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Evaluation of the Lenticulostriate Arteries with
Rotational Angiography and 3D Reconstruction
Hyun-Seung Kang, Moon Hee Han, Bae Ju Kwon, O-Ki Kwon,
Sung Hyun Kim, and Kee-Hyun Chang

BACKGROUND AND PURPOSE: Anatomic evaluation of the lenticulostriate arteries (LSAs)
is important, especially in cases of surgical or endovascular treatment, but biplanar angiography provides limited information. We analyzed the LSAs with rotational angiography (RA) and
3D reconstruction and compared the findings with those of previous autopsy studies.
METHODS: We retrospectively reviewed the LSAs on 3D reconstructed RA images (200 sides
in 159 cases) to analyze their origin, course, and supplying territories. The angiographic
configurations of the LSAs were classified by using the scheme devised by Yasargil.
RESULTS: LSAs from the anterior cerebral artery were demonstrated on 140 sides (70%).
They originated from the A1 segment in 59 sides, from the A1-A2 junction on 41 sides, and from
the A2 segment on 35 sides. They arose as a single trunk and ended as the most medial and
anterior perforators in most cases. Arteries from the middle cerebral artery (MCA) were
demonstrated on 190 sides (95%). They originated from the M1 segment on 131 sides, from the
MCA bifurcation on 26 sides, and from the M2 segment on 33 sides; notably, all LSAs arising
from the M2 segment originated from the superior division. In terms of configuration, we
identified four major and 11 minor types. The most frequent LSA type was the combination of
medial and lateral distal striate arteries, which comprised 53 sides (28%).
CONCLUSION: Analysis of LSAs with RA and 3D reconstructed images may provide useful
information in patients with cerebrovascular diseases, especially before surgical and endovascular treatment.
Anatomic studies of the lenticulostriate arteries
(LSAs) have been described in the literature (1–10).
Evaluation of the anatomy of the LSAs is important,
especially in cases in which surgical or endovascular
intervention is planned. However, to our knowledge,
no study has been conducted to accurately document
the LSAs in living patients before they undergo interventional procedures.
With simultaneous rotation of the X-ray tube and
image intensifier during the intra-arterial injection of
contrast medium, rotational angiography (RA) and
3D reconstructed images enable us to obtain accurate

information regarding the cerebral arteries and their
branches. This technique provides images from various points of view, thereby avoiding overlapping of
the vessels (11–15). The purpose of our study was to
evaluate the application of RA and 3D reconstructed
images to the angiographic study of the LSAs.

Methods
Angiographic findings in 159 patients (64 men, 95 women)
were retrospectively reviewed. The patients’ mean age was 49
years, with a range of 14 – 84 years. The cerebral arteries were
evaluated on the right side in 98 patients and on the left side in
102, for a total of 200 sides. The most common angiographic
diagnosis was aneurysm (Table 1). Also included were 14 sides
in 13 patients with an accessory or duplicated middle cerebral
artery (MCA).
Angiographic examinations were performed by using a commercially available biplanar angiographic unit (Integris Allura;
Philips Medical Systems, Best, the Netherlands) with an image
intensifier matrix of 1024 ⫻ 1024. The C-arm rotated over a
240° range at a rate of 55°/s for about 4.4 seconds. The contrast
medium was injected at a flow rate of 4 –5 mL/s, resulting in a
total of 16 –20 mL for each RA acquisition. The image data
were transferred to a workstation, where reconstruction of 3D
images by volume rendering was performed with a software
package (Integris 3D-RA release 3.2; Philips Medical Systems).
Choosing an adequate threshold was a prerequisite for accurately demonstrating the LSAs, for reducing artifacts from
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TABLE 1: Angiographic diagnoses in 159 cases (200 sides)
Diagnosis

No. of Sides

Aneurysm
Stenosis
Fenestration
Accessory/duplicated MCA
Median callosal artery
AICA from AchA*
Negative

110
3
14
14
2
1
70

* Anterior inferior cerebellar artery from the anterior choroidal
artery.

adjacent bone, and for avoiding fusion of objects (Fig 1). We
analyzed snapshots consisting of six basic views (anterior, posterior, bilateral, superior, and inferior views), in addition to
views of arbitrary angles to comprehensively demonstrate the
origin and course of the LSAs.
We analyzed the origin, course, and supplying territories of
the LSAs. The LSAs were classified into one of the following
groups, according to their origin: 1) medial distal striate
(MDS), also known as the recurrent artery of Heubner, long
central artery, or telencephalic artery; 2) medial proximal striate (MPS), also known as the short central artery, diencephalic
artery, or medial LSA; 3) lateral proximal striate (LPS); or 4)
lateral distal striate (LDS) group (16). The LPS and LDS
groups were commonly called the lateral LSAs, collectively.

Results
LSAs and Their Classification
The origins of the lateral LSAs were best observed
on the posterior views; those of the medial LSAs were
best observed on superior views (Figs 2–5). To evaluate the LSA destinations, superior and lateral views
were helpful (Figs 2 and 3). The LSAs from the
anterior cerebral artery (ACA) (medial LSAs) were
demonstrated on 140 sides (70%). They originated
from the A1 segment on 59 sides, from the A1-A2
junction on 41 sides, from the A2 segment on 35 sides,
and from the anterior communicating artery on five
sides. They arose as a single trunk and ended as the
most medial and anterior perforator in most cases.
Typically, the single LSA from the ACA (especially
the A2 segment) corresponding to the recurrent artery of Heubner, ran a recurrent course along the A1
segment in the anterior and inferior direction and
then crossed the A1 segment in the posterior and
superior direction, passing the posterior aspect of the
bifurcation of the internal carotid artery (ICA) and
ending as perforators.
The LSAs from the MCA (lateral LSAs) were demonstrated on 190 sides (95%). They originated from
the M1 segment on 131 sides, from the MCA bifurcation on 26 sides, and from the M2 segment on 33
sides; notably, all the LSAs arising from the M2 segment originated from the superior division. They
arose as a single trunk on 107 sides, as two trunks of
a common origin on 56 sides, and as three trunks of a
common origin on 13 sides. They ended as the intermediate and lateral groups of perforators, each group
supplying the middle and posterior part of the basal
ganglia. Therefore, the LSAs of more medial origin
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supplied the more anterior parts of the basal ganglia,
while the LSAs of more lateral origin supplied the
more posterior parts of the basal ganglia (Figs 2 and
3). When they were multiple, the orifices of the lateral LSAs supplying the more lateral (therefore, posterior) part of the central brain tended to be located
at more posterior aspects of the MCAs.
When we applied the Yasargil classification of
LSAs (16), the LDS group was identified most frequently, followed in order by the MDS, LPS, and
MPS groups (Table 2). We could therefore classify
the configuration of LSAs according to the combinations of groups of LSAs on 186 sides, excluding cases
of an accessory or duplicated MCA (Table 3). We
were able to find all 15 possible combinations of the
four groups of LSAs. (No case was without LSAs.)
The MDS–LDS configuration was the most frequent
(n ⫽ 53, 28%) followed in order by the LPS-only (n ⫽
29, 15%), MDS–LPS (n ⫽ 27, 15%), and LDS-only
(n ⫽ 22, 12%) configurations. The other minor combinations accounted for the remaining 55 sides
(30%). Figure 4 shows several examples.

LSAs in Cases of Accessory or Duplicated MCAs
Eleven accessory MCAs arising from the ACA and
three duplicated MCA arising from the ICA (17)
were included in our series. One patient had an accessory MCA on the left side and a duplicated MCA
on the right. We found no contribution to the LSA
from the duplicated MCAs (Fig 2). In contrast, we
found LSAs originating from the accessory MCA in
all cases but one. In five cases with an accessory MCA,
this was the only provider to the LSAs; in the other
five cases, LSAs of separate origins from the ACA or
MCA were identified, as well as LSAs from accessory
MCA. A few examples are shown in Figure 5.

Discussion
The diagnostic value and applicability of RA in
defining aneurysms and stenoses was initially reported during the 1970s (18, 19). RA enables an
accurate evaluation of an artery by providing images
from various points of view; these are achieved with
simultaneous rotation of the X-ray tube and the image intensifier during an intra-arterial injection of
contrast medium. Its applications to the evaluation of
carotid disease are already well known (20 –22). Since
the development of the 3D reconstruction technique
during the 1990s (23, 24), the applications of RA with
3D reconstruction have been prolifically reported in
the field of cerebral aneurysms (11–15) and cerebral
arteriovenous malformations (25). However, to our
knowledge, ours is the first angiographic study of the
LSAs based on an RA and 3D reconstruction
technique.

Understanding of the LSAs
Earlier studies of LSAs involved cadaver brains
(1–10) and focused on the microvascular relation-
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FIG 1.
Choosing an adequate threshold
is important for demonstrating the LSAs
clearly. Posterior images of the right ICA.
A, LSA stump arising at the proximal A1
region.
B, An adequate threshold is selected,
and three branches (arrow) stemming from
an LSA trunk are clearly depicted.

FIG 2. Origins of the LSAs.
A, On the anteroposterior left ICA angiogram, exact origins of the LSAs cannot be evaluated.
B, On the posterior 3D reconstructed image, separate origins of the lateral LSAs are well delineated (arrows). A duplicated MCA
(arrowhead in B and C) arises just proximal to the ICA bifurcation, giving cortical branches to anterior temporal lobe. No perforators from
the duplicated MCA can be identified.
C, On the superior view, destinations of the LSAs (circles) and the origin of a medial LSA (arrow) are well demonstrated. LSAs with
a more lateral origin supply the more posterior areas of the central brain.

ships important for the surgical treatment of aneurysms in the anterior communicating region; these
included studies of the recurrent artery of Heubner
(1–3, 7, 10). They tried to overcome difficulties in
visualizing the anterior communicating artery and adjacent vessels, which are frequently overlapping and
hard to delineate on the basis of angiographic findings. Previous research has provided valuable data
regarding the fine anatomy of the LSAs. Despite
these contributions, it is not easy to apply this information to a particular case before surgical or endovascular intervention, because the LSAs have so many
variations and because surgeons can confirm the LSA
anatomy only after time-consuming and meticulous
dissection under the microscope in the operating
theater.

Our study demonstrates that accurate information
about the LSAs can be obtained by merely looking at
the 3D reconstructed RA images. Four major configurations of the LSAs covered 70% of all cases. However, 11 minor configurations of the LSAs were also
observed. The supply to the central brain seems to
maintain a balance between medial LSAs and lateral
LSAs: When the lateral LSAs are prominent, there is
little supply from medial LSAs, and vice versa. In this
study, we demonstrated that any particular combination of LSAs can be documented prior to intervention
by using the RA and 3D reconstruction technique. A
detailed understanding of LSA anatomy may be important, because unexpected damage to the LSA can
cause various clinical syndromes owing to ganglioniccapsular infarction (6). With this information, we can
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FIG 3.
Direction of LSAs.
A and B, Anterior (A) and medial (B)
images. More medially located LSA (arrow) divides into two branches and has
the more anterior direction of supply. More
lateral LSA (arrowhead) arises as a single
trunk and has the more posterior direction
of supply.
C and D, Anterior (C) and superior (D)
images. LSA arising from the A1-A2 junction (recurrent artery of Heubner, arrow) is
directed anteriorly on the superior view.
LSA arising from the superior division of
the MCA (arrowhead) is directed posteriorly.

be more careful and thus avoid damaging the LSAs
during interventional procedures, especially in cases
of cerebral fusiform and saccular aneurysms and in
cases of cerebral arterial stenoses managed with angioplasty with or without stent placement. It is important to know about the four major and 11 minor
configurations, as presented in our study; however, it
is more important to know what LSA configuration a
particular case has in advance of any interventions.
The RA and 3D reconstruction technique can provide
this information.
Categorization of the LSA configuration seems to
be meaningful for analyzing them. In this study, we
used the Yasargil classification because it is inclusive,
systematic, and easy to apply in our analysis of the
images (16). Also, perfusion of the central brain is
balanced among the various sources of vascular supply, and knowledge about the parts of the main cerebral arteries that are contributing to the LSAs in a
particular case is useful. An analysis based on this
categorization may possibly be applied to cases in-

volving infarction in the central brain; in this way, we
might be able to document the cause of the ischemic
changes at the LSA level.

Understanding of Accessory or Duplicated MCAs
Our series included 13 cases (14 sides) of accessory
or duplicated MCAs.
According to our findings, accessory MCAs assist
in supplying the central brain by giving off LSAs,
whereas duplicated MCAs give off only cortical
branches, as Takahashi et al (26) previously described. Because biplanar angiography provides limited visual angles, it is limited in accurately documenting the origin of the LSAs—that is, whether they are
from accessory MCAs or from the main trunk of the
MCA. We could accurately document the origins of
the LSAs in cases of accessory MCAs by using RA
and 3D reconstructed images from various angles,
thereby avoiding overlapping of the vessels. The
LSAs arise anywhere along the accessory MCAs, as
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FIG 4.
Examples of LSA configurations.
Arrows indicate the origins of LSAs.
A and B, Posterior (A) and anterior (B)
images of MDS/LPS configuration (n ⫽ 27,
15%).
C and D, Anterior (C) and posterior (D)
images of MPS/LPS configuration (n ⫽ 10,
5%).
E and F, Posterior (E) and anterior (F)
images of MDS/MPS configuration (n ⫽ 2,
1%).

shown in Figure 5. We speculate that accessory
MCAs are entities within a spectrum of early frontal
branches of the MCA, rather than just variants of a

recurrent artery of Heubner (26, 27). In an anatomic
study, Tanriover et al (8) reported that LSAs arose
from 81% of the early frontal branches. When we
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FIG 5.
Configurations of accessory MCAs and LSAs.
A, Accessory MCA of distal origin arising from the A2 segment of the ACA gives off an LSA (arrow).
B, Accessory MCA of proximal origin arising from proximal A1 segment of the ACA gives off LSAs (arrow).
C, Accessory MCA of distal origin gives off a recurrent artery of Heubner (arrow). A separate LSA (arrowhead) arises from the MCA.
TABLE 2: Identification of LSAs on 3D reconstructed images on 186
Group

No. of Sides (%)

MDS
MPS
LPS
LDS

101 (54)
35 (19)
86 (46)
109 (59)

Study Limitations

Note.—The LDS group was the most frequently identified. Cases of
accessory or duplicated MCAs (n ⫽ 14) were excluded.
TABLE 3: Combinations of LSAs on 3D reconstructed images on 186
sides
Group
Combination
Major
1
2
3
4
Minor
1
2
3
4
5
6
7
8
9
10
11

dominantly or from the MCA dominantly during embryonic development. Likewise, blood supply to the
lateral frontal lobe may have an origin from the ACA;
in this case, the artery becomes an accessory MCA.

MDS

MPS

LPS

LDS

No. (%)

Y
N
Y
N

N
N
N
N

N
Y
Y
N

Y
N
N
Y

53 (28)
29 (15)
27 (15)
22 (12)

N
N
N
Y
N
Y
Y
N
Y
Y
Y

Y
Y
N
N
Y
N
Y
Y
Y
Y
Y

N
Y
Y
Y
N
N
N
Y
Y
N
Y

Y
N
Y
Y
N
N
Y
Y
N
N
Y

10
10
9
8
4
4
3
2
2
2
1

(5)
(5)
(5)
(4)
(2)
(2)
(2)
(1)
(1)
(1)
(1)

Note.—The four major combinations accounted for 70% of all
cases. Cases of accessory or duplicated MCAs (n ⫽ 14) were excluded.

consider a situation in which the early frontal
branches arise from the ACAs, they are not distinguishable from the accessory MCAs. Blood supply to
the central brain can possibly be taken from the ACA

Our study has a limitation in that we could not
document the exact site of penetration of the vessels
through the anterior perforating substance, as shown
in a report by Rosner et al (28), because our study was
basically an angiographic study and not one showing
the brain parenchyma. Despite this limitation and in
light of previous cadaveric studies (1–10), the fine
vessels arising from the superoposterior aspects of the
proximal ACAs and MCAs, as visualized by using the
RA and 3D reconstruction technique, are LSAs. In
addition, the course and direction of the supply of the
vessels shows us they are perfusing the central brain
and not the cortices.

Conclusion
RA with 3D reconstruction is a valuable technique
for accurately defining the angiographic anatomy of
the LSAs. It can thereby provide important information before surgical and endovascular treatment.
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