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Background: The frequency and arrangement of the subsegmental branches of the third portion of the 
vertebral artery (V3) have been assessed in small samples by autopsy, but they have not been assessed by computed 
tomography angiography (CTA). To determine the frequency and arrangement of subsegmental branches of V3 
by CTA and to analyze the interrelationships among frequency, arrangement, sex, and side-to-side.
Methods: First, the radiology records of 668 consecutive patients who underwent cervical or craniocervical 
CTA scans from October 1, 2017 to October 31, 2019 were retrospectively retrieved. Second, the four 
demarcation points were ascertained to define the three subsegments by reviewing the resource images, 
namely, the vertical portion of V3(V3v), horizontal portion of V3(V3h), and extradural portion of V3(V3e). 
Then, the numerical value and the location of the bifurcating branch in each subsegment of V3 were 
recorded. Third, the frequency and arrangement of the branches was assessed, and the relationships between 
sex, laterality and frequency and arrangement were analyzed as well as the interobserver performance.
Results: On the left, 25%, 20.21%, and 6.59% were the frequencies of one branch in the V3v, V3h, 
and V3e, and 1.05%, 0.00%, and 0.45% were the frequencies of two branches, respectively. On the right, 
25.04%, 17.07%, and 6.44% were the frequencies of one branch in the V3v, V3h, and V3e, and 1.04%, 
0.3%, and 0.15% were the frequencies of two branches, respectively. There were no differences between the 
side-to-side and numerical values of the branches according to the t-test (P=0.4341, P=0.7968), and there 
were no differences between the side-to-side variable, sex variable and number of branches according to the 
t-test (P=0.4474, P=0.3593). There were no differences between the side-to-side and eight arrangements 
(permutation of 000; 100; 110; 111; 010; 011; 001; 101) by using the two-sample KS test (P=0.942), and there 
were no differences between sex and the eight arrangements according to the two-sample KS test (P=0.9973, 
P=0.8519). The interobserver reliability was excellent (Spearman's ranked correlation: 0.9927).
Conclusions: The frequency and arrangement of V3 subsegmental branches could be displayed by source 
imaging with CTA, and there were no significant differences according to the sex or side of the individual. It 
was imperative to acquaint the subsegmental branches before the operation involving V3 in the craniocervical 
junction to determine the surgical approach and reduce bleeding during the surgical procedures.
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Introduction 

The V3 is located within the craniocervical junction; 
it originates from the transverse foramen of the axis, 
continues inferiorly with the second portion of the vertebral 
artery (V2), reaches the piercing site of the dura mater at 
the foramen magnum, and continues superiorly with the 
fourth portion of the vertebral artery (V4). Many vascular 
lesions in V3, including tumors, occlusions, deformities, 
and those caused by trauma, have been documented, 
and these lesions have been associated with dissection, 
aneurysm, and Bow Hunter Syndrome (1-5). The decision 
of whether to utilize or to protect V3 varies by the 
disease during treatment (6-13). To date, many imaging 
modalities, such as digital subtraction angiography, dual-
energy computed tomography, Doppler ultrasound, and 
MRI, have be applied to detect V3 (14-18). CTA has been 
frequently in imaging examinations to simultaneously reveal 
the three-dimensional anatomy surrounding V3, as it has 
the advantages of being noninvasive and fast and yielding 
volumetric scans. Morphometric analyses of V3 performed 
by using CTA have been reported in many studies (19-24), 
but the branches of V3 have been studied in few studies, 
with small sample sizes of cadavers due to the high cost 
and intricate procedures required (25-27). Although a large 
sample of vertebral arteries can be assessed by CTA, the 
branches of V3 have not yet been reported. The purpose of 
this study was to reveal the frequency and arrangement of 
the subsegmental branches of V3 on CTA source images in 
a large sample, analyze the relationships of these data with 
the patient’s sex and laterality, and evaluate interobserver 
performance.

Methods

The retrospective study was approved by the institutional 
review board, and informed consent was waived.

Patients

Using radiology computer records, we retrospectively 
identified 668 consecutive domestic patients of Han 
nationality in the People’s Republic of China who had 
undergone a cervical or cervical or craniocervical CTA 
scan from October 1, 2017 to October 31, 2019. The CTA 
scans were collected from a large referral base in a major 
tertiary care Chinese university hospital, Shandong Medical 
Imaging Research affiliated with Shandong University 

in the People’s Republic of China. The mean age of the 
patients was 55.8 years (age range, 2.9–84.6 years). The 
patients included 419 men and 249 women (Table 1). The 
inclusion criteria of the study were as follows: (I) patients 
who were clinically diagnosed with cervical vascular lesions 
and underwent CTA scans so that the disease nature, 
location, and extent could be assessed; (II) patients who had 
no contraindications to CTA, such as a high temperature, 
heart failure, or kidney failure; and (III) patients whose V3 
coursed normally. In other words, some vertebral artery 
anomalies were included in our study, such as a high-
riding vertebral arteries, posterior cerebellar arteries with 
extracranial atlas/axial (C1/2) origins, and persistent first 
intersegmental arteries because of the normal course of 
V3. Thirty-one patients were excluded for the following 
reasons: 19 cases were accompanied by congenital osseous 
deformities and dislocation in the craniocervical junction 
(12 cases of basilar invagination, 7 cases of assimilation of 
the atlas), 5 cases were occluded in V3 bilaterally, and 1 case 
had a bilaterally fenestrated vertebral artery. Six patients 
had abnormally enhanced surrounding veins, including  
2 cases of neoplastic lesions.

Acquisition of CTA images

The patients were placed in a supine position with their 
arms placed alongside the body and the head and neck 
in a neutral position. For each patient, a CTA scan was 
performed using a dual-source CT scanner (Somatom 
Definition Flash CT VA48A, Siemens Medical Solutions, 
Forchheim, Germany) with the following parameters:  
150 kV, 51 mAs; 100 kV, 87 mAs; collimation of 2×128× 
0.6 mm; 250 ms/rotation; and a pitch of 0.85. A contrast 
medium bolus (Iohexol, 350 mg of iodine per milliliter) 
with an automatic trigger sequence was utilized for cervical 
arterial angiography (ascending aorta 100 HU). During the 
procedure, 45 mL of nonionic iodinated contrast medium, 
followed by 40 mL of saline, was infused and injected via 
a double power injector into the patient’s antecubital vein 
at a rate of 5 mL/s. A pediatric sedative (chloral hydrate, 
0.5 mL/kg), if necessary, was taken orally by the infants. 
The dosage of contrast medium was reduced in proportion 
to the infants’ weight, and infant scanning parameters 
were selected accordingly. All the data were exported to a 
workstation (Syngo.via software (Syngo.via VB20A HF06 
Siemens Healthineers). The source images were viewed 
randomly using multiplanar reconstruction with a thickness 
of less than 1 mm.
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Image analysis

All the images were reviewed in consensus by three 
radiologists, each of whom had at least ten years of 
experience in CT diagnosis. By consulting the three-section 
classification criteria of V3 (13,28), we divided V3 into 
three subsegments: vertical portion originating from the 
foramen of C2, horizontal portion originating from the 
foramen of C1, and extradural portion originating from 
the posterior atlantooccipital membrane and ending at 
the site of piercing the dura. The three subsegments were 
referred to as V3v, V3h, and V3e, respectively (Figures 1-4). 
The number of branches was recorded. With regard to the 
arrangement of the branch of V3, the number 0 indicated 
no branches in the subsegment, and the number 1 indicated 
no less than one branch in the subsegment (Figure 1). There 
were eight kinds of arrangements of the branches altogether 

(000; 100; 110; 111; 010; 011; 001; 101). After an agreement 
was reached by consensus, all the data were confirmed. 
The reproducibility was assessed by comparing a subset of 
measurements made on 100 randomly selected cases. The 
radiologists were blinded to the measurements taken by the 
other radiologists. The 100 cases were reviewed by three 
observers, and interobserver agreement was calculated. All 
the data were imported into R statistical software, version 
3.6.1, to be processed further.

Results

Six, 8, and 7 cases were not shown in the left V3v, V3 h, and 
V3e, respectively, among the 668 cases. On the left, 25% 
(167/662), 20.21% (135/660), and 6.59% (44/661) were 
the frequencies of one branch in the V3v, V3h, and V3e, 

Table 1 The patient characteristics

Number of cases
Age (y)

Minimum Maximum Mean ± standard deviation

Total: 668 2.9 84.6 55.8±13.0

Males: 419 2.9 84.6 55.6±13.0

Females: 249 18.6 83.2 56.1±13.0

Figure 1 Schematic drawing of the demarcation of three subsegments of V3 and examples of the arrangements of the branches of V3 in 
the same patient. (A) The point “p” is located at the superior border of the foramen of left C2, and the point “q” is located at the superior 
border of the foramen of left C1. The V3v was the vertebral artery of V3 between “p” and “q”. (B) The point “r” was located at the point of 
intersection of the course of V3 and the superior border of the left C1, to which the posterior atlantooccipital membrane was attached, and 
the point “s” was the site of the dura pierced by the left V3. The V3h was the vertebral artery of V3 located between “q” and “r”, and V3e 
was located between “r” and “s”. (A,B) Two branches sprouted from V3v on the right (small arrow), and there was one branch on the left. 
One branch sprouted from V3h and V3e on the left (small arrow). (1,0,0) is the arrangement of V3 in the left, and (1,1,1) is the arrangement 
on the right.
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respectively, and 1.05% (7/662), 0.00% (0/660), and 0.45% 
(3/661) were the frequencies of two branches, respectively. 
Fourteen, 15, and 15 cases were not shown in the right V3v, 
V3 h, and V3e, respectively, among the 668 cases. On the 
right, 25.04% (167/654), 17.07% (114/653), and 6.44% 
(43/653) were the frequencies of one branch in the V3v, 
V3h, V3e, respectively, and 1.04% (7/654), 0.3% (2/653), 
and 0.15% (1/653) were the frequencies of two branches, 
respectively (Table 2).

There were no differences between the side-to-side and 
one branch variables according to the t-test (P=0.4341), and 
there were no differences between the side-to-side and two 
branch variables according to the t-test (P=0.7968). There 
were no differences between sex and one branch according 
to the t-test (P=0.4474), and there were no differences 
between sex and two branches according to the t-test 
(P=0.3593).

There were no differences between the side-to-side and 
eight arrangements (permutation of 000; 100; 110; 111; 
010; 011; 001; 101) according to the two-sample KS test 
(P=0.942), and there were no differences between sex and 
the eight arrangements according to the two-sample KS 
test (P=0.9973, P=0.8519). The interobserver reliability was 
excellent (Spearman's ranked correlation: 0.9927).

A total of 365,115, 33, 7, 87, 7, 20, and 10 cases had 
the eight kinds of arrangements, the 000; 100; 110; 111; 
010; 011; 001; and 101 arrangements, respectively, in 
the left V3v, V3h, and V3e, and 373, 126, 26, 7, 76, 5, 
19, and 12 cases had these arrangements on the right. A 
total of 139, 44, 11, 4, 35, 2, 5, and 2 cases had the eight 
kinds of arrangements in the left V3v, V3h, and V3e in 
the females, and 226, 71, 22, 3, 52, 5, 15, 8 cases had these 
arrangements in the left V3v, V3h, and V3e in the males. 
A total of 141, 54, 5, 2, 27, 2, 9, and 2 cases had the eight 
kinds of arrangements in the right V3v, V3h, and V3e 
in the females, and 232, 72, 21, 5, 49, 3, 10, and 10 cases 
had these arrangements in the right V3v, V3h, and V3e 
in the males (Table 2). There were no differences between 
sex and the left side according to the two-sample KS test 
(P=0.942), and there were no differences between sex and 
the right side (P=0.8519). According to Kendall’s W test, 
the interobserver agreement was excellent (uncorrected for 
ties: 0.9802, corrected for ties: 0.9939, Spearman's ranked 
correlation: 0.9927).

Discussion

The vertebral artery has a tortuous shape to meet the need 
for flexible movement and to facilitate smooth blood flow. 
V3 is anatomically defined as the vertebral artery that passes 
from the foramen of C1 to the site of the piercing dura, and 
it is radiologically defined as the artery passing from the 
foramen of C2 to the piercing site (26,27). Considering the 
occipito-atlantoaxial complex is a functional complex, we 
adopted the latter definition. The V3 that was identified was 
then divided into two portions demarcated by the foramen 
of the C1 process, namely, the horizontal and vertical 
portions, as reported in previous studies. In this study, we 
divided V3 into three subsegments, namely, the V3v, V3h, 
and V3e subsegments (13,29). V3e was the section passing 
from the posterior atlantooccipital membrane to the site 
of piercing the dura (28). The V3v was easily identified on 
CTA images. The starting point of V3e was defined as the 
point of intersection of the course of V3 and the superior 
border of C1 to which the posterior atlantooccipital 

Figure 2 Illustration of the bifurcation of V3v on a CTA image in 
a 51.3-year-old patient. One branch originated from the right V3v 
on the axial CTA source image, and the branch coursed posteriorly 
(arrow).

Figure 3 Illustration of the bifurcations of V3h on a CTA image in 
a 72.6-year-old patient. Two branches originated from the bilateral 
V3h and coursed normally on the axial CTA source image, and the 
branches coursed interior-posteriorly (arrow).



1288 Liu et al. Assessment of the subsegmental branches of V3 using CTA

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(4):1284-1291 | http://dx.doi.org/10.21037/qims-20-725

membrane attached (29). The terminal point of V3e was 
marked by the density difference between the cerebrospinal 
fluid and dura mater on CTA images. The branch arising 
from V3h was defined as the suboccipital artery of Salmon 
that supplied the neighboring muscles. The frequency of 
the artery of Salmon was 20% in a study of 10 cadavers and 
67% a study of 15 cadavers (26,27). The frequency of the 
artery of Salmon was 17.07–20.21% in V3h. Our results 
are consistent with those reported by Tubbs RS et al. Three 
branches arising from the V3h were discovered by dissecting 
cadavers (27), while no more than 2 branches were revealed 
in our research. The frequency of the branch was 25% in 
V3v and less than 6% in V3e. The rate of asymmetry in the 
arrangements of the branches of V3 was 30% according 
to the autopsy; in other words, the rate of symmetry was 
70% in the arrangements (27). In our study, all eight 
arrangements of branches of V3 were symmetric, regardless 
of the sex and side of the patient. The permutation of (0,0,0) 
was the most frequently occurring permutation, followed by 
(1,0,0), and (0,1,1) was the least frequent (Table 3).

It was essential for a surgeon to acquaint every patient’s 
bifurcations of V3 on CTA before the operation. V3e 
is fixed by surrounding structures, and its branch has 
important clinical significance when an operation is 
conducted in the cranio-occipital region because it might 
cause mortal bleeding (28-30). The branch of V3 was often 
ignored on the CTA images by volume rendering process in 
postprocessing. It cannot be stressed enough that a surgeon 
must determine the number and locations of the branches 
of V3, and it is helpful for surgeons to conduct surgical 
planning to minimize the volume of bleeding.

Skeletal deformities of the occipito-atlantoaxial complex 
are usually combined with deformities of vessels, nerves, 
and muscles (14,15,25). The anomaly rate has been reported 
to be much higher in people with bone deformities than 
in those without bone deformities (31), so subjects who 
had bone deformities were excluded so that we could study 
the frequency and arrangement of V3 in normal persons. 
The variation of the fenestrated vertebral artery was not 
assessed because it is difficult to assess for the V3, and the 

Figure 4 Illustrations of the bifurcation of V3e on CTA images in the same 46.9-year-old patient. (A) One branch sprouted interior-
anteriorly from the V3e and coursed normally on the left on the axial CTA source image (arrow). (B) The branch under the V3e was 
identified on the CTA image reformatted randomly (arrow).

A B

Table 2 Numerical values of the three subsegmental branches on different sides

Figure of branch
Left Right

V3v V3h V3e V3v V3h V3e

0 (%) 488 (73.05%) 525 (78.59%) 614 (91.92%) 480 (71.86%) 537 (80.39%) 609 (91.97%)

1 (%) 167 (25.00%) 135 (20.21%) 44 (6.59%) 167 (25.00%) 114 (17.07%) 43 (6.44%)

2 (%) 7 (1.05%) 0 (0.00%) 3 (0.45%) 7 (1.05%) 2 (0.30%) 1 (0.15%)

NE (%) 6 (0.9%) 8 (1.2%) 7 (1.05%) 14 (2.1%) 15 (2.25%) 15 (2.25%)

V3v, vertical portion of V3; V3h, horizontal portion of V3; V3e, extradural portion of V3; NE, nonenhanced.

http://nc.yuntsg.com/pubmed/?term=Tubbs RS%5BAuthor%5D&cauthor=true&cauthor_uid=19569947
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other variations, such as the high-riding vertebral artery, 
extracranial C1/2 origin of the posterior cerebellar artery, 
and persistent first intersegmental artery, were included 
because they could be assessed. Unilateral vertebral 
atherosclerosis was included, which caused the asymmetric 
values in Tables 1 and 2 (Figure 5). Although this study had 
the advantages of noninvasive, in vivo, and fast imaging and 
had a large sample size, it had the following disadvantages 
compared to autopsy studies: (I) we were unable to 
distinguish the branches of V3 on the CTA source images 
from muscular, osseous radicular, meningeal branches but 
not for the artery of Salmon (26,32). (II) We were unable 
to measure the size on the source images as a result of the 
limited density and spatial resolution of CTA and only 
counted the branches whose diameters ranged between 0.5 
mm and 1.1 mm according to the autopsy (26).

Conclusions

To conclude, the frequency and arrangement of the 
subsegmental branches of V3 could be viewed by the CTA 
source images in a large sample. The frequencies of the 
V3v, V3h, and V3e were approximately 25%, 20%, and 
6%, respectively, and the most common arrangement of V3 
was (0,0,0). This information is helpful for surgeons when 
performing an operation involving V3. 
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Table 3 Eight arrangements of the branches of V3 by sex and laterality

Permutation

Side-to-side Sex

Left Right
Females Males

Left Right Left Right

1 (0,0,0) 365 373 139 141 226 232

2 (1,0,0) 115 126 44 54 71 72

3 (1,1,0) 33 26 11 5 22 21

4 (1,1,1) 7 7 4 2 3 5

5 (0,1,0) 87 76 35 27 52 49

6 (0,1,1) 7 5 2 2 5 3

7 (0,0,1) 20 19 5 9 15 10

8 (1,0,1) 10 12 2 2 3 10

The numbers 1–8 indicate the eight kinds of arrangements.

Figure 5 Illustration of the occlusion of the unilateral V3 on a 
CTA image in a 73.6-year-old patient. The right V3 was occluded 
on the axial CTA source image in the foramen of C1 (arrow), and 
the left V3 coursed normally.
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