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Introduction

The causes of pulsatile tinnitus include arteriovenous mal-
formation or fistula, internal carotid arterial aneurysm or dis-
section, arteriosclerosis, and an aberrant course of the internal 
carotid artery, which are the artery-related causes.1) Pulsatile 
tinnitus arising from an aberrant course of the internal carotid 
artery is known to be relatively rare and mostly occurs due to 
an aberrant internal carotid artery in the middle ear. Approxi-
mately 95 cases of tinnitus that occur because of an aberrant 
internal carotid artery in the middle ear have been reported in 
the worldwide literature thus far and include a report of 2 cas-
es by Kim, et al.2) in Korea. However, 1 case of pulsatile tinni-
tus due to an extracranial aberrant course of the internal ca-
rotid artery reported by Sismanis and Girevendoulis3) in 2008 
is the only case of pulsatile tinnitus that has been reported to 
date.

The authors have experienced a case of pulsatile tinnitus 
arising from tortuous internal carotid artery which is identi-
fied by endoscopic examination as a protruding mass at naso-
pharyngeal wall. The symptom was improved after explain-
ing and reassuring her status. This paper reports our findings 
and reviews the relevant literature.

Case Report

A 74-year-old patient visited our hospital with a chief com-
plaint of pulsatile tinnitus on the right side that began approx-
imately 5 month prior. Symptoms of tinnitus included inter-
mittently hearing a ‘toot-toot’ sound, which got louder when 
the surroundings were quiet and when the patient was tired or 
lying down. There were no otologic symptoms such as otal-
gia, aural fullness, otorrhea, or hearing loss, etc. The patient 
was diagnosed with high blood pressure approximately 10 
years prior, has been taking medicine continuously, and the 
blood pressure has been under satisfactory control. Otoscopic 
examination of the ear showed that the tympanic membranes 
in both ears were normal, and objective tinnitus was not heard 
at the time of the head and neck examination. When pressure 
was applied to the right anterior aspect of the neck or when the 
neck was rotated to the right and left, tinnitus was not allevi-
ated, and there was no change in the strength of tinnitus even 
when the Valsalva maneuver was applied. Average air conduc-
tion/bone conduction threshold under pure tone audiometry 
was 35/30 dB HL for the right and 40/30 dB HL for the left, 
thereby displaying mild descending sensorineural hearing loss 
on both sides (Fig. 1). The auditory brainstem response test 
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demonstrated that the threshold was 20 dB nHL for the right 
and 40 dB nHL for the left, and inter-wave latency and V-wave 
latency were in their normal range. The transient evoked oto-
acoustic emission test showed that the right was normal, while 
the left displayed a drop in response at 3000 Hz. The match-
ing of tinnitus test demonstrated that tinnitus frequency was 
similar to that of pure tone at 250 Hz, and the loudness of tin-
nitus displayed a strength of 40 dB HL. Hematologic and se-
rologic tests revealed normal value. During endoscopic exami-
nation of nasopharynx, tortuosity and pulsating of the right 
external wall of the nasopharynx were observed. With suspi-
cion of a vascular mass in the nasopharynx, head and neck com-
puted tomography (CT) angiography was carried out, and an 

aberrant course of the right internal carotid artery that protrud-
ed towards the nasopharynx and passed in close proximity to 
the Rosenmuller fossa and the orifice of Eustachian tube was 
observed during the examination (Fig. 2). In addition, aneu-
rysm of the right side middle cerebral artery and arterioscle-
rotic calcification and mild occlusion of the internal carotid ar-
tery on both sides were observed.

Causes of tinnitus were explained to the patient, and the pa-
tient was told to take precautions against damage to the naso-
pharynx and given a prescription for short-term administra-
tion of an anti-anxiety drug. After the causes were explained 
to the patient, she no longer worried about tinnitus, the symp-
toms gradually improved, and the patient eventually became 
unaware of the tinnitus after 2 months.

Discussion

Pulsatile tinnitus could occur due to causes arising from the 
artery, vein, and base of skull and temporal bone. Among these, 
causes related to the artery include arteriovenous malforma-
tion or fistula, internal carotid arterial aneurysm, internal ca-
rotid artery dissection, arteriosclerosis, and aberrant course of 
internal carotid artery.1)

Tests for identification of the causes of pulsatile tinnitus in-
clude microscopic observation of the tympanic membrane, 
verification of papilledema through fundus examination, ob-
servation of movement of the tympanic membrane during brea-
thing, observation of the orifice of the Eustachian tube using 
transnasal endoscopy, observation of loss of tinnitus follow-
ing application of pressure to the neck, CT angiography, veri-
fication of superior semicircular canal dehiscence under high 
resolution temporal bone CT, carotid artery ultrasonography, 
detection of benign intracranial hypertension through mag-
netic resonance imaging, magnetic resonance angiography, 
magnetic resonance venography, and examination of the fun-
dus, etc.1)

The type of aberrant course of the internal carotid artery that 
can induce pulsatile tinnitus is the aberrant course of the in-
ternal carotid artery in the middle ear, which is thought to be 
the result of failure to generate the bony plate that should ex-
ist between the carotid artery and tympanic cavity due to an 
embryogenic blood vessel that continues to exist by being con-
nected to the middle ear during its formation in the embryo-
genic stage. Such dehiscence of the internal carotid artery ca-
nal in the middle ear is thought to exist in approximately 1% 
of the world’s population.4)

Another aberrant course of the internal carotid artery can 
occur at the extracranial neck level. According to most anato-
my textbooks, after the internal carotid artery of the neck bran-

Fig. 2. Head and neck CT angiography shows a medially trans-
posed tortuous internal carotid artery (white arrow) immediately 
below the skull base at the right side. The artery lies underneath 
the nasopharyngeal mucosa instead of at its usual site at the par-
apharyngeal space and runs along the course of the Eustachian 
tube. The black arrow in the upper image shows the left internal ca-
rotid artery with a straight course that runs in the parapharyngeal 
space. CT: computed tomography.

Fig. 1. Pure tone audiogram showing bilateral sensorineural 
hearing loss of mild degree with descending configuration.
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ches from the common carotid artery at the hyoid bone level, 
it enters the middle cranial fossa through the foramen lacerum 
by being wrapped by the carotid sheath and moving upwards 
vertically, from the parapharyngeal space to the base of the 
skull.5) However, there have been reports of an aberrant course 
of the internal carotid artery in which the internal carotid ar-
tery in the neck courses in close proximity to the pharyngeal 
wall by departing from the parapharyngeal space and display-
ing abnormal appearances, including tortuosity from the 
straight line course, kinking, or coiling. The prevalence rate of 
such a manifestation has been reported to be in the range of 
10-40% in studies using anatomy, ultrasonography, and an-
giography.6,7) Closer examination of these reports include the 
report by Macchi, et al.6) that it was possible to discover inter-
nal carotid artery deformation (tortuosities, kinks, or coiling) 
in 26.5% of healthy people with no symptoms using carotid 
artery Doppler ultrasonography that was carried out in 100 
healthy adults as the subjects. On the other hand, Pancera, et 
al.,7) in analysis of carotid artery Doppler ultrasonic imaging 
in 590 subjects, discovered appearance of kinking of the ca-
rotid artery in 31.2% of subjects and thought that increase in 
the internal pressure of the artery acts as the cause for induce-
ment of deformation of the appearance of the internal carotid 
artery, since the prevalence rate was significantly higher in a 
group with high blood pressure. 

Causes of an aberrant course of the internal carotid artery 
are thought to be largely due to congenital developmental ab-
normality and changes according to age. The internal carotid 
artery is derived from the 3rd brachial cleft artery and the cra-
nial level of the dorsal aorta in the embryonic period; in the 
8th week of embryogenesis, the internal carotid artery uncoils 
as the dorsal aortic root descends into the chest. Failure of this 
process, incomplete development, or excessive growth of the 
internal carotid artery can induce an aberrant course of the in-
ternal carotid artery that includes tortuosity and coiling. The 
fact that an aberrant course of the internal carotid artery is dis-
covered in 5-10% of subjects during infancy provides evi-
dence that supports the theory of embryological developmen-
tal disturbance.8)

On the other hand, as age increases, the prevalence rate of 
an aberrant course of the internal carotid artery of the neck in-
creases. Occurrences of arteriosclerosis, high blood pressure, 
lowering of elasticity of blood vessels, and fibromuscular dys-
plasia, which occur in accordance with an increase in age, are 
thought to act as factors that induce an aberrant course of the 
internal carotid artery.9)

As such, an aberrant course of the internal carotid artery of 
the neck can cause cerebrovascular insufficiency in 4-16% 
of cases and can induce cerebrovascular embolism, headache, 

and intermittent stenosis of the carotid artery.10) Otorhinolar-
yngologically, dysphagia, foreign body sensation in the neck, 
pain in the neck, dizziness, and tinnitus could be induced.11)

Three cases of pulsatile tinnitus due to an aberrant course of 
the internal carotid artery of the neck have been reported for 
the first time by Sismanis and Girevendoulis3) in 2008. In 2 of 
the cases, it was possible to auscultate objective pulsatile tin-
nitus at each external auditory canal and infra-auricular region, 
and tortuosity of the internal carotid artery was observed be-
low the cranium base in all 3 patients, with 1 case accompa-
nied by coiling the of internal carotid artery. No special treat-
ment was given to all 3 patients and, in 1 of the patients, the 
symptoms naturally disappeared 10 months after the exami-
nation. Regarding the phenomenon of natural disappearance 
of symptoms, Sismanis and Girevendoulis3) presumed that tin-
nitus stopped due to disappearance of turbulence in the blood 
flow as the internal carotid artery continued to have changes.

In our case, it was possible to observe appearances of tortu-
osity and pulsation of the nasopharyngeal mucous membrane 
at the immediately posterior aspect of the orifice of the Eusta-
chian tube due to an internal carotid artery that had been trans-
positioned internally. It is thought that the pulsatile tinnitus that 
the patient complained of was generated due to conveyance of 
pulsating sound created by the flow of blood in the internal 
carotid artery with tortuosity to the middle ear cavity through 
the Eustachian tube.

In our case, although the patient also had high blood pres-
sure, arteriosclerosis, and aneurysm, which are considered to 
be causes of pulsatile tinnitus, it is thought that these would 
not have been the direct cause of the pulsatile tinnitus on the 
right side. If high blood pressure, which is a systemic disease, 
and the arteriosclerosis present in the internal carotid artery 
on both sides acted as the causes of tinnitus, then the pulsatile 
tinnitus would have been manifested on both sides. However, 
since high blood pressure and arteriosclerosis are considered 
to be the causes that induce an aberrant course of the internal 
carotid artery (tortuosity, kinking, and coiling) by causing he-
modynamic changes,7,9) they are thought in our case to have 
had an indirect influence by inducing tortuosity of the naso-
pharynx section of the internal carotid artery on the right side.

Aneurysm of the internal carotid artery or vertebral artery 
is known to be one of the rare causes of pulsatile tinnitus, with 
aneurysm of the internal carotid artery of the petrous13) and an-
eurysm of the sigmoid sinus14) being reported as the main 
causes of pulsatile tinnitus. In contrast, pulsatile tinnitus due 
to aneurysm of the cerebral artery other than a dissecting an-
eurysm is highly rare.15) Although the aneurysm that was pres-
ent in our case was on the same side as the location of tinnitus, 
it was a relatively small aneurysm that occurred in the middle 
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cerebral artery in an area irrelevant to the internal auditory ca-
nal and petrous and was not a dissecting aneurysm. Therefore, 
the possibility of pulsatile tinnitus due to aneurysm was ex-
cluded.

In our case, pulsatile swelling that accompanied pulsatile 
tinnitus was observed under endoscopic examination that was 
carried out at the time of the patient’s visit to the hospital. Head 
and neck CT angiography was selected for further examina-
tion under the suspicion of a vascular mass and demonstrated 
an aberrant course of the internal carotid artery.

Although surgical treatment, such as reconstruction of the 
internal carotid artery or endarterectomy, is necessary for the 
treatment of pulsatile tinnitus due to an aberrant course of the 
internal carotid artery if symptoms of apoplexy, transient isch-
emic attack of the cerebrum, destruction of surrounding struc-
tures, occurrence of aneurysm, and cerebrovascular embolism, 
are present, it would be advisable to limit surgical treatment 
to patients with serious cranial nerve symptoms, since manip-
ulation of the internal carotid artery can elicit detrimental he-
morrhage, apoplexy, or transient ischemic attack.12) When pa-
tients’ concerns about tinnitus are addressed by explaining its 
causes, pulsatile tinnitus disappears in many cases,1) or, even 
if tinnitus is sustained, the patient must not become fearful of 
or worry about the tinnitus itself. In addition, patients must be 
guided to avoid situations that can induce future damage to the 
internal carotid artery by providing them with information on 
the disease. For the patient in our case, tinnitus disappeared 
without particular surgical treatment, because the patient’s 
concerns about tinnitus were relieved after the clinician pro-
vided the explanation that tinnitus is not a special disease, but 
rather, it is manifested due to alteration in the course of the ca-
rotid artery and prescribed an anti-anxiety drug. As another 
mechanism for the natural disappearance of tinnitus, it is 
thought that there is a possibility that noise in blood flow and 
pulsatile tinnitus disappeared due to gradual reduction in tur-
bulence in the blood vessel that formed at the initial stage as 
alteration of the internal carotid artery continued to proceed.
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