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ABSTRACT 

Knowledge of variant termination of common carotid artery is important to prevent inadvertent 
vascular injury during surgical, interventional and diagnostic radiological neck procedures. The 
variations show population differences but there are scanty data from the black African populations. 
Further, though trifurcations have been reported, quadrifurcations and pentafurcations are hitherto 
undocumented. This study therefore examined the pattern of termination of 208 left common carotid 
arteries in the black Kenyan population by cadaveric dissection at the Department of Human Anatomy, 
University of Nairobi. The conventional bifurcation into internal and external carotid arteries occurred in 
only 128 (61.5%) of cases. Trifurcation occurred in 66 (31.7%), quadrifurcation in 11(5.4%) and 
pentafurcation in 3 (1.4%). In all cases of trifurcation, superior thyroid artery was the third branch. 
The common carotid artery quadrifurcated into external, internal carotid, superior thyroid and 
ascending pharyngeal arteries. The pentafurcations comprised internal carotid, external carotid, 
superior thyroid, occipital and posterior auricular arteries. These findings imply that the black Kenyan 
population has over 38% frequency of variant termination of common carotid arteries comprising 
trifurcation, quadrifurcation and pentafurcation which may complicate radical neck dissection, vascular 
surgery, carotid catheterization and selective embolization. Surgeons and radiologists should approach 
the common carotid bifurcation with extra caution. 
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INTRODUCTION 

Knowledge of variant termination of the 
common carotid artery (CCA) is important 
to prevent inadvertent vascular injury 
during radical neck dissection, cervical 
discectomy, carotid artery catheterization 
for diagnostic or interventional radiological 
procedures, reconstruction of aneurysms 
and carotid endarterectomy (Lucev et al., 
2000; Gluncic et al., 2001; Chitra, 2008; 
Ozgur et al., 2008, 2009; Ambali and 
Jadhav, 2012; Iwai et al., 2013). These 
variations can lead to severe, often fatal, 
complications if radiographic evaluation or 
surgical procedures are done without prior 
knowledge or one blood vessel is confused 
for the other, say ascending pharyngeal for 
internal carotid (Lucev et al., 2000; Chitra, 
2008). They are also invaluable to 

radiologists in vascular image interpretation 
of head and neck region (Ambali and 
Jadhav, 2012). Some of the variant 
terminations of CCA, for example 
trifurcations, have been documented in 
many reports (Lucev et al., 2000; Marques 
et al., 2002; Chitra, 2008; Al – Rafiah et al., 
2011; Gupta et al., 2014; Joshi et al., 
2014). There are, however, hardly any 
reports of other variant patterns such as 
quadrifurcation and pentafurcation, which 
occur in other arteries (Ogeng’o et al., 
2012; Ogeng’o et al., 2014). Further, even 
in the trifurcation, besides internal and 
external carotid arteries, the third artery is 
not universal, and the frequency shows 
ethnic variation (Toni et al., 2004; Natsis et 
al., 2011). Notably, these variations are 
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hardly documented in black African 
populations. As neck surgery and carotid 
artery disease increase in Sub-Saharan 
Africa (Aswani et al., 2012; Oladapo et al., 
2013), knowledge of termination pattern of 

CCA becomes increasingly important. In this 
study, therefore, we examined the pattern 
of termination of the common carotid 
arteries in a black Kenyan population. 

 
 

MATERIALS AND METHODS 

Two hundred and eight left common carotid 
arteries from cadavers of adult black 
Kenyans (104 male, 104 female) were 
studied by dissection at Department of 
Human Anatomy, University of Nairobi. Skin 
and fascia were removed from the side of 
the neck to expose sternocleidomastoid 
muscle, which was detached from both 
attachments. The body of the mandible was 
also removed to allow full access. The 
carotid sheath was opened and fibrofatty 

tissue and internal jugular vein removed. 
Nerves were retracted, the carotid 
bifurcation exposed and the branches 
traced to their destinations. Number of 
branches at the bifurcation was counted 
and each identified by tracing it to its 
destination. Photographs of representative 
patterns were taken using a high – 
resolution digital camera. Macrographs, and 
a table presented results.  

 

RESULTS 

All of CCA gave rise to internal carotid 
artery (ICA) and external carotid artery 
(ECA). Four patterns of termination were 
identified. Bifurcation (Figure 1A) was the 
most common (128; 61.5%). The rest (80; 
38.5%) showed variant branching. The 
most common was trifurcation into ECA, 
ICA and superior thyroid artery (STA) 
(Figure 1B) (66; 31.7%). Quadrifurcation 

into ECA, ICA, STA and ascending 
pharyngeal artery (APA) (Figure 1C) and 
pentafurcation into ECA, ICA, STA, occipital 
artery (OA) and posterior auricular artery 
(PAA) (Figure 1D) were observed in 11 
(5.4%) and 3 (1.4%) of the cases 
respectively [Table 1]. Gender differences 
were not statistically significant [p = 0.074] 

 

Table 1: Branching pattern of left CCA in a black Kenyan population 

Branching Pattern  Frequency  (%) 
Bifurcation 128 (61.5) 
Trifurcation  66 (31.7) 
Quadrifurcation  11 (5.4) 
Pentafurcation  3 (1.4) 
Total 208 100 
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Figure 1 A - F: Macrographs showing branching pattern of left common carotid artery. A: Bifurcation 
(*) of the common carotid artery (CCA) into the internal carotid artery (ICA) and external carotid artery (ECA). 
Vagus nerve is also shown. B: Trifurcation (*) of the common carotid artery (CCA) into the internal carotid artery 
(ICA), external carotid artery (ECA) and superior thyroid artery (STA). Note the subsequent quadrifurcation of 
the external carotid. C: Quadrifurcation (*) of the common carotid artery (CCA) into the internal carotid artery 
(ICA), external carotid artery (ECA) and superior thyroid artery (STA) and ascending pharyngeal artery (APA). 
D: Pentafurcation (*) of the common carotid artery (CCA) into the internal carotid artery (ICA), external carotid 
artery (ECA) superior thyroid artery (STA), posterior auricular artery (PA) and occipital artery (OA). 

DISCUSSION 

The CCA usually divides into external and 
internal carotid arteries (Standring, 2008). 
Observations of the current study revealed, 

however, that this bifurcation only occurs in 
61.5% of cases, 38.5% of the arteries being 
variant. This is comparable to 39% 
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frequency of variation among the Greeks 
(Natsis et al., 2011) and is concordant with 
prevailing literature reports that up to 49% 
of CCA terminations may be variant 
(Vasquez et al., 2009). These variations 
may result from disturbances of 
development of aortic sacs and third aortic 
arch such that the branchial arteries are 
displaced caudally towards the base of 
ventral pharyngeal arch (Lie, 1968; Dungan 
and Hieserman, 1996; Nakaoka and 
Matsuura, 2002). In these cases, arteries 
that usually branch from ECA arise from the 
carotid bifurcation in various combinations. 
In the current study, the variants comprised 
trifurcation, quadrifurcation and 
pentafurcation.  

Trifurcation: This was the most frequent 
variation occurring in 31.7% of cases. 
Explicit accounts of common carotid 
trifurcation are only in the form of case 
reports (Gurbuz et al., 2001; Chitra, 2008; 
Jadhav et al., 2011; Sugavasi et al., 2012; 
Patel et al., 2014). Implied cases in which a 
third artery arises from the carotid 
bifurcation to constitute trifurcation have, 
nonetheless, been reported [Table 2]. 
These figures suggest that the frequency of 
a third branch from the carotid bifurcation 
shows population variability. A notable 
feature of the present study that in all 
cases, the third branch was the superior 
thyroid artery.  This is concordant with 

literature reports from Caucasian and Indo 
– Asian populations (Vasquez et al., 2009; 
Natsis et al., 2011; Joshi et al., 2014; Gupta 
et al., 2014). This variation, should be 
considered during surgical procedures in the 
neck region such as thyroidectomy, 
emergency cricothyroidotomy, radical neck 
dissection, carotid catheterization, 
reconstruction of aneurysm and carotid 
endarterectomy (Ozgur et al., 2009) 

Quadrifurcation: This variant occurred in 
5.4% of cases. All of them comprised ECA, 
ICA, STA and APA. Basekim et al., 2004 
reported a closely related case where the 
arteries that usually emanate from ECA, 
namely STA, APA and facial arose from the 
common carotid artery together with ICA. 
In this case, however, the ECA was absent. 
In the current study, the previously 
unreported finding is the simultaneous 
origin of STA and APA from the carotid 
bifurcation. The APA may separately arise 
from the carotid bifurcation in up to 5% of 
cases (Al – Rafiah et al., 2011). Knowledge 
of this variation is particularly important to 
avoid confusion with internal carotid, for 
example during selective embolization for 
carotid body tumors (Cavalcanti et al., 
2008) and for proper dissection and 
clamping of the artery to avoid back 
bleeding during carotid endarterectomy and 
radial artery grafting (Umeoka et al., 2014). 

Table 2: Frequency of trifurcation of the common carotid artery in different 
populations 

Reference N Population Frequency (%) 3rd Artery 
Adachi and Hasebe, 1928 228 German 0.7 Occipital 
Marques et al., 2002 110 Brazillian 1.8 Occipital 
Gluncic et al., 2001 33 Croatian 1.8 Ascending pharyngeal 
Hayashi et al., 2005 49 Japanese 2 Ascending pharyngeal 
Vasquez et al., 2009 330 Spanish 49 Superior thyroid 
Cavalcanti et al., 2011 112 American 5 Ascending pharyngeal 
Natsis et al., 2011 100 Greek 39 Superior thyroid 
Current study, 2013 208 Kenyan 26.8 Superior thyroid 
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Pentafurcation: The variation occurred in 
1.4% of cases. We came across only one 
closely related case in which apart from ECA 
and ICA, a common linguo – facial trunk, 
occipital and ascending pharyngeal arteries 
originated from the carotid bifurcation 
(Kishve et al., 2011). In the current study, 
for all the 3 cases, the pentafurcation 
comprised ECA, ICA, STA, OA and PAA. 
Separate origin of the OA from carotid 
bifurcation has been reported in various 
studies (Adachi and Hasebe, 1928; Gurbuz 
et al., 2001; Marques et al., 2002; Chitra, 
2008). This variation is important during 
arterial biopsy, scalp flap surgery and head 
and neck angiographic studies (Marques et 
al., 2002). Origin of PAA from carotid 
bifurcation, on the other hand, is seldom 
reported. Potential use of this artery as a 
donor for middle cerebral artery territory 
revascularization (Tokugawa et al., 2014) 
raises the need for recognizing such 
variability. 

A remarkable finding of the current study is 
simultaneous occurrence of the various 
variations of common carotid termination in 
form of quadrifurcation and pentafurcation. 
In general, knowledge of the 
quadrifurcation and pentafurcation is 
important to avoid inadvertent vascular 
injury during radical neck dissection, carotid 
endarterectomy, misinterpretation of head 
and neck angiograms especially double 
subtraction angiography; Super selective 
intra-arterial administration of 
chemotherapeutic agents and individual 
vessel catheterization (Gluncic et al., 2001; 

Furukawa, 2012; Vatsala, 2014); vascular 
surgical procedures such as carotid 
endoplasty for treatment of carotid stenosis 
(Brown et al., 1990; Dillon et al., 1993) or 
extracranial – intracranaial arterial by – pass 
for treatment of patients with occlusive 
cerebrovascular disease, skull base tumors 
and aneurysms (Gratzl et al., 1976) 

Notably, all three variant terminations 
involved superior thyroid artery arising from 
the carotid bifurcation, giving this variant 
origin of STA a frequency of 38.5% in the 
black Kenyan population. This is concordant 
with reports that upto 49% of STA may 
arise from the bifurcation (Vasquez et al., 
2009; Gupta et al., 2014; Joshi et al., 
2014). Surgeons should be aware of such 
variations to minimize vascular injury and 
postoperative complications during thyroid 
surgery (Ozgur et al., 2009). 

In conclusion, the black Kenyan population 
has over 38% frequency of variant 
termination of common carotid artery, 
comprising trifurcation, quadrifurctaion and 
pentafurcation, which may complicate 
radical neck and vascular surgery, carotid 
angiography and selective catheterization. 
Surgeons and radiologists should approach 
the common carotid bifurcation with extra 
caution.  
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