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COMMOn CAROtID ARteRy BIFURCAtIOn GeOMetRy On Ct AnGIOGRApHy (Ab-
stract):  Background and purpose: each individual’s vascular anatomy variations may contribute 
to the acceleration of atherosclerotic plaque formation. Given that most pathological changes occur 
near the terminal bifurcation of the common carotid artery, we decided to test if we encounter 
inter-individual variability of geometric parameters in healthy adult patients.  Method: Disease-
free carotid computed tomography angiographies were selected from 40 patiens. Identifying the 
height of the common carotid bifurcation was done in relation to the cervical vertebraes. the 
angle between the common carotid artery - internal carotid artery and the bifurcation angle were 
measured in a robust way to attempt to make the measurement straighforward and, as such, eas-
ily reproductible. Results: the majority of carotid bifurcations were demonstrated near the C4 
cervical vertebrae (66,25%). the internal carotid angle recorded was on average 157 ± 12°, and 
the bifurcation angle was 42 ± 10°. Conclusions: Moderate interindividual variations regarding 
carotid bifurcation geometry in our adult population suggests that, if a geometric risk for athero-
sclerosis will eventually be considerate, its early detection could be challenging. Key-words: 
CAROtID BIFURCAtIOn, GeOMetRy, CAROtID AnGle, Ct AnGIOGRApHy

INtROduCtION
the common carotid artery bifurcation is 

one of the most common locations for athero-
sclerotic buildup. Stenosis of the carotid arter-
ies is a significant cause of stroke, a leading 
cause worldwide in deaths and disabilities, par-
ticularly affecting eastern europe. Females are 
more commonly affected by stroke (1).

the accumulation of the atherosclerotic de-
posit is closely related to the anatomy of the 
carotid bifurcation, which affects cervical blood 
flow. At the level of the internal carotid - com-
mon carotid arteries junction, we encounter 
turbulent flow due to both a rapid expansion 
and the morphology of the bifurcation of the 
carotid lumen. In addition, arterial sites with 
developing atherosclerotic plaques present ex-
pansive compensatory remodeling to maintain 

their luminal diameter, a process that appar-
ently balances shear stress to a constant level. 
Although compensatory remodeling is regarded 
as the normal remodeling response during plaque 
progression, constrictive remodeling (shrinkage 
of the vessel radius) and excessive compensa-
tory remodeling (defined as overcompensation 
leading to radius increase) are also demon-
strated (2-4).

Computed tomography-based angiography 
(CtA) is a non-invasive diagnostic method uti-
lized in most parts of the world. A single rap-
id scan reveals the entire carotid trunks in three 
dimensions, with highly reproducible measure-
ments, thus making it an appropriate tool for 
routine imaging evaluation of carotid disease 
(5). In addition, CtA could also be used to 
monitor diverse geometric parameters regard-
ing the carotid axis that could, eventually, be 
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proven to be significant risk factors in the de-
velopment of atherosclerotic plaques.

mAtERIAL ANd mEthOd
Retrospective study of patients undergoing 

diagnostic CtA in the Radiology Department 
of “Sf. Apostol Andrei” County Hospital be-
tween 01.2020 - 06.2020 for various indica-
tions. A total of 40 subjects were included in 
the study group, 20 males and 20 females. 
prior informed consent has been signed. pa-
tients with disease-free cervical carotid arteries 
were studied. Cases that presented pathologies 
were excluded. 

CtAs were performed on a multislice Ct 
scanner with 64 detectors (light Speed   VCt, 
Ge, USA), with processing done on a dedi-
cated workstation (Advantage, Ge). 

the height of carotid bifurcation angle rela-
tive to cervical vertebrae was set on two-dimen-
sional images; the carotid bifurcation angle 
was found, and the biplanar cursor was moved 

towards the angle; with the cursor remaining 
set, we gradually went through several slices 
by the median plane to reach the midline of the 
cervical spine; cursor position remained un-
changed when scrolling slices, and through the 
cursor’s original position we determined the 
cervical vertebrae height in relation to the ca-
rotid bifurcation angle (fig. 1).

We first identified the common, internal, 
and external vessels in the sagittal plane for 
angle measurement. After that, a digital clipper 
was used to determine vessel border, carotid 
artery bifurcation angle, and internal carotid 
artery angle (fig. 2).

RESuLtS
Mean age of our study group was 56 ±12.5 

years. After using previously stated method, 
our findings regarding the height of the carotid 
bifurcation are presented in table I.

We found that there is a wide variety regard-
ing carotid bifurcation height by having the 

tABle I

Cervical vertebra C2 C2/C3 C3 C3/C4 C4 C4/C5 C5 C5/C6 C6
no. of bifurcations 2 5 9 19 21 13 6 4 1

tABle II

Study lot Male Female
Internal carotid angle 145 ± 13° 143 ± 14° 147 ± 11°
Carotid bifurcation angle 42 ± 10° 43 ± 9° 41±11°

fig. 1. A. Sagital plane revealing the carotid 
bifurcation centered by the cursor; B. Slices 

moved towards the cervical spine, with the cursor 
unmoved.

fig. 2. two-dimensional plane showing 
measurements on ICA-CCA angle and the 

bifurcation angle.
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cervical spine as landmark, though the major-
ity of cases (26,25%) were located at the C4 
level. From our study group, 66,25% had the 
origin placed at or near C4, the rest being 
considered anatomical variants. 

Regarding the carotid angles we measured, 
results are shown in table 2.

Male population demonstrated lower inter-
nal carotid angles than female subjects, but 
regarding the carotid bifurcation angle there 
were seen higher values in male subjects. there 
were no significant findings regarding laterality.

dISCuSSION
the carotid bifurcation is usually illustrated 

in literature at the level of the superior border 
of the thyroid cartilage, in line with the C3/C4 
intervertebral space(6).  However, great vari-
ability has since been demonstrated by diverse 
methods of measurement (7,8). A higher ca-
rotid bifurcation is already linked to peri-sur-
gical injuries, having a higher prevalence than 
in low-lying bifurcation (9,10). In our study we 
found that most CCAs have a terminal bifurca-
tion landmark equivalent to height of C3 and 
C4 vertebral bodies and their intervertebral 
disks, results similar to other publications in 
literature (11-13).

the radiologist should make a thorough and 
correct assessment, thus raising the suspicion 
of a high bifurcation and speculate eventual 
technical challenges before any type of treat-
ment or surgery is done in the extracranial 
carotid arteries.

Although there are multiple measurement 
methods of the angles formed at the terminal 
bifurcation of the CCA, compared to studies 
with the same type of method we demonstrated 
similar results (14,15). previous several studies 
on the clinical significance of the bifurcation 
angle and the angle between the internal and 
common carotid arteries illustrate variable re-
sults. Differences in results might appear be-

cause angle measurement was performed on 
different devices (Ct/DSA/MRI/US) and with 
different measurement tools (15-18). It would 
be helpful in recognizing the carotid branching 
angles as risk factors if there was a standardized 
measurement method worldwide. 

Some studies present the carotid angles as 
novel risk factors for atherosclerosis and stroke 
(17,19). Also, wider angles are clearly seen in 
patients with plaque accumulation nearby the 
carotid bifurcation (16). thus, the risk of athe-
rogenesis associated with the ICA-CCA blood 
flow could be significant. 

A clear understanding of the effects of me-
chanical factors on vascular biology will allow 
the development of treatment options, improved 
diagnostic tools, and novel risk factors that 
could be monitored. Further standardized stud-
ies are needed for a more precise stipulation on 
eventual novel risk factors.

the limitations of our study were repre-
sented by the small group of patients, the ab-
sence of standardization of methods for deter-
mining the carotid angles, and the exclusion in 
the study of patients with atherosclerotic changes. 
Also, we manually measured the ICA angles 
without using additional dedicated software 
from the workstation, and used a two-dimen-
sional plane - this facile method can be used 
on most computers in radiology departments 
and does not require many additional features 
or measurements.

CONCLuSION
Knowledge of carotid geometry is essential 

in planning invasive or non-invasive treatments 
regarding neurovascular interventions and as-
sessing response after the therapeutical process. 
Significant inter-individual variability is seen 
regarding the carotid bifurcation, and further 
standardized studies might elevate some mor-
phologic parameters to unanimously accepted 
risk factors regarding atherosclerosis and stroke.
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