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VIEWS AND REVIEW
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Abstract

Somatosound (somatic tinnitus) is associated with vascular, musculoskeletal, respiratory, or
temporomandibular joint disorders. Several studies of its management have been widely reported, but
only few presented long-term follow-up results. The purposes of this paper are to review the causes
and management, present cases with long-term follow-up, together with previously reported cases
in literatures. We treated nine patients with somatosound of vascular, hematologic, endocrinologic,
muscular, and cervical origin. Follow-up were conducted routinely, and the final results were collated
in 3 to 11 years. Patients with non-life-threatening causes were given counseling and palliative
management. Their tinnitus becomes tolerable, gradually decreased, and even disappeared. Patients
with life-threatening causes were treated immediately. Among all, there were three cases which to the
best of our knowledge, are the first reported of its causes. One case was caused by a compensatory of
increasing blood flow in internal carotid artery (ICA) secondary to contralateral ICA stenosis. Another
had a combination of anemia and an ipsilateral jugular bulb diverticulum. The tinnitus disappeared after
the anemia treated. The last was patient with hyperthyroidism. The tinnitus disappeared by controlling
the condition. Even when the causes are benign and the available treatments may carry risks, the
patients should not be left unmanaged. Symptomatic treatment should be given, such as counseling,
sound therapy, and palliative management. Our long-term observation indicated that overall outcomes
are positive when the etiologies are identified early and managed properly.
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INTRODUCTION for clinical assessment?, study settings’, and its
heterogeneity.!°

Somatosound can be classified into vascular
and non-vascular by origin®, and pulsatile and non-
pulsatile according to the sound characteristics."!

Vascular tinnitus is reported to have a 4%
incidence'? among all types of tinnitus. Among
somatosounds, vascular tinnitus accounts for
7.6%, muscular origin 4.3%, and patulous
eustachian tube 5.2% .5In pulsatile tinnitus, venous
origin is more common than arterial.'*Anemia-
related tinnitus is infrequent and reported as

Somatosound is defined as a perception of a sound
which appears to be preceded or strictly linked to
a somatic disorder.' The terms “somatic tinnitus”
and “somatosound” are used interchangeably.
Its origin is usually vascular, muscular, skeletal,
respiratory, or in the temporomandibular joint
(TMJ). Somatosounds thus have an internal
acoustic source*3, and the source could be detected
with the appropriate sensing equipment.* The
reported incidence of somatosound among all
kinds of tinnitus varies, for example, 17.1%5, R
12% to 43%7, 5% t010%*, 16% and 83%. The ~ °-68% among pulsatile tinnitus.

variations might be explained by the differences Art1.101t1.g I.lton_(pcu é%t ile anfltus, cerch?geplc
in diagnostic criteria, lack of any agreed standards somatic tinnitus ansing trom cervicat spine
g yag disorders has a reported incidence of 43%.%
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Pulsatile tinnitus is a tinnitus which the sound
is fluctuates in synchrony with the heartbeat.!>!¢
It is usually unilateral but may be bilateral in
systemic disease or a high cardiac output state
such as anemia or hyperthyroidism, or with the
presence of a midline vascular lesion.'s"

The plausible mechanisms of pulsatile tinnitus
include: (1) changes in the laminar blood flow,
or accelerated blood flow, resulting in audible
local turbulence via the inner ear, or (2) normal
blood flow sounds that are perceived more
intensely due to increased bone conduction or
sound conduction in the middle ear bypassing the
masking effect of external sounds.'®!" Therefore,
the causes of pulsatile tinnitus can be divided into
vascular and non-vascular.® Vascular causes are
arterial, venous, or arteriovenous in origin.!*
The arterial causes are atherosclerosis plaques,
aneurysms of the internal carotid artery (ICA) or
vascular tumors, arterial dissection, fibromuscular
dysplasia, arterial atherosclerosis stenosis. Venous
causes are malformations of jugular bulb (JB),
transverse-sigmoid sinus aneurysm, venous
hum, idiopathic intracranial hypertension, high
flow through local emissary veins, or local
venous stenosis.'>!*17-1921 Arteriovenous causes
include dural arteriovenous fistula (DAVF) and
malformations, capillary hyperemia, and highly
vascularized skull base tumors."®!° Non-vascular
causes include neoplasms like a paraganglioma,
osseous pathology, Paget’s disease, endolymphatic
sac tumor, and systemic disease,'”!® for example,
hematologic or endocrinologic disorders.

Non-pulsatile tinnitus is caused by TMJ and
cervical spine (neck) disorders,! eustachian tube
dysfunction,**''?22 or neurologic disorders such
as palatomyoclonus and idiopathic stapedial
muscle spasm, which are often associated with
other neurologic disorders such as brain-stem
tumor, infarction, or multiple sclerosis.?*

Identification of the underlying cause is
essential in providing appropriate treatment and
determining the prognosis. The management of
somatosound depends on the cause and varies
from counseling, palliative, or conservative
management, to aggressive intervention in life-
threatening hematologic or vascular causes.

Studies of management outcomes usually
involved relatively short-term follow-up periods,
with the longest follow-up being up to 3 years. This
review article is based on clinical characteristics
and management evaluation of our nine patients
with somatosound with long-term follow-up
ranged from3 to 11 years, and selective search
of the literature included review articles and case
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reports without restriction on date of publication.
Not all types of somatosound are covered, but the
common types are included. Table 1 shows the
record of our nine patients’ cases while Table 2
are shows some example of somatosound cases
we collected from literatures.

CLINICAL EXAMINATION

Evaluation of the tinnitus patient begins with
a thorough history, auscultation, otoscopy,
and neurological examination. It should be
determined whether the tinnitus is pulsatile or
non-pulsatile, and if it is unilateral or bilateral.
For vascular tinnitus, palpation, provocation, and
rotation maneuvers may differentiate the origin."
In venous tinnitus, light compression of the
ipsilateral jugular vein will alleviate the tinnitus,
while compression of the carotid artery has no
effect. The Valsalva maneuver and rotation of the
head toward the ipsilateral side will decrease the
tinnitus. Contralateral venous compression, the
Muller maneuver, and rotation of the head to the
opposite side will increase it.!>!71°% In tinnitus of
arterial origin, strong compression of the carotid
artery will decrease or eliminate the tinnitus. Slight
compression on the ipsilateral veins, the Valsalva
and Muller maneuvers, and rotation of the head
toward the ipsilateral or opposite side has no effect.
Slight compression on the contralateral veins also
has no effect or rarely decreases the tinnitus.!”:

If there are no other abnormalities, venous
tinnitus is more frequently right-sided because
the right jugular vein is dominant in 70%—-80%
of cases and often triggered by physiological
conditions."

PULSATILE TINNITUS

Vascular origin

JB abnormalities, of venous origin, are commonly
encountered causes of pulsatile tinnitus. JB
abnormalities include: 1) high riding jugular bulb
(HRJB), when it extends above the inferior bony
annulus, if it rises to the level of the basal turn of
the cochlea, or if the dome of the bulb encroaches
to within 2mm of the floor of the internal auditory
canal; 2) jugular bulb diverticulum (JBD) which
is defined as an irregular outpouching that may
project into the middle ear cavity, mastoid
cavity, or medially toward the petrous apex, and
3) dehiscent JB, when there is a thin or absent
bony septum (sigmoid plate) between the JB
and middle ear space.’>? JB is not present
at birth.? It forming after 2 years. Prevalence
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of JB abnormalities increases during the first
four decades of life and stabilizes thereafter.?’
The patients may be asymptomatic'®?*?, or may
experience tinnitus, vertigo, hearing loss, and
other symptoms which vary based on the extent,
position, and the affected structures.?

For HRIB, initial treatment can be tinnitus
retraining therapy, medication, or sound therapy.'?
Surgical treatment should be considered only
when initial treatment fails. This includes jugular
vein ligation, surgical lowering, and transcatheter
endovascular coil embolization. Surgery has
complications such as venous flow disruption,
intracranial hypertension, facial nerve injury, and
conductive hearing loss.'??’

In JBD, the diverticula may cause pulsatile
tinnitus through turbulent flow or by expansion
into adjacent structures.” Endovascular treatment
is a valid, safe method to treat the underlying
cause®? with total amelioration of the tinnitus.
For patients who do not want an intervention,
counseling is an option as long the underlying
causes are not life-threatening.

For a dehiscent JB, several treatment options
are mentioned including jugular vein ligation,
transcatheter endovascular coil embolization,
and surgical covering, reinforcement, or
reconstruction.’® However, as mentioned, there
are several potential complications. Thus, both
outcomes and risks should be evaluated properly.

Among our nine patients with somatosound,
patient 1 and 2 had JB abnormalities which were
given only counseling to perform habituation
and oral medications. The tinnitus had been
successfully managed and slowly disappeared.
The temporal bone computed tomography
(TBCT) of both patients and illustration of
digital compression examination are presented.
(Figure 1 A-C) The comparative cases which we
found in literatures were Patient A%, B'3, and C%.
Patient A had JBD which treated by endovascular
intervention and remains asymptomatic. Patient
B is the case example of patient with HRJIB,
presented together with prominent venous
plexus, who refused any medical treatments or
surgical interventions. On follow-up 7 months
after admission, no symptomatic changes on the
characters of his tinnitus have been noted. In this
case, it might worthy to try different approach
such as counseling, sound therapy or others, and
follow it over a longer period of time, with the
expectation to, at least, reduce the nuisance of the
tinnitus. Patient C reported to have a dehiscent
HRJB with JBD associated with transverse-
sigmoid sinus stenosis. Considering that the

JBD had a wide neck, endovascular management
was performed with total occlusion of JBD, and
the patient experienced immediate complete
regression of the tinnitus.

Venous hum, which is an idiopathic vascular
tinnitus, thought to be caused by turbulent blood
flow in the ipsilateral internal jugular vein (IJV).
When a venous origin is suspected, a TBCT should
be done to rule out JB and other venous anomalies.
The diagnosis of a venous hum can only be made
after the exclusion of other disorders.!> Venous
hum is usually manageable by counseling and
facilitating habituation. However, ligation of the
IJV may be warranted if the venous hum is loud
enough to disturb sleep or hearing.?'*? The relief
of tinnitus is immediate and usually permanent.
Our patient 3 presented with venous hum
which the tinnitus had disappeared in 2 months
completely without any intervention. Meanwhile,
venous hum in patient D had caused her a
bothering tinnitus and insomnia which she had
been referred to psychiatrist but no improvement.
In this situation, further intervention should be
taken. Ligation of the IJV was performed and the
tinnitus disappeared.

Of arterial origin, atherosclerotic plaques
and stenosis are the most common cause of
pulsatile tinnitus in the elderly. It accounts for
approximately 8%—-20% of all pulsatile tinnitus
cases.” The pathophysiological mechanism
producing the pulsatile sound is turbulent
blood flow, either secondary to stenosis or an
increasedinflow.*The tinnitus may be ipsilateral,
secondary to the turbulent flow, or the closure
of a vessel on one side of the body may lead
to a compensatory acceleration inflow in the
contralateral vessel, which then becomes
symptomatic and leads to contralateral tinnitus."
Our Patient 4 had pulsatile tinnitus originating
from an increased blood flow in the ICA,
(Figure 2 A) which was acompensatory acceleration
secondary to contralateral ICA stenosis.
(Figure 2B) Even though the mechanism has been
previously postulated, no case has reported.
To the authors’ knowledge, ours is the first case
report of this kind of somatosound.

Of arteriovenous origin, DAVF, counted as a
rare cause of tinnitus, causing2%—20% of pulsatile
tinnitus cases.** It is usually an acquired, abnormal
connection between an artery and vein without
an intervening nidus, located along the dura or
within a dural sinus."”

There are 2 classification systems for
DAVF. The most commonly used, the Borden-
Shucart classification, categorizes the fistulae
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Figure 1. (A) HRJB with JBD (Patient 1). Axial image of temporal bone CT showed a HRJB with JBD at the
right side (arrow). No sign of bony dehiscence. (B) An illustration picture demonstrated light digital
compression of ipsilateral jugular vein which will decrease or diminish tinnitus in venous origin. (C) A
dehiscent HRJB with JBD (Patient 2). Axial image of temporal bone CT showed a HRJB with JBD and
bony dehiscence atthe left side (arrow). (D) Anemia and HRJB with JBD (Patient 6). Axial image of
temporal bone CT showed HRJB with JBD at the right side (arrow) without bony dehiscence. (E) Patient
6. TCD test showed increased blood flows of the both middle cerebral arteries and basilar artery without
stenotic features. (F) Patient 6. After remission of her leukemia, the blood flows became normalized.

into types I, II, and III, based on venous
drainage characteristics.*>3¢® The Cognard
classification divides DAVF into types I-V and
creates subclassifications based on the shunt
location, venous drainage characteristics, and
venous outflow angioarchitecture.®3” Detailed
descriptions of the classification can be found
elsewhere in the literatures .36

Clinical manifestations of DAVF include
pulsatile tinnitus, headaches, visual symptoms,
and insomnia. There may be more serious
symptoms, such as intracranial hemorrhage.®
Depending on the location and venous drainage
pattern, DAVF arises mostly from the transverse,
sigmoid, and cavernous sinuses.** Arterial inflows
are mainly from dural branches of the carotid
artery, most frequently the occipital artery (OA)."
Compression of the OA against the mastoid
process, therefore often reduces tinnitus."
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The evaluation of flow dynamics is limited
on magnetic resonance imaging (MRI), magnetic
resonance angiography (MRA), or conventional
computed tomography angiography, therefore,
digital subtraction angiography (DSA) is
considered as the gold standard for detecting and
evaluating DAVF." The current standard treatment
consists of endovascular embolization and/or
neurosurgical destruction when necessary.!*3*

Our patient 5 had a DAVF which only be treated
partially by embolization due its complex location.
The tinnitus still persists but tolerable. The
illustration of compression examination and DSA
result are presented. (Figure 3 A-C) Patient E"is
a similar case to Patient 5. The tinnitus became
too much affected her quality of life even led to
attempted suicide. In this case, complete fistula
obliteration was not indicated since the patient
showed no risk of neurological complications.
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Figure 2. (A) Increased blood flow in ICA (Patient 4). Carotid ultrasound revealed that peak blood flow velocity
in the left ICA (61.9cm/s) was faster than the right ICA (27.7cm/s) in the cervical area. (B) Patient 4.
Stenosis in the right intracranial ICA. The MRA of his intracranial arteries showed stenosis in the right
intracranial ICA (arrow). (C) latrogenic hyperthyroidism (Patient 7). Increased blood flows of the both
middle cerebral arteries and basilar artery without stenotic features were observed by TCD exam.

Instead, only symptomatic endovascular treatment
was performed, which was sufficient toresolved
the unbearable tinnitus.

Non-vascular origin

Hematologic and endocrinologic conditions
such as anemia and hyperthyroidism can cause
hemodynamic alterations. Increased cardiac
output and blood flow create turbulence,
resulting in pulsatile tinnitus'>!438 which is often
bilateral 73!

Our Patient 6 is a unique case in which she
had both anemia and JBD, and the pulsatile
tinnitus was ipsilateral to the JBD. (Figure 1 D)
Transcranial Doppler (TCD) demonstrated
increased blood flow in her initial visit (Figure 1 E),
which become normalized on follow-up 5 years
later. (Figure 1F) Her tinnitus disappeared
after recovered from the anemia following
her treatment. Therefore, anemia played the
key role in her pulsatile tinnitus. We can also
postulate that obscured JBDs which do not
present with tinnitus might be abundant. To the
authors’ knowledge, Patient 5 is the first case of
somatosound reported with such a combination
of causes and clinical course. Patient F* had
bilateral pulsatile tinnitus which concluded to
be arises from her pernicious anemia condition.

The tinnitus disappeared right after her anemia
resolved. For patient7, hyperthyroidism appeared
to be the underlying cause of her bilateral pulsatile
tinnitus. Increased blood flow was demonstrated
in her TCD result. (Figure 2 C) Management of
her hyperthyroidism resolved the tinnitus, and
she remained asymptomatic during long-term
follow-up. Although hyperthyroidism is widely
described in the literature as a cause of tinnitus,
to the authors’ knowledge, our Patient 7 is also
the first case report of this kind.

Considering these cases, evaluation of patients
with pulsatile tinnitus therefore requires a whole
blood count and thyroid function tests to be done
to eliminate hemodynamic causes.

NON-PULSATILE TINNITUS

Essential palatal myoclonus, characterized by
involuntary rhythmic contraction of palatal
musculature as well as pharynx**, had been
reported to be one of the cause for non-pulsatile
tinnitus, as appeared to our Patient 8. The
structures around his pharynx, including the
soft palate, uvula, and the base of the tongue,
showed centrifugal rhythmic involuntary
movement synchronous with the tinnitus
(Figure 3D) (Supplementary data—Video 1), it
was also visible in his submental triangle area
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(Figure 3 (E) (Supplementary data—Video 2)°.

There are two types of palatal myoclonus,
symptomatic and essential. Symptomatic palatal
myoclonus is usually associated with hypertrophic
degeneration of the inferior olivary nucleus, while
essential palatal myoclonus has been described as
either idiopathic, psychogenic, voluntary, central,,
or peripheral in origin, with no focal neurological
lesions on imaging.*# Diagnosis is primarily
made by clinical oropharynx examination. Brain
MRI is needed to differentiate between the
essential and symptomatic.** The sound can be
perceived unilaterally and bilaterally depends
on the cases. No definite cause of essential
palatal myoclonus has been determined, therefore
there is no standard treatment. Several methods
have been described in the literature, including
anticonvulsants and botulinum toxin injections.*#

Patient G* with essential palatal myoclonus
was initially treated with oral diazepam but
experienced no relief. After that, she was
treated with botulinum toxin type A injection
which then completely relieved the tinnitus.
Meanwhile, patient H*, who also diagnosed with
essential palatal myoclonus, was treated with oral
clonazepam 0.5mg once daily for 3 weeks and
experienced total relieve of her tinnitus with no
recurrence after 1 year.

As for the other cause of non-pulsatile tinnitus,
a subgroup of patients can be defined where the
tinnitus is related to the somatosensory system
of the cervical spine. This is known as CST.!346
Clinical diagnosis of CST* can be made when
there is a history of at least one of the following
before onset: (1) evident history of head or neck
trauma, (2) some manipulation of the teeth, jaw,
or cervical spine, (3) recurrent episodes of pain
in the head, neck, or shoulder girdle, (4) temporal
coincidence of the appearance or increase of pain
and tinnitus, (5) an increase of tinnitus during
certain postures when at rest, walking, working,
or sleeping, and (6) intense bruxism during the
day or night.

Other specific clinical criteria have been
suggested*s: (1) neck pain, (2) impairment of
cervical range of motion, in particular, rotation,
(3) modulation of tinnitus by head and neck
movement or posture, (4) tenderness of cervical-
occipital muscles. A positive diagnosis of CST is
made when all four criteria are met.

Among all criteria, the primary diagnostic is
the temporal coincidence of onset or increase of
neck pain and tinnitus.”This was the case with
our Patient 9. It remains unclear if the earwax
had also contributed in triggering her tinnitus.
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Figure 3. (A) DAVF (Patient 5). Digital compression
anterior to the left mastoid process reduced
the tinnitus. (B) Patient 5. Compression
using knuckles together with body position
gravitation against the knuckles pressure
facilitated the compression to the occipital
artery thusdiminished the tinnitus. (C) Patient
5. Left ECA angiography showed transverse
sigmoid sinus DAVF (arrow) fed by OA.
(D) Essential palatal myoclonus (Patient 8).
The structure around the pharynx including
soft palate, uvula, and tongue showed
centrifugal rhythmic involuntary movement
synchronous tothe clicking sound. The lips,
larynx, and diaphragm were not involved.
(Supplementary data -Video 1)* (E) Patient
8. The rhythmic involuntary movement also
shown onthe submental triangle area (arrow).
(Supplementary data -Video 2)°

“Video 1 can be seen on Do Neurology YouTube
channel https://youtu.be/ZjmnFXtixgg, also can
be accessed on YouTube using keywords: “palatal
myoclonus AND Do neurology.”

*Video 2 can be seen on Do Neurology YouTube
channel https://youtu.be/cCBKa2YBTO08, also can
be accessed on YouTube using keywords: “palatal
myoclonus AND Do neurology.”




However, the diagnosis for underlying cause
as CST was made based on the increased neck
pain and tinnitus on resisting applied pressure,
consistent with that primary diagnostic criteria
also with the clinical diagnosis criteria suggested
by Sanchez et al.

Several treatments had been proposed for
treating CST, including cervical physical therapies
such as exercise, transcutaneous electrical nerve
stimulation, manipulation of the cervical spine
and trigger point deactivation by ischemic
compression, steroid and lidocaine injections,
mechanical treatments focused on normalizing
cervical spine mobility through repetitive
movements, joint mobilization, and soft tissue
massage, which shown to be effectively improved
the tinnitus.*®

CONCLUSION

Although this case report does not cover all types
of somatosound, the common types are included.
Our impression based upon long-term observation
is that overall outcomes are good if the etiology
is determined and treated early.

Life-threatening underlying causes should
be treated urgently. However, benign or non-
life-threatening causes might be left untreated,
but definitely should not be neglected. Even
though the causes are benign, and one might
conclude that there are no risks necessarily
taken to treat them, these patients should not be
left unmanaged. Such patients can be offered
symptomatic management. Counseling is very
important to reduce the nuisance of tinnitus.
Facilitating habituation with sound therapy also
play a significant role. Palliative management for
sleeping problems, anxiety, or decrease heart rate
are options to reduce the nuisance of vascular
tinnitus. Such management should be offered to
relieve the patient’s distress.

The management of somatosound varies
depending on the causes, the options available to
the therapists, and the patient’s preferences. The
long-term follow-up results of our patients showed
that somatosound could disappear or weaken
with time, often achieved through habituation
imposed by the patients themselves. The authors
hope that this paper will give therapists an overall
understanding of somatosound management.
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