Morphological Variation of the Carotid Arterial System
Increases the Risk of Development of Central Nervous
System Ischemia
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ABSTRACT: During a routine cervicothoracic dissection, an anomalous carotid vascular system was discovered. Anomalies of the carotid vascular system
are clinically significant due to their principal role in supplying blood to the neck, head, and brain. Our findings reveal a severe morphological variation of the
carotid vascular system, which significantly increases the risk of developing central nervous system ischemia. Variations in morphology, including kinking
and tortuosity, of the carotid arterial system described in this study should be considered when evaluating the symptoms consistent with central nervous
system ischemia. The individual studied suffered from dementia as well as a past medical history of cardiovascular accident (CVA), Hypertension (HTN),

and depression, which can be clinically related to the morphological variations seen in the carotid arterial system.
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Introduction

Classic anatomy describes the aortic arch giving rise to the
brachiocephalic trunk, left common carotid, and left subcla-
vian artery, with the brachiocephalic trunk superiorly bifur-
cating into the right subclavian artery and the right common
carotid artery. At approximately the level of the third cervical
vertebra, the common carotid arteries bifurcate into the inter-
nal and external carotid. The external carotid primarily sup-
plies the superficial portions of the head, scalp, face, and skull,
while the internal carotid supplies the brain (Fig. 1). Embryo-
logical development can contribute to vascular anomalies,
including tortuous kinks or coils, within individuals. Tortu-
osity is defined as any elongation, or S- or C-shaped curve
of the vessel.! Kinking is described as angulation of one or
more segments of an artery. Kinking of the carotid blood ves-
sel system is commonly associated with stenosis in the affected
segment.! Kinking has been graded as type I in the presence
of an angle ranging from 60° to 90°, as type II in the presence
of an angle ranging from 30° and 60°, and as type III (sharp)
in the presence of an angle less than 30°.1* Previous studies
have shown that patients presenting with neurologic manifes-
tations had prevalence rates of 54% and 44.6% for kinking and
tortuosity, respectively, while coiling is more rare.* Kinking
of the internal carotid artery is almost always accompanied

by atherosclerosis with subintimal deposits, loss of elasticity,
and elongation. The rate of aneurysmal development is also
increased.” Coiling is commonly caused by elongation and
redundancy of the carotid arterial system, resulting in an exag-
gerated S-shaped curvature or in a circular configuration.!™
It has been demonstrated that in human beings the internal
carotid arteries carry approximately 90% of cerebral blood
flow.® Cerebrovascular insufficiency associated with coils and
kinks has been attributed to atherosclerosis due to abnormal

embryologic development of the carotid arterial system.’

Case

During a routine cervicothoracic dissection of a 96-year-old
female cadaver, an anomalous carotid vascular system was
observed. Tortuosity of the bilateral common carotid arter-
ies was noted secondary to elongation with S- and C-shaped
curvatures. The brachiocephalic artery was somewhat tor-
tuous and kinked upon itself (Fig. 2). Another significant
finding involved severe kinking of the left common carotid
artery with displacement medially, which caused the artery to
become wedged between the esophagus and vertebral bodies
of the mid to lower cervical spine (Fig. 3). After removing the
carotid vascular system, the vertebral arteries were visualized.
There was noted tortuosity and abnormal spinal level entrance
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Figure 1. Aortic diagram. The aorta and associated branches of the carotid arterial system arising from the arch of the aorta.

into the associated intervertebral foramina. The left vertebral
artery entered the intervertebral level between C5 and C6,
while the right entered between C2 and C3 (Fig. 4). This
was accompanied by severe S-shaped tortuosity at the level
of intervertebral foramina entrance. Minor vascular dissimi-
larities in patients are common because the circulatory sys-
tem will anatomically adapt as needed based on demand,” but
the specific anomalous vascular dissimilarity we discovered is
rarely observed during routine dissections.

Notably as it relates to our case, upon reviewing the certifi-
cate of death, this individual suffered from dementia and had
a past medical history of CVA, HTN, and depression, which

could be directly related to the condition outlined above.

Discussion

Embryogensis. During the middle of the third week, the
vascular system of the embryo appears. In the fetus, one of the
initial stages of vascular development involves the formation
of aortic arches from the aortic sac during the fourth and fifth
weeks. These aortic arches eventually go on to become many
of the vascular structures in the neck, head, and brain. The
aortic sac contributes a branch to each new arch with the for-
mation of the successive pharyngeal arches. This development
gives rise to a total of six pairs of arteries (Fig. 5A).

The ventral portion of the third aortic arch forms the
common carotid and external carotid artery, while the dorsal
portion forms the internal carotid artery. The cranial portion
of the dorsal aorta forms the remainder of the internal carotid.

The dorsal aorta connecting the third arch to more inferior
structures begins to degenerate. Once this process is complete,
the paired third arches along with the superior dorsal aorta
become the right and left carotids (Fig. 5B), sending blood
flow to the anterior and middle portions of the developing
fetal brain.®

Throughout this entire process, the more rostral end of
the dorsal aorta continues to develop and grow. As part of this
process, they develop structures called intersegmental arteries
that help vascularize the developing fetal spine. Over time,
these intersegmental arteries elongate and join to begin send-
ing blood flow to the posterior portion of the developing fetal
brain. This vascular tissue eventually matures to become the
vertebral arteries.”

Many dissimilarities of the carotid arterial system can be
explained by derangements of embryological development,!®
associated with congenital anomalies of the aortic arch
arteries.!! Persistence and/or failure of aortic arch embryo-
logical absorption may lead to vessel elongation and subse-
quent curving, kinking, tortuosity, and looping, as presented
in our study.!? Additionally, multiple etiologies other than
embryological development can cause kinking and coiling
of the carotid arterial system, including age, arteriosclerosis,
stenosis, vasculitis, and loss of elasticity.!3

Clinical manifestations. Anomalies of the carotid
arteries are clinically significant due to their principal role
in supplying blood to the neck, head, and brain.!® Varia-
tions of the carotid arteries, such as kinking, can result in
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Figure 2. Tortuosity of the bilateral common carotid arteries is seen
secondary to elongation with S- and C-shaped curvatures. The
brachiocephalic artery is also visualized and kinked upon itself.
Abbreviations: RCC, right common carotid; LCC, left common carotid;
RSA, right subclavian artery; BA, brachiocephalic artery; AA, aortic
arch.

neurological symptoms. Symptoms reported include isch-
emic stroke or transient ischemic attack, carotid bruit, syn-
cope, visual changes including amaurosis fugax, vertigo,
mental status changes, or obscure neurological symptoms.!*
An abnormal curvature may produce luminal narrowing or
lead to turbulent blood flow, resulting in secondary ulceration
of the intima or formation of an embolus.’® Concomitant
disease states include atherosclerotic disease, hypertension,
coronary artery disease, and peripheral artery disease.!®!*16
Anomalies of this type may present as a pulsatile mass, which
could mimic an aneurysm.!® Anomalies should be conside-
red in patients who report neurological symptoms without
an identifiable cause and in young, or otherwise healthy,
patients. Symptoms are likely exacerbated during ipsilateral
rotation, extension, and/or contralateral cervical spine lateral
bending. Reduced blood flow with insubstantial compen-
sation from the vertebral arteries is the suspected cause of
increased symptomatology.!® While the authors believe that
the kinking of the carotid arteries may cause or contribute
to neurologic symptoms, it is important to entertain a broad

Figure 3. Note severe kinking of the LCC artery with displacement
medially and wedged between the esophagus and vertebral bodies of
the mid to lower cervical spine.

Abbreviation: LCC, left common carotid.

spectrum of differential diagnoses. This manifestation can be
best explained by Metz et al.

It is always difficult to be certain of the relevance of
any factor to the production of cerebrovascular symptoms.

Figure 4. Vertebral arteries visualized with noted tortuosity and abnormal
spinal level entrance. Left vertebral artery enters the intervertebral level
between C5 and C6, while the right entered between C2 and C3.
Abbreviations: RVA, right vertebral artery; LVA, left vertebral artery.
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Figure 5. Aortic arches and dorsal aorta before (A) and after (B) transformation into definitive vascular pattern.

Cessation of symptoms after removal of a factor does not
establish the existence of a causal relation between the two.
It is well recognized, for example, that transient ischemic epi-
sodes may cease spontaneously; hence, the disappearance or
nonrecurrence of symptoms following the excision of a kink
in the internal carotid artery must be interpreted with caution.
Nevertheless, the present unsatisfactory state of therapy for
cerebrovascular disease demands that each potential method
of treatment be thoroughly assessed.*

Kinking of the carotids may explain neurologic symp-
toms; however, this anatomical variation is like any other
disease or disorder in medicine: not all patients will present
the same way. A patient with kinked carotids could present
asymptomatically and it would be found incidentally, or not
at all.

Carotid abnormalities become especially significant when
performing surgeries of the neck. A midline vertical neck inci-
sion for a tracheostomy could cause increased bleeding if the
common carotid artery crosses the trachea and is injured.!®
Other invasive procedures could result in an encounter of an
aberrant carotid artery, as well. In addition, when the com-
mon carotid artery bifurcates more superiorly, as in the case
mentioned, the common carotid artery is located closer to the
hypoglossal nerve, which puts the nerve at an increased risk
of damage.

Diagnosis and treatment. An anomalous carotid artery
can be diagnosed via several different methods. Angiography is
considered the gold standard.’®!” Ultrasound, magnetic reso-
nance angiogram, computed tomography with contrast, and
magnetic resonance imaging have also been used to diagnose
variations in the carotid arterial system.b418-20 Ap electroen-
cephalogram can also be valuable if symptoms are exacerbated
during head rotation.!

Because of the neurologic symptoms that may result from
a kinked carotid artery, surgery is sometimes necessary to cor-
rect the abnormality. Surgical intervention should be selec-
tive with increased indication in patients with paroxysmal

neurological symptoms, especially during rotation of head.!

Head movements should be performed during arteriography to

visualize reduced areas of blood flow caused by the kinking.®
Vannix et al suggested the following criteria for surgery

of the carotid arteries to relieve neurologic symptoms>:

e ’The patient should show definite central nervous system
symptoms without other arteriographic abnormalities.

e The lumen is at least 40%—-50% of diameter of the blood
vessel.

e Movement or acute rotation of the head reproduces and/or
exaggerates symptoms.

e A brain scan does not reveal abnormal pathology.

e No evidence of atherosclerotic disease is present at the
bifurcation of the common carotid artery.

'The appropriate surgery would be an end-to-end anas-
tomosis after resection of common carotid artery to correct
the kink or break adhesions that produce or contribute to the
kink.1® Patients with neurologic symptoms, found to be caused
by kinks in the carotid arterial system, who underwent sur-

gery generally had positive outcomes.!>~1720

Conclusion
Variation of the carotid arterial system more frequently

1,18,19

involves the internal carotid artery with the right com-

mon carotid found to be more tortuous than the left.!%2!
However, the case we present had a severe, multidirectional
type III kinking of the left common carotid artery.
Anomalous variations such as elongations, tortuosity,
coiling, kinking, or looping are commonly a consequence of
deranged embryological development. Patients with neuro-
logic manifestations were found to have a higher prevalence
of kinking than tortuosity or coiling.* Kinking increases the
risk of developing arteriosclerosis, stenosis, vasculitis, atro-
phic dilation, loss of elasticity, and dissection in the context
of fibromuscular dysplasia.’® These types of variations often
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go undetected in the affected populations and are benign
unless symptoms develop. It has been found that patients
with neurologic manifestations, resulting from carotid arte-
rial system abnormalities, benefit greatly from surgery.!>-17:20
It is the opinion of the authors that variations in morphol-
ogy of the carotid arterial system should be considered
when evaluating symptoms consistent with central nervous

system ischemia.
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