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cal knowledge is needed. The purpose of this study was to eval-
uate the morphometric characteristics of the ATPAs.

MATERIALS AND METHODS

Forty-two (27 male; mean age, 60.4 years; range, 23–83 years 
and 15 female; mean age, 54.3 years; range, 28–86 years) forma-
lin-fixed human cadaveric brains were used. The brains were 
removed carefully from the skull to avoid damage to the brain 
stem and to preserve the internal carotid artery (ICA) proximal 
to the PCoA. The brain was placed upside down, and the ICA, 
PCoA, anterior choroidal artery (AchoA), and posterior cere-
bral artery (PCA) were examined on the ventral surface of the 
brain stem. The perforators arising from the junction of the 
PCoA and the ICA (IC-PC junction) to the PCA were dissected 
bilaterally under a surgical microscope (Fig. 1). Among the 84 

INTRODUCTION

The perforating arteries arising from the posterior communi-
cating artery (PCoA) are designated as the anterior thalamo-
perforating arteries (ATPAs) and number 2–141,2,15,19,24). Among 
the perforators, the premammillary artery (PMA) is a very im-
portant branch usually defined as the largest and most constant 
perforating branch of the PCoA penetrating the area between 
the optic tract, the mammillary bodies, and the cerebral pedun-
cle so-called paramedian perforating substance1,2,11-13,15,19,20,24). 
The PCoA has a deep and narrow course that increases the risk 
of injury to the PCoA perforating vessels during vascular or tu-
mor surgery in the parasellar region, mesial temporal lobe, or 
interpeduncular fossa. These perforating vessels are usually end 
arteries; thus, injury produces neurologic sequela. Thus, it is 
crucial to preserve them during surgery, so extensive anatomi-
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and cadaveric views of the anatomical measurements are shown 
in Fig. 4. Student t-test was used to compare mean differences be-
tween right and left sides. A p-value <0.05 was considered sig-
nificant.

RESULTS

Morphometric aspects of the PCoA
The mean length and diameter of the PCoA were 13.59±3.55 

mm (range, 4.91–25.00 mm) and 1.35±0.48 mm (range, 0.53–
2.50 mm), respectively. The right PCoA was significantly longer 
than the left PCoA (p=0.014), and mean diameter was 1.32 mm 
on the right and 1.38 on the left. The length and diameter of 
the PCoA varied widely. The mean number of perforators was 
6.76±2.07 (range, 3–12; 6.95 for the left and 6.57 for the right 
PCoA) (Table 1). 

bilateral specimens from the 42 cadaveric brains, four speci-
mens could not be examined due to severe damage to the brain 
stem and its vasculature. Of the 80 specimens, the AchoA and 
PCoA had a common origin in two specimens (2.5%) and the 
PCoA was absent in one specimen (1.3%) (Fig. 2). Because of 
the absence of the PCoA in one specimen, morphometric mea-
surements were taken from 79 specimens (52 males and 27 females) 
using digital calipers (Mitutoyo Co., Tokyo, Japan) after spread-
ing the folded PCoA. Among 79 specimens, fetal-type PCoA 
was seen in seven specimens (8.9%). The PMA was defined as 
the largest perforating vessel penetrating between the optic 
tract, the mammillary bodies, and the cerebral peduncle (Fig. 3). 

According to the crowding pattern of perforators arising from 
the PCoA, the ATPAs were roughly divided into anterior, mid-
dle, and posterior segments. The measurement taken in this 
study were as follows : 1) length and diameter of the PCoA; 2) 
interval and length of each segment; 3) number of perforators 
and the largest diameter perforators in each segment; 4) origin 
and the largest diameter of the PMA; 5) distribution of the 
perforator-free zone (PFZ) from the ICA and PCA. Schematic 

Fig. 1. Photographs showing the posterior communicating artery, perfo-
rators and relative anatomical structures on infero-superior view of ca-
daveric specimen. A : optic chiasm, B : internal carotid artery, C : poste-
rior communicating artery, D : optic tract, E : anterior thalamoperforating 
arteries, F : cerebral peduncle, G : P2 segment of posterior cerebral artery, 
H : P1 segment of posterior cerebral artery, I : mammillary body, J : tuber 
cinereum, K : anterior choroidal artery.

Fig. 2. Phtographs showing the variants of the posterior communicating artery (PCoA) and premammillary artery (PMA). A : The PMA (black arrow) is 
formed by an anastomosis of a perforator from the posterior cerebral artery (PCA) (black star) and a perforator from the posterior segment of the 
PCoA (black arrowhead). B : A specimen showing a double PMA (black arrowheads) and an anastomosis (black star) between perforators from the 
middle segment of PCoA (black arrows). C : A specimen showing absence of PCoA (white circle) on infero-superior view. D : A specimen showing a 
common origin of the anterior choroidal artery (AchoA) and the PCoA indicated by the black star. Enlarged view of the common origin of the AchoA 
and PCoA is shown in the inner box. BA : basilar artery, I : infundibulum, ICA : internal carotid artery, MB : mammillary body, OC : optic chiasm, SCA : 
superior cerebellar artery, TC : tuber cinereum. 

A B C D

Fig. 3. Photograph showing the paramedian perforating substance on 
infero-superior view of cadaveric specimen. Premammillary artery 
(black arrowhead) and anterior thalamoperforating arteries penetrate the 
paramedian perforating substance which is surrounded by the mammil-
lary bodies, optic tract, and the cerebral peduncle, indicated by the white 
triangle. A : optic tract, B : posterior communicating artery, C : internal 
carotid artery, D : cerebral peduncle, E : posterior cerebral artery, F : mam-
millary body.
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Morphometric aspects of the anterior segment of the 
ATPAs 

The anterior segment of the ATPAs arose at a mean interval 
of 1.75±1.62 mm (range, 0–7.96 mm) from the ICA, with an 
average length of 2.15±1.23 mm (range, 0.5–4.16 mm). The in-
terval from the ICA to the so-called PFZ from the ICA was 
slightly but significantly longer on the right than that on the left 
(p=0.020), which may have corresponded with PCoA length. 

The first perforator arose 2 mm from the ICA in 55 specimens 
(69.6%) and >2 mm from the ICA in the remaining 24 speci-
mens (30.4%). The mean diameter of the largest perforator was 
0.46±0.22 mm (range, 0.15–1.24 mm), and the mean number 
of perforators was 2.66±1.19 (range, 1–6). No significant differ-
ences were observed in length, diameter, or the number of per-
forators between the right and left sides (Table 2). Perforators 
emerged from the IC-PC junction in one specimen. 

Morphometric aspects of the middle segment of the
ATPAs 

The middle segment of the ATPAs arose at a mean interval 
of 5.86±2.05 mm (range, 2.94–9.64 mm) from the ICA and 
3.17±1.64 mm (range, 1.20–7.10 mm) from the anterior seg-
ment, with a mean length of 3.75±1.71 mm (range, 1.59–7.13 
mm). The mean diameter of the largest perforator was 0.51± 
0.23 mm (range, 0.10–1.04 mm), and the mean number of per-
forators was 3.03±1.84 (range, 1–10) (Table 3). The middle seg-
ment occupied the largest area of the PCoA, and the perforators 
had the largest diameters and were the most numerous among 
the three ATPA segments. Both the anterior and middle seg-
ments occupied roughly the anterior two-thirds of the PCoA 
(Fig. 4).

Morphometric aspects of the posterior segment of the
ATPAs 

The posterior segment of the ATPAs arose at a mean interval 
of 2.43±1.46 mm from the PCA (range, 0.50–5.36 mm) and 3.45± 
1.39 mm from the middle segment. The perforators arose ≤2 
mm from the PCA in 26 specimens (32.9%) and >2 mm from 
the PCA in the remaining 53 specimens (67.1%). The mean 
number of perforators was 1.67, and a very fine single perfora-
tor was observed in 48 (60.8%) of 79 specimens (Fig. 4). The 
mean diameter of the largest perforators was 0.37±0.17 mm 
(range, 0.10–0.81) (Table 4).

Morphometric aspects of the PMA
The PMA arose at a mean interval of 4.34±2.65 mm (range, 

0.36–9.95 mm) from the ICA, and mean diameter was 0.63±0.21 
mm (range, 0.27–1.19 mm) (Table 5). The PMA originated 

Fig. 4. Schematic view and cadaveric specimen showing the segments 
of posterior communicating artery (PCoA) according to the crowding 
pattern of anterior thalamoperforating arteries. Black arrows mean the 
length of each segment occupying the PCoA. Red arrows indicate the in-
terval between each segment. Red circles indicate the perforator-free 
zone from the internal carotid (ICA) and the posterior cerebral arteries 
(PCA), respectively. Fine single perforator arising from the posterior seg-
ment of PCoA is visible. Both anterior and middle segments roughly oc-
cupied the anterior two-thirds of the PCoA. Ant : anterior segment, Mid : 
middle segment, Post : posterior segment.

Ant Mid Post

ICA

PCA

Table 1. Morphometric aspects of the PCoA

Measurement Left Right p-value Sum*00
Length of PCoA  

Mean±standard deviation (mm) 12.90±3.46 14.27±3.55 0.014† 13.59±3.55
Range (mm) 0..4.91–23.25 008.30–25.00 - 004.91–25.00

Diameter of the PCoA 
Mean±standard deviation (mm) 01.38±0.45 01.32±0.53 0.187 01.35±0.48
Range (mm) 00.70–2.35 00.53–2.50 - 00.53–2.50

No. of perforators 
Mean±standard deviation 06.95±2.03 06.57±2.12 0.228 06.76±2.07
Range 014–12 003–12 - 003–12

*Sum is the mean value including data obtained from the left and right sides, †Significant difference between the left and right sides. PCoA : posterior communicating artery
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from the middle segment in 65.8% and from the anterior seg-
ment in 32.9% of cases. However, some variations were noted. 
The PMA was formed by an anastomosis with a perforator from 
the PCA and a perforator from the posterior segment of the 
PCoA in one specimen, and a double PMA was seen in one spec-
imen which formed in 0.01% of the cases (Fig. 2). And anastomo-
ses between perforators were found in three specimens (Fig. 2B, 

5). The PMA originated from the medial, superior, and supero-
lateral walls of the PCoA with wide variation but usually from the 
superior surface of the PCoA (Fig. 6). No correlation was found 
between PCoA diameter and the number, diameter, or origi-
nating patterns of the perforators, including the PMA. PMA di-
ameter in one specimen was almost the same as that of the parent 
PCoA. A reduction in PCoA diameter after emergence of the 

Table 2. Morphometric aspects of the anterior segment of the ATPA

Measurement  Left Right p-value Sum
Interval from ICA  

Mean±standard deviation (mm) 1.43±1.39 2.03±1.81 0.020† 1.75±1.62
Range (mm) 0–6.29 0–7.96 - 0–7.96

Length*
Mean±standard deviation (mm) 2.20±1.16 2.09±1.39 0.215 2.15±1.23
Range (mm) 0.5–4.16 0.5–4.01 - 0.5–4.16

Largest diameter 
Mean±standard deviation (mm) 0.48±0.21 0.43±0.22 0.288 0.46±0.22
Range (mm) 0.20–1.24 0.15–1.19 - 0.15–1.24

No. of perforators 
Mean±standard deviation 2.95±1.05 2.38±1.26 0.094 2.66±1.19
Range 1–6 1–5 - 1–6

*Length of the posterior communicating artery from which the anterior segment originates, †Significant difference between the left and right sides. ATPA : anterior thal-
amoperforating artery, ICA : internal carotid artery

Table 3. Morphometric aspects of the middle segment of the ATPA

Measurement Left Right p-value Sum00
Interval from ICA  

Mean±standard deviation (mm) 5.73±1.86 6.01±2.36 0.697 5.86±2.0500
Range (mm) 4.33–9.64 2.94–9.31 - 2.94–9.6400

Length* 
Mean±standard deviation (mm) 3.67±1.42 3.81±2.02 0.419 3.75±1.7100
Range (mm) 1.59–5.28 1.65–7.13 - 1.59–7.1300

Largest diameter
Mean±standard deviation (mm) 0.50±0.22 0.52±0.25 0.494 0.51±0.2300
Range (mm) 0.10–0.89 0.15–1.04 - 0.10–1.0400

No. of perforators 
Mean±standard deviation 2.88±1.79 3.18±1.90 0.125 3.03±1.8400
Range 1–8 01–10 - 01–1000

*Length of the posterior communicating artery from which the middle segment originates. ATPA : anterior thalamoperforating artery, ICA : internal carotid artery

Table 4. Morphometric aspects of the posterior segment of the ATPA

Measurement  Left Right p-value Sum
Interval from PCA  

Mean±standard deviation (mm) 2.33±1.56 2.53±1.36 0.146 2.43±1.46
Range (mm) 0.5–5.02 0.5–5.36 - 0.50–5.36

Largest diameter 
Mean±standard deviation (mm) 0.38±0.19 0.36±0.16 0.667 0.37±0.17
Range (mm) 0.10–0.83 0.15–0.81 - 0.10–0.81

No. of perforators 
Mean±standard deviation 1.84±0.97 1.50±0.98 0.281 1.67±0.98
Range 1–4 1–5 - 1–5

ATPA : anterior thalamoperforating artery, PCA : posterior cerebral artery
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PMA was seen in two (2.5%) of 79 specimens (Fig. 7). 

Interval between each ATPA segment and the PFZ 
The intervals between each segment and the distribution of 

the PFZ are demonstrated schematically in Fig. 4. Of the 79 speci-
mens, 67.1% had a PFZ >2 mm from the PCA (mean, 2.43 mm), 
whereas 30.4% had a PFZ >2 mm from the ICA (mean, 1.75 mm). 
The mean gaps between each ATPA segment were 3.17±1.64 

(range, 1.20–7.44 mm) and 3.45±1.39 mm (range, 0.87–6.24 
mm) between the anterior and middle segments and between 
the middle and posterior segments, respectively (Table 6).

DISCUSSION

The PCoA arises from the posteromedial, the posterior, or 
the posterolateral aspect of the ICA and passes posteromedially 

Table 5. Morphometric aspects of the PMA

Measurement Left Right p-value Sum000
Interval from ICA  

Mean±standard deviation (mm) 3.80±2.23 4.94±3.01 0.092 4.34±2.65
Range (mm) 1.40–9.64 0.36–9.95 - 0.36–9.95

Largest diameter 
Mean±standard deviation (mm) 0.61±0.17 0.65±0.25 0.387 0.63±0.21
Range (mm) 0.32–0.85 0.27–1.19 - 0.27–1.19

Origin of segment* 
Anterior 12 14 - 26 (32.9%)
Middle 28 24 - 52 (65.8%)
Posterior 0 1 - 1 (1.3%)

*Origin of the segment represents the number of specimens from which the PMA originates from each segment. PMA : premammillary artery, ICA : internal carotid artery

Fig. 5. Photographs showing the anas-
tomoses between perforators. A : 
Anastomosis between premammillary 
artery (black arrowhead) and a perfora-
tor from the posterior segment of pos-
terior communicating artery (PCoA) 
(black arrow). B : Anastomsis between 
the perforator from the posterior seg-
ment of PCoA (black arrowhead) and 
a perforator from the PCA (black ar-
rows). Black star indicates the anas-
tomosis site. Each segment of PCoA 
is indicated. ICA : internal carotid ar-
tery, PCA : posterior cerebral artery.A B

Fig. 6. Cadaveric specimen showing 
the origin surface of premammillary 
artery (PMA) (black arrowhead) aris-
ing from posterior communicating ar-
tery (PCoA). A : PMA originates from the 
superolateral surface of the right PCoA. 
B : PMA originates from the lateral sur-
face of the left PCoA. C : PMA originates 
from the medial surface of the right PCoA, 
ICA : internal carotid artery.AA B C
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to join the PCA. It passes through the carotid cistern and pierc-
es Liliequist’s membrane to enter the interpeduncular cistern 
where it joins the PCA and numerous perforating branches 
arising from the PCoA are found2,12,24). This relatively deep and 
narrow course of the PCoA with complex perforating branch 
anatomy increases the risk of injury to the PCoA perforating 
vessels during vascular or tumor surgery in the parasellar re-
gion, mesial temporal lobe, or interpeduncular cistern. Umred-
kar et al.27) reported a 35.71% rate of radiologically proven per-
forator-related infarctions after PCoA aneurysm clipping, 
however including incidence of infarction by vasospasm. These 
perforating vessels are usually end arteries; thus, injury will pro-

duce neurologic sequela, so it is crucial to preserve them during 
surgery, and extensive anatomical knowledge is needed. In en-
dovascular surgery, thromboembolic events are a fearful com-
plication to be avoided reported to be 2.5–28% of patients treat-
ed in cases of aneurysmal subarachnoid hemorrhage6,21,26,29). 
Endo et al.9) reported thromboembolic complications in PCoA 
perforator territory during coil embolization and found a dif-
ference in infarction size depending on PMA involvement or 
not, as the PMA has an anatomically complementary relation-
ship with the paramedian artery originating from the P1 seg-
ment, which emphasizes the importance of the PMA.

Fig. 7. Cadaveric specimens showing 
the reduction of diameter of the poste-
rior communicating artery (PCoA) after 
the emergence of the premammillary ar-
tery (PMA). Arrowhead indicates PMA, 
blackstar indicates the reduction of di-
ameter of the PCoA, and black arrow in-
dicates single fine perforator arising from 
posterior segment of PCoA. ICA : inter-
nal carotid artery, PCA : posterior cere-
bral artery.

Table 6. Morphometric aspects of the interval between each segment and the PFZ

Measurement Left Right p-value Sum
PFZ from ICA

Mean±standard deviation (mm) 1.43±1.39 2.03±1.81 0.020* 1.75±1.62
Range (mm) 0–6.29 0–7.96 - 0–7.96

Interval between anterior and middle segments
Mean±standard deviation (mm) 3.13±1.80 3.22±1.53 0.823 3.17±1.64
Range (mm) 1.35–7.44 1.2–5.83 - 1.2–7.44

Interval between middle and posterior segment 
Mean±standard deviation (mm) 3.52±1.21 3.38±1.56 0.170 3.45±1.39
Range (mm) 1.45–5.4 0.87–6.24 - 0.87–6.24

PFZ from PCA
Mean±standard deviation (mm) 2.33±1.56 2.53±1.36 0.146 2.43±1.46
Range (mm) 0.5–5.02 0.5–5.36 - 0.50–5.36

ant seg : anterior segment of the anterior thalamoperforating artery (ATPA), mid seg : middle segment of the ATPA, post seg : posterior segment of the ATPA. *Signifi-
cant difference between left and right sides. ICA : internal carotid artery, PCA : posterior cerebral artery, PFZ : perforator-free zone
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Morphometrics of the PCoA 
According to our morphological data, the PCoA was slightly 

but significantly longer on the right side than that on the left. 
The distance between the ICA and the first PCoA perforator in 
the anterior segment was slightly but significantly longer in the 
right PCoA than that in the left PCoA. This result can be help-
ful to determine the side to approach the interpeduncular fossa 
when there is no better approach based on the lesion, and an 
angiogram does not show the PCoA well enough to determine 
which side would be a better approach. As the side with the 
longer PCoA creates a wider operative field in the interpedun-
cular fossa, the right side can be favorable in such a situation.

The PCoA has been divided into various types depending 
on the degree of involution, which is based on PCoA embryol-
ogy28). When the diameter of the PCoA exceeds the diameter 
of the P1, it is called fetal type, and when equal, transitional 
type, when the diameter is less than 1mm, it is called hypoplas-
tic type. And when the diameter exceeds 1 mm but less than the 
diameter of the P1, it is called adult type. The incidences of the 
fetal, transitional, and hypoplastic types are 15–40%, 8–18%, 
and 18–32%, respectively1,4,24,28). In our study, the fetal type PCoA 
was found in 8.9% of the 79 specimens, which is very low com-
pared to the literature. However, no correlation was found be-
tween PCoA type and the diameters or patterns of the branch-
ing perforators. Similar findings with other previous reports, 
the type of PCoA does not make any difference on the impor-
tance of the perforator1,2,9,14,15,19,23,30). In a specimen, the diameter of 
the PMA was almost the same as that of the parent hypoplastic 
PCoA, which supports this finding and ATPAs greater in diam-
eter than the parent PCoA have been reported2).

Interventional treatments are continually developing. Open 
surgery has been replaced for posterior circulation aneurysm 
treatment. However, there are some limitations based on the 
morphology of the aneurysm and the parent artery. A wide-
necked PCoA aneurysm occasionally incorporates the PCoA at 
its origin and obstruction of the PCoA is thus considered a 
therapeutic strategy5,9). The Allcock test is useful to evaluate col-
lateral blood flow and predict postoperative ischemic complica-
tions encountered after sacrificing the PCoA. However, Endo et 
al.9) reported infarctions in perforator territory after occluding 
the PCoA, even with a positive Allcock test result, suggesting 
that although an angiogram shows filling of the PCoA by the 
PCA, it does not meet the physiological demand of circulation. 
We found two specimens (2.5%) with reduced PCoA diameter 
after emergence of the PMA (Fig. 7). Gabrovsky11) found up to 
20% reduced PCoA diameter from its anterior to its posterior 
third in 27% of adult type PCoAs and 24% of hypoplastic type 
PCoAs, which supports our finding, and explains the insuffi-
cient retrograde flow from the PCA to PCoA in such case. 
Therefore, occlusion of the PCoA should be done with great 
care, even with a positive Allcock test result.

Morphometrics of the ATPAs
According to previous studies, the average number of ATPAs 

is 4–141,2,15,19,24). These perforators originate from the superior as-
pect of the PCoA, either medially or laterally, with wide varia-
tions (Fig. 6). ATPAs have a variable initial course but finally run 
posteromedially into the interpeduncular cistern and supply the in-
ferior optic chiasm, optic tract, tuber cinereum, mammillary 
bodies, subthalamus, posterior hypothalamus, and anterior thal-
amus (Fig. 1). Damage to these perforators can lead to amnesia, 
subcortical cognitive disturbances, endocrine dysfunction, visual 
field defects, vegetative disorders, hyperthermia, motor weak-
ness, and sensory and personality changes2,3,11,14,15,18,19,24).

In this study, we determined that the perforators had a spe-
cific branching pattern. They arose in three different crowding 
patterns, and we divided them into three segments of anterior, 
middle, and posterior according to the crowding pattern (Fig. 4). 
The middle segment occupied the largest area of the PCoA 
(mean length, 3.75±1.71 mm), and the perforator had the largest 
diameter (mean diameter of the largest perforator, 0.51±0.23 
mm) and was the most numerous among the three ATPA seg-
ments (mean number of perforators, 3.03±1.84). The fewest 
number of perforators and those with the smallest diameter 
were found in the posterior segment (mean number of perfora-
tors, 1.67±0.98; mean diameter of the largest perforator, 0.37±0.17 
mm), and only a single fine perforator was found in 60.8% of the 
posterior segments. Similar to previous studies1,3,11,12,14-16,24), most 
perforators arose from the anterior and middle segments, which 
roughly occupied the anterior two-thirds of the PCoA (Fig. 4).

The ATPAs course in a group by their segment. Similar findings 
were reported by Vincentelli et al.28). In their study, they divided 
ATPAs into medial and lateral groups based on the direction of 
the perforators and reported that they were enclosed within 
their own arachnoid compartment. They stated that lifting the 
perforators together in a group with their arachnoid layers makes 
it easier to pass the perforators to the aneurysm when operating 
on a basilar tip aneurysm. According to our finding that the 
perforators were grouped by segments, this can be a tip to pre-
dict perforator location and preserve them when performing 
PCoA aneurismal clipping. For example, when clipping a large 
PCoA aneurysm with a wide neck, the operation field may not 
be wide enough to expose the perforators satisfactorily. Instead 
of suffering to find all perforators individually, just identifying 
the group of perforators by their segment in their arachnoid 
layers which can be more simple, we can predict the perforator 
free area and attempt clipping with confidence that the perfora-
tors will be safe. Although, of course, all efforts should be made 
for inspection of perforators in detail after clipping since there 
are variable findings of perforators other than the usual pattern 
reported in our study, such as perforators emerging from the 
junction of PCoA and ICA and so on.

Morphometrics of the PMA
The largest and most constant PCoA perforator is referred to as 
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the PMA (Fig. 3)1,2,11-13,19,20,24). In historical perspective, there has 
been inconclusive nomenclauture of the perforators including the 
PMA. Duret7,8) reported perforating arteries as anterior internal 
optic arteries in 1874, and they were referred to as the premam-
millary or thalamotuberal pedicle by Foix and Hillemand10) in 
1925. Later, the largest and longest branch of the PCoA was 
called the thalamic polar artery by Lazorthes and Salamon17). 
Zeal and Rhoton31) reported the perforating branches as anteri-
or thalamoperforating arteries and the largest of them as the 
premammillary artery in 1978. We used nomenclature in which 
the PMA is referred to as the largest and most constant branch 
penetrating the paramedian perforating substance, which is the 
area surrounded by the mammillary bodies, optic tract, and the 
cerebral peduncle first described by Percheron (Fig. 3)22). The 
PMA supplies the posterior hypothalamus, mammillothalamic 
tract, anterior thalamus (nucleus ventralis anterior, ventrolateral 
and dorsomedial nucleus, and reticular nucleus), anteromedial 
part of the optic tract, inferomedial tip of the head of the cau-
date nucleus, the genu, and part of the posterior limb of the in-
ternal capsule11-13,20,24). Occlusion of the PMA has been described 
as a clinical syndrome, including contralateral motor weakness, 
changes in superficial modalities of sensation, neuropsychologi-
cal dysfunction, such as apathy, lack of spontaneity, disorienta-
tion, and memory and language disturbances11-13).

Gibo et al.13) reported that the usual site of emergence of the 
PMA is the caudal third of the PCoA, which was opposite to our 
result. We found the PMA located at a mean interval of 4.34 mm 
from the ICA. It arose from the middle segment of the PCoA in 
66% of cases and mostly within the anterior two-thirds of the 
PCoA. In the microanatomical study with 70 cadaveric hemi-
spheres by Gabrovsky et al.12), PMA was found to originate from 
the middle third of the PCoA in 50% of the cases, from the ante-
rior third in 17%, similar findings with our study.

The PMA is usually considered a single branch of the PCoA, 
but it can be plural. Duplication of the PMA was observed in 2% 
of cases by Pedroza et al.19,20) and in 28.8% of cases by Gibo et 
al.13). Triplication of the PMA has also been documented in 4.3% 
of cases by Gabrovsky et al.12). We found a duplicate PMA in one 
case (0.01% of cases) (Fig. 2).

PFZ of the PCoA
In view point of the location and morphology of perforators, 

the safest PFZ can be considered to be typically located closest 
to the PCA, corresponding with previous reports that most 
ATPAs, including the most important perforator, the PMA, 
arises from the anterior two-thirds of the PCoA1,3,11,12,14-16,24). 
This finding is important when operating on the interpeduncu-
lar fossa. In a case when the PCoA is short, it can act like a ten-
sion band between the ICA and PCA, making it difficult to 
widen the operating window and occasionally the PCoA per-
forator can hinder the lesion, so in such case dividing the 
PCoA is necessary. Many reports have described safe division 
of the caudal PCoA and preserving the perforators due to the 

fewer number of perforators located in the posterior third of 
the PCoA3,11-16,23-25,30). Beumer et al.3) reported that the length of 
the PFZ is 2–6 mm and that the longest PFZ is located closer 
to the PCA than to the ICA. This was similar to our finding. The 
mean distance between the site of the first perforator and the 
ICA was 1.8 mm in their study, and that between the last perfo-
rator and the PCA was 2.4 mm. The PFZ was >2 mm from the 
PCA in 67% of specimens, whereas 70% of cases had a PFZ with-
in 2 mm from the ICA (Table 6). However, we found a specimen 
with a PMA formed by an anastomosis between a perforator 
from the PCA and the posterior segment of PCoA (Fig. 2). In 
such case, dividing the caual part of PCoA can be dangerous.

Variants of the PCoA and ATPAs including the PMA
Although many studies have reported measurements and 

categorized the PCoA and its perforators, a large number of 
variations exist. As examples, one specimen had a common ori-
gin for the AchoA and PCoA, another had a PMA formed by 
an anastomosis of a PCA perforator and a perforator of the pos-
terior segment of the PCoA, and a specimen of a double PMA 
was found (Fig. 2). Perforators emerging from the junction of 
the PCoA and ICA were also seen. Other studies have reported 
PMA variants. In a study by Gabrovsky et al.12), a PMA originat-
ing from the P1 segment of the posterior cerebral artery or ICA 
was found and other studies reported double, triple PMA as 
described above13,19,20). As mentioned earlier, atypical from our 
study, emergence of PMA from the caudal PCoA was reported13). 
Regarding these variations, the results described in this study 
should just be a reference, and a detailed microscopic inspec-
tion of the PCoA and it’s perforators should be carried out on op-
eration.

Limitations
Since this study was designed for morphometric measure-

ments, the authors did not evaluate the territory supplied by the 
perforators. The grouping of ATPAs in anterior, middle, poste-
rior segments was done by the morphometry not by the supply-
ing territory.

CONCLUSION

The PCoA perforators arise from anterior, middle, and pos-
terior segments of the PCoA according to their crowding pat-
tern. Most perforators arise from the anterior and middle seg-
ments, which are located within the anterior two-thirds of 
PCoA. The PFZ was located >2 mm from the PCA in 67% of 
cases and within 2 mm from the ICA in 70% of cases. The PMA 
was located at a mean interval >4 mm from the ICA within the 
anterior two-thirds of the PCoA and mostly in the middle seg-
ment of the ATPA. Considering the location and morphology 
of the perforators, the safest PFZ was typically located closest to 
the PCA. These anatomical findings may be helpful to verify 
safety when performing surgical clipping or endovascular coil-
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ing procedures on the PCoA, basilar artery aneurysms, or tumor 
surgery in the interpeduncular fossa. However, there are a large 
number of variations, and results of this study should just be a 
reference, and a detailed microscopic inspection of the PCoA 
and it’s perforators should be carried out on operation.
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