. Parallel means parallel to the horizontal portion of the middle cerebral artery; temporal swing means sharp anterior curve in the

vessels in the sylvian fissure toward the temporal lobe.

giograms, indicating a prevalence of 0.4% for each.
The size of the vessels is expressed as a relative value,
in which the diameter of the internal carotid artery at
its distal end is defined as 1.0. In patients 7 and 8, the
internal carotid artery and the MCA were occluded
by cardiogenic emboli, but preocclusion or postreca-
nalization angiography was available for measure-
ment. A summary of the cases is provided in the
Table.

The duplicated MCAs originated between the an-
terior choroidal artery and the distal end of the in-
ternal carotid artery (Figs 1 and 2). The relative size
of the duplicated MCAs was 0.29 to 0.50, whereas
that of the main MCA trunks was 0.71 to 0.92 mm.
The duplicated MCA coursed in the sylvian fissure
with an anterior sharp curve to the temporal lobe in
three patients, or coursed parallel to the horizontal
portion of the MCA in one patient. In both cases, the
duplicated MCA reached the territory of the tem-
poropolar and the anterior and/or middle temporal
arteries. The duplicated MCA had perforating arter-
ies in three of four cases. The main MCA had perfo-
rating arteries in all four cases. An ipsilateral RAH
was observed in three of four cases. Ruptured cere-
bral aneurysms were discovered in all cases. The an-
eurysms were located between the duplicated MCA
and the main MCA (patients 1 and 2), at the hori-
zontal portion of the main MCA (patient 3), or at the
bifurcation of the main MCA (patient 4). In patient 4,
an additional unruptured aneurysm of the anterior
communicating artery was also observed.

The accessory MCAs originated from the proximal
Al portion of the ACA in patients 5 and 6 (see Fig 3),

and from the distal Al segment near the anterior
communicating artery in patients 7 and 8 (see Fig 4).
The accessory MCAs were smaller than the ACAs
and the main MCA:s in all four cases. The relative size
of the accessory MCAs was 0.26 to 0.60 whereas that
of the main MCAs was 0.69 to 0.87. In all cases, they
coursed almost parallel to the main MCA trunks and
terminated in the territory of the orbitofrontal artery
in one case and in the territory of the orbitofrontal
and prefrontal arteries in three cases. The accessory
MCAs had perforating arteries in all four cases. The
main MCA had perforating arteries in one of four
patients. The RAH was observed in three of four
cases. In patients 7 and 8, both the main MCA and
the distal portion of the internal carotid artery were
occluded by the cardiogenic emboli.

Discussion

Classification

The frequency of MCA duplication is reported to
be 0.2% to 2.9% (1, 5, 10, 12-14); that of the acces-
sory MCA, 0.3% to 4.0% (1, 13, 15, 16). In our series,
the frequency of each of the anomalies was 0.4%.
Teal et al (2) and Manelfe (cited in Abanou et al [4])
classified the duplicated MCA and the accessory
MCA according to the origins of their vessels (Fig 5).
Manelfe classified the accessory MCA into three
types: type 1 is an anomalous vessel that arises from
the internal carotid artery at a point proximal to its
bifurcation (the duplicated MCA in Teal’s classifica-
tion), type 2 originates from the proximal portion of
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‘ Fic 1. Patient 3: duplicated MCA in a

67-year-old woman with a ruptured an-
! eurysm of the horizontal portion of the
main MCA. Single arrows indicate the
duplicated MCA that terminates in
the temporopolar, anterior, and middle
temporal territories. Both the main MCA
and the duplicated MCA have perforat-
ing arteries. Arrowheads indicate the
perforating artery, which originates from
the duplicated MCA. Double arrows in-
dicate the recurrent artery of Heubner.

Fic 2. Patient 4: duplicated MCA in a
66-year-old man with a ruptured aneu-
rysm at the bifurcation of the MCA. The
duplicated MCA (arrow) courses, with a

sharp angle toward the temporal lobe, parallel to the main MCA. The duplicated MCA has no perforating artery and terminates in the
temporopolar and anterior temporal territories. Arrowhead indicates the recurrent artery of Heubner.

the ACA, and type 3 originates from the distal por-
tion of the Al segment of the ACA near the anterior
communicating artery. It is often difficult to distin-
guish a duplication of the MCA from the accessory
MCA originating from the proximal ACA (type 2 in
Manelfe’s classification). This is because the acces-
sory MCA of Manelfe’s type 2 can also be regarded as
a variant of the duplicated MCA. Lasjaunias and
Berenstein (6) modified Manelfe’s classification.
They regarded the accessory MCA of Manelfe’s type
1 (the duplicated MCA in Teal’s classification) as the
main MCA, and the counterpart of the distal, main
MCA as the accessory MCA. According to this clas-
sification, the accessory MCAs of type 1 and type 2
are identical except for the amount of cortical terri-
tory supplied by the accessory MCAs.

Size and Presence of Perforating Arteries

The duplicated MCAs were smaller than the main
MCAs in our series; however, the main MCAs and
the duplicated MCAs occasionally had the same di-
ameter, or the main MCAs were smaller than the
duplicated MCAs (1, 2, 7, 9, 10, 14). Although
Abanou et al (4) and Lasjaunias and Berenstein (6)

Fic 3. Patient 5: accessory MCA in a
54-year-old man with craniopharyngi-
oma. The accessory MCA (single ar-
row) originates from the proximal por-
tion of the anterior cerebral artery. This
vessel has perforating arteries and ter-
minates in the orbitofrontal territory.
The main MCA also has perforating ar-
teries (arrowheads). Double arrows in-
dicate the recurrent artery of Heubner.

Fic 4. Patient 7: accessory MCA in a
63-year-old man with embolic occlu-
sion of the distal internal carotid artery
and the MCA. The accessory MCA (ar-
row) supplies the territories of the or-
bitofrontal and prefrontal arteries. The
accessory MCA has perforating arter-
ies. There is no recurrent artery of
Heubner.

reported that the duplicated MCA is a pure cortical
vessel without perforating arteries, our results and
those of others, conflict with this finding. Umansky et
al (14) reported that both the duplicated MCA and
the main MCA have perforating arteries to the ante-
rior perforated substance. Crompton (1) observed
that the duplicated MCAs occasionally have perforat-
ing arteries. We also noticed that the perforating
artery arose from the duplicated MCA in three cases.
It is generally accepted that the accessory MCA fre-
quently has perforating arteries to the anterior per-
forated substance (7, 15, 17). Thus, we believe that
both the duplicated MCA and the accessory MCA
may have perforating arteries.

Cortical Territories of the Accessory and
Duplicated MCAs

Teal et al (2) refer to the MCA that bifurcates
within 0.5 cm from its origin as the early branching
MCA, and they distinguish this from the duplicated
MCA. Gibo et al (7) and Umansky et al (18) de-
scribed the early branch of the MCA proximal to the
bifurcation or the trifurcation supplying the temporal
or frontal lobes. They found that the early branch to
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Fic 5. Classification of the duplicated and accessory MCA. By Teal’s classification (2), arrow in A indicates the duplicated MCA and
that in B and C the accessory MCAs. By Manelfe’s classification (cited in Abanou et al [4]), arrow in A indicates the accessory MCA, type
1; that in B, type 2; and that in C, type 3. Lasjaunias and Berenstein (6) use Manelfe’s classification, but they regard the artery indicated
by the arrow in A as the main MCA while the artery indicated by the arrowhead is regarded as the accessory MCA.

the temporal lobe terminated in the temporopolar
and anterior temporal areas; the early branch of the
MCA to the frontal lobe supplied the orbitofrontal
and prefrontal areas. In a study of the MCA’s perfo-
rating arteries, Umansky et al (18) found that 5.3% of
them originated from the early temporal branch and
0.4% originated from the early frontal branch. The
early branches of the MCA may have the perforating
arteries, as is the case with the duplicated and acces-
sory MCA.

Jain (13) reported that both the duplicated MCA
and the accessory MCA course in the sylvian fissure
and supply the territory of the lateral part of the
orbital surface of the frontal lobe. Abanou et al (4)
reported that the duplicated MCA (Manelfe’s type 1)
and the accessory MCA that originates near the an-
terior communicating artery (Manelfe’s type 3) have
identical cortical supplies to the orbitofrontal area,
and sometimes to the anterior temporal area. Other
studies, as well as our own, show contradictory results.
Gibo et al (7) described a patient who had both a
duplicated and an accessory MCA in which the du-
plicated artery was distributed to the temporopolar
and anterior and middle temporal areas, and the
accessory MCA terminated in the orbitofrontal and
prefrontal areas. Umansky et al (14) reported a case
of duplication of the MCA in which the main MCA
furnished blood supply to the frontal and parietal
lobes while the duplicated MCA furnished it to the
temporal lobe. The duplicated MCAs in our series
consistently reached the temporopolar as well as the
anterior and/or middle temporal territories. The ac-
cessory MCA supplied the territory of the orbitofron-
tal, prefrontal, precentral, and/or central arteries (11,
14, 16, 17). Thus, the cortical areas supplied by the
early branches of the MCA are similar to those of the
duplicated and accessory MCA, although the extent
of vascular supply may vary.

Origins of the Accessory MCA and the
Duplicated MCA

Phylogenetically, the MCA develops after the
ACA, and the ACA is considered a continuation of
the primitive internal carotid artery. Thus, the MCA
can be regarded as a branch of the ACA (6, 19).
Embryologically, the MCA can be recognized in a 7-
to 12-mm embryo as twigs from the internal carotid
artery proximal to the ACA. By the 16- to 18-mm
stage, the MCA has become more prominent and
supplies branches that spread over the cerebral hemi-
sphere (20).

Several explanations have been offered for the de-
velopment of the accessory MCA. Handa et al (3)
thought it to be a hypertrophied RAH. Takahashi et
al (5) extended Abbie’s idea that the RAH is phylo-
genetically the remnant vessel between the ACA and
the MCA (8) by arguing that the accessory ACA is a
remnant anastomotic vessel between the ACA and
the MCA. Tran-Dinh (17) supported Handa’s expla-
nation, but Teal et al (2) disagreed with Handa on the
grounds that a) the perforating arteries do not always
originate from the accessory MCA, b) the RAH co-
exists with the accessory MCA, and c) the accessory
MCA courses lateral to the anterior perforating sub-
stance where the RAH enters. The fact that the ac-
cessory MCA frequently has perforating arteries and
that the RAH can be multiple (16, 21, 22) calls these
objections into question.

Manelfe (cited in Abanou et al [4]) hypothesized
that the duplicated MCA and the accessory MCA
begin as an outward budding of the internal carotid
artery and the ACA, respectively, and then undergo
development as a distinct entity with constant cortical
supply. Although we support this idea, Manelfe’s de-
scription of the accessory MCA of type 1 and type 3,
which have identical cortical supplies, is contradictory
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to our results. Lasjaunias and Berenstein (6) ex-
plained by phylogenetic analysis that the accessory
MCA (Manelfe’s type 2 and 3) and the main (distal)
MCA (Manelfe’s type 1) can be regarded as an en-
larged RAH or RAH-like vessel with cortical supply.
They thought that the accessory MCAs have the per-
forating arteries while the duplicated MCAs are
purely cortical branches, without perforating arteries.
Duplicated MCAs, however, may have perforating
arteries.

As stated above, the MCA may be regarded as a
branch of the ACA phylogenetically. Owing to a sim-
ilar cortical supply, we believe that the duplicated
MCA is embryologically the anomalously early rami-
fication of the early branch of the MCA, which orig-
inates from the distal end of the internal carotid
artery. The duplicated MCA may have perforating
arteries and can coexist with the RAH. It consistently
supplies the anterior temporal lobe. Similarly, we
believe that the accessory MCA is the anomalously
early ramification of the early branch of the MCA,
which originates from the Al portion of the ACA.
The accessory MCA may have perforating arteries
and can coexist with the RAH. It consistently supplies
the anterior frontal lobe. Thus, anomalously early
ramification of the early branch of the MCA may
occur either proximal or distal to the origin of the
main MCA trunk as suggested by Manelfe (cited in
[4]). In the proximal location, the early branch runs to
the anterior temporal lobe as the duplicated MCA. In
the distal location, it runs to the anterior frontal lobe
as the accessory MCA.

Associated Vascular Lesions and
Clinical Significance

An association between the duplicated MCA, or
the accessory MCA, and cerebral aneurysms has been
well documented (1, 8—10). It is not clear whether this
association is a chance occurrence or whether they
are related by an unknown mechanism. The four
patients in our series had ruptured aneurysms in as-
sociation with duplicated MCAs. In practice, it is not
surgically challenging to treat these aneurysms, but
preoperative recognition of such vascular anomalies
is important. In ischemic stroke, the accessory MCA
can be a collateral to the anterior frontal lobe, but it
cannot supply enough flow to the main MCA territory
(11). Similarly, the duplicated MCA can be a collat-
eral to the anterior temporal lobe, but it does not
seem to supply enough flow to the main MCA territory.

Conclusions

On the basis of our observations of duplicated
MCAs and accessory MCAs, we postulate that dupli-
cation of the MCA is the anomalously early ramifi-
cation of the early branch of the MCA supplying the
anterior temporal lobe and that the accessory MCA is
the anomalously early ramification of the early
branch of the MCA supplying the anterior frontal
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lobe. Knowledge of anomalous early ramification of
the MCA is important in the surgical dissection of
cerebral aneurysms and in understanding the collat-
eral blood supply in ischemic stroke associated with
duplicated or accessory MCAs.
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