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ABSTRACT
The auditory perception of rhythmic noise synchronous with the heartbeat is defined as pulsatile tinnitus. Pulsatile tinnitus is
a symptom that should not be ignored because it may suggest the presence of a vascular abnormality (tumor, congenital
anomaly, vascular malformation or vasculopathy). All patients presenting with a complaint of pulsatile tinnitus require a thorough history and physical examination. A correct diagnosis protocol for pulsatile tinnitus consists in a detailed and carefully
conducted anamnesis and imaging studies.
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INTRODUCTION
Tinnitus is the perception of sound in the absence
of external stimuli; it is equally prevalent in men and
women and most common in people aged 40 to 70
years1,2.
The auditory perception of rhythmic noise synchronous with the heartbeat is defined as pulsatile tinnitus.
In those cases of normal findings on otoscopy, it is a
common otological diagnostic dilemma. The differential diagnosis is diverse and includes hydrocephalus,
intracranial hypertension, atherosclerosis and valvular
heart disease; the condition can be due to serious vascular malformations, such as aneurysms or arteriovenous fistulas (Table 1).
Pulsatile tinnitus is classified into objective and subjective subtypes. These subtypes refer to the ability or respectively inability of the examiner to auscultate a vascular
bruit in the periauricular or cervical neck region. Objective tinnitus can result from turbulent or aberrant blood
flow or palatal myoclonus3,4. Turbulent arterial flow can
be caused by arteriovenous fistula (AVF), carotid stenosis, glomus tumor, arteriovenous malformation (AVM),
aberrant carotid artery or cardiac murmur5-7.
Practitioners separate pulsatile tinnitus into objective and subjective categories, as a means of selecting
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patients with a higher likelihood of anatomic pathology. Objective pulsatile tinnitus is routinely evaluated
with more invasive tests such as cerebral angiography,
because of the perceived higher likelihood of identifying anatomical lesions, while subjective pulsatile tinnitus is often evaluated with less invasive tests such as
magnetic resonance imaging or magnetic resonance
angiography (MRI/MRA)8-10.
All patients presenting with a complaint of pulsatile
tinnitus require a thorough history and physical examination, which direct further evaluation and management in patients with pulsatile tinnitus and normal
findings on otoscopy11,12. Sismanis et al have developed
an algorithm to guide the judicious use of diagnostic
tests and imaging, given the clinical suspicion13,14. This
algorithm begins with a thorough history and physical
exam, paying close attention to otoscopic and ophthalmoscopic findings, cranial nerve examination, carotid auscultation and cardiac examination. Computed
tomography (CT), MRI/MRA, cerebral angiography,
carotid duplex, echocardiogram and lumbar puncture
(LP) are then utilized appropriately in this algorithm
to support clinical suspicion. In this management
scheme, patients with pulsatile tinnitus who do not
have findings on otoscopy or signs of elevated intracranial pressure are evaluated neuroradiographically,
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Table 1
Causes of pulsatile tinnitus

based on the degree of clinical suspicion of the treating practitioner15-19.
For young obese women with blurred vision, headaches and papilledema, a diagnosis of benign intracranial hypertension (BIH) may be established by
lumbar puncture, after magnetic resonance imaging
(MRI)20,21. Patients with a history of coronary artery
disease, hypertension and neck bruit are likely to
have atherosclerotic carotid artery disease and are
diagnosed by carotid artery duplex ultrasound. However, for patients without symptoms suggestive of
coronary artery disease or BIH, but with a complaint
of subjective or objective pulsatile tinnitus, initial diagnostic evaluation may begin with one of the following radiographic examinations: computed
tomography (CT), MRI, magnetic resonance imaging combined with magnetic resonance angiography
(MRI/MRA) and angiography17,22-24. These symptoms
may be due to serious vascular malformations, such
as transverse or sigmoid sinus dural arteriovenous fistula (transverse or sigmoid sinus [TS] DAVF). Left
untreated, TS DAVF may result in significant morbidity and mortality25-27.

IMAGING IN PULSATILE TINNITUS
The radiologic evaluation should be individualized
according to the characteristics of the pulsatile tinni-

tus (arterial/venous type, subjective/objective) and
other clinical findings such as obesity, papilledema,
retrotympanic pathology and the presence of a head/
neck bruit28.
Recent experience with CT angiography suggests
that this test is more sensitive than magnetic resonance
angiography/venography (MRA/MRV) in evaluating
intracranial vascular lesions and it is likely that it will
replace the latter in the near future19,29-31. This is a fast
imaging technique and, because the upper neck is included, cervical vascular pathology can be detected in
the same study. Today, many neuroradiologists prefer
CT angiography as a substitute to MRA; however, further studies are needed to document the superiority
of this very promising radiologic test32.
a) Tumoral causes
Glomus tumors (chemodectomas, paragangliomas),
vascular neoplasms that arise from the paraganglia
(normal structures that accompany cranial nerves),
are the most frequent tumoral cause of pulsatile
tinnitus33,34. The glomus tumors most likely to present
with pulsatile tinnitus are glomus tympanicum, glomus jugulare and glomus jugulotympanicum.
Glomus tympanicum tumors can occur anywhere
along the Jacobson nerve, which runs across the medial
wall of the middle ear12,35,36 so it is important to examine
the entire middle ear closely when imaging a patient with
pulsatile tinnitus. The tumor is usually visible as a red-
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dish, pulsatile mass behind an intact tympanic
membrane37,38,39. Small tumors are best seen on a mastoid
bone CT scan, bone window, thin axial section.
Glomus jugulare tumors arise from paraganglia in
the adventitia of the jugular bulb40. If the tumor is limited to the jugular fossa, the otoscopic examination
may be normal. In those cases in which glomus jugulare extends into the middle ear it is known as glomus
jugulo-tympanicum41-43.
In case of glomus jugulare tumors, MR imaging shows
the tumor characteristics better than CT13,44, but CT reveals the anatomic extent of the tumor much more
clearly (Figure 1). The earliest abnormality detectable on
a temporal bone CT scan is the erosion of the lateral and
anterior walls of the osseous jugular fossa. In some cases
an enlarged inferior tympanic canaliculus can be seen
representing the hypertrophy of the inferior tympanic
artery that supplies this vascular tumor45,46.
b) Vascular causes
Pulsatile tinnitus may be caused by both intra- and
extracranial vascular abnormalities and it can be objective as well as subjective47-49.
Vascular malformations represent abnormal communications between the arterial and venous systems and
they may be congenital or not50-52. Most extracranial arteriovenous malformations (AVMs) are clinically apparent53, but the conventional angiography must be
performed because it identifies the arterial supply and
venous drainage54-56. Brain parenchymal AVMs may be
more obscure, but are usually identified on contrast-enhanced CT and MR studies. Even if a dural AVM or arteriovenous fistula (AVF) is a well-known cause of headache
and hemorrhagic infarction57-59, it is also considered the
most frequent cause of objective pulsatile tinnitus in
those patients with normal otoscopic examination50,51.
Considering this aspect, it is important to know that this

Figure 1 Cervical CT scan, axial slices - glomus jugulare tumor
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vascular malformations are often invisible on CT and MR
studies60,61. So, a normal CT/MRI result does not exclude
a dural AVM or AVF62,63.
Congenital vascular anomalies represent aberrant
courses of the petrosal vessels and are extremely rare
(50 cases of aberrant internal carotid artery in the
middle ear have been reported untill now)64-66.
The internal carotid artery (ICA) may present 4
variants:
a) n
 ormal location, exposed, lacking bony cover;
b) congenital vascular abnormality secondary to regression of the cervical ICA during embryogenesis,
exposed and following an abnormal course;
c) aneurysm with protrusion toward the middle ear;
d) aberrant course (Figure 2)67-69.
The most common symptoms presented by patients
with aberrant ICA tend to be pulsatile tinnitus, conductive hearing loss and earache, although many of
these patients may remain asymptomatic70. Otoscopy
may reveal a normal tympanic membrane with a mass
in the middle ear that, in some cases, is pulsating. Imaging studies are fundamental for diagnosis, a high
resolution computerized tomography (CT) being the
technique of choice and it can be complemented with
a magnetic resonance angiography71-74.
In some particular cases a persistent stapedial artery
arises from an aberrant or a normal internal carotid artery75.
The stapedial artery is a normal fetal artery that normally
regresses before birth and runs through the obturator foramen (the space between the crura of the stapes) across the
promontory in the middle ear, then goes along the tympanic portion of the facial nerve canal near the geniculate
fossa, supplying the territory of the middle meningeal artery76-79. When the stapedial artery persists, the middle meningeal artery will not develop and neither does its opening
in the skull base, the foramen spinosum80. The arterial
phase of conventional angiography can reveal the persis-
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Figure 2 Aberrant ICA (arrow) in the middle ear

tency of the stapedial artery and in the same time the artery
may be too small to be identified by current MR angiographic techniques81,82. When the identity of a middle ear
mass is in question, absence of the foramen spinosum seen
on a thin-bone section CT scan strongly suggests that the
“mass” is a persistent stapedial artery83-86.
In case of a dehiscent jugular vein due to the lack of
a complete cortical covering the vein bulges into the

middle ear from below. The otoscopic examination
shows a bluish and pulsatile mass.
Another cause of pulsatile tinnitus may be a jugular diverticulum, a protrusion of the jugular bulb
superior and medial to the jugular fossa 87-89. Although the diverticulum may be associated with tinnitus, it does not extend into the middle ear and
cannot be seen at otoscopy.
Other vascular abnormalities
Objective pulsatile tinnitus can be caused by atherosclerotic carotid artery disease, tinnitus being,
sometimes, the first manifestation of the disease90-92.
Fibromuscular dysplasia of the internal carotid artery most frequently manifests with intracranial ischemia, but tinnitus is the next most frequent
manifestation, and many patients have both93. Contrast-enhanced CT or CT angiography can establish
the diagnosis.
Some investigators believe that a vessel that compresses the cochlear nerve in the internal auditory
canal or the eighth cranial nerve, at the brainstem
root entry zone - a neurovascular conflict - may cause
pulsatile tinnitus (Figure 3)94-96.
Patients with benign intracranial hypertension
(idiopathic intracranial hypertension) often present with headaches or visual disturbances97-100, even
if it is reported to be the most frequent diagnosis in
patients with pulsatile tinnitus101. An elevated opening pressure at lumbar puncture confirms the diagnosis. Imaging studies are usually normal and are
useful to exclude other causes of increased intracranial pressure102.

Figure 3 Brain MRI scan, axial slices – left vertebral artery with tortuous course and increased size; aberrant branch emerging from the left vertebral artery
runs intimate with the VII-VIII nerves in the cisternal area; suggestive aspect for neurovascular conflict
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CONCLUSIONS
Pulsatile tinnitus is a symptom that should not be
ignored because it may suggest the presence of a vascular abnormality (tumor, congenital anomaly, vascular malformation or vasculopathy). For patients with
objective pulsatile tinnitus, the most common imaging
study is contrast-enhanced temporal bone or brain CT
scan. If a dural vascular malformation is suspected,
conventional angiography may be indicated. In case of
a dissecting carotid aneurysm, magnetic resonance images of the neck or CT angiography or MR angiography is essential.
A correct diagnosis protocol for pulsatile tinnitus
consists in a detailed and carefully conducted anamnesis and imaging studies.
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