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Abstract
Knowledge of variations of the internal carotid artery is significant to surgeons and radiologists. The internal carotid artery 
normally runs a straight course in the neck. Its anomalies can lead to its iatrogenic injuries. We report a case of a large loop 
of the internal carotid artery in a male cadaver aged about 75 years. The common carotid artery terminated by dividing it 
into the external carotid artery and internal carotid arteries at the level of the upper border of the thyroid cartilage. From 
the level of origin, the internal carotid artery coursed upwards, backwards and laterally, and formed a large loop behind the 
internal jugular vein. The variation was found on the left side of the neck and was unilateral. The uncommon looping of the 
internal carotid artery might result in altered blood flow to the brain and may lead to misperceptions in surgical, imaging, 
and invasive procedures.
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Introduction

The internal carotid artery (ICA) is the larger terminal 
branch of the common carotid artery (CCA), originates at 
the level of the upper border of the lamina of the thyroid 
cartilage. It ascends vertically in the carotid sheath and at the 
base of the skull enters the carotid canal. It passes through 
the cavernous sinus in the cranial cavity and later divides 
into anterior and middle cerebral arteries at the base of the 
brain. The ICA is the major artery of the brain, eye, and 
internal ear [27]. The ICA has a straight course in the neck. 
It can be straight, curved, or angled [2].

The ICA is the principal source of blood supply to the 
brain. Its reported variations include coiling, looping, kink-
ing or tortuosities, which may cause significant neurovascu-
lar problems due to changes in the dynamics of blood flow. 
The tortuous course of the ICA in the neck has a high chance 
of being injured during head and neck surgeries. Tortuosity, 
kinking, and looping of the internal carotid artery has been 
well recognized for many years. Anatomists have described 

this artery as being remarkable for the number of curvatures 
in its course. Looping of ICA was mentioned as pulsatile 
swelling in the neck by Coulson [8]. Otolaryngologists have 
been concerned about looped ICA, because it can be dam-
aged during tonsillectomy or adenoidectomy may lead to 
fatal haemorrhage [12].

Any anatomical variations of the carotid arteries could 
be secondary to embryological defects [24]. S or C-shaped 
elongations and tortuosities, kinkings, and loops of the ICA 
are thought to be congenital anomalies [6]. Their genesis 
can be explained in terms of the embryological development 
of the branchial arch arteries. These variations are of great 
importance in clinical diagnoses, during neck surgeries & 
while carrying out carotid angiography. We report a signifi-
cant curve in the course of the internal carotid artery in the 
neck which could be of clinical importance. We discuss its 
clinical and embryological significance.

Case report

During Routine dissection classes for undergraduate medi-
cal students, a large loop of the internal carotid artery was 
noted in a male cadaver aged about 75 years. The variation 
was found on the left side of the neck and was unilateral. 
The CCA, terminated by dividing into an external carotid 
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artery (ECA) and ICA at the level of the upper border of the 
thyroid cartilage. From the level of origin, the ICA coursed 
upwards, backwards and laterally, and formed a large loop 
behind the internal jugular vein (IJV). The part of the artery 
that formed the loop, measured about 7 cm and the loop 
projected beyond the lateral border of the IJV in the carotid 
sheath (Fig. 1). After forming the loop, the artery coursed 
medially, passed behind the ECA and resumed its normal 
course until the base of the skull. The vagus nerve and the 
superior cervical sympathetic ganglion were situated in 
the concavity of the loop, between ECA and ICA and were 
overlapped by the IJV (Fig. 2). The spinal accessory nerve 
passed superficial to the loop, between the IJV and the ICA 
(Fig. 2). The sternocleidomastoid muscle overlapped the 
loop of ICA. 

Discussion

Usually, from its origin, till the skull base, ICA follows a 
straight course. However, there are reports on the formation 
of loops in the cervical region. About 10–40% of humans 
might have aberrations in the course of the ICA. These may 
be congenital or secondary to advancing age or atheroscle-
rosis [20]. Frequent abnormalities of ICA include tortuosity, 
kinking, and coiling [10]. And most of them are found dur-
ing carotid angiography [15].

Often, loops of ICA could be mistaken for a tumour or 
an abscess during routine ENT procedures [29]. Abnormal 

loops might produce obstructive sleep apnea due to the 
compression of the pharyngeal wall in recumbent posture 
[21]. Aberrant ICA segments may also cause difficulty in 
swallowing and speech or a sensation of a foreign body in 
the pharynx. Oropharyngeal pulsatile mass, longstanding 
hoarseness, foreign body sensation, and upper respiratory 
distress is also seen in most of the patients with an aberrant 
ICA [16]. Paulsen et al. [22] have discussed tortuous ICA 
and its clinical significance in tonsil and pharynx. Before 
surgery of adenoids, tonsil, and pharyngeal space, the patient 
has to be checked for ICA and its variations to prevent severe 
hemorrhage [10, 20].

The unusual looping of ICA at its beginning might result 
in altered blood flow to the brain [17]. Looping of the artery 
in the lateral pharyngeal space has also been noted by Till-
mann and Christofides [28]. Nayak and Kumar [18] have 
reported a unilateral occurrence of multiple loops of ECA 
and ICA on the left side of the neck. In another study, both 
the ECA and ICA were found to have anomalously curved 
S-shaped courses in a 70-year-old female cadaver on the 
right side of the neck [26].

Kinking occurs mostly in elderly men and coiling is more 
common in younger women [23]. Kink is common in arte-
riosclerosis and hypertensive persons [19]. The kinks and 
coils are congenital in children and younger patients [4]. 
Among the variations of the ICA, an unusual retropharyn-
geal course can mimic parapharyngeal neoplasm and may 
increase the risk of vascular injury during the pharyngeal 
intervention [1]. The ICA may have a tortuous course with 

Fig. 1  Dissection of the left carotid triangle (lateral view) showing 
the loop of the internal carotid artery. CCA  common carotid artery, 
ECA external carotid artery, ICA internal carotid artery, IJV internal 
jugular vein, SCM sternocleidomastoid, SSG submandibular salivary 
gland, PBD posterior belly of digastric, ABD anterior belly of digas-
tric, FV facial vein, STA superior thyroid artery, MM masseter mus-
cle, SAN spinal accessory nerve, HN hypoglossal nerve, PG parotid 
gland

Fig. 2  Dissection of the left carotid triangle (lateral view) showing 
the loop of the internal carotid artery. Internal jugular vein has been 
pulled medially. CCA  common carotid artery, ECA external carotid 
artery, ICA internal carotid artery, IJV internal jugular vein, SCM 
sternocleidomastoid, SSG submandibular salivary gland, PBD pos-
terior belly of digastric, ABD anterior belly of digastric, SAN spinal 
accessory nerve, VN vagus nerve, SG superior cervical sympathetic 
ganglion, ST sympathetic trunk, PG parotid gland
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a prominent curve or a horseshoe shape or may form a com-
plete loop in the upper part of the neck. This kinking of the 
artery may be due to cardiovascular disease [5]. Looping 
or tortuosity of ICA can also be observed with advancing 
age [11].

Carotid artery anomalies (agenesis, aplasia, and hypo-
plasia) may be related to their development or their course 
(coiling, kinking, and tortuosity). Carotid arteries rarely 
develop in uncommon anatomical spaces, extending to the 
retropharyngeal or prevertebral regions [9]. The ICA devel-
ops on both sides from the third aortic arch artery (third 
branchial arch artery) and the cranial part of the dorsal aorta. 
Tortuosity of carotid arteries is common during foetal life 
and in infants. Usually, the descent of the large blood vessels 
and heart into the mediastinal space during incessant devel-
opment leads to elongation and straightening of the artery 
[13, 24]. Loop may persist if there is a failure of process, 
incomplete development, or accelerated linear growth of the 
artery [1, 25]. Coiling and complete loop formation of the 
ICA is observed in 5–15% of patients during angiographic 
procedures. This appearance is supposed to be partly devel-
opmental, unrelated to either age or hypertension [3].

Variations in the course of the ICA may cause alteration 
in blood flow dynamics leading to numerous neurological 
manifestations [30]. Carsuzaaa et al. [7] reported the case 
of the death of a 7-year-old child consecutively to cardiac 
arrest during the surgery of cholesteatoma. In an autopsy, 
the right carotid loop and left carotid kink were found which 
had led to cerebral hypoperfusion. The loops of ICA might 
even remain silent, without causing any harm to the person 
carrying them. A case of an asymptomatic patient with a 
bilateral atypical course of ICAs, has been found inciden-
tally during a physical examination [31]. Cerebral emboli 
and vessel occlusion are common because of the tortuosity 
of the ICA which causes cerebral ischemia [14].

The internal carotid artery is closely related to the deep 
cervical lymph nodes. During the removal of cervical lymph 
nodes, the surgeon should be able to differentiate the resem-
blance of the loop to a node and the presence of node in 
the loop. The artery is particularly dangerous when it is in 
contact with the tonsillar fossa. It is important to know the 
anatomy of vessels and variations for interpretation of diag-
nostic and interventional vascular procedures during surger-
ies to prevent complications.

How is the current case different 
than the previously reported cases?

The current case is unique compared to the previously 
reported cases due to its lateral direction. Most of the pre-
viously reported vessels extend dorsomedially into the 
retropharyngeal space causing symptoms related to the 

pharynx and larynx. In the current case, the loop of the ICA 
projected well beyond the IJV, laterally deep to sternocleid-
omastoid. This placement could be surgically significant 
because of its rarity. During surgical removal of the deep 
cervical lymph nodes, there is a high chance for the loop to 
be injured. Another difference between the current case and 
the previously published reports is that the loop was closely 
related to the superior cervical sympathetic ganglion and 
the spinal accessory nerve. The loop might put pressure on 
both of them causing Horner’s syndrome or a wry neck. 
The current looping of the artery was unilateral. Hence, it 
would have happened in post-natal life. Usually, congenital 
looping of the artery happens if the heart fails to shift to the 
mediastinum and in such cases, arteries of both sides should 
present loops. The current case could be of importance to 
radiologists, head and neck surgeons, and neurologists.

Author contributions Dr. SBN dissected the cadaver, prepared the 
photographs, proof read the manuscript, and did the final approval of 
the manuscript. Dr. SDS prepared the manuscript and did the review 
of the literature.

Funding Open access funding provided by Manipal Academy of 
Higher Education, Manipal.

Compliance with ethical standards 

Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Agrawal R, Agrawal SK (2011) Dangerous anatomic variation of 
the internal carotid artery—a rare case report. Int J Anat Variat 
4:174–176

 2. Akpek S, Arat A, Morsi H, Klucznick RP, Strother CM, Mawad 
ME (2005) Self-expandable stent-assisted coiling of wide-necked 
intracranial aneurysms: a single-center experience. Am J Neuro-
radiol 26:1223–1231

 3. Anne GO (1999) Diagnostic cerebral angiography, vol 2. Lip-
pincott Williams & Wilkins, Philadelphia, pp 57–63

 4. Beigelman R, Izaguirre AM, Robles M, Grana DR, Ambrosio G, 
Milei J (2010) Are kinking and coiling of carotid artery congenital 
or acquired? Int Angiol 61:107–112

http://creativecommons.org/licenses/by/4.0/


416 Surgical and Radiologic Anatomy (2021) 43:413–416

1 3

 5. Bergman RA, Thompson SA, Afifi AK, Saadeh FA (1888) Com-
pendium of human anatomic variations. Urban & Schwarzenberg, 
Baltimore, p 65

 6. Cairney J (1924) Tortuosity of the cervical segment of the internal 
carotid artery. J Anat 59:87–96

 7. Carsuzaaa F, Dufoura X, Houpertb T, Ferriec J, Sapanetb M, 
Delbreilb A (2020) Major cerebral hypoperfusion on an internal 
carotid loop during an otologic surgery: a case report. Leg Med 
42:101636

 8. Coulson W (1852) Peculiar disposition of the large vessels, pro-
ducing a tremor at the root of the neck. Trans Path Soc Lond 3:302

 9. Dungan DH, Heiserman JE (1996) The carotid artery: embryol-
ogy, normal anatomy, and physiology. Neuroimag Clin N Am 
6:789–799

 10. Figueiredo RR, Azevedo AA (2009) Retropharyngeal inter-
nal carotid artery: case report. Int Arch Otorhinolaryngol 
13(1):104–106

 11. Hosokawa S, Mineta H (2010) Tortuous internal carotid artery 
presenting as a pharyngeal mass. J Laryngol Otol 124:1033–1036

 12. Jackson JL (1933) Tortuosity of internal carotid artery and its 
relation to tonsillectomy. Can Med Ass J 29:475–479

 13. Kelly AB (1952) Tortuosity 0f the internal carotid artery in rela-
tion to the pharynx. J Laryngol Otol 40:15–23

 14. Koskas F, Bahnini A, Walden R, Kieffer E (1993) Stenotic coil-
ing and kinking of the internal carotid artery. Ann Vasc Surg 
7:530–540

 15. Metz H, Murray-Leslie RM, Bannister RG, Bull JWD, Marshall 
J (1961) Kinking of the internal carotid artery. Lancet 1:424–426

 16. Munoz A, De Vergas J, Crespo J (2010) Imaging and clinical 
findings in patients with aberrant course of the cervical internal 
carotid arteries. Open Neuroimag J 4:174–181

 17. Nayak SB (2010) Unusual looping of the internal carotid artery 
in relation to an enlarged lymph node. Int J Anat Variat 3:84–85

 18. Nayak SB, Kumar N (2018) Multiple loops of external and inter-
nal carotid arteries vulnerable in surgical and radiological proce-
dures. Balkan Med J 35:285–286

 19. Ozgur Z, Celik S, Govsa F, Aktug H, Ozgur T (2007) A study 
of the course of the internal carotid artery in the parapharyngeal 
space and its clinical importance. Head Neck Surg 264:1483–1489

 20. Picel AC, Davidson TM (2011) An aberrant internal carotid artery 
discovered during evaluation of obstructive sleep apnea: a report 

of 2 cases with consideration of a possible association. Ear Nose 
Throat J 90(1):29–31

 21. Patil SP, Schneider H, Schwartz AR, Smith PL (2007) Adult 
obstructive sleep apnea: pathophysiology and diagnosis. Chest 
132(1):325–337

 22. Paulsen F, Tillmann B, Christofides C, Koebke J (2000) Curv-
ing and looping of the internal carotid artery in relation to the 
pharynx: frequency, embryology & clinical implications. J Anat 
197:373–381

 23. Radak D, Babic S, Tanaskovic S, Matic P, Sotirovic V (2012) 
Are the carotid kinking and coiling underestimated entities? 
Vojnosanit Pregl 69:616–619

 24. Sadler TW (2018) Langman’s medical embryology, 14th edn. 
Wolters Kluwer Health, Philadelphia

 25. Shanley DJ (1992) Bilateral aberrant cervical internal carotid 
arteries. Neuroradiol 35:55–56

 26. Singh R, Tubbs RS (2017) Effect of cervical siphon of external 
and internal carotid arteries. Craniofac Surg 28:1857–1860

 27. Standring S (2016) Gray’s anatomy: the anatomical basis of 
clinical practice, 40th edn. Churchill Livingstone, Elsevier, 
Philadelphia

 28. Tillmann B, Christofides C (1995) The “dangerous loop” of the 
internal carotid artery. An anatomic study. HNO 43:601–604

 29. Vinnakota S, Giri BN, Neelee J (2011) A rare association of curv-
ing and looping of internal carotid artery and variation in the 
branching pattern of external carotid artery—a case report. Int J 
Biol Med Res 2:822–823

 30. Weibel J, Fields WS (1965) Tortuosity, coiling and kinking of the 
internal carotid artery. II. Relationship of morphological variation 
to cerebrovascular insufficiency. Neurology 15:462–468

 31. Ziolkowska K, Bachvarov C, Sapundzhiev N, Genova P (2017) 
Bilateral tortuous internal carotid arteries—a case report, 
otorhinolaryngologic and general clinical implications. J IMAB 
23(3):1657–1666

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Surgical and embryological perspective of a big loop of internal carotid artery extending laterally beyond internal jugular vein
	Abstract
	Introduction
	Case report
	Discussion
	How is the current case different than the previously reported cases?
	References




