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ABSTRACT

AIM: The basilar artery (BA) is the prominent median vessel of the vertebrobasilar circulation and usually terminates into two posterior
cerebral arteries forming the posterior angle of the Circle of Willis (CW). To tackle different variations of CW, basilar artery acts as a guideline for
neuroradiologists and neurosurgeons. Basilar termination is the most frequent site of aneurysm. Abnormalities at the site of termination may
compress the oculomotor nerve. Variations at the termination may complicate surgeries at the base of brain. The present study aims to add to
the knowledge regarding the termination pattern of the BA.

MATERIAL and METHODS: 170 BA terminations were studied. Morphological variations in the termination pattern were noted. Frequency of
variations in termination patterns was recorded. Dimensions of BA were measured. Data were analyzed.

RESULTS: Morphological variations in termination were seen in 17.64%. Bifurcation, Trifurcation, Quadrifurcation, Pentafurcation and
Nonfurcation of BA was seen in 82.35%, 5.29%, 5.88%, 3.52% and 2.94% respectively. BA associated with aneurysm and Fenestration was seen
in 3.52% and 1.17% respectively. Mean length and diameter of BA was 30.27 mm and 4.8 mm respectively.

CONCLUSION: Awareness of these anatomical variations in termination patterns of BA is important in neurovascular procedures.

KEYWORDS: Basilar artery, Bifurcation, Trifurcation, Pentafurcation, Variation, Brain, Anatomy
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AMACG: Baziller arter (BA), vertebrobaziller dolasimin 6nde gelen median damaridir ve genellikle iki posterior serebral arter halinde
sonlanip Willis Poligonunun (CW) posterior agisini olusturur. Baziller arter, farkli CW varyasyonlarini ele almak agisindan, néroradyologlar
ve norosirlirjiyenler icin bir kilavuz gorevi gorir. Baziller terminasyon, anevrizmanin en sik gorildigi bolgedir. Terminasyon boélgesindeki
anormallikler okiilomotor siniri sikistirabilir. Terminasyondaki varyasyonlar beyin tabanindaki cerrahilerde komplikasyon olusturabilir. Mevcut
calisma, BA terminasyon paterniyle ilgili bilgiye katkida bulunmayi hedeflemektedir.

YONTEM ve GERECLER: 170 BA terminasyonu calisiimistir. Terminasyon paternindeki morfolojik degisiklikler kaydedilmistir. Terminasyon
paternlerindeki varyasyonlarin sikligi kaydedilmistir. BA boyutlari 6l¢timustir. Veriler analiz edilmistir.

BULGULAR: Terminasyonda morfolojik varyasyonlar %17,64 olguda gorilmustir. Bifurkasyon, Trifurkasyon, Kuadrifurkasyon, Pentafurkasyon
ve Nonfurkasyon BA'da sirasiyla %82,35, %5,29, %5,88, %3,52 ve %2,94 sikliginda gorilmustir. Anevrizma ve Fenestrasyonla iliskili BA sirasiyla
%3,52 ve %1,17 sikliginda goriilmistir. BA ortalama uzunluk ve ¢api sirasiyla 30,27 mm ve 4,8 mm bulunmustur.

SONUG: Norovaskdler islemler sirasinda BA terminasyon paternlerinde bu anatomik varyasyonlarin farkinda olma 6nemlidir.

ANAHTAR SOZCUKLER: Baziller arter, Bifurkasyon, Trifurkasyon, Pentafurkasyon, Varyasyon, Beyin, Anatomi

INTRODUCTION basilar termination is the most frequent site of aneurysm
(20). Abnormalities at the site of termination may compress

The basilar artery (BA) is formed by the union of the vertebral o o
the oculomotor nerve (19). Variations at the termination

arteries (VA), in the pontine cistern. It follows a shallow . )
median groove on the ventral surface of pons (18). The artery My complicate surgery at the base of brain. The present
is the large, prominent, median vessel, and forms the spine of ~ Study therefore aims to add to the knowledge regarding the
the vertebrobasilar circulation. The artery usually terminates  termination pattern of the basilar artery (4).

by dividing into two posterior cerebral arteries. This point of MATERIAL and METHODS

termination of the basilar artery forms the posterior angle of

the Circle of Willis (CW) (7). CW shows considerable variations ~ The study was conducted at the department of Anatomy,
at the base of brain. The study was undertaken to look at  Rural Medical College, PIMS, Loni. The study was started by
different variations of CW.The basilar artery acts asa guideline  undertaking the institutional ethical clearance (PIMS/PhD/
for anatomists, neuroradiologists and neurosurgeons. The  RC/2013/28). A total of 170 formalin preserved brains of
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human cadavers were examined. The brains obtained from
cadaveric bodies were of unknown age and with unknown
cause of death. The brains with the gross morphological
variations were excluded from the study. Arachnoid mater
in the pontine cistern as well as in the interpeduncular fossa
was removed carefully to expose the basilar artery and the
posterior portion of CW. The basilar artery was identified and
dissected completely from its origin to its termination. All the
branches arising from basilar artery were dissected carefully.
Special attention was given to the Posterior cerebral arteries
(PCA) and Superior cerebral arteries (SCA). The branching
pattern of the terminal part of the basilar artery was noted,
well photographed and documented.

The arterial networks of the CW along with the termination of
basilar artery and PCA, SCA and all possible small arteries at
the termination of basilar artery of both sides were carefully
and delicately separated from brain tissue and pasted on
black plastic sheets for better view and for future reference.
Morphological variations at the terminal portion of the
basilar artery were well photographed again with a Canon
digital camera with a resolution of 10 mega pixel. Dimensions
of the basilar artery were measured with the vernier caliper
with a smallest count of 0.01 mm. Data collected in the study
were analyzed to calculate the mean, standard deviation and
percentages.

RESULTS

The different patterns of termination of basilar artery were
studied in detail and classified as the bifurcation, trifurcation,
quadrifurcation, pentafurcation and nonfurcation. The
incidence of the different patterns of termination of BA is
tabulated in Table I.

Bifurcation of basilar artery: The basilar artery terminates
into 2 PCA. Bifurcation was the most commonly seen pattern

and found in 140 (82.35%) cases (Figure 1A). Along with this
usual bifurcation, we found 3 unusual cases of bifurcation of
the basilar artery in the present study as the PCA and SCA
arising from a common trunk (CT). CT was bilateral. It looked
like early bifurcation of the basilar artery before the origin of
the SCAs (Figure 1B).

Standard conventional termination observed was the
bifurcation of basilar artery. Morphological variations in
termination were seen in 30 cases (17.64%).

Trifurcation of basilar artery: In this pattern there were 3
arteries arising from the terminal point of the basilar artery.
(Figure 2A) Trifurcation of basilar artery was found in 9 cases
(5.29 %). Trifurcation was divided into Type A, Type B and Type
C. This division was according to the branching pattern in the
formation of trifurcation.

In type A trifurcation, there were 2 PCAs and 1 SCA. In this
pattern, 2 SCAs of the opposite side were arising at a different
level from the basilar artery, one SCA at the regular site and
one at the termination of the basilar artery. This pattern was
termed as trifurcation type A and was seen in 4 cases (Figure
2B).

Table I: Different Patterns of Termination of BA

Ve T No. of cases | Percentage
patterns of BA ' 9

1 | Bifurcation . 140 | 8235
2 | Tiifurcation | 9 | 529
3 ‘ Quadrifurcation ‘ 10 ‘ 5.88
4 ‘ Pentafurcation of ‘ 6 ‘ 3.52
5 ‘ Nonfurcation ‘ 5 ‘ 2.94

Bifurcation of BA 140 (82.35%

Bifurcation of BA with CT

| - f

Figure 1: A) Standard Bifurcation of basilar artery. Left side: Schematic diagram, Right side: Actual specimen from the present
study, Arrows: Arteries taking part in termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery,
ICA- Internal Carotid Artery, OC- Optic chiasm. B) Bifurcation of BA with Common Trunk for PCA and SCA. BA- Basilar artery, CT-
Common trunk, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery.
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In type B trifurcation, the 3 terminal branches were 1 PCA, 1
SCA and 1 common trunk (CT) at the other side of the PCA
and SCA. This pattern was termed as trifurcation type B and
was seen in 3 cases (Figure 2 C).

In type Ctrifurcation, the 3 terminal branches were 2 PCAs, and
one Posterior communicating artery (PoCA). In this pattern,
the PoCA was connecting the ICA directly to the basilar artery
termination. This pattern was termed as trifurcation type C.
It was seen in 2 cases. In both cases it was seen on left side
(Figure 2 D).

Quadrifurcation of basilar artery: This pattern showed
4 branches arising from the termination of the basilar
artery. There were 2 PCA and 2 SCA arising from the same
point of termination of the basilar artery. The origin of SCA
shifted higher up to the termination of the basilar artery.
Quadrifurcation of basilar artery was found in 10 cases
(5.88 %) (Figure 3A, B).

Pentafurcation of basilar artery: Pentafurcation showed 5
branches arising from the termination of basilar artery. Five
contributing branches in the pentafurcation were the 2 PCAs
and 3 SCAs arising from the same terminal point of the basilar
artery (on one side SCA had duplication). Pentafurcation of
basilar artery was found in 6 cases (3.52 %) (Figure 4A, B).

Nonfurcation of basilar artery: In nonfurcation, there
was direct continuation of the basilar artery in to a single
PCA, either of the right or left side. This pattern suggests
aplasia of one of the PCA. Nonfurcation was found in 5 cases
(2.94 %) (Figure 5A). In one case both PCA were present, but
the origin of one of the PCA was shifted below at the level
of the origin of the SCA, suggesting that PCA was the lateral
branch of basilar artery and not the terminal branch (Figure
5B).

The aneurysms and fenestrations were also examined.

Trifurcation of BA- Type A

Figure 2: A) Trifurcation of BA. Left side: Schematic diagram, Right side: Actual specimen found in the present study, Arrows: Arteries
taking part in termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery, ICA- Internal Carotid
Artery, OC- Optic chiasm. B) Trifurcation Type A, Arrows: Arteries taking part in termination. BA- Basilar artery, PCA- Posterior cerebral
artery, SCA- Superior cerebellar artery. C) Trifurcation Type B. Arrows: Arteries taking part in termination. BA- Basilar artery, PCA-
Posterior cerebral artery, SCA- Superior cerebellar artery. D) Trifurcation Type C. Arrows: Arteries taking part in termination. BA- Basilar
artery, PCA- Posterior cerebral artery, PCoA- Posterior communicating artery.
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Aneurysm: Apart from termination patterns of basilar artery
in the present study, an aneurysm at the site of termination
was noticed in 6 cases (3.52%) (Figure 6A).

Fenestration: Fenestration was observed at the site of
termination adjoining the right PCA in two specimens (1.17%)
(Figure 6B).

Morphometry: Morphometric data of the basilar artery were
measured and tabulated in Table II.

The length of the basilar artery was measured from its origin
to its termination. It ranged from 24.6 mm to 35 mm with a
mean of 30.27 mm + 3.5 SD.

Diameter of the basilar artery at its middle was measured. It
ranged from 3 to 6 mm with the mean of 4.8 mm £ 0.7 SD.

DISCUSSION

The present study highlights the five different branching
patterns of the basilar artery studied in 170 human cadaveric
brains. Various branching patterns in the termination of the
artery subjects it to abnormal flow and leads to atherosclerotic
changes and aneurysms (6, 9). These variations may
complicate surgery at the basilar tip at the clivus (4).

Surgical techniques have evolved greatly over past 50 years. A
number of advanced techniques like interventional radiology,
revascularization procedures, trans-luminal angioplasty,
vascular shunt & bypass surgeries are being performed for
various diseases of the basilar artery (14).

Other specimens of BA Quadrifurcation

- -. . .', : Bl.:

i

Figure 3: A) Quadrifurcation of basilar artery. Left side: Schematic diagram, Right side: Actual specimen found in the present
study, Arrows and dotted circle: Arteries taking part in termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior
cerebellar artery, ICA- Internal Carotid Artery, OC- Optic chiasm. B) Other specimens of Quadrifurcation of Basilar Artery. Arrows:
Arteries taking part in termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery,

i
_ _ o AP o !
Figure 4: A) Pentafurcation of basilar artery. Left side: Schematic diagram, Right side: Actual specimen found in the present study,
Dotted circle: Arteries taking part in termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery,
ICA- Internal Carotid Artery, OC- Optic chiasm. B) Other specimens of Pentafurcation of BA. Dotted circle: Arteries taking part in
termination. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery, ICA- Internal Carotid Artery, OC- Optic
chiasm.

s, IS
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There are very few reports on variant termination of the basilar
artery. However, Ogengo et al. have done a detailed study on
the termination of the basilar artery on 173 cadaveric brains
and observed Bifurcation, Trifurcation, Quadrifurcation and
Pentafurcation in 82, 10, 6 and 2 percent respectively (13).
These termination patterns were found in 82.3, 5.2, 5.8 and
3.5 percent in the present study. In addition, the present study
we also found the direct continuation of the basilar artery
into a single PCA due to aplasia of the opposite PCA, named
as Nonfurcation of basilar artery. This pattern was present

Table lI: Morphometry of BA (millimeters)

E-mmm

Length 24.6 30.27 3.50
Diameter 3 6 4.8 0.07

in 2.9%. However the variant patterns, namely trifurcation,
quadrifurcation and pentafurcation, are hardly reported in
the literature.

Gabella reported the incidence of bifurcation as 80% (3). This
frequency is comparable with the present study.

Bala et al. reported one case of trifurcation where the SCA
was arising from the P1 segment of the PCA instead of the
basilar artery on right side (2). It was like Type B trifurcation
of the present study. This type of variation had been also
reported earlier by McCullough (0.14%) and Caruso et al. (1%)
as a rare variation (3, 12). The incidence of trifurcation was
5.29% in the present study, which is much higher than the
above mentioned 3 authors but lower than that of the results
of Ogengo et al. (13). The present study suggests that these
variations are not so rare. The quadrifurcation of basilar artery
was the commonest variation seen in the present study.

Nonfurcation of BA 5 (2 94%)

Other specimens of Nonfurcation of BA

Figure 5: A) Nonfurcation of basilar artery. Left side: Schematic diagram, Right side: Actual specimen found in the present study,
Arrow shows continuation of BA into a single PCA. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery,
ICA- Internal Carotid Artery, OC- Optic chiasm. B) Other specimens of Nonfurcation of BA. Dotted line shows continuation of BA into
a single PCA. BA- Basilar artery, PCA- Posterior cerebral artery, SCA- Superior cerebellar artery, ICA- Internal Carotid Artery, OC- Optic

chiasm.

Figure 6: A) Aneurysm
of basilar artery.
Dotted circle:
Aneurysm of BA at
termination, BA- Basilar
artery, PCA- Posterior
cerebral artery, SCA-
Superior cerebellar
artery. B) Fenestration
at Basilar artery
termination. Dotted
circle: Fenestration

at BA at termination,
BA- Basilar artery,
PCA- Posterior cerebral
artery, SCA- Superior
cerebellar artery.
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The existence of such variations can also be explained on a
developmental basis.

Padget described embryogenesis of the cerebral circulation.
It may be helpful to understand different variations in the
termination pattern of the basilar artery. In the primitive stage
of the 4 mm sized embryo, the vertebral arteries develop from
a pair of primitive longitudinal arteries present lateral to the
primitive hindbrain. Fusion of bilateral plexiform longitudinal
neural arteries forms a single basilar artery. Midline fusion
occurs in a caudo-cranial manner (11, 15). Any change in the
normal developmental pattern results in variations, which
also play an important role in the development of aneurysmal
vascular pathology (3).

The present study proposes the following embryological
interpretations for different branching patterns of the basilar
artery.

In our study, we observed various types of termination of
basilar artery. These were bifurcation, trifurcation, quadrifur-
cation, pentafurcation and non-furcation. This mode of termi-
nation depends on the extent of fusion of the primitive lon-
gitudinal neural arteries and congruity of the two sides when
the fusion begins.

When two primitive channels are congruent at the beginning
of fusion, the mode of termination might be bifurcation
or quadrifurcation depending on the extent of fusion.
Incongruity of the two primitive channels at the beginning of
fusion results in a mode of termination that is trifurcation or
pentafurcation depending on the extent of fusion.

In the disturbance of the process of union of the two arteries,
the following variations may occur depending upon the
extent and congruence.

Primitive longitudinal neural arteries join together in the
caudo-cranial direction to form the basilar artery. If the

terminal point of fusion of the two arteries is a little cranial to
the origin of the SCA, there is the formation of basilar artery
with standard bifurcation (Figure 7A-C).

If the terminal point of fusion of two arteries remain
exactly at the origin of SCA, there will be the occurrence of
quadrifurcation of basilar artery. This will be due to the non-
union of 2 arteries distal to the level of origin of the SCA
(Figure 8A-C).

If the terminal point of fusion of the arteries still remains
caudal or lower than the site of origin of the SCA, there will
be a Bifurcation of basilar artery with a common trunk giving
origin to both PCA and SCA (Figure 9A-C).

The connecting trunk (CT) forms an additional branching
point for development of atheromatous lesions (6).

If there is cranial/caudal shift in one of the two primitive
longitudinal neural arteries, it may develop incongruence.
In the union of incongruent primitive longitudinal neural
arteries, if the terminal point of fusion of one artery is exactly
at the origin of the SCA, and the terminal point of fusion of
other artery is cranial to the origin of the SCA, there will be the
formation of trifurcation of type A (Figure 10A-C).

In the union of incongruent primitive longitudinal neural
arteries, if the terminal point of fusion of one artery is exactly
at the origin of the SCA, and the terminal point of fusion of
other artery is caudal to the origin of the SCA, there will be the
formation of trifurcation of type B (Figure 11A-C).

In pentafurcation of Basilar Artery, duplication of SCA on one
side was observed. Duplication of SCA is thought to be due
to the origin of the branches of the SCA such as the marginal
artery arising directly from the basilar artery. Duplication of
SCA is important in several respects. It forms an additional
artery to maintain circulation when the main artery is
occluded. Perforators from it are vulnerable to inadvertent

Formation of Bifurcation of BA

N

Figure 7: Formation of BA with standard bifurcation. A) Two Primitive longitudinal neural arteries, before fusion. Yellow dot on primitive
arteries shows the terminal point of fusion. B) Fused Primitive longitudinal neural arteries to form BA. C) Specimen found in present

study with standard bifurcation.
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Formation of Quadrifurcation of BA

Figure 8: Formation of quadrifurcation of BA. A) Two Primitive longitudinal neural arteries, before fusion. Yellow dot on primitive
arteries shows the terminal point of fusion. B) Fused Primitive longitudinal neural arteries to form BA with quadrifurcation. C) Specimen
found in present study with quadrifurcation.

Formation of Bifurcation of BA with CT

-

Y

A5

Figure 9: Formation of Bifurcation of BA with common trunk. A) Two Primitive longitudinal neural arteries, before fusion. Yellow dot
on primitive arteries shows the terminal point of fusion. B) Fused Primitive longitudinal neural arteries to form BA with common trunk.
C) Specimen found in present study with common trunk.

y
LN

Formation of Trifurcation of BA Type A

Figure 10: Formation of BA trifurcation- type A. A) Two Primitive longitudinal neural arteries, before fusion. Yellow dot on primitive
arteries shows the terminal point of fusion. B) Fused incongruent primitive longitudinal neural arteries form BA trifurcation- type A.
C) Specimen found in present study with BA trifurcation- type A.
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Table I1I: Comparison of Morphometry of BA in Millimeters

Length of the BA (mm)

Adachi (1) 1928
Saeki and Rhoton (17) 1977
Kamath (10) 1979
Padmavathi et al. (16) 2011
Hosapatna M et al. (8) 2012
Present study 2014

25-30

50 15-40
100 22-45
54 25-38
20 25-37
170 25-35

Formation of Trifurcation of BA Type B

Figure 11: Formation of BA trifurcation- type B. A) Two Primitive longitudinal neural arteries, before fusion. Yellow dot on primitive
arteries shows the terminal point of fusion. B) Fused incongruent primitive longitudinal neural arteries form BA trifurcation- type B.
C)Specimen found in present study with BA trifurcation- type B.

injury during surgery (4). It may compress the oculomotor
nerve.

‘Nonfurcation’ of basilar artery occurs due to the aplasia of the
PCA of one side. The opposite PCA gets the contribution of
both the primitive longitudinal neural arteries.

Aneurysm at the site of termination was observed in 6 cases
(3.52%).

Fenestration or segmental duplication is a rare congenital
anomaly noticed in 1.17%. A fenestration is a division of the
arterial lumen resulting in two separate channels,

There are, however, few reports on the morphometry of the
basilar artery. The results of the present study are compared
with the previous studies in Table Il

CONCLUSION

In the present study classical bifurcation was seen in 140
cases (82.35%). Variant branching patterns were seen in 30
cases (17.64%). The term non-furcation of basilar artery was
introduced for the first time in the study. Embryological
interpretations for different branching patterns of basilar
artery were proposed in the study. The present study has tried
to contribute to the knowledge regarding the termination
pattern of the basilar artery. Awareness of these anatomical

Turk Neurosurg 2015, Vol: 25, No: 4, 586-594

variations in the termination patterns of the basilar artery
is important for neurosurgeons and neuroradiologists in
neurovascular procedures.
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