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Microsurgical Anatomical Study of the Anterior Communicating
Artery Complex
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(1 Department of Anatomy, Qingdao University Medical College, Qingdao, Shandong, 266021, China;
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ABSTRACT Objective: To investigate the anatomy structure and adjacent vessels by investigating the anterior communicating
artery complex and its perforating branches under an surgery microscope, in order to, to provide anatomical datas for anterior
communicating aneurysms. Method: A total of 15 adult cadaveric heads (30 cerebral hemispheres) fixed with formalin were used, red
latex was injected into internal carotid artery. Anterior communicating artery complexes were dissected, detected by surgery microscope.
The results were analyzed with SPSS 17.0 statistical software. The lengthes, diameters and variations of the anterior cerebral artery(ACA)
Al segment, A2 segment, anterior communicating artery (AComA), Heubner recurrent artery(HRA), perforating branches of A1 segment
and AcomA were measured. Result: There were no statistically significant differences between two sides of Al segment in length and
diameter. HRA, perforating branches of Al segment and AComA should be carefully recognized and protected during the operation on
anterior communicating aneurysms. The middle 1/3 of Al segment which had less perforating branches was the best position for
temporary occlusion during the operation on anterior communicating aneurysms. It is difficult to distinguish AComA in cerebral
angiography. Conclusion: The anterior communicating artery complex was regarded as the most complex. Being familiar with the
anatomy of the anterior communicating artery complex and the perforating branches enabled neurosurgeons to handle the diseases in this
area efficiently.
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formalin were provided by the Department of Anatomy, Medical

Introduction
College of Qingdao University. All of specimens were perfused

Anterior communicating artery complex was the predilection
site of intracranial aneurysm . During an operation, the exposure
of operative field was mainly relied on selecting suitable approach,
released cerebrospinal fluid and pulled of adjacent anatomic struc-
tures. But it became difficult in recognizing blood vessels and pro-
tecting branches if the exposure of operative field was blocked
when the aneurysm was huge or there was hematoma owing to the
rupture of aneurysms. Up to now, duing to the extensive use of
surgery microscope, neuroendoscope and intervention therapy,
there were new requirements for the anatomy of anterior commu-
nicating artery complex. This study dissected 15 brain specimens
and studied the anterior communicating artery complex and its
perforating branches in order to bring valuable references for clini-

cal surgery.

1 Material and Methods

1.1 Brain specimens

15 adult (9 males and 6 females) cadaveric heads fixed with
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with red latex through both sides of internal carotid artery .
1.2 Laboratory equipments and instruments

Corder ASOM-5 surgery microscope (Chengdu Corder Op-
tics & Electronics Co, Ltd) microsurgery Instruments, slide calliper
rule, Canon IXUS 960 IS digital camera.
1.3 Data acquisition

After craniotomy and removing part of frontal lobe, the mor-
phology of anterior communicating artery complex and its perfo-
rating branches were observed by microscope. The adjacent struc-
tures were record. Then the brains were token out and the lengthes
and diameters of the Al and A2 section of ACA, AComA, HRA ,
perforating branches of ACA and AComA were measured by mi-
croscope measurement system and slide calliper rule.
1.4 Statistic methods
The results were analyzed by SPSS 17.0 statistical software(test,

p<0.05) and the data was shown as meanz standard deviation.

2 Results

2.1 The proximal anterior cerebral artery (A1l segment)

Al segment arose from the bifurcation of internal carotid
artery at the medial end of sylvian fissure, then coursed under the
medial olfactory striate and anterior perforated substance, above
the optic nerve or chiasm and it terminated at anterior communi-

cating artery. There were 29 A1 segments in the 30 cerebral hemi-
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spheres, and one right Al segment of which was absent (its A2
segment rose from the left Al segment). The diameter of Al seg-
ment on both sides was equal (within variation of 0.1 mm ) in 5
brain specimens, left-sided A1 segment was greater than that of
the right in 6 brain specimens, right-sided Al segment was greater
than the left in 4 brain specimens. There were no statistically sig-
nificant differences between two sides (P=0.862>0.05). Data of Al

segment is shown in table 1.

Table 1 The length and diameter of Al segment

Length(mm) * Diameter(mm)
Left side 13.43+ 1.55 2.34% 0.60
Right side 12.19+ 4.10 2.09+ 0.81
Both sides 12.81+ 3.11 2.22+ 0.71

* The diameter was the outside diameter of the vessel lmm away from the

originating point.

2.2 Anterior communicating artery

AComA was a bridging vessel, connecting bilateral Al seg-
ments and lied above the optic chiasm. Yasargil MG sorted ACo-
mA into simple type and complex type!?. The simple type had only
one AComA connected the ACAs of both sides. The complex
ones contained two or three AComA s, or had AcomA as fenes-
trated, netlike, looped, bridged. In this study, the diameter of ACo-
mA ranged from 0.53 mm to 2.96 mm, (average,1.38+ 0.86 mm),
the length of AComA ranges from 0 mm to 5.45 mm, (average,
2.93+ 1.22 mm). Simple type AcomAs were present in 11 brain
specimens (73.33%), and complex type AComAs were present in
4 brains (26.67%).

2.3 Distal anterior cerebral artery(A2 segment)

The segment of ACA between the anterior communicating
artery and the rostrum of the corpus callosum was referred to as
A2 segment. Yasargil MG sorted A2 segment into three types: sin-
gle A2 segment type(2.0%), two A2 segments type (89%), three
A2 segments type (9.0%) . The central A2 segments of the three
A2 segments type was also called median corpus callosum artery,
which rose from the anterior communicating artery frequently. In
this study, the diameters of left A2 segments (1 mm away from the
beginning) averaged 2.08+ 0.25 mm, right side averaged 2.04 +
0.27 mm; and the diameters of both sides A2 segments averaged
2.06+ 0.26 mm. There was only one brain specimen contained
three A2 segments in 15 head specimens.

2.4 Heubner recurrent artery

HRA was the largest artery arising from lateral wall of Al
segment or the proximal 1 mm of the A2 segment. HRA returned
back immediately along its parent artery (ACA) and passed above
the carotid bifurcation, entered anterior perforated substance. In
this study, 48 HRAs were found in the 30 cerebral hemispheres.
All of these HRAS, 20 (41.67 % )originated at the level of AComA,
5(10.42%) HRAs arose from Alsegment and 23(47.92) originat-
ed from A2 segment. Each of the 30 hemispheres contained HRA
from 1 to 3 in number, 15 (50%) hemispheres contained 1 HRA,
12 (40%) hemispheres had 3 HRA, 3 (10 %) hemispheres con-
tained 3 HRA. HRA pursued a long way to the anterior perforated
substance, in this study , 22 (45.83%) coursed anterior to the Al
segment , 20 (41.67% )coursed superior to the Al segment, 4
(8.33%) coursed posterior to Al. Data of HRA was shown in table
2.

Table 2 The number, length and diameter of HRA

Number # Length(mm) * Diameter(mm)
Left side 1.66+ 0.72 18.97+ 7.37 0.55% 0.19
Right side 1.53+ 0.64 19.25+ 5.37 0.62+ 0.23
Both sides 1.60+ 0.67 19.10+ 6.42 0.58+ 0.21

# The length was the part out of the cerebral parenchyma, * The diameter was the

outside diameter of the vessel lmm away from the originating point.

2.5 The perforating branches of Al segment

Al segment had many perforating branches (except for HRA)
from its postero-medial and inferior wall. In this study, 101 perfo-
rating branches originated from 29 Al segments, among them 66
(65.35% ) originated from the proximal 1/3 of Al segment , 19
(18.81%) originated from middle 1/3 segment, and 16(15.84%) o-

riginated from the distal 1/3 segment. The number of perforators
varied between 2 and 8, the length out of the cerebral parenchyma
ranged between 2.27 and 9.38 mm , and the diameter 1 mm away
from the originating point ranged between 0.11 and 0.65 mm.

Datas of Al perforating branches were shown in table 3.

Table 3 The number, length and diameter of Al perforating branches

Number # Length(mm) * Diameter(mm)
Left side 3.40% 1.59 5.73% 1.67 0.28%+ 0.11
Right side 3.33+ 1.39 5.78+ 1.61 0.29+ 0.12
Both sides 3.37+ 147 5.72+ 1.63 0.28+ 0.12

# was the length of the part out of the cerebral parenchyma,* was lmm away from the originating point.
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2.6 The perforating branch of AComA

The perforating branches of AComA originated from the pos-
terior and inferior wall of anterior communicating artery normally,
and coursed posttero-superiorly in the cistern of lamina terminalis,
terminated at hypothalamus. There were 33 perforating branches
of AComA in 15 brain specimens (occurrence rate was 100%).
The number of branches ranged between 1 and 4 (average,2.20%
0.86) mm ; Diameter (Imm away from the originating point)
ranged from 0.11 to 1.17 mm, (average, 0.43+ 0.24 mm); The
length (out of the cerebral parenchyma) ranged from 5.96 to 11.73

mm (average, 9.31% 1.51 mm).

3 Discussions

3.1 Hypoplasia of Al segment and anterior communicating
aneurysm

Gao SL ¥ concluded that the normal diameter of Al segment
was 1.0~3.0 mm , < 1.0 mm in diameter was hypoplasia, < 0.5
mm was severe hypoplasia . In the study, all the 30 Al segments
were normal. Stehbens reported the Al segment was the favorite
site on the circle of Willis for hypoplasia, and it was the only
anatomic variant that correlates with the location of cerebral a-
neurysm . 85% anterior communicating aneurysms were relative
to Al segment hypoplasia. Rhoton reported that aneurysm usually
occurred in the setting where one Al segment was hypoplastic and
the dominant A1 gave rise to both A2s Pl Brandtreported that the
diameter of left Al was greater than that of the right, which were
(3.2 0.09)mm and (2.71% 0.09) mm respectively . Huang Q
and Ru ML had similar conclusion by way of anatomy . In this
study the diameter of left Alwas 2.34+ 0.60mm and the right was
2.09+ 0.81 mm, and there were no statistically significant differ-
ences between the two sides (P=0.341>0.05). The length of left
Al was 13.43+ 1.55 mm, and the right was 12.19 £ 4.10 mm,
there were no statistically significant differences between the two
sides (P=0.283 >0.05).This result concluded from the specimens
unscreened disagreed with above-mentioned outcomes.
3.2 Path of HRA and clinical significance

HRA was first described by the Heubner in 1874, and in
1909, Aitken named it Heubner artery. In 1920, Sellshea added a
word Recurrent, called it Heubner recurrent artery . HRA was u-
nique among arteries that it returned back immediately along its
parent artery, and passed above the carotid bifurcation. In this
study , 22(45.83%) HRAs coursed anterior to the A1 segment , 20
(41.67%) coursed superior to the Al segment , 4 (8.33%) coursed
posterior to Al segment , so most recurrent arteries coursed anteri-
or to the Al segment and were found on elevating the frontal lobe
before visualizing the Al segment frequently. The origin of HRA
might adhere to the wall of anterior communicating aneurysms.
The inverting adventitia of A1 could obscure the recurrent artery.
Duringt operating on anterior communicating aneurysms, HRA

might be damaged. HRA sometimes traveled a long path looping

forward on the gyrus rectus. Removing the posterior 1 or 2 cm of
the gyrus rectus to expose anterior communicating aneurysms
might damage HRA. HRA supplied the anterior part of the caudate
nucleus, anterior part of the outer segment of the globus pallidus,
anterior third of the putamen, anteroinferior portion of the anterior
limb of the internal capsule, and the uncinate fasciculus. The oc-
clusion of HRA could cause hemiparesis with facial and brachial”.
If the damage happened in the dominant hemisphere, it could also
result in aphasia.
3.3 Perforating branches of Al and Al temporary occlu—
sion

Perforating branches of Al segment supplied blood to optic
chiasm, middle portion of the anterior commissure, anterior limb
of the internal capsule, para-olfactorial area, the splenium, and an-
terior part of the hypothalamus. Perlmutter reported perforators de-
parting from proximal portion of Al segement were more than
from the distal portion of Alsegement !"!. Yasargil reported that
most perforating branches originated from the wall of proximal
portion of Al segment ,the originated point was at the 2 ~5 mm
distal away from the bifurcation of internal carotid artery ,but not
the bifurcation®”. Mo WB reported 70% perforating branches came
from Al segment Smm distal from the bifurcation of internal
carotid artery , few came from proximal 3~5 mm of A1 segment!".
In this study, 66 (65.35% ) perforating branches originated from
proximal 1/3 of Al segment , 19(18.81%) originated from middle
1/3 of Al segment, and 16 (15.84%) originated from the distall/3
of Al segment. HRA adhered to the distall/3 of Al segment by
arachnoid membrane trabeculaes frequently. middle 1/3 of A1 seg-
men t was the best position for temporary occlusion with a clip
during the operation on anterior communicating aneurysms.
3.4 Perforating branches of AComA and clinical signifi—
cance

The perforating branches coursed posttero-superiorly in the
cistern of lamina terminalis. Xu T studied 99 perforating branches
of AcoA in 45 brain specimens, the length of the branches was
9.46% 0.81 mm, the diameter was 0.29 £ 0.26 mm U9, In this
study , the length of 33 perforating branches was 9.31 % 0.1.51
mm, the diameter was 0.43+ 0.24 mm. There was statistically dif-
ferent in diameter compared the two studies (t- test,P<0.05), while
length was no statistically different(t- test,P>0.05). Perlmutter re-
ported AcoA perforating branches mainly supplied to the anterior
hypothalamus, and some small branches supplied to the upper sur-
face of optic chiasm!", If aneurysms arised from the anterior com-
municating artery, perforating branches of AComA might origin
near aneurysms neck and adhere to the wall of the aneurysms. Dis-
secting and clipping the the aneurysms might damage the perforat-
ing branches. Water-electrolyte disorder, high fever and coma
might occur after the branches were damaged .

3.5 Anterior communicating artery and cerebral angiogra—

phy
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It was difficult to defined AcomA and surrounding vessels on
cerebral angiography because of short length and various forms of
AcomA, polydirection of anterior communicating aneurysm and
artery spasmodic ischemia. Another difficulty in angiographically
defining the AcomA was that AcomA was not frequently oriented
in a strictly transverse plane. The length of the AComA might ori-
ente in an oblique or straight anterior-posterior plane if one ACA
coursed between the hemispheres behind the other ACA. The
boath sides ACAs were side by side as they passed between the
cerebral hemispheres in 3 (20%) brain specimens, the left was an-
terior to the right in 7(46.67%) brain specimens, and the right was
anterior to the left in 5 (33.33%) brain specimens for 15 brain
specimens in this study. LING Feng considered, turning the head
by 30°

comA during cerebral angiography!™.

to the contralateral side was the best angle to examine A-

In conclusion, anterior communicating artery complex was
the primary sites of internal carotid aneurysm. Being familiar with
the anatomy of this structure enabled neurosurgeons to treat the
diseases in this area efficiently.
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