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Abstract. While the anomalous origin of the left vertebral artery is more often report-
ed, the atypical right vertebral artery arising from the aortic arch is sparsely recog-
nized. During the dissection of a donor’s body, we recognized that the right vertebral 
artery arose as a ‘trifurcation’ from the aortic arch distal to the right subclavian artery. 
Intrigued, we explored the arterial branching further to realize a unique pattern not 
seen in earlier reports. The trifurcation involved the brachiocephalic trunk, right com-
mon carotid, and right vertebral artery. It is essential to recognize the possibility of 
people living normally without symptoms due to some anomalous arterial pattern. 

Keywords:	 anomalous origin of right vertebral artery, right vertebral artery origin as a 
‘trifurcation’, dilatation at the proximal and distal end of the right vertebral 
artery.

INTRODUCTION

Any observations related to anatomical structures identified during the 
dissection of a donor body or in patients following various radiographic 
modalities are to further our knowledge and or provide better treatment. 
However, minor vascular anomalies may or may not often cause clinical 
symptoms, and people could live normal asymptomatic lives. Prior articles 
about the vertebral arteries have been published since the beginning of the 
last century (Poynter, 1916; Congdon, 1922; Iyer, 1927; Adachi, 1928; Win-
dle et al., 1928). These include how the vertebral arteries originate and from 
which part of the aortic origin, the number of vertebral arteries (up to six), 
and other details. Most importantly, knowledge of vascular anomalies is 
invaluable when surgical modalities are contemplated. In the case of the ver-
tebral artery, prior knowledge of the region is vital because of its location, 
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which is close to several other critical neurovasculatures. 
As presented in this report, the unique trifurcation of 
the right vertebral artery involving the brachiocephalic 
trunk, right common carotid artery, and right verte-
bral artery could significantly impact surgical planning 
and patient outcomes. To our knowledge, there are no 
reported cases in the literature where the right vertebral 
artery arises as a trifurcation from the brachiocephalic 
trunk, right common carotid artery, and right vertebral 
artery.

In 1999, Lemke et al. reviewed the literature on 
the anomalous origin of the right vertebral artery and 
sketched images of different variants of anomalous 
right vertebral artery origins, rate of occurrence, and 
their potential embryological development. This report 
describes an anomalous right vertebral artery origin as a 
‘trifurcation’ with the brachiocephalic trunk, right com-
mon carotid artery, and right vertebral artery (Fig. 1).

MATERIALS AND METHODS

The cadaveric specimen in this study was obtained 
from the willed body program for medical student dis-
section. The donor was a 94-year-old Caucasian female 
who died of right femur fracture sequelae. During rou-
tine cadaveric dissection of the thorax, we observed that 
the right vertebral artery originated as a ‘trifurcation’ 
with the brachiocephalic trunk, right common carotid 
artery, and right vertebral artery (Fig. 1). Proximally and 
distally, before entering the foramen transversarium, the 
right vertebral artery also exhibited recognizable disten-
sion (Fig. 1). A plausible explanation for this feature will 
be further explained and discussed in the later section. 

RESULTS AND OBSERVATION 

During the dissection of the donor thoracic struc-
tures, we observed that the right vertebral artery origi-
nated as a ‘trifurcation’ with the brachiocephalic trunk, 
right common carotid artery, and right vertebral artery 
(Fig. 1). Proximally at its origin and distally before enter-
ing the foramen transversarium, the right vertebral 
artery also exhibited recognizable distension (Fig. 1). 
A plausible explanation for this physical feature will be 
further explained and discussed in the subsequent sec-
tion. The right vertebral artery displayed some natural 
tortuosity during its course through the cervical region 
before entering the foramen transversarium (Fig. 1). 

DISCUSSION  

Since Poynter’s  1916 report that there were 4-6 ver-
tebral artery branches from the aortic arch, there have 
been other similar studies (Matula et al., 1997; Lemke et 
al., 1999). To our knowledge, no case has been reported in 
the literature in which the right vertebral artery originates 
as a ‘trifurcation’ between the brachiocephalic trunk, right 
common carotid artery, and right vertebral artery (Fig. 1). 
Is there a clinical significance to our findings? Yes, in sur-
gical reconstructions of the aortic arch and its branches, 
one must be aware of this ‘trifurcation’ anomaly. 

It has been noted that the vertebral artery’s prefo-
raminal (V1 segment) tends to have a tortuous path in 
about 39% of cases Matula et al. (1997) studied, which 
is consistent with our observation in this study (Fig. 1) 
and an earlier report (Freilich et al., 1986). Additionally, 
there is a difference in the twistiness of the right and left 

Figure 1. AA: Aortic Arch; 1: Right brachiocephalic trunk. 2: Right 
Subclavian Artery; 3: Right Common Carotid Artery; 4: Right Ver-
tebral Artery; 5: Left Common Carotid Artery 6: Left Subclavian 
Artery. Blue arrowheads show the dilatations in the vertebral artery. 
It shows the origin of the right vertebral artery (RVR) as a ‘trifurca-
tion’ between the brachiocephalic trunk (BrT) and the right com-
mon carotid artery (RCC). The blue arrowhead underscores the 
crucial aspect of comprehending the proximal and distal dilatation 
of the RVR in vascular physiology. This figure is obtained from the 
author’s earlier work accepted/in press for publication in the Italian 
Journal of Anatomy and Embryology (2024).
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vertebral arteries, with 32% of the right vertebral artery 
being twisted compared to 68% of the left vertebral 
arteries. The V1 segment of both the right and left pre-
foraminal vertebral arteries showed some natural tortu-
osity, with the left artery more tortuous than the right. 
The prevalence of transverse tortuosity was the highest 
compared to coronal and sagittal tortuosity (Matula et 
al., 1997; Russo et al., 2011; Uchino et al., 2013). While 
the twists in the proximal or preforaminal segment of 
the vertebral artery do not have any hemodynamic con-
sequences (Wuttke et al., 1990), the loops of the proxi-
mal segments have been known to cause nerve root com-
pressions, leading to radicular symptoms. Some experts 
believe that abnormalities in the origins and distribution 
of the large aortic arch vessels can cause changes in cere-
bral hemodynamics, which can result in cerebral abnor-
malities (Wuttke et al., 1990). According to Wuttke et 
al. (1990), the anomalous origins and distribution of the 
large vessels of the aortic arch can alter cerebral hemo-
dynamics, which might result in cerebral abnormali-
ties and pathology (Lemke et al., 1999). The diagnostic 
advantage prior to surgery of supraaortic arteries is the 
actual value of detecting anomalous origins (Flynn, 
1968; Tardieu, 2017). 

Furthermore, the right vertebral artery showed 
noticeable distension both proximally at its origin and 
distally before entering the foramen transversarium 
(see Fig. 1). A potential reason for the observed bulge 
in the vertebral artery is that, at its beginning, the flow 
of blood from the aorta (a larger vessel with high pres-
sure) into the narrower vertebral artery most likely could 
have caused the distension observed. Similarly, the ver-
tebral artery entering the narrower foramen transver-
sarium might cause a distention because of the resist-
ance encountered. Thus, the vascular pressure gradient 
is a natural physiological phenomenon likely to cause a 
bulge or distension. 

Besides embryological, physical, and physiological 
studies, vertebral artery anomalies have clinical signifi-
cance in birth defects such as Down syndrome. Research 
has shown a 40% occurrence rate of vertebral artery 
anomalies and a 36% occurrence rate of aberrant Right 
Subclavian Carotid Artery (RSCA) in individuals with 
Down syndrome (Roofthooft et al., 2008; Chen et al., 
2023). Other case studies (Rathore et al., 1989; Mishra et 
al., 2012) also demonstrated both an aberrant RSCA and 
an anomalous origin of the right vertebral artery from the 
right common carotid artery in a patient with Down syn-
drome. The deletion of Chromosome 22q11, also known 
as CATCH 22, is commonly associated with DiGeorge 
syndrome, conotruncal anomaly face syndrome, and 
velocardiofacial syndrome. Patients with this deletion are 

more likely to have anomalies of the aortic arch, aortic 
branches, ductus arteriosus, and pulmonary arteries than 
those without the deletion (Momma et al., 1999). 

ANALYSIS

The following analysis, related to the case presented 
here, is based on our observations, findings, and pub-
lished research studies on vertebral artery origin, mal-
formations, and their effect on anatomy and physiology. 
In the analysis, we have considered the donor’s age and 
gender and the cause of death. Any conclusion drawn 
in the discussion is the authors’ assumption or based on 
available published materials. During routine cadaveric 
dissection of the thorax, we observed that the right ver-
tebral artery originated as a ‘trifurcation’ with the bra-
chiocephalic trunk, right common carotid artery, and 
right vertebral artery (Fig. 1).

In general, vertebral artery anomalies are due to 
how they begin during embryonic development, how 
they course through the cervical region of the neck, and 
the morphology of each of the four segments. The ver-
tebral artery starts to form during weeks four to eight 
of embryonic development. At this stage, the horizontal 
part of the 1-6 intersegmental arteries (ISA) begins to 
recede. By developing longitudinal anastomoses that link 
the cervical ISA, the seventh ISA becomes the proximal 
subclavian artery. This artery is the starting point of the 
adult vertebral artery. 

The anomalous origins of the right vertebral artery 
were divided into three categories: those originating 
directly from the aorta, carotid arteries, or the brachio-
cephalic artery. The variant of the right vertebral artery 
originating from the brachiocephalic trunk, right subcla-
vian artery, and the right vertebral artery itself as a ‘tri-
furcation’ is unique and hitherto unreported. 

In an earlier article, Lemke et al. (1999) used 11 
drawings to schematically represent the anomalous ori-
gin of the right vertebral artery based on publications 
dating from 1927 to 1992. In the case currently present-
ed, the origin of the right vertebral artery as a ‘trifurca-
tion’ appears unique. As a result, this warrants that cli-
nicians in cardiothoracic surgery are aware of this and 
other rare and atypical variations. 

CONCLUSION

In the above paragraphs, this study provides an 
embryological explanation for how and why the right 
vertebral artery originates as a ‘trifurcation’ involving 
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the brachiocephalic trunk, the right subclavian artery, 
and the right vertebral artery. In the analysis, we have 
provided some historical relevance and schematic dia-
grams showing earlier views of the origin of the right 
vertebral arteries. The study also captures how this 
anomalous origin of vertebral arteries is clinically rel-
evant in surgeries that involve the cervical region and 
supraaortic arch. The study also explores how the tortu-
osity of the proximal vertebral artery, the aortic origin of 
the left vertebral artery, and their impact on the hemo-
dynamics of cerebral circulation are related.

Our research goes beyond simply reporting the ‘tri-
furcation’ as a unique vertebral artery anomaly and 
delves into their clinical significance in relation to other 
birth defects, such as Down syndrome.
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