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SUMMARY

The vertebrobasilar system (VBS) provides 30%
of the blood supply to the posterior cerebral fossa.
Morphological changes are associated with an in-
creased risk of atherosclerosis and aneurysm de-
velopment, resulting in cerebrovascular and car-
diovascular disorders. This study assesses VBS
morphometry and its variations in imaging anal-
yses. A morphometric analysis was performed
on 100 adult patients aged 20 to 60 years using
non-contrast magnetic resonance angiography
(MRA). Demographic information and multiple
VBS parameters were documented. The mean
length of the basilar artery across all 100 cases
was 31.31 mm, with a diameter varying from 3.01
mm to 3.12 mm. The diameters of the right and
left vertebral arteries were 2.35 mm and 2.50 mm,
respectively. We noted deviations in the branch-

ing pattern of the basilar artery at the termination
site in 30% of cases, potentially influencing he-
modynamics and elevating the likelihood of aneu-
rysm formation. Vertebral artery hypoplasia and
atresia were observed in 37% and 2% of patients,
respectively. Asymmetrical vertebral arteries led
to variable courses of the basilar artery, specifi-
cally “C” and “S” configurations, noted in 49% and
11% of cases, respectively. Statistically significant
changes were observed in VBS dimensions, basi-
lar artery angle, and the course between age and
high-risk groups. No substantial difference was
noted between the genders. The findings furnish
foundational data for neurosurgeons and radiol-
ogists in the diagnosis of cerebral and cardiovas-
cular disorders, as well as in the planning of neu-
rosurgical interventions in the posterior cranial
fossa.
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INTRODUCTION

The vertebrobasilar system (VBS) is the sole ar-
terial system in the human body where the con-
vergence of two vertebral arteries forms a sin-
gular basilar artery, characterized by significant
geometric variability. It is essential for posterior
cerebral circulation, providing blood supply to
critical regions of the brainstem, spinal cord, cer-
ebellum, internal auditory meatus, and the poste-
rior aspects of the cerebrum and thalamus, as well
as the ventricular system (Standring, 2016). In re-
cent years, VBS has become a common intracra-
nial site for aneurysm development, atheroscle-
rosis, and infarction, mostly due to hemodynamic
stress and irregular flow patterns (Mamatha et
al., 2012). Globally, 35% of ischemic strokes im-
pact the posterior cerebral circulation, leading
to posterior circulation stroke (PCS) (Ikram and
Zafar, 2024). The primary etiologies of stroke are
embolism originating from cerebral arteries and
the heart, atherosclerosis, and vasculopathy. Vari-
ations in VBS are often linked to cerebrovascular
and cardiovascular illnesses, making it crucial to
strategically design endovascular coiling treat-
ments for the treatment of aneurysms and arte-
riovenous malformations (Satapathy and Moha-
patra, 2018).

Many investigators have studied the configura-
tion of intracranial arteries using cadaveric spec-
imens and imaging techniques (Dharshini et al.,
2022; Kalaiyarasi, 2022; Mamatha et al., 2012;
Omotoso et al., 2021; Wankhede et al., 2014; Va-
sovic et al., 2012). Only a few studies have system-
atically investigated the VBS in the general popu-
lation (Akkasoglu et al., 2019; Songur et al., 2007).
In India, the existing literature has documented
variations in VBS with fewer parameters in ca-
daveric specimens; however, studies on imaging
modalities are needed (Dharshini et al., 2022; Vi-
jayakumar et al., 2020). Advanced methodologies
such as Computed Tomography (CT) and Mag-
netic Resonance Angiography (MRA) have been
implemented to examine the hemodynamics of
arterial flow, and are essential for the precise di-

agnosis of vascular disorders. Consequently, this
study aims to gather data on VBS morphometry,
which may serve as reference values for different
age groups to assess the morphological attributes
of the vascular system.

The objective of the work is to evaluate the mor-
phometric variations of the vertebrobasilar sys-
tem using a non-contrast magnetic resonance an-
giography (MRA).

MATERIAL AND METHODS

This retrospective record-based study was per-
formed at the Department of Anatomy in collabo-
ration with the Department of Radiology at Vinay-
aka Mission’s Medical College and Hospital (VMMC
& H), Karaikal, after approval from the Institution-
al Ethics Committee (IEC No: IEC/VMMCH/2024/
DEC/05). We examined 100 cases from the ar-
chives of the Radiology department. The study en-
compassed patients aged 20 to 60 years with sys-
temic conditions including hypertension (HTN),
dyslipidemia (DYS), diabetes mellitus (DM), and
coronary artery disease (CAD), as well as individ-
uals who underwent non-contrast MRI angiogra-
phy for diverse neurological symptoms (severe
headache, decreased motor strength, absent or
decreased sensations, visual symptoms, memory
deficit) from January 2021 to January 2024. Indi-
viduals with a history of vascular malformations,
cardioembolic stroke, intracerebral hemorrhage
or aneurysm, metallic implants, previous head
and neck procedures, poor imaging quality, or
trauma were excluded. The selection method was
established to guarantee the reliability and valid-
ity of our results.

All patients underwent MRI using a 1.5 Tes-
la Siemens system, employing standard T1 and
T2-weighted imaging, fluid-attenuated inversion
recovery (FLAIR) sequences, and magnetic reso-
nance angiography (MRA). A 16-channel standard
head coil will be used for the patient, and three-di-
mensional time-of-flight (3D-TOF) images were
obtained with the following technical parameters:
time, 25; echo time, 7 ms; and section thickness,
0.6 mm. The overall imaging duration was roughly
15 minutes, with the 3D-TOF MRA process requir-
ing 3 minutes for completion. The acquired pic-



tures underwent post-processing by maximum
intensity projection (MIP). The morphometry of
the VBS and its variants was analyzed in different
views and time-of-flight sequences (TOF), and the
findings were tabulated. The demographic data
were recorded following the de-identification of
records using code numbers to preserve patient
confidentiality. The non-contrast MR angiograph-
ic scans were analyzed under the oversight of a
qualified consultant from the Department of Ra-
diology to mitigate observer and inter-observer
bias.

The various parameters of the VBS were record-
ed in all 100 cases. In the present study, the length
of the intracranial segment of the vertebral artery
(VA) was measured from the origin of the posteri-
or inferior cerebellar artery (PICA) to the basilar
artery (BA) formation, and the diameter of the VA
was assessed 1 cm distal to the origin of the BA
(Fig. 1). The length of the BA was quantified from
the pontomedullary junction to the pontomes-
encephalic junction, while the diameter was as-
sessed at three specific locations: proximal to the
origin, at the mid-pons, and adjacent to the ter-
mination of the BA (Fig. 3). Distinct patterns of BA
termination were noted in non-contrast MRA, in-
cluding the rare variant known as fetal-type pos-
terior cerebral artery (PCA), where the PCA arises
directly from the internal carotid artery (ICA), by-
passing the BA (Fig. 4).

The angles of the VA and BA were assessed
along the geometric plane (Fig. 5). The angle of

the VA was determined by constructing two imag-
inary lines: one along the VA and another at the
vertebrobasilar junction. The acute angle formed
by the two lines was identified as the vertebral an-
gle (Li et al., 2023). The BA angle was measured
according to the course’s characteristics. If the ar-
tery is linear, the initial imaginary line is delineat-
ed from the vertebrobasilar junction to the termi-
nus of the BA, while the subsequent line is drawn
along either the right or left VA. If the artery is
curved, the initial imaginary line extends from
the vertebrobasilar junction to the most curved
segment of the BA, whereas the subsequent imag-
inary line extends from the curved BA to its ter-
minal portion. The acute angle between the lines
was referred to as the BA angle (Hong et al., 2009).

The collected data were analyzed using Micro-
soft Excel and SPSS software version 25.0. The cat-
egorical variables were represented as frequen-
cies and proportions, whereas the quantitative
variables were presented as means with standard
deviations. An independent samples t-test and
Mann-Whitney U test were employed to compare
the means of two separate groups. One-way ANO-
VA and the Kruskal-Walli’s test were performed to
compare means among several groups, while the
chi-square test was used to evaluate the relation-
ship between categorical variables. Spearman’s
rho and Pearson correlation analyses were used
to investigate the relationship between contin-
uous variables. All statistical analyses were per-
formed at a 95% significance level, with a p-value
below 0.05 being statistically significant.

Fig. 1.- Non-contrast MRA showing the measurements of the right and left VA dimensions. A - Right and left VA length (1 & 2)
measured from the point of origin of the Posterior inferior cerebellar artery to the VA termination. B — Right (1) and left VA (2)

diameters measured 1cm below the BA formation.
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Variables
1-21-30
1I1-31-40
Age group
II1-41-50
IV-51-60
Male
Gender
Female
Dyslipidaemia (DYS)
Hypertension (HTN)

Diabetes Mellitus (DM)

Coronary artery disease (CAD)

RESULTS

This study analyses 100 non-contrast magnetic
resonance angiography (MRA) pictures, provid-
ing a comprehensive evaluation of demographic
characteristics such as age, gender, and high-risk
populations.

Distribution of demographic variables

Among 100 cases, the age group distribution
was as follows: 25% aged 21-30 years, 35% aged
31-40years, 22% aged 41-50 years, and 18% aged
51-60 years. The gender distribution was approx-
imately equal, with 48% males and 52% females.
Our analysis of high-risk groups, including DYS
(16%), HTN (22%), DM (30%), and CAD (12%), was
documented in this study (Table 1).

The dimensions of the VA and BA were evaluat-
ed in sagittal view using a non-contrast time-of-

Frequencies Percentage (%)
25 25%
35 35%
22 22%
18 18%
48 48%
52 52%
16 16%
22 22%
30 30%
12 12%

flight magnetic resonance angiography sequence.
The current investigation recorded the right and
left VA lengths as 32.31 mm and 33.45 mm, re-
spectively, and the right and left VA diameters as
2.35 mm and 2.50 mm, respectively (Table 2). In
approximately 40 cases, the left VA diameters’
contribution exceeded that of the right VA; in 8
cases, both the right and left VA diameters exhib-
ited equal caliber. Hypoplastic VA was observed
in 37 cases: 18% on the right side, 14% on the
left side, and 5% bilaterally. We have observed
two cases of left-sided VA atresia, which culmi-
nate as the PICA, whereas the contralateral artery
persists as the BA (Table 3, Fig. 2). The mean BA
length was 31.31 mm, while the average BA di-
ameter was assessed at three locations: proximal
(3.12 mm), mid-pons (3.07 mm), and distal to the
BA termination (3.01 mm) (Table 2).

The differences in the origin and termination

Table 2. Morphometry of the Vertebrobasilar artery length, diameter and angle (n= 100).

Variables
BA Length
BA diameter at the level of origin
BA diameter at the level of Mid-pons
BA diameter at the level of termination
Right VA Length
Left VA Length
Right VA diameter
Left VA diameter
Angle of Right VA
Angle of Left VA

Angle of BA
*BA — Basilar artery, VA — Vertebral artery.

Mean with SD
31.31 £1.49 mm
3.12+0.48 mm
3.07 £0.43 mm
3.01 +0.41 mm
32.31 £2.05 mm
33.45+1.86 mm
2.35+0.57 mm
2.50+0.56 mm
44.54 +5.26°
52.31 +3.16°
38.52+4.97°
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Fig. 2.- Non-contrast MRA showing the VA variations. A — Right and left VA Hypoplasia (VAD <2mm). B — Single VA on the right
side (blue arrow), which continues above as the BA and an absent VA on the left side.

Fig. 3.- MRI brain sagittal view showing the measurements of the BA dimensions. [BA length measured by a vertical line
drawn from below the pontomedullary junction till the pontomesencephalic junction, and BA diameter was measured at 3
levels: near its origin (1), at mid-pons (2) and near its termination (3)].
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Fig. 4.- Non-contrast MRA showing the different pattern of termination of the BA (blue arrow). Bifurcate — BA terminate as
right and left PCA. Trifurcate — BA terminate as three branches: One PCA, one SCA on the right side, and one PCA on the left
side. Quadrifurcate - BA terminate as four branches: one PCA, one SCA on the right side and one PCA, one SCA on the left side.
Non-furcate — BA terminate as PCA on the right side, and it is absent on the left side. Fetal type PCA — PCA originates directly

from the Internal carotid artery without involving the BA.

of the BA were examined using T1-weighted MRI
in both axial and sagittal planes. In the current
investigation, the predominant origin of BA was
observed at the pontomedullary junction (82%),
followed by above the junction in 12% and below
the junction in 6% of patients. The termination of
the BA was observed at the ponto-mesencephal-
ic junction in 88% of cases, above the junction in
8%, and below the junction in 4% (Table 3). The
various types of BA termination were examined
using non-contrast MRA, and the findings were
recorded. The predominant ending pattern is bi-
furcation, wherein the basilar artery splits into
right and left PCAs, occurring in 70% of cases. An-
other termination pattern identified in our study
was trifurcation, characterized by the emergence
of three arteries from the BA: two PCA on both
sides and one superior cerebellar artery (SCA) on
one side, observed in 4% of cases. Quadrifurca-

tion, where four arteries arise from the BA—two
PCA and two SCA on either side—was noted in 9%
of cases. The non-furcate pattern occurs when the
BA does not terminate but continues as a PCA on
either the right or left side due to aplasia, which
was observed in 4% of cases. The uncommon
variation, fetal-type PCA, was identified in 13 cas-
es: on the right side (5%), on the left side (4%), and
bilaterally (4%) (Table 3, Fig. 4).

The angulation of the BA, together with the two
VAs, was quantified in a geometric plane, and
the findings are recorded in Table 2. The right
and left VA angles measured 44.54+5.26° and
52.31+3.16°, respectively. The average angle of
the BA was 38.52 + 4.97°. The BA course and fen-
estrations were examined in non-contrast MRA,
revealing that the predominant configuration was
“C” shaped (49%), followed by straight (40%) and
“S” shaped courses (11%) in the cases. Fenestra-



Table 3. Vertebrobasilar artery morphological variations and their frequencies in the present study

S. No: Parameters Variations observed Frequencies / Percentage
Below Pontomedullary junction 6 (6%)
1. Level of Origin At the level of Pontomedullary junction 82 (82%)
Above Pontomedullary junction 12 (12%)
Below Ponto mesencephalic junction 4 (4%)
2. Level of Termination At the level of Ponto mesencephalic junction 88 (88%)
Above Ponto mesencephalic junction 8 (8%)
Bifurcate 70 (70%)
Trifurcate 4 (4%)
Quadrifurcate 9 (9%)
Penta-furcate 0 (0%)
3. Mode of Termination
Non-furcate 4 (4%)
Right - 5 (5%)
Foetal type PCA Left — 4 (4%)
Both — 4 (4%)
Normal / Straight 40 (40%)
4, Course of BA “C” shaped course 49 (49%)
“S” shaped / Tortuous course 11 11%)
Presence of Fenestrations in BA 5 (5%)
5. Other variants
Presence of Fenestrations in VA 0%
Right side 18 (18%)
6. VA hypoplasia Left side 14 (14%)
Both sides 5 (5%)
7. VA atresia Left side 2 (2%)

*PCA - Posterior cerebral artery.

tions were observed in 5% of the patients, exhib-
iting a narrow slit-like structure near the origin of
the BA (Table 3, Fig. 6).

Statistical analysis

This study conducted a statistical comparison
of vertebrobasilar system (VBS) morphomet-
ric characteristics in relation to age, gender, and
high-risk groups. The results, displayed in Tables
4 and 5, underscore the importance of these find-
ings in vascular anatomy and imaging.

Intracranial part of the Vertebral artery (V4
segment)

In all 100 cases, the length and diameter of the
left VA were considerably higher than those of the
right VA (Table 4). We noted left VA dominance
in 40%, right dominance in 13%, and equivalent
diameters of both right and left VAs in 8% of the

patients. Statistically significant changes in VA
length and diameter (p<0.05*) were noted across
various age groups. High-risk groups, including
DYS, HTN, and DM, have demonstrated statis-
tically significant variations in VA dimensions
(p<0.05%). A positive correlation and statistical-
ly significant difference were noted between the
lengths of the right and left VAs (r=0.288, p=0.004).
The right and left VA diameters exhibited a statis-
tically significant positive correlation and notable
differences (r=0.19, p=0.04). In the current study,
the VA’s diameter was greater in females than in
males, irrespective of age. Regardless of age, there
were no substantial gender disparities. No statis-
tically significant positive association or notable
changes were found between the right and left
vertebral angles. Hypoplastic VA was observed in
37% of cases, with a notable prevalence of 18%
in the 51-60-year-old age group. Nonetheless, no
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Fig. 5.- Non-contrast MRA showing the measurements of the angle of the BA and the VA. A- Right Vertebral artery angle, B —
Left Vertebral artery angle, C- Basilar artery angle in straight course, D — Basilar artery angle in abnormal course.

statistically significant variations were seen in the
hypoplastic VA with respect to age, gender, and
high-risk groups.

Basilar artery

With advancing age, both the length and diam-

eter of the BA exhibit statistically significant dif-
ferences and positive relationships across various
age groups (p<0.0001%) (Table 5). Likewise, high-
risk groups like those with HTN, DYS, DM, and
CAD have demonstrated statistically significant
variations in the BA dimensions. Statistically sig-
nificant positive relationships were identified be-



Table 4. Statistical analysis of variables compared with VA dimensions and angle.

VA length
Variables
Right Left
21-30 30.22+1.49 32.57+1.53
Age 31-40 31.75+1.53 32.49+1.64
group 41-50 | 34.07+1.25  34.84+1.62
51-60 34.12+0.47 34.82+1.02
P - value <0.0001* <0.0001*
Male 32.25+2.12 33.59+1.65
Gender
Female 32.36+2.01 33.31+2.04
P - value 0.796 0.435
Yes 33.46+1.81 33.83+2.01
Dyslipidaemia (DYS)
No 32.09+2.03 32.02+3.68
P - value 0.012* 0.039*
Yes 33.76+1.27 32.49+1.47
Hypertension (HTN)
No 31.90+2.05 32.15+1.87
P - value <0.0001%* 0.003*
Diabetes milliteus Yes 33.79+1.34 34.58+1.58
(DM) No 31.67+1.98  32.96%1.77
P - value <0.0001* <0.0001*
Coronary artery Yes 34.03+1.01 = 34.80+1.40
disease ©AD No 32.07+2.05  33.26+1.85
P - value 0.002%* 0.007%*

* Indicates statistically significant

tween the BA dimensions and both the right and
left VA dimensions. Statistically significant differ-
ences in the BA angle were noted across various
age groups (P<0.002*) and in individuals with DM
and CAD (P<0.0001%). We documented four cases
of BA dolichoectasia in individuals aged 41 to 50
years; three cases occurred in patients with HTN
and one in a patient with DM; however, no statisti-
cally significant differences were noted. A statisti-
cally significant association and difference in the
course of the BA were observed among different
age groups (Table 6). The BA course (“C” type) is
prevalent across all age demographics, particu-
larly among individuals aged 41-50 years, with
a notable incidence of 15% in diabetic patients.
Nevertheless, no statistically significant dispar-
ities were detected among high-risk groups. The
right VA diameter has a positive correlation with
the BA course, suggesting that the curvature of the
BA may be mostly orientated towards the left side
(r=0.36, p=0.002). Fenestrations of the BA exhibit
considerable and statistically significant varia-

VA diameter VA angle
Right Left Right Left
2.19+0.56 2.38+0.28 43.93+£5.25° | 53.12+3.30°
2.29+0.62 2.50+0.69 44.91+5.63° 51.81+2.69°
2.34+0.45 2.54+0.63 43.49+4.86° 51.53+3.98°
2.50+0.63 2.60+0.54 45.98+5.01° 53.12+2.41°
0.0001%* 0.0001* 0.400 0.170
2.32+0.50 2.47+0.56 44.22+5.23° 52.15+3.10°
2.39+0.64 2.53+0.57 44.84+5.33° 52.46+3.25°
0.446 0.588 0.526 0.423
2.09+0.66 2.27+0.57 44.31£6.24° 51.80+3.04°
2.40+0.55 2.65+0.55 44.59+65.10° 52.41+3.20°
0.047%* 0.045%* 0.892 0.255
2.01+0.57 2.16+0.61 44.52+4.61° 52.35+2.80°
2.37+0.58 2.51+0.56 44.55+5.46° 52.30+3.28°
0.047%* 0.042%* 0.997 0.947
2.08+0.62 2.66+0.58 45.76+5.40° 52.42+3.49°
2.39+0.56 2.43+0.55 44.02+5.15° 52.26+3.04°
0.038* 0.007* 0.132 0.820
2.12+0.63 2.72+0.61 45.90+4.41° 52.06+3.51°
2.39+0.56 2.47+0.55 44.36+5.36° 52.35+3.13°
0.296 0.055 0.343 0.771

tions among age groups (p<0.11%) and in patients
with HTN and CAD, underscoring the necessity for
increased clinical vigilance to avert neurological
consequences (Table 6). No statistically signifi-
cant changes in BA characteristics were observed
between genders.

DISCUSSION

With the rising incidence of cerebrovascular ac-
cidents, it is essential to understand the anatomi-
cal and morphological aspects of cerebral circula-
tion. Recent morphological alterations in the VBS
have increased the likelihood of developing verte-
brobasilar insufficiency. Therefore, patients with
PCS result in higher mortality and morbidity rates
compared to anterior circulation strokes, attribut-
ed to vascular geometric changes (Ikram and Za-
far, 2024). Variations in the VBS hold substantial
clinical relevance for the diagnosis of posterior
circulation syndromes, including pontine infarc-
tion, cranial nerve palsy, cerebellar dysfunction,

C. Regina et al.
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Table 5. Statistical analysis of variables compared with the BA dimensions and angle

BA diameter
Variables BA Length BA angle
At origin Mid-pons At termination
21-30yrs 30.69+1.17 2.84+0.25 2.75+0.24 2.69+0.25 37.39+4.23°
31-40yrs 30.06+0.96 3.00+0.38 2.94+0.38 2.91+0.39 37.84+5.38°
Age group
41 -50yrs 31.36+1.30 3.31+0.41 3.27+0.35 3.21+0.33 40.19+4.64°
51 -60yrs 33.48+0.67 3.50+0.63 3.51+0.30 3.40+0.25 40.80+4.99°
P - value <0.0001* <0.0001* <0.0001%* <0.0001* 0.002*
Male (48) 31.32+1.50 3.08+0.49 3.07+0.40 3.04+0.39 39.24+4.81°
Gender Female (52) 31.30+1.49 3.15+0.47 3.07+0.45 2.98+0.43 37.85+5.07°
P - value 0.961 0.464 0.990 0.515 0.613
Yes (16) 32.77+1.54 3.44+0.44 3.40+0.36 3.31+0.32 39.32+5.05°
pYs No (84) 30.22+1.47 3.06+0.46 3.01+0.41 2.95+0.40 38.37+4.97°
P - value 0.004* 0.003* 0.001* 0.001* 0.486
Yes (22) 32.24+1.48 3.44+0.41 3.40+0.36 3.30+0.33 38.82+5.02°
HTN No (78) 31.05+1.39 3.03£0.46 2.97+0.40 2.93%0.40 38.44+4.99°
P - value 0.001* <0.0001* <0.0001* <0.0001* 0.751
Yes (30) 32.36+1.53 3.37£0.57 3.35+0.39 3.25+0.37 41.18+3.98°
b No (70) 30.86+1.23 3.01+0.39 2.95+0.38 2.91+0.39 37.38+4.94°
P - value <0.0001* 0.001* <0.0001* <0.0001* <0.0001*
Yes (12) 33.18+1.01 3.72+0.29 3.63+0.28 3.50+0.21 42.32+1.57°
cAp No (88) 31.05+1.36 3.04£0.44 2.99+0.38 2.94+0.38 38.00+5.06°
P - value <0.0001* <0.0001* <0.0001* <0.0001* 0.004*

cortical deficits, vestibular complaints, and visual
field anomalies (Songur et al., 2007). The embryo-
logical origin is a primary factor in head and neck
vascular abnormalities. Our research may signifi-
cantly influence surgical techniques by offering
essential information regarding arterial dimen-
sions.

In the fourth week of embryonic development,
the brain is supplied with blood by the primitive
carotid artery. The three paired longitudinal neu-
ral arteries—the primitive trigeminal, primitive
hypoglossal, and primitive pro-atlantal arter-
ies—developed along the ventral surface of the
hindbrain and coalesced to form the basilar ar-
terial plexus. The carotid arteries primarily sup-
ply these three arteries via four significant artery
anastomoses: the trigeminal, otic, hypoglossal,
and pro-atlantal intersegmental (Larsen, 2015).
Shortly after its formation, the ipsilateral longi-
tudinal neural artery connects cranially with the
distal internal carotid artery (ICA), which subse-
quently develops into the posterior communicat-

ing artery. Upon establishment of communica-
tion, the anastomotic vascular begins to regress in
the following order: otic, hypoglossal, trigeminal,
and proatlantal arteries. Consequently, defects or
failures in the fusion of the longitudinal arteries
lead to different malformations in the basilar ar-
tery, including persisting primitive arteries. The
enduring foetal configuration of the posterior ce-
rebral artery from the internal carotid artery in
adults may lead to a foetal-type posterior cerebral
artery. Persistent trigeminal and hypoglossal ar-
teries represent the predominant variant, often
correlated with cerebral aneurysms and arterio-
venous malformations (Shaban et al., 2013). The
extensive course of the VA (V1-V4 segments) orig-
inates from two sources: cervical intersegmental
arteries and pro-atlantal arteries. Delayed fusion
and anastomosis of the pro-atlantal and other
cervical intersegmental arteries may lead to the
emergence of VA hypoplasia or atresia (Balles-
teros et al., 2013).



Table 6. Statistical analysis of variables compared with the BA course and fenestrations

Variables BA Course Fenestrations
Straight “c” “s” Yes No
21-30 years (25) 8 14 3 0 25
31-40years (35) 18 13 4 0 35
Age group 41-50 years (22) 4 16 2 4 18
51-60 years (18) 10 6 2 1 17
P-value 0.033* 0.027%* 0.031* 0.011*
Male (48) 19 25 4 3 45
Gender Female (52) 21 24 7 2 50
P-value 0.235 0.281 0.252 0.582
Yes (16) 3 11 2 2 14
DYS No (84) 37 38 9 3 81
P-value 0.093 0.085 1.000 0.133
Yes (22) 6 12 4 4 18
HTN No (78) 34 37 7 1 77
P-value 0.168 0.556 0.252 0.001*
Yes (30) 12 15 3 3 27
DM No (70) 28 34 8 2 68
P-value 0.622 0.896 1.000 0.133
Yes (12) 3 8 1 2 10
CAD No (88) 37 41 10 3 85
P-value 0.353 0.192 1.000 0.048*

Table 7. Comparison of VA dimensions and angle among various studies

Present study,

Dharshini P et Soneur et al Akkasoglu S et Ballesteros Omotoso B.R et 2025 (100
Variables al., 2022 (50 8 ” | al., 2019 (250 etal., (100 al., 2021 (554
. (109 cadavers) Non-contrast
CT images) CTA) cadavers) CTA)
MRA)

VA length - Right 32.3 mm - - 32.47mm 31.50 mm 32.31+2.05 mm
VA length - Left 33.4mm - - 33.89 mm 32.36 mm 33.15+3.47 mm
VA diameter - Right 3.25 mm 2.85 mm 2.4 mm 3.03+0.81mm 3.17 mm 2.35+0.57 mm
VA diameter - Left 3.27 mm 3.02 mm 2.5 mm 3.12+0.85mm 3.17 mm 2.50+0.56 mm

VA angle - Right i VBIJ angle _ 48.95° - VBJ angle 44,19 £ 6.67°

VA angle- Left 52.2 52.20 - - 46° 52.31+ 3.16°

- Indicates absence of measurement, CTA — Computerized Tomography Angiography, MRA — Magnetic Resonance Angiogram

Intracranial section of the Vertebral artery (V4 origin (Standring, 2016). The configuration of the
segment) BA primarily relies on the predominant pattern
of the VA. Morphological alterations account for
25% of PCS and represent a prevalent cerebral lo-
cation for aneurysm development (Dzierzanows-
ki et al., 2017). This study reported the morpho-
metrics of the intracranial portion of the VA (V4
segment), with results compared to other studies
in Table 7. The findings regarding VA length and
diameter in this study were consistent with those

The vertebral arteries arise from the subclavi-
an artery and follow a lengthy, tortuous course
through the cervical and cranial areas. The struc-
ture is broadly categorised into four segments
(V1 to V4), with segments V1-V3 traversing ex-
tracranially and segment V4 being intracranial,
extending from the foramen magnum to the BA
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of previous research, despite racial variations
and the methodology employed (Akkasoglu et al.,
2019; Dharshini et al., 2022). Our observations in-
dicated that left VA dominance was significantly
greater than that of the right, consistent with pri-
or studies (Ballesteros et al., 2013; Omotoso et al.,
2021).

Hypoplastic VA is an uncommon embryonic
anomaly defined by a luminal diameter of less
than 2 mm, with a prevalence between 1.9% and
26.5% (Songur et al., 2007). In this study, a VA di-
ameter of less than 2 mm, measured 1 cm below
the BA origin, was classified as hypoplasia. It oc-
curred more frequently on the right side, aligning
with prior studies. This is due to an embryologi-
cal fact that the left subclavian artery originates
directly from the aortic arch, which experiences
elevated shear stress. Therefore, it leads to aug-
mented blood flow to the dominant left VA and di-

minished flow to the right side, culminating in hy-
poplasia. Songur et al. 2007) and Ballesteros et al.
(2013) have documented VA hypoplasia in 39.4%
and 18.9% of cadaveric specimens, respectively.
Hypoplastic VA results in hypoperfusion and ver-
tebrobasilar insufficiency, typically presenting
asymptomatically in the initial stages. Therefore,
it is regarded as a benign anatomical variety. In
recent years, it has earned attention due to its
long-term risk of neurological consequences, in-
cluding vertebrobasilar stroke, particularly af-
fecting the posterior inferior cerebellar artery
(PICA), migraine, vestibular neuronitis, and med-
ullary syndrome (Akkasoglu et al., 2019).

VA atresia is characterized as hypoplastic ter-
minal VA, a rare embryological defect with a prev-
alence of 9% (Omotoso et al., 2021). Kovac et al.
identified this anomaly in nine patients, while
Omotoso et al. (2021) recorded it in 6.7% of cases.

Fig. 6.- Non-contrast MRA showing the variant BA Course (Blue arrow — indicates curvature). Straight — BA course along
straight, “C” type — BA bent towards right side, “S” type — BA bent towards left side in the middle of its course. Presence of

Fenestrations near the BA origin (blue arrow encircled).
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Table 8. Comparison of the BA dimensions and angle among various studies

Average BA Average BA

Studies Mode of study No. of brains length diameter Angle of BA
Mamatha et al., 2012. Cadaver 20 33+3mm 2.6 -3.5mm 45 -70°
Vijayakumar et al., 2020. Cadaver 96 31+0.3mm 2 to 5 mm 45 —-70°
Akkasoglu et al., 2019. CTA 250 cases - - 32+12.15°
Celebioglu EC et al., 2017. MRA 100 cases - 3.20+0.428 mm -
Zhang et al., 2013. MRA 60 cases 33.77 mm 3.29 + 0.45 mm -
Present study, 2024 Non-contrast MRA 100 cases 31.31+1.49 mm 3.01t0 3.12 mm 38.52 £4.97°

We have recorded two cases of hypoplastic termi-
nal VA on the left side, terminating as the PICA, as
illustrated in Fig. 2A. In these cases, the contra-
lateral VA proceeds to form a BA. The current in-
vestigation did not document further variants, in-
cluding fenestrations and duplications in the VA.

Dimensions of the basilar artery

The length and diameter of the BA were mea-
sured (Fig. 3), and the findings are compared
with other studies in Table 8. The study findings
aligned with previous literature due to varying re-
search methodologies (Akkasoglu et al., 2019; Vi-
jayakumar et al., 2020; Zhang et al., 2014). Intra-
cranial arterial dolichoectasia is an asymptomatic
clinical syndrome characterized by an increase in
the length and diameter of arteries resulting from
congenital vasculopathy. The incidence varies
from 0.06% to 5.8% in healthy individuals, and to
12% in stroke patients (Vasovic et al., 2012). The
VBS is the most frequently impacted intracranial
segment, known as vertebrobasilar dolichoecta-
sia (VBD), with a frequency of 6.48% in the gener-
al population (Vasovic et al., 2012). Basilar artery
dolichoectasia occurs in 3.1 to 13.9% of ischemic
patients, and 1.3% of healthy individuals. VBD
was first proposed by Smoker et al. in 1968, who
mentioned that a VA and BA diameter over 4.5
mm, regardless of the course, constituted the di-
agnostic criterion. In the current investigation,
4% of individuals had basilar artery ectasia, but
no cases of VA involvement were reported.

Patients with VBD exhibit significant disabili-
ties, including ischemic stroke, hydrocephalus,
cerebellar dysfunction, and brainstem compres-
sion, resulting from increased arterial stiffness
and vascular resistance (Ballesteros et al., 2013).

Radiologists and neurosurgeons often fail to iden-
tify this problem, as it represents a normal vari-
ance in healthy individuals. The diagnosis of VBD
must be based on the clinical manifestation of
posterior circulation dysfunction, with or with-
out accompanying occlusive illness (Vasovic et
al., 2012). Recent studies have indicated that an
enlarged BA diameter is independently linked to
cardiovascular mortality, attributable to carotid
intima-media thickness (IMT), a significant pre-
dictor of myocardial infarction (Celebioglu et al.,
2017). Consequently, pre-operative awareness of
the BA dimensions is crucial for neurosurgeons to
evaluate cerebrovascular and cardiovascular inci-
dents (Mamatha et al., 2012).

Vertebral and Basilar arteries angle

The angle of the VA and BA is crucial in the sur-
gical management of aneurysms, representing
4% of the posterior cerebral fossa (Dzierzanows-
ki et al., 2017). The VBA angle was assessed and
compared with previous studies in Tables 7 and
8. Limited studies have quantified VBA angle in
imaging investigations, and their findings align
with the current study (Akkasoglu et al., 2019).
Conversely, some authors have documented a
greater mean VA angle of approximately 95° (Dz-
ierzanowski et al., 2017). A recorded VBA angle
at the vertebrobasilar junction was 51° in Black
patients, 47° in Caucasians, and 42° in Indians
(Omotoso et al.,, 2021). The discrepancy may
arise from the asymmetrical configuration of VA,
leading to a pronounced or obtuse edge on its
confluence site. The hemodynamic influence of
vertebral blood flow dictates the angle of the BA.
Yangchen et al. (2023) have introduced a novel
concept, “dominant VA angle > 80°”, indicative of

5
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Vijayakumar | Wankhede Kalaiyarasi Satapathy Patel Present
Variables etal., 2020 etal.,2014 et al., 2022 et al.,2022 etal., 2015 study.,
(n-96) (n-40) (n-100) (n-38) (n-60) (n-100)
Above
o 8 10 2 2 . .
P.Meggr]lunc (8.3%) (25%) (5.26%) %) 4 (6.67%) 12(12%)
Variations in the At P.Med 65 25 53 84 53 82
Origin junction (67.7%) (62.50%) (92.11%) (84%) (88.33%) (82%)
f&lgg" 23 5 1 14 3 6
: 0 0, 0, 0, 0, 0, 0,
Junction (24%) (12.50%) (2.63%) (14%) (5%) (6%)
Above P.Mes., 10 13 2 3 2 (3.33%) 8
junction (10.4%) (32.50%) (5.26%) (3%) 227 (8%)
Variations in the At PMes 66 20 34 90 57 88
termination junction (68.8%) (50%) (89.47%) (90%) (95%) (88%)
Below P.Mes., 20 7 2 7 1 4
junction (20.8%) 17.50%) (5.26%) (7%) (1.67%) (4%)

*P.Med., — Pontomedullary, P.Mes., - Pontomesencephalic.

an elevated risk for atheromatous plaque devel-
opment in the BA, ultimately resulting in posteri-
or circulation stroke. The VBS shape significantly
affects the distortion of the velocity profile and
shear stress on the vessel wall, potentially lead-
ing to the development of atherosclerotic plaques.
Fluctuations in the vertebrobasilar angle com-
plicate the design of implants for interventional
neurosurgery operations by neurosurgeons (Vi-
jayakumar et al., 2020).

Basilar artery formation and termination

The basilar artery anatomically originates at the
pontomedullary junction and typically concludes
as the posterior cerebral arteries bilaterally at the
ponto-mesencephalic junction (Standring, 2016).
The most common point of BA origin reported in
our study was at the level of the pontomedullary
junction. Many authors have reported similar
findings in their literature, and few studies have
documented contrary results (Table 9). Akar et al.
(1994) have documented a higher incidence of BA
originating above the pontomedullary junction,
with 54%, followed by 36% at the level, and 10%
below the junction. Songur et al. (2007) reported a
more significant number of BA formations below
the pontomedullary junction in 67%, followed by
20% at the level and 13% above the level. Simi-

larly, BA termination was significantly seen at the
level of the ponto-mesencephalic junction, which
coincides with previous reports (Patel et al., 2015;
Satapathy, 2018).

Few authors have reported different branching
patterns of BA at the termination site in the ca-
daveric specimens, and the results are compared
in Table 10 (Li et al., 2023; Nagawa et al., 2018).
No literature was reported on the variations at the
termination site in imaging studies. This is the
first study to document the variant branching pat-
tern of BA in our population using imaging studies
(Fig. 4). According to Gunnal, the variations in the
mode of termination were classified as bifurca-
tion, trifurcation, quadri-furcation, penta-furca-
tion, and non-furcation (Sonlanmasinin and De-
giskenligi, 2015). The most common termination
mode observed in the present study was bifurca-
tion, which was consistent with previous studies
(Table 10).

Another common variant was fetal-type PCA, in
which embryological derivation of PCA from the
internal carotid artery had a prevalence of 15-
32% in healthy subjects and 5-36% in patients
with cerebral infarction (Shaban et al., 2013). It
can be classified into complete and partial types.
In the complete type, PCA entirely originates from
the ICA with no connection with the basilar artery.



Table 10. Comparison of the morphological variations in the termination of the BA among various studies

Mode of Termination Kalaiyarasi et al., 2022

Nagawa E et al., 2018

Gunnal S et al., 2014 Present study., 2024

(n—-100) (n-115) (n-170) (n-100)
Bifurcation 93 (93%) 56 (48.7%) 140 (82.35%) 70 (74%)
Trifurcation 3 (3%) 26 (22.6%) 9 (5.29%) 4 (4%)
Quadrifurcation 3 (3%) 25 (21.7%) 10 (5.88%) 9 (9%)
Pentafurcation 1(1%) 7 (6.1%) 6 (3.52%) -
Non-furcation - 5(2.94%) 4 (4%)

Fetal type PCA -

In the partial type, PCA originates from the ICA
with a slight connection with the basilar artery
(Vijayakumar et al., 2020). In patients with fetal
PCA, a significant part of the brain is dominant-
ly supplied by the anterior circulation. Since the
MCA and PCA are connected to the ICA above the
tentorium and the vertebrobasilar artery below
the tentorium, there is failure of leptomeningeal
collaterals between the ICA and the vertebrobas-
ilar system in the complete type (Shaban et al.,
2013).

The variations in the branching pattern of BA
at the termination site are mostly congenital in
origin. The embryological cause is mainly due to
varying extents and inconsistent degrees of fu-
sion between longitudinal neural arteries at the
craniocaudal end, which may result in different
patterns of BA (Songur et al.,, 2007). Clinically,
variant origin and termination of the BA are the
most frequent sites for the formation of athero-
sclerosis and saccular aneurysm due to abnormal
flow patterns (Wankhede et al., 2014). The posi-
tion of the BA termination also governs the type
of surgical approach to be taken to treat an aneu-

Table 11. Comparison of the BA course among various studies

Studies Mode of study
Wankhede et al., 2014. Cadavers
Akkasoglu et al., 2019. CTA

Zhang et al., 2013. MRA
Ngo MT et al., 2020. MRI

Present study, 2024 Non-contrast MRA

No. of brains

Right — 5 (5%)
- Left— 4 (4%)
Both — 4 (4%)

rysm. Patients with fetal-type PCA are more prone
to develop stroke because it shuts down the blood
supply to either side of the hemispheres (Vijaya-
kumar et al., 2020). Consequently, a comprehen-
sive understanding of the variations in origin and
termination is crucial for the diagnosis and treat-
ment of aneurysms. This necessitates meticulous
precautions to avoid injury to critical structures,
such as the mammillary body and optic chiasma
at the termination site (Mamatha et al., 2012).

Basilar artery course and fenestrations

The BA usually courses straight along the ven-
tral part of the pons. Asymmetrical blood flow
with a variable internal diameter of the VA in-
duces greater curving of the BA, which may sub-
sequently cause atherogenesis and peri-verte-
brobasilar junctional infarcts (Zhang et al., 2014).
The most frequently observed curvature in this
study is the “C” type, and very few investigators
have documented a “J’-shaped course, and the
results of the variant course of the BA are com-
pared in Table 11. Previous studies have proved
that the difference in the right and left VA diame-

Variations in the course

40 C-37.50%, S — 5%, Straight — 55%
250 C-55.8%, S - 34.6% Straight — 9.6%
60 C-33%, S — 8%Straight —19%

154 C-67%, S - 6%, Straight —15%, J - 15%
100 C-49%, S - 11%, Straight — 40%

C. Regina et al.
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ter was the only independent predictor that con-
firmed moderate to severe BA curvature (Ngo et
al., 2020). The predisposing factor for abnormal
curvature is arteriosclerosis due to loss of elastic-
ity and arterial wall thickening, which causes ex-
tension, elongation, and bending. It may also slow
down the blood flow and make them susceptible
to the formation of microthrombi and atheroscle-
rotic plaques, eventually leading to microvascular
obstruction. Increased vascular resistance in a
curved BA can cause hypoperfusion, infarction,
and wall shear stress, which may sometimes com-
press the pontine perforating artery, resulting in
pontine infarction (Zhang et al., 2014). Recent
studies have documented that patients with as-
ymptomatic vertebrobasilar tortuosity experi-
enced more cardiovascular events. Therefore, pa-
tients with abnormal BA curvature should receive
more clinical attention to overcome neurological
complications (Hong et al., 2009).

Fenestration consists of a single artery with
two channels that may or may not share the ad-
ventitial layer. It is a rare variant of the intracra-
nial artery. However, the BA is the most common
site for fenestration among cerebral arteries due
to incomplete fusion of bridging areas between
two longitudinal arteries in a craniocaudal di-
rection (Dodevski et al., 2011). It can occur any-
where along the course of the BA, but the most
frequent site is the proximal segment close to the
VA. The incidence of BA fenestrations has been
reported as 0.28-5.26% in cadavers, 0.3-0.6% in
angiographic studies, and 1-2.07% in magnetic
resonance angiography (Sanders, 1983). In the
present study, the fenestration was close to the
BA origin (Figure 6), and the results of previous
literature were compared in Table 12. Sander et

al. have reported a prevalence of 7% aneurysms
at the site of fenestrations. Clinically, it is strongly
associated with aneurysms, cerebral arteriove-
nous malformations (AVMs), and pontine infarc-
tion due to hemodynamic stress, the absence of
tunica media, and the presence of turbulent blood
flow at the vertebrobasilar junction (Tasker and
Byrne, 1997). Sometimes, it may also be misdiag-
nosed as arterial thrombosis or dissection in pa-
tients with stroke, requiring angiographic studies
to confirm the diagnosis (Dodevski et al., 2011).

Limitation

This study was limited by the sample size of
non-contrast MRA images, which may affect the
generalizability of the findings. Future research
with a larger sample is recommended to better
represent these variations.

CONCLUSIONS

The present study has documented all the mor-
phometric variables of VBS in an imaging study of
non-contrast MRA. The intracranial part of the VA
dimensions was higher on the left side than the
right. We have reported many variations, such as
hypoplastic VA, single VA with atresia, variations
in the BA termination, and different types of cur-
vature with fenestrations in the BA. The morpho-
metric variables of VBS dimensions have shown
statistically significant differences among differ-
ent age groups and high-risk groups. As age ad-
vances, morphological variations in the VBS may
facilitate vascular ischemic events in the posteri-
or cerebral circulation. Therefore, the results of
VBS morphometry obtained in our study could be
used as a reference value for various age groups
and high-risk groups to evaluate and diagnose

Table 12. Comparison of the BA fenestrations among various studies

Studies Mode of study
Vijayakumar et al., 2020. Cadavers
Wankhede et al., 2014. Cadavers
Dodevski A et al., 2011. CTA
Tasker AD., 1997. CTA

Present study, 2024 Non-contrast MRA

No. of brains Presence of Fenestrations

96 2%
40 2.5%
50 4%
103 8%
100 5%



cerebral and cardiovascular pathologies and plan
for neurosurgical procedures in the posterior cra-
nial fossa.

ACKNOWLEDGEMENTS

The researchers acknowledge the Department of
Radiology and Neurology, VMMC & H, Karaikal, pro-
fessors, for providing data and briefly reviewing this
manuscript. The authors sincerely thank the patients
from whom the data were collected for participating in
the research. Results from such research can potential-
ly increase humankind’s overall knowledge, which can
then improve patient care.

AUTHOR CONTRIBUTIONS

Conceptualization: Dr. C. Regina, J. Kalaivanan, Dr.
K. Sudhakar. Data acquisition, analysis and interpreta-
tion: Dr. C. Regina, Dr. S. Muthu Isai Drafting and criti-
cal revision of the manuscript: Dr. C. Regina. Statistical
analysis: Dr. S. Sathish Kumar, K. Vanidha. Approval of
the final version of the manuscript: all authors.

ABBREVIATIONS
3D-TOF — Three-dimensional time-of-flight

BA - Basilar artery

CAD - coronary artery disease

CT — Computed Tomography

DM - Diabetes Mellitus

DYS - Dyslipidaemi

HTN - Hypertension

MRA — Magnetic Resonance Angiogram
PCA — Posterior cerebral artery

PCS — Posterior circulation stroke

VA — Vertebral artery

VAD - Vertebral artery diameter

VBD - Vertebral artery dolichoectasia

VBS - Vertebrobasilar system
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