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Pulsatile tinnitus (PT) is a symptom consisting of the perception of sound without an external stimulus, synchronized with the patient’s heartbeat.
It accounts for 4% of all tinnitus cases. The most common etiologies are vascular, including carotid stenosis, idiopathic intracranial hypertension,
sinus stenosis, aneurysms, and arteriovenous malformations. The diagnostic approach involves a complete history and clinical examination to
determine if PT is of arterial or venous origin and to guide imaging studies. Treatment ranges from lifestyle modifications and pharmacological
therapy to minimally invasive procedures like endovascular interventions and surgery. Minimally invasive endovascular procedures offer promis-
ing outcomes. This narrative review analyzes the etiologies, diagnostic approaches, and management strategies of PT, providing updated infor-
mation to guide its approach. Most patients with PT have a treatable cause; however, despite a thorough diagnostic approach, a specific etiology
is not found in approximately 30% of cases. Although most etiologies of PT are not life-threatening, it affects the patient’s quality of life as it
provokes psychological disturbances.
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INTRODUCTION

Tinnitus is a symptom consisting of the perception of sound without an external auditory stimulus. It comes from the Latin word
“tinnire” and refers to a ringing or tinkling sound.! Nearly 10 to 15% of United States adults experience tinnitus, normally occurring
in the seventh decade of life.2

It can be classified as objective or subjective and pulsatile or non-pulsatile. Objective tinnitus is also detected by the examiner dur-
ing auscultation, while subjective tinnitus is only perceived by the patient, accounting for 80% of the cases.! In contrast with non-
pulsatile tinnitus, pulsatile tinnitus (PT) is synchronous with the patient’s heartbeat and occurs only in 4% of patients.?

Most patients presenting with pulsatile tinnitus have a treatable cause, but regardless of a thorough approach, no etiology is iden-
tified in 30% of cases.* Even though most etiologies are not life-threatening, tinnitus may be life-changing, leading patients to
psychological and physical consequences like anxiety, depression, and insomnia.®

Pulsatile tinnitus is classified by etiology into two groups, vascular and nonvascular. Vascular causes account for the majority of
cases; the synchronic sound originates from arterial or venous structures secondary to increased flow or stenosis causing turbu-
lence, which propagates through bones into the cochlea.® Another plausible explanation for nonvascular causes is an increased
perception of normal body flow sounds as a result of increased bone conduction.*

ETIOLOGIES

Vascular

The most common vascular etiologies are paragangliomas, dural arteriovenous fistulae (dAVFs), idiopathic intracranial hyperten-
sion (IIH), atheromatous arterial disease, and venous anatomical variations.” Vascular causes are classified by their origin into venous,
arteriovenous, and arterial.
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Venous

Venous PT is perceived during diastole and tends to be softer and
milder than arterial tinnitus. In contrast with arterial PT, venous PT
can be relieved or exacerbated with neck manipulation.® The most
common venous causes of PT are described below.

Idiopathic Intracranial Hypertension (IIH) and Transverse Sinus
Stenosis (TSS)

Intracranial hypertension is the most common cause of venous PT.
It is described as increased intracranial pressure without a structural
cause and normal cerebrospinal fluid.? It has an incidence of 1 to 2
adults per 100 000 annually and 20 per 100 000 overweight women
between 20 and 44 years>* Common symptoms include papille-
dema, headache, visual disturbances, cranial nerve palsies (V, VI, and
VII), and PT, which is present in 65% of patients.* Several physiopath-
ological theories have been proposed, including an intrinsic mecha-
nism consisting of enlarged arachnoid granulations and anomalies of
the glymphatic system.>°

Transverse sinus stenosis (TSS) is present at magnetic resonance
venography in 94% of patients with IIH and it is usually bilateral,
but it is not clear if it is a cause or a consequence of IIH. TSS eti-
ologies are divided into intrinsic and extrinsic. A common intrin-
sic cause is enlarged arachnoid granulations, which cause a focal
stenosis and can be associated with [IH when the obstruction is
bilateral or from the dominant venous system. The aforementioned
are more frequently seen in older patients." Other intrinsic causes
include intrasinus tumors or thrombosis. Extrinsic TSS is normally
diagnosed in younger patients, it affects long segments, and it is
normally associated with [IH.""" Both intrinsic and extrinsic steno-
ses cause a turbulent flow, which transmits to the cochlea as PT.°
Transverse sinus stenting results in the resolution of PT in 95% of
patients with or without IIH.2

Characteristic radiological findings of IIH include empty sella syn-
drome, optic nerve tortuosity, excess cerebrospinal fluid along
the nerve sheaths causing distension mostly of the optic nerve,
and posterior ocular globe flattening.>™® Diagnosis is confirmed
by an increased cerebrospinal fluid pressure ( >250 mm H,0) in a
lumbar puncture.!

Jugular Vein Abnormalities

Jugular vein abnormalities are believed to be acquired and are
seen in 10% to 15% of asymptomatic patients. This includes jugu-
lar dehiscence and diverticulum, high-riding jugular bulb (HRJB),

MAIN POINTS

. Pulsatile tinnitus (PT) is a rare form of tinnitus, often caused by vas-
cular abnormalities. Most etiologies are not life-threatening, but it
affects patients’ quality of life.

. A complete clinical history, physical examination, and specific
imaging studies are crucial for diagnosing PT and differentiating
between arterial and venous etiologies.

. Minimally invasive endovascular procedures show promising
outcomes for managing specific PT etiologies, offering high reso-
lution rates with low complication rates compared to surgical
interventions.

and stenosis, which are normally located on the right side.® PT is a
common symptom of a high or dehiscent jugular bulb (JB).® When
the JB lies at the level of the hypotympanum instead of below the
middle ear, and is associated with a thin jugular plate, turbulent
flow is transmitted to the mastoid air cells and cochlea, producing
PT.>® It is important to state that this may manifest as a retrotym-
panic bluish mass on otoscopy, which can be associated with hear-
ing loss, decreased membrane mobility, and temporal bone bruits.”?
Dehiscence of the JB may be secondary to bone erosion produced
by an HRJB.

JV stenosis can also present with PT, specifically when the contralat-
eral side is hypoplastic. Other common symptoms include headache,
dizziness, vision disorders, and memory decline. Causes of JV stenosis
may be divided into internal and external. An example of internal ste-
nosis is thrombosis, while external stenosis is normally secondary to
compression of the JV by the styloid process.®

Recent studies suggest that jugular vein anomalies may not be a
direct cause of PT. Li et al'? in a retrospective study including 195
patients with PT who underwent CT angiography and venogra-
phy, found that sigmoid sinus anomalies were present in 65.6% of
patients, while ipsilateral HRJB and dehiscent jugular bulb were
found in 54.9% and 14.4%, respectively. Regardless of the incidence
of ipsilateral jugular vein anomalies found in the study, there was no
significant statistical correlation between these findings and the lat-
erality of PT (HRJB: P=.187, dehiscent jugular bulb: P=.858), suggest-
ing that the causative role of JV anomalies may be limited.

Sigmoid Sinus Dehiscence and Diverticulum (SSDD)

Some studies report that SSDD are the most common causes of
venous PT; they account for 20% of cases.” Sigmoid sinus dehiscence
is defined as an absence of the temporal bone that separates the
sigmoid sinus from the middle ear, while a diverticulum is an out-
pouching secondary to a bone defect.® Most SSDD involve the right
side, probably secondary to the dominance of the right brain venous
system.?

Sigmoid Sinus Dehiscence and Diverticula are associated with trans-
verse sinus stenosis (TSS) and IIH. A suggested theory states that
TSS causes a turbulent flow that gradually destroys and debilitates
the sinus wall, generating a diverticulum.® The relationship between
these entities is not well understood. Lansley et al® in a retrospec-
tive study suggested that SSDD or transverse sinus stenosis are not
directly responsible for PT in patients with IIH.

Marginal Sinus Stenosis

Marginal sinus stenosis has been identified as a recent contributor to
PT, showing similar symptoms to TSS. Given its anatomical associa-
tion with the temporal bone, the pathophysiology of PT likely par-
allels that of TSS, characterized by turbulent blood flow secondary
to venous stenosis. It predominantly affects the right side (63%) and
can be detected on magnetic resonance. Resolution of PT has been
achieved through marginal sinus stenting.™

Other novel causes of vascular PT described in small case series
include the diaphragm of the internal carotid artery and diploic
arteriovenous fistulas. The first is described as a translucent endolu-
minal web perpendicular to the arterial wall, and the second as an



arteriovenous fistula that drains into the diploic veins between the
inner and outer tables of the skull.''¢

Emissary Veins

Emissary veins are valveless vessels that connect the extracranial and
intracranial venous systems. They have a bidirectional blood flow,
which regulates intracranial pressure. The mastoid vein, posterior
condylar vein, and petrosquamosal vein are associated with PT.> The
mastoid vein connects the transverse or sigmoid sinus with the pos-
terior auricular or cervical vein, passing through the mastoid foramen.
The posterior condylar emissary vein links the jugular bulb to the
external vertebral venous system. The petrosquamosal vein is an ana-
tomical variant present in some patients that bridges the transverse
sinus with the retromandibular vein and pterygoid venous plexus.’

When an intracranial venous occlusion or arteriovenous shunt is
present, the emissary veins receive increased blood flow, causing
vasodilation, consequently the flow becomes turbulent, and its
transmission to the cochlea may present as PT.>?

Eliezer et al'’ reported in a retrospective study including 6 patients
with PT secondary to mastoid emissary veins (MEV) that endovascu-
lar treatment is effective in patients with clinical venous PT, demon-
strating that MEV can be a source of PT and the technical success of
endovascular embolization.

Arteriovenous

Dural Arteriovenous Fistula (dAVF)

A dAVF is an acquired attachment between venous sinuses and dural
vessels, secondary to a dural venous sinus thrombosis. They account
for 15% of all intracranial arteriovenous malformations. PT is the ear-
liest symptom in 10% of patients and is characterized by being objec-
tive and loud.* Dural AVFs of the transverse sinus (70%), hypoglossal
canal (10%), and middle cranial fossa (6.7%) are most frequently
involved in PT.'®

Carotid Cavernous Fistula (CCF)

A CCF is an acquired vascular malformation consisting of the com-
munication between the ICA and the cavernous sinus. The etiology
of CCF may be spontaneous or most often secondary to trauma.
Common clinical manifestations include subjective bruit, blurred
vision, headache, diplopia, proptosis, and chemosis. If the fistula is
located in the posterior segment of the cavernous sinus, PT may also
be a symptom.?

Arteriovenous Malformation (AVM)

An AVM is a congenital abnormal vascular configuration consist-
ing of ecstatic and dilated vessels that connect the arterial and
venous systems. It is an uncommon condition present in only
in 0.1% of the population.” They are a rare cause of PT, contributing
to less than 1% of the cases.®®

Arterial

Arterial pulsatile tinnitus is perceived during the systolic phase of
the cardiac cycle, and in contrast with venous etiologies, it has no
changes in volume or character with neck position or compression of
cervical vascular structures.? The most common arterial causes of PT
are described below.
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Carotid Stenosis

Carotid atherosclerotic disease is the most common cause of PT in
geriatric patients, with a prevalence of 8-20% in the general popu-
lation. Besides PT, patients may present with neck pain, headache,
ischemic strokes, transient ischemic attacks, or retinal ischemia, but
PT may be the first manifestation.'” Risk factors include age >80
years (odds ratio [OR], 8.11; 95% confidence interval [Cl], 3.45-18.93),
hypertension (OR, 1.72; 95% Cl, 1.21-2.45), and hyperlipidemia (OR,
1.84;95% Cl, 1.30-2.62).7" It is essential to auscultate the neck, search-
ing for carotid bruits; this finding is present in 70-89% of patients
with a 2-mm luminal narrowing.?> The most common screening test
for assessing carotid stenosis is duplex ultrasound.’

Internal Carotid Artery Dissection

Carotid artery dissection is a condition where the ICA intima tears. It
may be spontaneous or traumatic, and it is the most common cause
of stroke in young adults. This leads to turbulent blood flow, which
can lead to PT. PT develops in 5% to 15% of patients with ICA dis-
section, but it is rarely the only presenting symptom.® Griffin et al*®
in a retrospective observational cohort study including 63 patients
with ICA dissection, found that the most common presenting symp-
toms were headache (49.2%), cerebral infarction (31.8%), Horner
syndrome (28.6%), neck pain (23.8%), incidental finding (19.1%),
and transient ischemic attack (11.1%). PT was present in 11.1% of
patients.

Fibromuscular Dysplasia

Fibromuscular dysplasia (FMD) is a non-atherosclerotic and non-
inflammatory angiopathy affecting middle-sized vessels. It can cause
vascular narrowing, tortuosities, and dissections and it is the second
most common cause of extra-cranial carotid stenosis, primarily affect-
ing women aged 20-60 years.® According to Dicks et al** PT is present
in 37.2% of patients with FMD. Other signs and symptoms include
headache, dizziness, vertigo, and cervical bruit. Some patients may
present with transient ischemic attacks or stroke.?

Aneurysms

Aneurysms of the internal carotid artery (ICA), vertebral arteries, or
anterior inferior cerebellar arteries induce turbulent flow; neverthe-
less, they are a rare cause of PT. Specifically, petrous carotid aneu-
rysms present with symptoms such as hearing loss, epistaxis, and
headache.® Symptoms of dissecting aneurysms consist of pain, sub-
arachnoid hemorrhage, cranial neuropathies, and transient ischemic
attack.®

Aberrant Carotid Arteries

Patients with an aberrant course of the carotid artery demonstrate an
absence of the normal vertical segments and growth of the inferior
tympanic and caroticotympanic arteries located in the middle ear.® A
retrotympanic mass may be seen during otoscopy, and patients may
be asymptomatic or present with hearing loss, PT, pain, and aural
fullness.?”

Persistent Stapedial Artery

It is an uncommon congenital anomaly present in 0.05% of the
population, consisting of the persistence of the embryological sta-
pedial artery.? It is often associated with an aberrant internal carotid
artery and the absence of foramen spinosum. Patients may be
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asymptomatic or suffer from PT due to turbulent flow in the persis-
tent stapedial artery.'®

Tortuosities

Carotid

Carotid artery tortuosity is the elongation of the ICA presenting
on imaging as coiling, looping, or kinking. Patients are normally
asymptomatic (80%), but they may also present with PT, dizziness,
or stroke.? It is often seen in older adults and normally coexists with
an audible bruit.®

Occipital

Arganbright et al?® reported a case of a patient with PT secondary to
an anomalous course of the occipital artery. A computed tomogra-
phy angiography (CTA) was obtained, and a tortuous occipital artery
was seen over the lateral segment of the mastoid. The patient’s PT
was completely resolved after ligation and resection of the anoma-
lous portion of the artery.

NonVascular and Other Causes

Superior Semicircular Canal Dehiscence
Superior semicircular canal dehiscence (SSCD) is an abnormal com-
munication between the semicircular canal and the middle cranial
fossa. This enhances bone conduction, which may manifest as PT.
Other symptoms of SSCD include vertigo, Tullio’s phenomenon,
hearing loss, and chronic disequilibrium.®

Paragangliomas
Paragangliomas are benign tumors of the skull base presenting in
the jugular bulb and middle.

ear with a high vasculature.* Tympanic and jugular paragangliomas
usually manifest with subjective PT and conductive hearing loss.

They may also present with lower cranial nerve dysfunction.>¢ They
may be identified during otoscopy or diagnosed using imaging stud-
ies of the temporal bone.?

Less frequent nonvascular causes of PT include systemic or regional
conditions associated with increased blood flow such as pregnancy,
anemia, thyrotoxicosis, osseous dysplasia, Paget disease, otosclero-
sis, cholesteatomas, and superior semicircular canal dehiscence.!

Figure 1 represents a schematic image summarizing the most com-
mon causes of PT described in the previous paragraphs.

Evaluation

The diagnostic approach of PT includes a rigorous and detailed his-
tory and examination, which are the most important primary tools,
along with an audiological workup, blood tests, and imaging.83°
According to the American Academy of Otolaryngology and Head and
Neck Surgery Foundation (AAO-HNS), a rigorous anamnesis and an
extended physical exam should be performed before any imaging.?'

History

The examiner should investigate the following characteristics of
PT: chronicity, location or laterality, character (pulsatile or continu-
ous), exacerbating and alleviating factors, association with other
symptoms, and the impact on the patient’s daily living.>*° The last
characteristic may be evaluated by the Tinnitus Handicap Inventory,
the Tinnitus Questionnaire, and the Hearing and Tinnitus Survey.? In
order to evaluate the character of tinnitus objectively, the examiner
may ask the patient to imitate the sound. A complete otologic history
is also essential to detect associated symptoms such as hearing loss,
vertigo, otalgia, otorrhea, and aural fullness.?

Since PT may be associated with medical conditions, a thorough
drug and past medical history should also be acquired, including

Figure 1. Common causes of PT: 1. Proximal Internal Carotid Atherosclerotic Disease 2. Internal Carotid Artery Aneurysm 3. Internal carotid Artery Dissection 4.
Internal Carotid Stenosis Secondary to Fibromuscular Dysplasia 5. Persistent stapedial artery 6. Dural arteriovenous fistula from the Transverse Sinus to the
Occipital Artery 7. Idiopathic Intracranial Hypertension (lIH) and Transverse Sinus Stenosis (TSS) and Thrombosis 8. Jugular Vein Abnormalities (Internal Jugular
Vein Thrombosis) 9. Tympanic paraganglioma 10. Mastoid Emissary Vein 11. Sigmoid Sinus Dehiscence 12. Superior Semicircular Canal Dehiscence



history of strokes, cancer, thyroid disorders, vascular malformations,
and chronic diseases.*® Atherosclerotic carotid artery disease should
be suspected in older patients with PT and a history of hypertension,
diabetes, smoking, cerebrovascular disease, and dyslipidemia.®¢ On
the other hand, young and obese women with hearing loss, aural
fullness, and headache should be evaluated for IIH.3

Clinical Examination

Clinical examination is crucial for the diagnostic approach of PT and
should include a complete neurological and head and neck exami-
nation, auscultation, provocation and rotation maneuvers, otoscopy,
and audiological evaluation.?

Searching for symptoms suggesting intracranial hypertension, such
as headache, visual disturbances, papilledema, and nausea is an
essential step of the neurological examinaton. If the aforementioned
symptoms are present, a lumbar puncture should be performed. A
cranial nerve examination should also be conducted.*

Auscultation of the ear canal, periauricular region, orbits, neck, and
chest is essential to identify objective PT, bruits, and heart murmurs.®
Particular emphasis should be given while auscultating the postau-
ricular and upper neck regions since these locations are frequently
associated with dural AVFs. Any bruit in these areas should be pre-
sumed to be an intracranial vascular abnormality until confirmed
otherwise. This examination should ideally be ideally performed in
a very quiet setting, such as an audiology booth, preferably using a
modified electronic stethoscope.® When objective PT is present, its
rate should be compared to the arterial pulse, and light digital pres-
sure on the ipsilateral 1JV should be applied.®*°

Venous PT can often be alleviated by using maneuvers that decrease
the jugular blood flow; these maneuvers include gentle compres-
sion of the ipsilateral 1)V, the Valsalva maneuver, or turning the head
towards the affected side since the 1JV is compressed by the sterno-
cleidomastoid and the atlas. In contrast, compressing the contra-
lateral jugular vein may increase PT intensity by redirecting venous
flow. The aforementioned maneuvers have a 93% sensitivity in iden-
tifying venous PT.! Tinnitus may worsen with physical exertion and
lying down, especially in quiet environments.®*

Otoscopy is crucial to exclude middle-ear pathology, as it may show a
retrotympanic mass.® Pathologies that present with this clinical find-
ing include a high or exposed jugular bulb, intratympanic glomus
tumors (paragangliomas), and aberrant carotid arteries.” Patients
with tensor tympani myoclonus may reveal rhythmic movements in
the tympanic membrane, soft palate, or pharynx. Opening the oral
cavity widely could potentially cease the myoclonic contractions of
the soft palate.®

In order to identify any hearing impairment, all patients with PT
should undergo a complete audiological exploration, including the
Weber and Rinne tests, and audiometry. A computed tomography of
the temporal bone is suggested for all individuals with conductive
hearing loss.?®

Imaging Studies
AAO-HNS strongly recommends conducting a thorough physi-
cal examination and audiometry to follow an appropriate

Salgado etal. Pulsatile Tinnitus: A Review

diagnostic pathway and request the adequate studies depending on
the potential etiology of tinnitus. The guidelines highlight that imag-
ing studies are not recommended when PT is bilateral, non-pulsatile,
and is not associated with focal neurological abnormalities or asym-
metric hearing loss.®

Imaging assessment should be patient-specific depending on the
anamnesis and physical examination findings, including the pres-
ence or absence of a retrotympanic mass, objective PT, papilledema,
or specific maneuvers suggesting an arterial or venous origin.°

When a mass is detected during otoscopy, a computed tomography
(CT) scan to evaluate the middle ear is required. This study can diagnose
conditions such as arterial anomalies, an exposed jugular bulb, or intra-
tympanic tumors, most commonly paragangliomas.® Glomus tumors
appear as bright red retro-tympanic nests in the inferior middle ear® CT
is particularly useful for assessing the extent of glomus tumors due to
their permeative erosion of the skull base. A magnetic resonance imag-
ing (MRI) can also be done to complement the diagnostic approach;
typical findings include a salt and pepper appearance on T2.2%°

On the contrary, when otoscopy is normal, magnetic resonance
venography and angiography should be initially obtained.®

Another proposed initial study in patients with normal otoscopy
is a combined computed tomography angiography and venog-
raphy (CTA/V) with 100 mL contrast and a fixed delay of 25 sec-
onds. It searches for middle ear, skull base, and vascular conditions
in a single examination.” The image should range from the aortic
arch to the vertex.'

Lynch et al* in a retrospective study including 251 patients with PT
found that MRI achieved a 100% diagnostic rate for neoplasms, while
CT detected middle and inner ear pathology in 89% of cases. MRA and
CTA diagnosed arterial PT at rates of 81% and 89%, respectively, con-
cluding MRl and CT-based images are both successful in diagnosing PT.

In idiopathic intracranial hypertension (lIH), magnetic resonance
venography (MRV) and MRI are the suggested initial studies. More
than 90% of cases show bilateral venous sinus stenoses on MRV."”
Imaging is used to exclude other causes of intracranial hypertension,
but diagnosis is confirmed by measuring the opening pressure with a
lumbar puncture. Radiological signs that can be observed include an
empty sella, flattening of the posterior globes, and distension of the
perioptic arachnoid spaces.’

If non-invasive imaging does not reveal the cause of arterial tinnitus,
conventional angiography should be considered to rule out a small
dural arteriovenous fistula (dAVF), which can also be detected on
CTA/V, 3D TOF MRI sequences, or post-gadolinium MRI/MRA stud-
ies.”?° Angiography is also recommended in patients with an initial
strong suspicion of AVF or AVM and in surgical candidates.

Carotid atherosclerosis, which is responsible for 8-20% of PT cases, is
typically evaluated with duplex ultrasound.” This study should be the
first to be performed since it may be the only test required to detect
carotid disease.® Fibromuscular dysplasia, which is the second most
common cause of extracranial carotid artery stenosis, shows arteries
with a “string of beads” appearance on CTA or angiography.’®
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Management

Management should focus on resolving the main cause of PT.» It is
important to emphasize the significance of behavioral and psycho-
logical treatment, such as tinnitus retraining therapy and cognitive
behavioral therapy.®

The following outlines the treatment of the most prevalent PT causes.

Venous

In IIH, the first step in treatment involves dietary changes and weight
loss, which eliminate PT in most patients.? Adding acetazolamide
to the lifestyle changes reduces even more CSF production, but this
drug has several side effects, making adherence to the treatment dif-
ficult for patients.” When the aforementioned does not resolve the
symptomes, invasive procedures such as therapeutic lumbar puncture
or surgical/endovascular interventions may be performed.’

For those experiencing worsening vision, persistent headaches, and
severe PT, a lumbar-peritoneal shunt might be suggested; this pro-
cedure can be counterproductive in morbidly obese patients due to
shunt blockage caused by increased abdominal pressure. Following
the CSF diversion, most patients experience amelioration of their
symptoms; however, the procedure has a high revision and compli-
cation rate of 43% and 33%, respectively.®

Nicholson et al** in a systematic review and meta-analysis including
20 studies and 474 patients with IIH who underwent venous sinus
stenting found that endovascular treatment has a high resolution
and low major complication rate. Most patients experienced resolu-
tion of their symptoms, including papilledema (93.7% (95% Cl 90.5%
to 96.9%)), PT (90.3% (95% Cl 83.8% to 96.70%)), and headache
(79.6% (95% Cl 73.3% to 85.9%)). After an 18-month follow-up, only
9.8% (95% Cl 6.7% to 13%) of patients faced recurrence of their symp-
toms and 1.9% (95% C1 0.07% to 3.1%) suffered major complications.

Symptomatic dehisced jugular bulbs and diverticulum can be
repaired using bone dust, perichondrium, tragal cartilage, conchal
cartilage, and mastoid cortical bone.” Endovascular treatments, such
as coiling, stent-assisted coiling, and WEB embolization, have shown
effectiveness in case reports. However, jugular vein stenting has a
considerable risk of stent migration, stent thrombosis, and lower cra-
nial neuropathy.>®

Coil embolization of sigmoid sinus diverticulum is generally well-
tolerated and leads to relief of symptoms in most cases.>® Sigmoid
sinus dehiscence is treated surgically with resolution of symptoms in
74% of cases, with a complication rate of 24%, including CSF leak and
sinus thrombosis.®

In patients with symptomatic isolated venous sinus stenosis with-
out IIH, stenting is the primary treatment option.” When stenosis is
extrinsic, several authors suggest using a larger stent to avoid further
compression beyond the stent.3* Stenting is also effective in marginal
sinus stenosis, achieving a complete resolution of PT without compli-
cations in case series.™

Yang et al** in a literature review of 21 studies involving 41 patients
who underwent endovascular treatment for sinus stenosis and

diverticula, found that 39 patients (95.1%) achieved a complete reso-
lution of PT, with only 1 complication and no mortality associated.
The effectiveness and safety suggest considering this as first-line
treatment when medical management fails.>3¢

Coil embolization is also an effective treatment for patients with
emissary vein anomalies. To determine if an emissary vein is causing
PT, a balloon test occlusion is performed. If PT stops while the balloon
is inflated and the vein is not critical for collateral pathways, the vein
is sacrificed using a coil.>®

Arterial and Arteriovenous

Treating arterial and arteriovenous causes of PT is not only intended
to mitigate or resolve symptoms but also to reduce the risk of isch-
emic or hemorrhagic stroke.’

In dAVF, the primary goal is reducing the hemorrhagic stroke risk.
When it presents with a low risk and symptoms are manageable, con-
servative treatment is suggested. On the other hand, when the fistula
is symptomatic and has a high risk of stroke, endovascular treatment
is recommended as the first line of treatment.® The same manage-
ment is proposed for carotid cavernous fistulas.?

Most cases of internal carotid artery dissection (46-90%) are self-
limiting. However, when the lesion is progressive or causes hemo-
dynamic instability, angioplasty and stenting are advised. In patients
with FMD, asymptomatic patients should be treated with antiplatelet
therapy only. In contrast, several case reports indicate that stenting
resolves PT in symptomatic patients or those with recurrent ischemic
events.®

Surgery and stereotactic radiosurgery are considered the gold stan-
dard for treatment of paragangliomas due to their high success rates
and low recurrence and complications. PT is resolved in up to 100%
of patients who undergo surgery.®

Nonvascular

Available treatments for patients with tympani, stapedial, and leva-
tor veli palatini myoclonus include sectioning the muscle or applying
botulinum toxin. Recent studies suggest botulinum toxin injection is
a more appropriate treatment.?

Finally, SSCD treatment consists of resurfacing or plugging the dehis-
cent superior semicircular canal via a subtemporal craniotomy or a
transmastoid approach. Surgical interventions provide the highest
rates of full symptom resolution.?

CONCLUSION

PT is a symptom associated with diverse pathologies. Although
most etiologies are not life-threatening, tinnitus may be life chang-
ing, leading patients to psychological consequences and causing a
significant morbidity. Clinical history and physical examination are
crucial for an accurate diagnosis and serve as a basis for the efficient
use of imaging studies. Minimally invasive endovascular procedures
offer promising outcomes and a lower complication and mortality
rate than surgical interventions. However, further randomized con-
trolled clinical trials are needed to compare treatment success and
complication rates.
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