Imaging examinations in pulsatile tinnitus.

A delicate choice
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Abstract

Pulsatile tinnitus is a symptom/sign that should
be quickly identified and properly studied. Their
aetiology can be vascular or non-vascular,and their
investigation requires imaging characterisation.
This study evaluates the results of imaging exams
initially requested in patients with pulsatile
tinnitus in the ENT department at ULS Regido de
Aveiro between 2019 and 2023.

Of the 98 exams analysed, 54.1% corresponded
to patients with pulsatile tinnitus. 84.9% of these
underwent carotid Doppler ultrasound and 15.1%
angio-CT/MRI.

We observed a significant prevalence of
hypertension, dyslipidaemia and diabetes in
our sample. CT angiography was more effective
in detecting alterations compatible with a
neurovascular aetiology of pulsatile tinnitus.

The choice of imaging exam should be based
on pre-test probability and the need to exclude
clinically relevant pathologies.

The use of CTA/MRI should be prioritised in cases
of suspected skull base/temporal bone pathology,
paraganglioma or neurovascular conflict.
Keywords: Tinnitus; Imaging; Angio-TC; Angiore-
sonance; Echo-Doppler

Introduction

Tinnitus is defined as the perception of
sound without an auditory stimulus. It can
be classified using various criteria, but it is
important to distinguish between pulsatile
and nonpulsatile tinnitus. Unilateral pulsatile
tinnitus may be the first symptom of severe
disease, while nonpulsatile bilateral tinnitus
is often benign'. Less than 10% of tinnitus
cases are pulsatile?, which may have a
vascular or nonvascular etiology. Vascular
etiologies comprise arterial (arteriosclerosis,
aberrant carotid artery, arteriovenous
fistula [AVF] , arteriovenous malformation
[AVM], and increased vascularization in
Paget's disease) and venous causes (high
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jugular  bulb and benign intracranial
hypertension)3. Nonvascular etiologies include
paraganglioma, temporal bone pathology,
idiopathic intracranial hypertension, and
hyperdynamic state (anemia).

Different approaches can be used to confirm
the etiological diagnosis of tinnitus*>. A
complete clinical history and thorough
objective examination are essential, in addition
to complementary imaging tests®. Doppler
ultrasound and computed tomography/
magnetic resonance angiography (CTA/MRA)
are useful tools for evaluating the bone and
neurovascular structures in patients with
tinnitus”.

Objectives

This study aimed to evaluate the results of
complementary imaging tests of outpatients
with pulsatile tinnitus treated between 2019
and 2023 at the otorhinolaryngology (ORL)
service of the Local Health Unit of the Aveiro
Region (ULS-RA).

Materials and methods

We collected the results of 98 imaging tests, of
which 53 (54.1%) were of patients with pulsatile
tinnitus, and consisted of 45 (84.9%) carotid
Doppler ultrasounds and eight (15.1%) CTA/
MRA. Three patients underwent both tests
concomitantly.

Results

The sample included 35 (69.4%) women and 15
(30.6%) men. The average age was 58.2 years
(16-87 years), with a standard error of the mean
of 2.26. Patients without imaging changes

Figure 1
Pure-tone average (PTA) distribution

were younger (56.98 + 2.35 years) than patients
with imaging changes (7375 + 3.35 years)
(p = 0.049), which included 12 cases (24%) of
bilateral tinnitus, 24 (48%) cases of exclusively
or predominantly right-sided tinnitus, and 14
(28%) cases of exclusively or predominantly
left-sided tinnitus. Among the patients
who initially underwent CTA, four (44.4%)
presented with changes compatible with
pulsatile tinnitus of neurovascular etiology; in
contrast, none (0%) of the patients undergoing
Doppler ultrasound demonstrated these
changes (p < 0.001). 25 (55.5%) of the patients
who underwent a doppler ultrasound
subsequently performed a CTA/MRA. Among
them, 19 (76%) exhibited no changes, one (4%)
had an acoustic neuroma, and four (16%) had a
neurovascular contact between the branches
of the anterior inferior cerebellar artery (AICA)
and the cisternal segment of the ipsilateral
acoustic-facial bundle.

Twenty-five (50%) patients had no hearing loss,
nine (18%) presented with right-sided hearing
loss, four (8%) with left-sided hearing loss, and
nine (18%) with bilateral hearing loss. Three
patients (6%) lacked a complete audiometric
study. The pure-tone averages (PTA) of patients
undergoing audiometry were calculated at
500, 1000, 2000, and 4000 Hz, averaging 29.3 +
3.4 (Fig. 1). Tinnitus laterality had a statistically
significant correlation with the hearing loss
laterality (p = 0.002), with 45% cases of bilateral
tinnitus being associated with bilateral
hearing loss. All patients with right sided
hearing loss had right-sided tinnitus, and 75%
(four) of patients with left-sided hearing loss
had left-sided tinnitus (Fig.2).

PTA distribution (synthetic tinnitus = YES, no. process # Missing)
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Figure 2

Distribution of the laterality of hearing loss according to the laterality of tinnitus

Laterality of hearing loss
by laterality of tinnitus

Bilateral

. No hearing loss

Among all patients, 21 (42%) had arterial
hypertension, with no statistically significant
difference in the prevalence between the
group with imaging changes (75%) and the
group without changes (36.7%) (p = 0.0132).
Fifteen (30%) patients had dyslipidemia, which
had a prevalence of 32.7% in the group without
imaging changes and 0% in the group with
changes, without statistical significance (p =
0.171). Seven (13.2%) patients were diagnosed
with diabetes, but the prevalence of diabetes
did not show a statistically significant
difference between the groups with and
without imaging changes (14.3% and 0%,
respectively, p = 0.417).

Figure 3 shows the correlations between
imaging test changes and each of these risk
factors.

Discussion

Doppler ultrasound is a noninvasive, safe,
and easy-to-implement test to evaluate the
superficial vascular structures. It is highly
sensitive to carotid blood flow disorders?, but
rather limited in diagnosing other causes of
pulsatile tinnitus. In our study population,
most Doppler ultrasound results reported “no
changes,” and the most frequently detected

9,1% 45,5%

. Left

Right . Bilateral

changes without hemodynamic significance
were atheromatous plagues (seven cases,
15.9%) and increased intima-media thickness
(four cases, 91%). In contrast, CTA/MRA
enabled the etiological diagnosis of four cases
of pulsatile tinnitus.

The first case of pulsatile tinnitus was due to an
AVF between the external carotid collaterals
and the jugular bulb. An AVF is an anomalous
direct connection between dural arteries and
veins or between the dural arteries and a
venous sinus, without a vascular nidus®. It is
the most frequent cause of pulsatile tinnitus
due to vascular lesions (2-20% of all cases of
pulsatile tinnitus), accounting for 10-15% of all
cerebrovascular malformations®. Our sample
included a 74-year-old man diagnosed with
AVF and moderate, bilateral, and symmetrical
sensorineural hearing loss. This was associated
with tinnitus at 500 Hz and 20 Db in the right
ear, where a more audible carotid bruit was
heard. His CTA report described “marked
accessory artery vascularization from the
external carotid artery in the right lateral
cervical region.” It may be difficult to diagnose
an AVF by CTA/MRA because these tests usually
detect only indirect signs, such as blood vessel
dilation, cerebral edema, and (micro)bleeds.
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Figure 3
Correlation matrix between imaging changes and cardiovascular risk factors. Values are tetrachoric

correlation coefficients
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They also have a limited capacity to assess
the blood flow dynamics, with conventional
angiography being the gold standard for
detecting and assessing intracranial dural
arteriovenous fistulas (IVAF)°. Therefore, the
patient underwent conventional angiography,
which showed ‘“intense wvascular blush
appearing to be extracranial in the sub-
mastoid and retroauricular region on the
right, supplied by the ascending pharyngeal,
posterior auricular, and occipital arteries,
which are dilated. This high-output blush is
almost fistulous and drains into the jugular
vein (particularly into the jugular bulb).”

The second case of pulsatile tinnitus
involved a neurovascular contact between
the left AICA and cisternal segment of the
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the acoustic pore. The patient reported
bilateral tinnitus, more symptomatic on the
left, and concomitant rotational vertigo.
The audiogram revealed mild asymmetric
sensorineural hearing loss (worse on the left).
An initial carotid Doppler ultrasound showed
no relevant changes. Neurovascular contact is
a controversial etiology for pulsatile tinnitus™.
The vessels most commonly involved in cases
of contact with the vestibulocochlear nerve
are the AICA, posterior inferior cerebellar artery
(PICA), and basilar artery, typically presenting
unilaterally?. Magnetic resonance imaging
(MRI) is the preferred imaging modality for
identifying neurovascular conflicts in patients
with neuro-otological disorders, since it



enables the visualization of structures smaller
than 1 mm in the cerebellopontine angle and
internal acoustic meatus regions.

The third case was due to the recurrence of
a right jugulotympanic paraganglioma after
mastoidectomy in a patient experiencing
right instability, tinnitus, and hearing loss.
Paragangliomas (previously called glomus)
are neuroendocrine cell tumors that originate
fromm a paraganglion. They represent 0.6%
of all head and neck neoplasms and affect
the carotid and jugular glomus in 80% of
cases. These tumors are frequently recurrent,
but rarely malignant®. Paraganglioma is
the most common tumor-related cause of
pulsatile tinnitus. Computed tomography
(CT) and MRI are useful tools for diagnosing
this disease, with bone invasion being
better evaluated on CT, which facilitates the
classification of the tumor according to Fisch'
and Glasscock-Jackson™ and has therapeutic
implications. MRI enables better assessment
of the relationship between the tumor and
neighboring vascular structures'®, typically
showing a salt-and-pepper pattern, which
is @ mixture of hypo and hyperintense areas
on T1- and T2-weighted sequences due to
multiple areas without signal interspersed
with hyperintense foci”. The fourth case was
a right-sided pulsatile tinnitus caused by a
temporal meningioma in a patient who had
been experiencing tinnitus and associated
hearing loss for two years. The audiogram was
normal. Temporal meningioma is a rare cause
of tinnitus that can mimic fibrous dysplasia.
Depending on its location, it can spread to
the middle ear or labyrinth™®, MRI or CT are
necessary for diagnosis in such cases®.

This patient's CT report describes “an
expansive lesion in the prepontine cistern
on the right, over the petrous apex and with
apparent extension to the cisternal segment
of the trigeminal nerve and wall of the right
cavernous sinus, suggestive of a meningioma.”
MRI confirmed these findings. The patient
simultaneously underwent a  Doppler
ultrasound, which did not show significant
changes.

Conclusion

The small sample size and retrospective
design of this study hindered epidemiological
inferences. Nevertheless, our data align with
those in the literature, which recommend
selecting an imaging test based on the
pretest probability and the need to exclude
rarer diseases that are clinically relevant.
The etiological diagnosis of pulsatile tinnitus
requires a thorough and focused clinical
history. Although Doppler ultrasound has
limitations, it can be useful in screening
for vascular pathologies. The investigation
should begin with a CTA or MRA if there is a
high index of suspicion of skull base/temporal
bone pathology?®®, paragangliomas?, or
neurovascular conflict?.
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