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ABSTRACT

Introduction: The arteries of the anterior 

perforated substance (APS) are important due to 

their role in supplying blood to important internal 

structures such as the internal capsule, putamen 

and caudate nucleus. The purpose of this study was 

to investigate in detail the arteries of the APS. 

Methods: The arteries of the APS were investigated 

in 60 cerebral hemispheres from 30 adult cadaveric 

brains. The internal carotid arteries were 

cannulated and perfused with coloured latex. The 

branches of the middle cerebral artery (MCA) 

penetrating the APS were investigated. These 

arteries, known as the lateral lenticulostriate 

arteries and originating from the M1 segment, 

early temporal and early frontal branches of the 

MCA, were recorded. 

Results: The branches of the anterior choroidal 

artery, which reached the APS, were seen in all 

specimens. We found one to three branches that 

arose from the A2 segment of the anterior cerebral 

artery (ACA) to the APS in all hemispheres, and 

one to three branches that originated from the 

A1 segment of the ACA in 48 hemispheres. In 

addition, two accessory MCAs that originated 

from the A2 segment of the ACA were recorded 

as variations, and perforating branches to the APS 

were observed. 

Conclusion: Serious complications like motor 

deficits can occur as a result of injury to the arteries 

of the APS. Hence, neurosurgeons performing 

operations such as aneurysm or insular tumour 

surgeries must be aware of the importance of 

preserving these arteries. 
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INTRODUCTION

Anterior perforated substance (APS) is a landmark in the 
basal forebrain located between the olfactory trigonum 
and optic tractus above the cerebral arteries. The arteries 
of the APS play an important role in the supply of blood 
to the internal capsule, putamen, caudate nucleus and 
globus pallidus.(1) These arteries, known as the anterior 
perforating arteries, usually arise from the middle and 
anterior cerebral arteries and the anterior choroidal 
arteries. The branches of the middle cerebral artery 
(MCA) to the APS are known as the lenticulostriate 
arteries.(2) The purpose of this study was to investigate in 
detail the arteries of the APS.

Fig. 1 Photograph shows the inferior aspect of a cadaveric brain. 
The ICA has been retracted anteriorly. The lateral lenticulostri-
ate arteries (white arrowheads) that originate from the M1 and 
the branch of the AChA (black arrowheads) that penetrates the 
anterior perforated substance are seen. 
* indicates choroidal plexus of the lateral ventricle.
ICA: internal carotid artery; A1: A1 segment of the anterior 
cerebral artery; M1: M1 segment of the middle cerebral artery; 
AccMCA: accessory middle cerebral artery;  AChA: anterior 
choroidal artery; ON: optic nerve; OC: optic chiasm; OT: optic 
tract
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METHODS

The arteries of the APS were investigated in 60 cerebral 
hemispheres from 30 adult cadaveric brains. Brains 
having signs of central nervous system trauma or 
disease were excluded. First, the internal carotid arteries 
were cannulated and perfused with coloured latex in 
fresh brains, after which the brains were embalmed in 
10% formaline solution for fixation. Dissections were 
performed using microsurgical instruments and an OPMI 
99 surgical microscope (Carl Zeiss, Göttingen, Germany). 
The number of arteries of the APS was recorded, and 
their origins were investigated. The Statistical Package 
for the Social Sciences version 15.0 (SPSS Inc, Chicago, 
IL, USA) was used for statistical analyses. A p-value < 
0.05 was considered to be statistically significant. Overall 
measurements were evaluated with the Wilcoxon signed-
rank test.

RESULTS

In all the 60 specimens, the internal carotid artery 
(ICA) bifurcated into the MCA and anterior cerebral 
artery (ACA) below the central portion of the APS. The 
branches of the MCA that penetrated the APS (lateral 
lenticulostriate arteries [LLAs]) were investigated. In 
all hemispheres, the average number of LLAs that arose 
from the M1 segment of the MCA was seven (range 4–11) 
(Figs. 1 & 2a). The number of LLAs on the left and right 
cerebral hemispheres was 6–11 and 4–10, respectively. 
No statistically significant difference was observed 
between the two sides with the Wilcoxon signed-rank 
test (p = 0.764 left, p > 0.05 right).  We observed early 

temporal branches, which arose from the M1 segment in 
41 (68.3%) specimens (22 on the left hemisphere and 19 
on the right). In five (8.3%) of these specimens, the early 
frontal branches were also determined (three on the left 
hemispheres and two on the right) as a branch of the M1 
segment. 
	 The LLAs arose from the early temporal branch in 
eight (13.3%) hemispheres (three on the left side and five 
on the right), and the average number was one (range 1–3) 
(Fig. 2a). In four (6.6%) hemispheres (two on the left 
side and two on the right), the LLAs arose from the early 
frontal branch with an average number of two (range 1–4) 
(Fig. 2b). We also determined an LLA (one right and one 
left hemisphere) that originated from the superior trunk 
of the MCA, immediately after the bifurcation in the two 
hemispheres (Fig. 3).
	 The branches of the anterior choroidal artery that 
penetrated the APS were investigated. We observed 
1–2 branches of the anterior choroidal artery in all 
hemispheres (Fig. 1). The branches of the ACA that 
penetrated the APS usually arose from the A2 segment 
of the ACA. The average number of anterior perforated 
arteries originating from the A2 segment was one (range 
1–3) in all hemispheres (Fig. 3). In 48 (79.8%) of the 
hemispheres (27 left and 21 right), we also observed that 
1–3 branches originating from the A1 segment of the ACA 
penetrated the APS (Fig. 4).
	 Two accessory MCAs (accMCAs) were also found 
to be variations, with both of them originating from the 
A2 segment of the ACA near the anterior communicating 
artery (AComA) and coursing parallel to the MCA. Both 

Fig. 2 Photographs show the inferior aspect of a right cerebral hemisphere. (a) The LLAs originate from the early temporal branch 
of the MCA (black arrowheads) and from the M1 segment of the MCA (white arrowheads). (b) The LLAs originate from the early 
frontal branch of the MCA (black arrowheads).
LLAs: lateral lenticulostriate arteries; MCA: middle cerebral artery; ICA: internal carotid artery; ON: optic nerve; OT: optic tract; 
TB: early temporal branch of the MCA; FB: early frontal branch of the MCA; ACA: anterior cerebral artery; PCA: posterior 
cerebral artery
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accMCAs were found in the left cerebral hemispheres, 
and gave rise to three and four perforating branches of the 
APS (Fig. 4).

DISCUSSION

The MCA is divided into four major segments: (a) The 
M1 (sphenoidal) segment extends from the terminal 
bifurcation of the ICA to the main MCA bifurcation, 
which is usually located at the level of the limen insulae; 
(b) The M2 (insular) segment, which includes the 
superior and inferior trunks of the MCA, extends from 
the main bifurcation to the peri-insular sulci; (c) The M3 
(opercular) segment extends from the peri-insular sulci to 
the cortical surface of the sylvian fissure; and (d) The M4 
(cortical) segment is located on the parasylvian surface of 
the brain and spreads over the cortical surface.(3)

	 According to Fischer,(4) the ACA is divided into five 
major segments. The A1 segment (proximal ACA) extends 
from the terminal bifurcation of the ICA to the AComA. 
The A1 segment ends and the A2 segment begins at the 
level of the AComA. The A2 segment extends to the 
region between the rostrum and the genu of the corpus 
callosum (CC). The A3 segment curves around the genu 
of CC and ends at the rostral part of the body of the CC. 
The A4 and A5 segments follow the superior surface of 
the CC. The A4 segment extends from the point at which 
the artery turns sharply to the posterior on the genu of the 

CC to the line where the CC intersects laterally with the 
coronal suture. The A5 segment extends from the point 
at which the CC intersects with the coronal suture to the 
splenium of the CC.(4) In this study, we focused on the 
perforating branches of the A1 and proximal A2 segments 
of the ACA.
	 The microsurgical anatomy of the LLAs has been 
examined in detail in many studies.(1,3,5-7) Türe et al 
found 1–15 (average 7.75) LLAs, while Marinkovíc et al 
observed 3–18 (average nine) LLAs that originated from 
the M1 segment of the MCA.(1,5) Similar findings were 
noted in our study as well. The cortical arteries arising from 
the main trunk of the MCA before bifurcation are called 
‘early branches’.(8) Türe et al reported LLAs originating 
from the early frontal branch of the M1 in nine (22.5%) 
hemispheres,(1) while we observed this in four (6.6%) 
hemispheres and LLAs from the early temporal branch in 
eight (13.3%) hemispheres. Umansky et al reported 5.7% 
of perforating arteries arising from the early branches of 
the MCA,(9) while Marinkovíc et al found one or more 
LLAs originating from the early branches in a quarter of 
the hemispheres.(5) Also, nearly one in five LLAs arose 
from an early branch in the study of Tanrıover et al.(10) 
When early cortical branches exist as a branch of the 
MCA, the LLAs have a high possibility of originating 
from these arteries. Yasargil’s studies found that the 
frequency and site of origin of the early branches as well 

Fig. 4 Photograph shows the anterior choroidal artery and LLAs 
arising from the MCA, which are removed for a better aspect of 
the AccMCA. The AccMCA is retracted anteriorly with a suture 
to show the LLAs that originated from it. The LLAs arise from 
the AccMCA (black arrowheads) and the anterior perforating 
artery arises from the A1 segment of the ACA (*).
LLAs: lateral lenticulostriate arteries; ON: optic nerve; OC: optic 
chiasm; OT: optic tract; ICA: internal carotid artery; ACA: an-
terior cerebral artery; MCA: middle cerebral artery;  AccMCA: 
accessory middle cerebral artery

Fig. 3 Photograph shows bifurcation of the ICA. The ICA is 
dissected to separate the MCA and ACA, after which they 
are respectively retracted laterally and medially to expose 
the arteries of the anterior perforated substance. The lateral 
lenticulostriate artery originates from the ST trunk of the MCA 
(black arrowheads), while the anterior perforating artery arises 
from the A2 segment of the ACA (while arrowheads).
ICA: internal carotid artery; ACA: anterior cerebral artery; 
MCA: middle cerebral artery;  TB: early temporal branch of 
the MCA; IT: inferior trunk of the MCA; ST: superior trunk of 
the MCA; OC: optic chiasm; OT: optic tract; A1: A1 segment 
of the ACA; A2: A2 segment of the ACA;  AComA: anterior 
communicating artery
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as the course and number of LLAs arising from them have 
practical application in transsylvian approaches, which 
require exposure of part or all of the insula.(11,12) 
	 Chyatte and Porterfield reported that LLAs arising 
from the M1 trunk never supply the frontal lobe, and 
therefore, it is easier to retract the frontal lobe away from 
the MCA during surgery.(13) Moreover, Tanrıover et al 
also reported in their study that an early frontal branch 
arising from the M1 segment may exist in more than 30% 
of cases, and on average, this gives rise to more LLAs per 
vessel than the early temporal branch. They also added 
that if a large, proximal early frontal branch is seen to 
give rise to several LLAs on an angiogram, consideration 
should be given to the initial retraction of the temporal 
lobe rather than the frontal lobe, away from the MCA.(10) 
Hence, surgeons must be aware of the possibility of such a 
situation arising during surgery. Türe et al recorded LLAs 
originating from the superior or inferior trunk of the M2 
segment, which are located near the main bifurcation of 
the MCA, in three (7.5%) hemispheres.(1) However, we 
observed that the LLAs originated from the superior 
trunk of the MCA in only two (3.3%) hemispheres, but 
none from the inferior trunk. In addition, it has been noted 
that the LLAs usually arise from the pre-bifurcation trunk 
of the MCA in previous studies, and our results were 
concordant with this finding.(1,11,12)

	 The LLAs that penetrate the APS play an important 
role in the supply of blood to the internal capsule, 
putamen, caudate nucleus and globus pallidus.(1,14) The 
APS lies just medial to the limen insulae and serves as 
an important surgical landmark. In their study, Tanrıover 
et al considered the point of entrance of the most lateral 
LLA to be the lateral limit of the APS, and referred to it 
as the “limen recess”, which is between the medial border 
of the limen insulae and the point of entrance of the most 
lateral LLA.(15) The limen recess is devoid of important 
perforating arteries and may be used as the medial limit 
of dissection during insular tumour surgery. Thus, an 
awareness of the location of the most lateral LLA may be 
helpful during insular tumour surgery, as motor deficits, 
such as hemiparesis due to obliteration of these perforating 
arteries, constitute a significant number of complications 
that occur following such surgeries.(15-17) It is well known 
that aneurysms on the MCA are not unusual. The orifices 
of LLAs can be affected by these aneurysms, and thus, the 
surgical procedures used for the treatment of aneurysms 
may damage the LLAs.(12,18) 
	 In our study, the anterior perforating arteries 
arose from the anterior choroidal artery in all 60 
hemispheres. However, Rosner et al noted that these 
arteries arose from the main trunk or superior branch 

of the anterior choroidal artery and enter the brain 
through the APS. In addition, they also reported that 
the anterior perforating arteries arose from the ICA,(2) 
which differs from our findings. Previous studies have 
found that the arteries of APS originate from the A1 
or A2 segments of the ACA;(2,19,20) these findings were 
also observed in our study. As mentioned earlier, like 
the LLAs that originate from the MCA, these arteries 
have an important role to play in the supply of blood to 
some important internal structures such as the internal 
capsule or nuclei basales.(2,12,21)

	 The accMCA usually originates from the ACA, 
particularly from its A1 or the proximal part of the A2 
segments, and courses parallel to the MCA. This artery 
supplies the orbitofrontal and prefrontal regions of the 
territory of the MCA.(10,22,23) Knowledge of the accMCA 
is important for the surgical treatment of cerebral 
aneurysms and for understanding the collateral blood 
supply in cerebral ischaemia.(24,25) The incidence of 
accMCA has been reported to be 0.4%–4% (approximately 
3%).(10-12,22,23) In our study, this variation was seen in two 
(3.3%) hemispheres. The perforating branches of the 
accMCA to the APS have been mentioned in previous 
studies,(3,10,11,22,23,26) and this finding was observed 
in both cases of accMCA in our study. Therefore, 
when the accMCA appears as a variation, the high 
possibility of its branches perforating to the APS must 
be considered during surgery.
	 In conclusion, this study highlights the complex 
arterial vascularisation of the APS. The arteries of APS 
are important due to their role in supplying blood to 
important structures such as the internal capsule, putamen, 
caudate nucleus and globus pallidus. Neurosurgeons must 
be aware of the importance of preserving these arteries 
and should also keep in mind that damage to these 
arteries during aneurysm or insular tumour surgery can 
cause serious motor complications such as dyskinesias, 
hemiparesis or hemiplagias. 
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