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Duplication of the Extracranial Internal Carotid Artery

Mitchell A. Chess, John B. Barsotti, Ja-Kwei Chang, Leena M. Ketonen, and Per-Lennart Westesson
Summary: We describe a case of duplication of the left internal
carotid artery from a point 1 cm distal to the origin to the
proximal petrous segment where the vessel reunites. Duplication
and fenestration of the internal carotid artery are discussed. A
review of embryologic development is presented. Identification
of these entities is important, especially in patients who require
surgical intervention involving the internal carotid artery.

Index terms: Arteries, carotid, internal; Arteries, abnormalities
and anomalies

Duplication of the extracranial internal ca-
rotid artery is rare (1), as is fenestration (2, 3).
The term fenestration is used for areas in an
artery of short focal division of the lumen;
longer segments involving a large portion of the
artery are termed duplications. We encountered
a patient who had duplication of the extracranial
internal carotid artery and report our findings
with digital subtraction angiography.

Case Report
A 46-year-old man with squamous cell carcinoma of

the right side of the neck was evaluated with digital sub-
traction angiography before treatment. The procedure was
performed with injections of the aortic arch and selective
injection of the common carotid artery. There was dupli-
cation of the left extracranial internal carotid artery from 1
cm above the bifurcation to its entrance into the petrous
bone (Fig 1). Both lumina of the duplication were of equal
caliber, and each was approximately 50% of the caliber of
the contralateral internal carotid artery. The two segments
of the duplication had a parallel course.

Discussion

There are several reports of duplication and
fenestration of intracranial vessels including the
vertebral arteries (4, 5), middle (5–9) and ante-
rior cerebral arteries (5, 10), and supraclinoid
portion of the internal carotid artery (11, 12).
Duplication of the extracranial portion of the
internal carotid artery seems to be uncommon.
The relationship between fenestration and

duplication is unclear. Previously they have
been discussed as a single entity (3). However,
there seem to be several differences. Two of
three reported extracranial internal carotid ar-
tery fenestrations were associated with aneu-
rysms (2, 3) of the anterior and right middle
cerebral arteries, respectively. This has not
been seen with duplications (1). In reported
cases of duplication, the entire extracranial por-
tions of the internal carotid arteries were in-
volved (1–3). Three cases of fenestration in-
volved small segments of the extracranial
internal carotid artery at the level of C1-2. Em-
bryologically, duplication and fenestration
probably represent separate entities (3).
The anatomic development of the vessels in

the neck results in bilateral single vertebral and
common carotid arteries. Superiorly, the carotid
artery divides into single external and internal
carotid arteries. Embryologically, during the
fourth and fifth weeks of gestation the six aortic
arches develop. These connect the most distal
portion of the truncus arteriosus (the aortic sac)
with the dorsal aorta. All the arches do not exist
simultaneously; some form while others regress
(Fig 2). The first and second arches degenerate
to a large extent; the maxillary artery is the
remnant of the first aortic arch and the hyoid
and stapedial arteries are remnants of the sec-
ond. The third aortic arch develops into the
proximal portion of the internal carotid artery. A
portion of the dorsal aorta between the third and
fourth arches (the carotid duct) then regresses
(Fig 3). The fourth arch persists as the aortic
arch (usually on the left) and the brachioce-
phalic artery. The fifth arch is never well devel-
oped and degenerates. The sixth arch will de-
Received July 2, 1993; accepted after revision August 19, 1994.
From the Department of Radiology, University of Rochester (NY) Medical Center.
Address reprint requests to John B. Barsotti, MD, Department of Radiology, University of Rochester Medical Center, 601 Elmwood Ave, Box 694,

Rochester, NY 14642-8694.

AJNR 16:1545–1547, Aug 1995 0195-6108/95/1607–1545 q American Society of Neuroradiology

1545



Fig 1. Digital subtraction angiogram shows duplication (arrows) of the left internal carotid artery just distal to the bifurcation
extending to the proximal petrous portion.

Fig 2. Schematic of development at approximately 4- to 5-mm embryo stage shows regression of the first arch and formation of the
fourth arch.

Fig 3. Schematic of nearly complete development of the great vessels. Broken lines represent portions that have regressed. ICA
indicates internal carotid artery; ECA, external carotid artery; and PA, pulmonary arch.
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velop into the pulmonary arch. The external
carotid artery origin and the common carotid
artery are formed from a persistent segment of
the ventral aorta. The intracranial portion of the
internal carotid artery is formed by a portion of
the dorsal aorta (Fig 3) (13–16).
In our patient, there was duplication of the

internal carotid artery from the bifurcation to the
skull base, where the two vessels reunite. It can
be postulated that the duplication was in the
third aortic arch, and reunion occurs at the
arch’s termination in the dorsal aorta. The third
aortic arch is formed by multiple channels in the
early stage (4 to 5 mm) (14). If two channels
persist instead of the usual single channel, two
arches, and subsequently two internal carotid
arteries, would form.
Embryologically, the formation of fenestra-

tion is different from duplication. It has been
suggested that a fenestration is formed by the
persistence of the cranial portion of the carotid
duct (10), and not the development of an ab-
normal third arch.
In conclusion, duplication of the extracranial

internal carotid artery is rare, but it is significant
in the event of neck surgery (17). If a grafting
procedure had been necessary, or if the tumor
had occurred on the same side as the duplica-
tion and only one lumen was affected by the
tumor, knowledge of this variant would have
been important to the surgeon.

References
1. Killien F, Wyler A, Cromwell L. Duplication of the internal carotid

artery. Neuroradiology 1980;19:101–102
2. Hsegawa T, Kashihara K, Ito H, Yamamoto S. Fenestration of the

internal carotid artery. Surg Neurol 1985;23:391–395
3. Tanaka M, Matsumoto S. Fenestration of the internal carotid ar-

tery. Neurol Med Chir (Tokyo) 1982;4:91–294
4. Rath G, Prakash R. Double vertebral artery in an Indian cadaver.

Clin Anat 1984;6:117–119
5. Sanders WP, Sorek PA, Mehta BA. Fenestration of intracranial

arteries with special attention to associated aneurysms and other
anomalies. AJNR Am J Neuroradiol 1993;14:675–680

6. Lazar M, Bland J, North R, Bringewald P. Middle cerebral artery
fenestration. Neurosurgery 1980;6:297–300

7. Ito J, Maeda H, Inoue K, Onishi Y. Fenestration of the middle
cerebral artery. Neuroradiology 1977;13:37–39

8. Kwak R, Kuwahara K, Niizuma H, Suzuki J. Anomalies of the
middle cerebral artery with intracranial saccular aneurysms: du-
plication and fenestration. No Shinkei Geka 1979;7:691–696



AJNR: 16, August 1995 DUPLICATION OF CAROTID 1547
9. Ueda T, Goya T, Kinoshita K. Fenestration of the middle cerebral
artery associated with an aneurysm. Neurol Med Chir (Tokyo)
1983;59:520–523

10. Yamada T, Inagawa T, Takeda T. Ruptured aneurysm at the
anterior cerebral artery fenestration: case report. J Neurosurg
1982;57:826–828

11. Findlay JM, Chui M, Muller PJ. Fenestration of the supraclinoid
internal carotid artery. Can J Neurol Sci 1987;14:159–161

12. Yock DH. Fenestration of the supraclinoid internal carotid artery
with rupture of associated aneurysm. AJNR 1983;5:634–636

13. Lie TA. Congenital Anomalies of the Carotid Arteries. Amsterdam:
Exerpta Medica, 1968;30:84–93
14. Congdon ED. Transformation of the aortic arch system during the
development of the human embryo. Contrib Embryol 1922;14:
47–110

15. Padget DH. The development of the cranial arteries in the human
embryo. Contrib Embryol 1948;31:205–262

16. Sadler TW. Langman’s Medical Embryology. 6th ed. Baltimore:
Williams & Wilkins, 1990:207–212

17. Swartz JD, Harnsberger HR. Imaging of the Temporal Bone. 2nd
ed. New York: Thieme Medical Publishers, 1992:171–172


