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Introduction. The common carotid artery is the main source of blood supply to the head and neck regions. Its branching 
patterns are of great interest in terms of both anatomical and clinical significance. Variability of the common carotid artery 
can influence the planning of vascular, endovascular and oncological interventions in the head and neck regions, to avoid 
vessel injuries as well as intra-operative and postoperative complications.

Material and methods. Variants of branching patterns of the common carotid artery were studied retrospectively on a 
sample size of 210 patients (118 males and 92 females). The mean age of patients was 63.6±13.44 years for males and 
65.1±14.32 years for females (p = 0.444). Patients were examined by CT angiography, during the period 2020-2024, within 
the Institute of Emergency Medicine and Republican Center for Medical Diagnostics. The purpose of this article was to 
identify anatomical variations in the branching pattern of the CCA based on gender and laterality.

Results. The most frequent variant of the CCA branching pattern, considered a normal variant, was its bifurcation, identi-
fied on the right side in 70% of cases (n = 147) and on the left side in 54% (n = 113). The trifurcation of the CCA was more 
common on the left side (33.3%), compared to the right side (25.7%). The origin of the superior thyroid artery from the 
CCA trunk was observed in 12.8% of cases on the right side and in 3.8% on the left one. A rare variant revealed in the cur-
rent study was the origin of the lingual artery from the CCA trunk (0.4%).

Conclusions. The branching variants of the common carotid artery are of clinical significance, particularly in surgical 
interventions on the neck. Knowledge of the topographic relationships of the CCA with the neighboring anatomical land-
marks is essential to prevent intra-operative complications and improve the quality of surgical management.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Considering that variants of the common carotid artery branching 
patterns are mainly studied based on a single or two criteria, our 
study was designed to provide comprehensive additional informa-
tion by analyzing these patterns in relation to gender, laterality, 
and their topographical relationships with the neighboring ana-
tomical structures and some landmarks, that could be useful for 
surgical access of the neck region.
The research hypothesis
The increasing number of head and neck surgeries requires de-
tailed knowledge of common carotid artery variations, including 
its branching patterns variants and the topographical relation-
ships of its branches with the adjacent anatomical structures.
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Introduction
The common carotid artery (CCA) is the main source of 

blood supply to the head and neck regions. At the superior 
border of the thyroid cartilage, it bifurcates into its primary 
branches: the internal carotid artery (ICA) and the exter-
nal carotid artery (ECA). However, anatomical and imaging 
studies have revealed significant variability in the origin, 
level and angle of its bifurcation and branching patterns of 
the CCA [1-3].

Disturbances of the embryonic development at any Car-
negie stage can result in abnormal development of the arte-
rial system components, which can be caused by the regres-
sion or disappearance of some blood vessels, or due to their 
incomplete development [4]. In cases of arterial variants, 
they are detected during routine examinations by imaging 
methods or postmortem by anatomical dissection [5, 6].

According to bibliographic sources, about 10% of mal-
practice was recorded in surgical patients with anatomical 
variants [5]. The contemporary methods of imaging such 
as computed tomography, nuclear magnetic resonance, and 
three-dimensional reconstructions, offer the possibility of 
preoperative visualization of the blood vessels, decreasing 
the rate of iatrogenic injures [7].

Among the clinically important, anatomical branching 
pattern variants of CCA, is the origin of the superior thyroid 
artery directly from the common carotid artery, or its devia-
tion from the main trunk of the CCA at the level of its bifur-
cation, with a variation rate of 2.2% - 61% [1, 8-10].

According to the results obtained by Esen et al. in 2018, 
who performed a large study on 1280 angiographies, the 
origin of the right superior thyroid artery from the CCA bi-
furcation was found in 20.5% of cases and of the left artery 
in 23.1% [11]. The origin of the superior thyroid artery di-
rectly from the CCA was reported in 14.1% of cases on the 
right and 35.3% on the left, respectively.

Bhardwaj et al. analyzed the origin of the superior thy-
roid artery on a sample size of 210 subjects [12]. The ob-
tained result showed that in 14.3% of cases the superior 
thyroid artery derived at the level of the CCA bifurcation, 
while in 8.6% it originated directly from the CCA trunk.

The variability of the superior thyroid artery origin and 
its relationships to the superior laryngeal nerve are of par-
ticular importance in thyroidectomy [13]. In surgical inter-
ventions on the thyroid gland, injuries to the superior laryn-
geal nerve can occur at rates as high as 58% [14, 15].

Quadri- and pentafurcation of the CCA have been re-
ported in the specialized literature as rare anatomical vari-
ants. Zaccheo et al. described a rare case of pentafurcation 
in which the CCA divided into the superior thyroid artery, 
lingual artery, facial artery, external carotid artery and in-

The novelty added by the manuscript to the already published scientific literature
The identified arterial variants highlight the necessity of anatomical revision of the common carotid artery branching patterns, 
which are infrequently described in the specialized literature. Knowledge of these variations is clinically important for vascular 
head and neck surgery, oncology and interventional procedures, as it helps prevent iatrogenic injuries.

ternal carotid artery [16]. Kaneko et al. described another 
very rare case, when the superior thyroid artery, lingual ar-
tery and facial artery derived directly from the CCA, while 
the posterior auricular, maxillary and superficial temporal 
arteries arose from a common trunk. The internal carotid 
artery also originated from the CCA, and the occipital and 
ascending pharyngeal arteries arose from it [17].

Knowledge of anatomical variants related to CCA branch-
ing patterns is important both an anatomical and a clinical 
perspective. These variations can influence the planning 
of vascular, endovascular and oncological interventions in 
the head and neck regions, and are extremely important 
for avoiding vascular injuries and improving intraoperative 
and postoperative management [13, 18].

The purpose of our study was to identify anatomical 
variations in the CCA branching patterns depending on gen-
der and laterality.

Material and methods
Variants of the CCA branching patterns were studied ret-

rospectively on a sample size of 210 patients who under-
went CT angiography of the carotid artery during the period 
2020-2024, at the Institute of Emergency Medicine and the 
Republican Center for Medical Diagnostics. The study was 
approved by the Research Ethics Committee of Nicolae Te-
stemitanu State University of Medicine and Pharmacy, based 
on decision No.3 dated 27.01.2025. The representative sam-
ple size was calculated using the EpiInfo7.2.2.6 program, 
under the “StatCalc – Sample Size and Power” module, 
based on the following parameters: confidence interval – 
95.0% for statistical significance, statistical power – 80.0%, 
an expected outcome difference of 20.0% in patients with 
anatomical variants of the common carotid artery, PR = 2, 
and an equal group ratio of 1:1. The calculated value was 
182, after adjusting for an estimated non-response rate of 
10.0%, the final required sample size was 200. 

The study group included 118 males and 92 females. 
The mean age of male patients was 63.6±13.44 years and 
the mean age of female patients was 65.1±14.32 years, (p = 
0.444). To achieve the proposed aim and objectives, angio-
graphic images of 400 carotid arteries were analyzed and 
processed. Based on this analysis, the absolute and relative 
values of the incidence of common carotid artery branching 
patterns were determined, depending on sex, laterality and 
neighboring anatomical landmarks. For CT angiographies of 
the carotid artery, the Canon Aquilion 320 slices computed 
tomography, which provides high-resolution images, was 
used. Subsequently, the angio-CT images were analyzed and 
interpreted using the RadiAnt DICOM Viewer 2024.1 soft-
ware, with capacity of multiplanar and three-dimensional 
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reconstructions and maximum intensity projections, which 
allowed us to visualize in detail the branching variants of 
the CCA and to perform their morphometry. The data were 
stored in an Excel database, and statistical analysis was per-
formed using predefined statistical functions in Excel. The 
frequency of anatomical variants according to sex, laterality, 
and neighboring anatomical landmarks was estimated by cal-
culating the confidence interval at a 95% confidence interval.

To enhance the accuracy of the study, clear inclusion and 
exclusion criteria were established, allowing for the selection 
of a representative and homogeneous group of participants.

Inclusion criteria:
◾◾ Patients examined by CT angiography of the carotid 

artery >18 years old;
◾◾ Patients with clear and visible angiographic images.

Exclusion criteria:
◾◾ Patients examined by CT angiography of the carotid 

artery <18 years old;
◾◾ Patients with unclear or poor-quality angiographic 

images;

◾◾ Patients who have undergone surgical interventions 
involving the carotid arteries;

◾◾ Patients in flexion, retroflexion or laterally tilted 
head.

Results
In the current study, 420 CCAs were examined. The most 

frequent branching pattern of the CCA, considered a normal 
variant, was its bifurcation into ICA and ECA, being identi-
fied on the right side in 70% of cases (n = 147) and on the 
left side in 54% (n = 113). This variant was more frequently 
found in males (55.3%).

Another branching pattern variant of the CCA was its tri-
furcation into the ICA, ECA and superior thyroid artery (Fig. 
1). The CCA trifurcation was more prevalent on the left side 
(33.3%) than on the right side (25.7%). The bilateral distri-
bution of the CCA trifurcation was observed in 16.9% (n = 
21), predominating in males (57.1%), compared to females 
(42.8%).

Fig. 1 Trifurcation of the 
common carotid artery.

A. Lateral view (right side). B. Lateral 
view (left side). 1 – common carotid 
artery; 2 – internal carotid artery; 3 
– external carotid artery; 4 – superior 
thyroid artery.

Fig. 2 Sex-based distribution of the common carotid trifurcation
Note: CCA – common carotid artery

On the right side, the trifurcation of the CCA was found 
in 57.4% of males (n = 31), while in females, the rate was 
42.5% (n = 23). The left CCA trifurcation was found in 55.7% 
(n = 39) of males, and in 44.2% (n = 31). Our results showed 
a slight bilateral predominance of CCA trifurcation in males. 
The distribution of this variant depending on gender and 
laterality is presented in figure 2.

In 16.6% of cases, the common carotid artery divided 
into three branches ICA, ECA and superior thyroid artery 
(STA). The STA originated directly from the CCA below its 
bifurcation (Fig. 3). This variant was observed on the right 
side in 12.8% of cases and on the left side in 3.8%.

Similar to the CCA trifurcation, this variant (a high-ori-
gin superior thyroid artery) was more prevalent in males. In 
the male cohort, its distribution was nearly equal bilaterally, 
occurring on the right side in 62.5% of cases and on the left 
in 62.6%.In females, the distribution was also nearly equal 
between the left and right sides (37.5% and 37.0%, respec-
tively).. The bilateral distribution of the origin of the supe-
rior thyroid artery below the bifurcation level per study 
group reached a rate of 11.4%.
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As a result of the morphometry of the distance between 
the CCA bifurcation (CCAB) and the origin of the superior 
thyroid artery (OSTA), four groups of variables were estab-
lished (Fig.4). 

◾◾ Group I included patients with the distance between 
OSTA and CCAB < 0.5 cm;

◾◾ Group II – patients with the distance between OSTA 
and CCAB 0.51 cm – 1 cm;

◾◾ Group III – patients with the distance between OSTA 
and CCAB 1.1 cm – 1.5 cm;

◾◾ Group IV – patients with the distance between OSTA 
and CCAB > 1.51 cm.

The obtained results demonstrate a higher frequency 
of the origin of the superior thyroid artery at a distance < 
0.5 cm in relation to the level of the CCA bifurcation. This 
proximity may create uncertainty when identifying the STA 
during surgical interventions on the thyroid gland. 

Fig. 3 Origin of the superior 
thyroid artery directly from the 

common carotid artery.
A, B. Anterolateral view (left side). 1 – 
common carotid artery; 2 – external 
carotid artery; 3 – internal carotid 
artery; 4 – superior thyroid artery; 5 – 
thyroid gland.

Fig. 5 Origin of the superior 
thyroid artery in relation to the 

hyoid bone.
A. Anterolateral view (left side). Origin 
of the superior thyroid artery, below the 
hyoid bone. 
B. Anterolateral view (right side). Origin 
of the superior thyroid artery, above the 
hyoid bone. 
1 – common carotid artery; 2 – internal 
carotid artery; 3 – external carotid 
artery; 4 – superior thyroid artery; 5 – 
greater horn of the hyoid bone

Fig. 4 Range-based analysis of superior thyroid artery origin 
relative to the common carotid artery bifurcation.

The origin of the superior thyroid artery from the lev-
el of the CCA bifurcation and directly from its trunk was 
analyzed in relation to the greater horn of the hyoid bone, 
which is an important anatomical landmark in the cervical 
region (Fig. 5).

Our results showed that in 20.1% of cases, the origin of 
the STA was above the greater horn of the hyoid bone, and in 
14.5% of cases, it was at the level of the greater horn of the 
hyoid bone, and in 65.4% of cases it was below it.

When analyzed by laterality, the most common loca-
tion for the superior thyroid artery’s origin was below the 
greater horn of the hyoid bone. This pattern was observed 
in 64.5% of cases on the right side and 66.0% on the left. On 
the left side, the artery originated superior to the greater 
horn in 21.6% of cases and at the same level as the horn 
in 12.3%. On the right side, the artery’s origin was superi-
or to the horn in 17.7% of cases and at the same level as 
the horn in another 17.7%. Among the anatomical variants 
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several authors. Calotă et al. found direct origin of the STA 
from the CCA in 8.8% and from the level of the CCA bifurca-
tion in 28.8% [22]. Poutoglidis et al. conducted a meta-anal-
ysis study of the superior thyroid artery origin on 5488 cas-
es, reported in the literature [23]. Their results showed that 
in 55% of cases the superior thyroid artery derived from the 
ECA. The STA origin from the level of the CCA bifurcation 
was marked out in 27.5%, from the CCA trunk in 15% and, 
very rarely, from the ICA with a rate of 0.05%, while Herre-
ra-Núñez et al. found the origin of the superior thyroid ar-
tery at the CCA bifurcation in 20.4% of cases, and the direct 
from the CCA was reported in 17.1% [24].

In our study, the origin of the superior thyroid artery 
from the bifurcation level of the CCA was observed in 29.5% 
and in 8.3% from its trunk. Our results are consistent with 
data reported in the literature.

Knowledge about the origin of the superior thyroid 
artery is essential in planning surgical interventions. Ac-
cording to Tzortziset et al. in thyroid surgery, the superior 
thyroid artery should be ligated as close as possible to its 
origin, to avoid injury to the superior laryngeal nerve [25].

The origin of the superior thyroid artery from the CCA 
trunk, or from its bifurcation has been studied in relation to 
the hyoid bone. Calotă et al. classified the detected variants 
into three groups: infrahyoid origin (47%), origin at the lev-
el of the greater horn of the hyoid bone (25.8%), and supra-
hyoid origin (24.7%) [22].

Our data demonstrated the prevalence of the origin of 
the superior thyroid artery inferior to the greater horn of 
the hyoid bone in 65.4%. The suprahyoid origin was identi-
fied in 20.1% of cases, and its origin at the level of the great-
er horn of the hyoid bone was found in 14.5%.

The direct origin of the thyrolingual trunk from the CCA 
represents a rare variant of the CCA branching pattern, with 
a rate of 0.3%-1% [26]. Kapre et al. reported a case of the 
thyrolingual trunk origin from the level of the CCA bifurca-
tion and in another case, the thyrolingual trunk was noted 
at 17 mm below the CCA bifurcation [27].

In rare cases the lingual artery derives directly from the 
CCA. Jadhov et al. reported a clinical case, when the lingual 
artery originated from the medial circumference of the CCA, 
at 6 mm below the CCA bifurcation [28].

highlighted in the study group, a rare branching pattern of 
the CCA, from which derived the ICA, ECA and lingual artery 
was identified (Fig. 6). 

This variant was detected in a single female patient, con-
stituting 0.4%. In this case, the lingual artery originated di-
rectly from the lateral semicircumference of the CCA, 0.91 
cm below the main bifurcation. The artery then followed a 
semi-arcuate path, oriented anteromedially to the CCA, be-
fore continuing toward the tongue.

Discussion
According to bibliographic sources, there is evidence of 

increased variability of the common carotid artery branch-
ing patterns [2, 8, 15, 18, 19]. The most common variant, 
considered a normal variant, is the bifurcation of the com-
mon carotid artery into the internal carotid artery and the 
external carotid artery, reported in 61.5% [19]. In our study, 
the bifurcation of the CCA was found in 70% of cases on the 
right side and in 54% on the left side. 

Other anatomical variants described in the specialty lit-
erature are the trifurcation, quadrifurcation and pentafur-
cation of the CCA. Ogeng’s et al. conducted a study on 208 
cadavers, reporting trifurcation of the CCA into the ICA, ECA 
and superior thyroid artery in 31.7% of cases [19]. Quadri-
furcation of the CCA into the ICA, ECA, superior thyroid ar-
tery and ascending pharyngeal artery was found in 5.4%, 
and pentafurcation of the CCA into the ICA, ECA, superior 
thyroid artery, posterior auricular artery and occipital ar-
tery was revealed in 1.4%.

Some authors pointed out that CCA trifurcation, when 
the third branch is the superior thyroid artery, is the most 
common variant. Gupta et al. reported this variant in 21.5% 
of cases on the right side and 18.5% on the left [20], while 
Vazquez et al. observed a twice higher frequency of that 
variant, up to 49% [21].

Our results are in line with the data reported in the liter-
ature, but with a slight predominance of trifurcation on the 
left side with a ratio left/right of 33.3%/25.7%. Quadrifur-
cation and pentafurcation of the CCA were not identified in 
our sample size.

The direct origin of the superior thyroid artery from the 
CCA trunk, or from its bifurcation level has been studied by 

Fig. 6 Origin of the lingual 
artery directly from the 
common carotid artery.

A, B. anterolateral view, right side. 
1 – common carotid artery; 2 – 
external carotid artery; 
3 – internal carotid artery; 4 – 
superior thyroid artery.
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Our results confirmed the data reported in the specialty 
literature, thus, in 0.4% of cases, the lingual artery derived 
directly from the CCA, at 9.1 mm below its bifurcation.

Conclusions
Knowledge of the common carotid artery branching pat-

tern variation and its topographic relationships with the 
neighboring anatomical landmarks is of high clinical signifi-
cance, playing an essential role in preventing intraoperative 
complications and improving the quality of surgical man-
agement.
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