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Abstract
Pulsatile tinnitus is a debilitating symptom affecting
millions of Americans and can be a harbinger of
hemorrhagic or ischemic stroke. Careful diagnostic
evaluation of pulsatile tinnitus is critical in providing
optimal care and guiding the appropriate treatment
strategy. When a vascular cause of pulsatile tinnitus
has been established, attention must be focused on the
patient’s risk of hemorrhagic stroke, ischemic stroke, or
blindness, as well as the risks of the available treatment
options, in order to guide decision-making. Herein we
review our approach to management of the vascular
causes of pulsatile tinnitus and provide a literature
review while highlighting gaps in our current knowledge
and evidence basis.

Introduction

Pulsatile tinnitus (PT) is a symptom referring to an
abnormal perception of rhythmic sound without
an extracorporeal source that impacts between 3
and 5 million Americans.1–4 PT can have a tremendous impact on patients’ psychological and physical
health, leading to insomnia, anxiety, depression,
and poor concentration.5 Seeking an underlying
cause of PT is essential because many of them pose
a significant risk of hemorrhagic stroke, ischemic
stroke, or blindness to the patient. Hence some of
the causes of PT warrant treatment to mitigate risk
of stroke or blindness, while other causes may be
treated to address the symptom itself and its psychiatric comorbidities. Advances in neuroimaging and
endovascular treatment have resulted in increased
detection of vascular causes6 7 and therapeutic
options have burgeoned. Once a vascular etiology
has been established, treatment recommendations should be based on the natural history of the
disease, treatment risks, and the efficacy of treatment. This article will review the literature related
to the management of vascular causes of PT, address
gaps in knowledge and evidence, and provide a
blueprint for future studies.

Methods
Literature search strategy and selection criteria

For this narrative review, a literature search was
performed by the authors of the PubMed and PMC
databases, for peer-
reviewed studies published
from 1975 to 2021 in the English language using
the following key words: ‘pulsatile tinnitus’ (Title)
+ ‘(cause of pulsatile tinnitus)’ + ‘management’
or ‘treatment’. For ‘cause of pulsatile tinnitus’,
keywords included: ‘atherosclerotic carotid
artery disease’, ‘intracranial arterial aneurysms’,

‘arteriovenous malformations’, ‘arteriovenous
fistulas’, ‘dural arteriovenous fistulas’, ‘fistula’,
‘internal carotid artery’, ‘idiopathic intracranial
hypertension’, ‘venous abnormalities’, ‘jugular
bulb abnormality’, ‘sigmoid sinus abnormality’,
‘sigmoid sinus dehiscence’, ‘emissary vein’, ‘glomus
tumor’, ‘superior semicircular canal dehiscence’,
and ‘metabolic cause’ and ‘systemic cause’. In addition, we performed a reverse bibliography search
from previously published systematic reviews or
meta-analyses. Each study was critically reviewed.
Duplicates generated across multiple searches were
excluded. Articles were included if pulsatile tinnitus
was referenced during the pre-
interventional or
post-
interventional period. Studies that did not
specify the interventional technique or outcome
of the procedure were excluded. Studies were
excluded if subsequent papers looked at outcomes
from the same patient group. Non-full text articles
were excluded. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
flow diagram is shown in online supplemental
figure 1).

Data extraction
Each study was analyzed by two independent
reviewers (MD, KHN) to assess clinical outcomes,
including improvement or resolution of symptoms
(ie, clinical success), rate of complication (ie, technical success), and the limitations of the work. In
cases of disagreement between the two reviewers, a
third reviewer (MRA) served as adjudicator.

Management of vascular causes of PT
Venous
Among vascular causes of PT, a venous etiology can
often be distinguished from an arterial etiology on
the basis of history and physical examination. Venous
PT is described as a lower pitched ‘whooshing’
sound that can be alleviated by neck maneuvers. In
particular, compression of the ipsilateral internal
jugular vein (IJV) or suboccipital venous plexus
can alleviate symptoms, while compression of the
contralateral IJV can exacerbate symptoms. When
a venous cause of PT is suspected, we find cerebral
venous manometry and balloon test occlusion to
be a critical part of the diagnostic evaluation that
guides subsequent management (see UCSF Cerebral
Venous Disorder Testing form included as online
supplemental material). This detailed evaluation is
typically performed with the patient awake in order
to accurately assess intracranial venous pressures
and subjective PT.
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Idiopathic intracranial hypertension

A common venous cause of PT is idiopathic intracranial hypertension (IIH). IIH has an incidence of 20 per 100 000 overweight
women of childbearing age, with increasing prevalence due to the
obesity epidemic. Multiple medications and substances have been
linked to IIH, with the most evidence available for an association
between IIH and hypervitaminosis A, tetracyclines, and growth
hormone. Stopping these medications may result in resolution of
IIH symptoms. For most IIH patients, first-line treatment consists
of weight loss and acetazolamide.8 Acetazolamide is a carbonic
anhydrase inhibitor that reduces the rate of cerebrospinal fluid
(CSF) production. The NORDIC (Neuro-
Ophthalmology
Research Disease Investigator Consortium) trial was a multicenter, randomized, double-masked, placebo-controlled study of
acetazolamide with a low-sodium weight-reduction diet versus
a low-sodium weight-reduction diet alone in 165 patients with
IIH meeting the modified Dandy criteria and having mild visual
loss.8 The trial found that perimetric mean deviation (a measure
of global visual field loss), papilledema grade, and CSF opening
pressure was improved in patients taking acetazolamide versus
controls at 6 months follow-up. Based on these results, first-line
treatment for IIH consists of a low-sodium weight-reduction diet
and acetazolamide dose-escalation until 2–4 g per day are tolerated. Relative contraindications to acetazolamide include sulfa
allergy and pregnancy. Acetazolamide has multiple side effects
that can make medication adherence difficult. These include, for
example, oral and digital paresthesias, malaise, metallic taste,
fatigue, nausea, vomiting, metabolic acidosis, and nephrolithiasis. Topiramate also inhibits carbonic anhydrase activity, and is
effective in the treatment of migraine headache and facilitating
weight loss. These features have made topirimate a potential
alternative therapeutic option in IIH, although data supporting
its efficacy for visual field improvement are limited to case series.
IIH patients who have progressive visual loss or headache, and
have failed, are intolerant to, or are non-compliant with medical
therapy, may benefit from operative intervention. Operations
include optic nerve sheath fenestration (ONSF), CSF diversion,
bariatric surgery, and venous sinus stenting.
After ONSF, the majority of patients have improved papilledema and visual fields. However, approximately 20% of
ONSF patients will have deterioration after initial improvement, and most of these patients will go on to need additional
surgery, typically either additional ONSF or CSF diversion.9 10
Major vascular complications are most likely to occur during
the second ONSF.10 In most series, the complication rate from
ONSF is high, ranging from 20–40%.10 11 The most common
complications are ocular motility disorders (eg, diplopia due to
cranial nerve palsy) or pupillary dysfunction (eg, anisocoria) that
are often transient; however, more serious complications, such
as central retinal artery occlusions, orbital hematomas, orbital
apex syndrome, orbital cellulitis, optic disc hemorrhage, or traumatic optic neuropathy, also occur.
After CSF diversion for IIH, most patients have improved
headache, papilledema, and/or visual acuity. However, CSF
diversion has a very high rate of revision surgery of up to 43%,
usually due to shunt obstruction/failure or low-pressure headache.11 12 In addition, CSF diversion has a high complication rate
of up to 33%, including shunt infection, subdural hematoma,
and CSF leak.11 12
Bariatric surgery, such as Roux-
en-
Y gastric bypass, sleeve
gastrectomy, or gastric banding, has also been proposed as a treatment for IIH because of the strong association between obesity
and IIH. In a randomized controlled trial, bariatric surgeries
resulted in decreased CSF pressures and increased weight loss
2

compared with a community weight management intervention
(eg, Weight Watchers).13 However, there were no significant
differences in visual function (ie, perimetric mean deviation
or papilledema grade), headache scores, or IIH symptoms
between the two groups. In addition, nearly 40% of patients in
the bariatric surgery arm suffered an adverse event during the
24 month follow-up period, which included hospitalization for
IIH exacerbation in 18% of bariatric surgery patients during the
first postoperative year. Only one patient (3%) in the bariatic
surgery arm underwent reoperation for a bowel obstruction
complication; none of the bariatric surgery patients underwent
subsequent CSF diversion. In earlier series, complication rates of
bariatric surgery were as high as 55%.11
In comparison to the aforementioned surgeries, venous sinus
stenting (VSS) has a relatively favorable complication rate of
6.6%, with a major complication rate (which includes subdural
hemorrhage, sinus or stent thrombosis, and retroperitoneal
hemorrhage) of 2.3%.14 15 Relapse rates after VSS, however,
can vary between 10–26%.16 17 In spite of this, because of the
relatively low complication rate, VSS offers a favorable risk-to-
benefit ratio compared with optic nerve sheath fenestration, CSF
diversion, or bariatric surgery for medically refractory cases of
IIH with worsening papilledema and/or vision loss (figure 1).
Apart from IIH, other causes of turbulent flow in the transverse or sigmoid sinus, emissary veins, condylar veins, or
internal jugular vein can cause PT.18–20 Various endovascular
treatment strategies have been described to address these abnormalities (online supplemental table 1) with resolution of symptoms reported in most patients; however, these data are limited
to case reports and small series and therefore strong conclusions
are difficult to make in light of publication bias. These venous
causes of PT can be separated into abnormalities of the dural
venous sinuses, the jugular vein, or the emissary/condylar veins.

Dural venous sinus abnormalities

Stenosis of the transverse or sigmoid sinus is defined by a trans-
stenotic pressure gradient and can be found without signs or
symptoms of elevated intracranial pressure. Stenosis at the
proximal transverse/sigmoid sinus junction is the most common
location, and can be caused by chronic sinus thrombosis or
arachnoid granulations. The stenosis causes altered hemodynamics and turbulence that reverberates through the temporal
bone to auditory structures.21 Venous sinus stenting has been
used to alleviate symptoms in small series and case reports with
acceptable morbidity.22
Sigmoid sinus wall abnormalities that can cause PT include
sigmoid sinus diverticula and sigmoid plate dehiscence or thinning. Coil embolization of sigmoid sinus diverticula is generally
well-tolerated and leads to resolution of symptoms in most small
series (online supplemental table 1). A case of sigmoid sinus
diverticulum is presented in figure 2. For cases of sigmoid sinus
diverticula, we strongly suggest evaluating for IIH as a potential cause of the sigmoid sinus diverticula. For cases in which
sigmoid sinus diverticula coexist with IIH, treatment of the IIH
with VSS can cure PT, while isolated coil embolization of the
diverticula without treatment of the underlying IIH can lead to
symptom recurrence. Sigmoid sinus cortical plate dehiscence
has been treated with surgical reconstruction of the sinus wall
with resolution of symptoms in 74% of a small retrospective
series of patients. Complications from sigmoid sinus resurfacing,
including CSF leak or sinus thrombosis, are reported in up to
24% of patients, with major complications needing pharmacologic or surgical interventions reported in 6% of patients.23 24
However, comparison with endovascular techniques such as VSS
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Figure 1 Idiopathic intracranial hypertension. A young woman presented with right pulse-synchronous pulsatile tinnitus, worse when laying down,
exacerbated by right neck compression, with positional headaches and vision changes. (A) Axial balanced steady-state-free-precession (bSSFP;
FIESTA) MRI demonstrates optic disc protrusion (asterisk). (B) Axial T1-weighted contrast-enhanced gradient-echo (FSPGR) demonstrates right
transverse-sigmoid sinus junction stenosis (arrow). Lumbar puncture opening pressure was >60 cm of water and she had decreased visual acuity
on the right (20/100). Venous manometry gradient was 18 mm Hg. (C) Right transverse sinus venogram in lateral projection demonstrates stenosis
(arrow). (D) Fundoscopy demonstrates Frisen grade 2 papilledema. (E) Venous sinus stenting of the right transverse-sigmoid sinus in lateral projection.
(F) Cerebral angiogram in venous phase and lateral projection demonstrates no residual stenosis of the right transverse-sigmoid sinus. One week
after stenting, visual acuity improved to 20/25 and (G) fundoscopy demonstrates improved papilledema to Frisen grade 1. At 3 months, the lumbar
puncture opening pressure was 11 cm of water and at 5 months, visual acuity had improved to 20/20 with no residual papilledema.
or coil embolization has not yet been performed.18 25–28 Of note,
if the sigmoid sinus dehiscence is due to underlying IIH, resurfacing does not address the underlying disease process, while
VSS can be curative.

Emissary vein anomalies

Emissary veins connect the intracranial and extracranial venous
systems and are characterized by a thin wall and a valveless

structure. Three emissary veins are most commonly implicated
in PT: the posterior condylar vein, the mastoid emissary vein,
and the petrosquamosal vein. Turbulent flow through these emissary veins can cause PT, particularly in the setting of intracranial
venous system obstruction or an arteriovenous shunt.29 30 In the
absence of an arteriovenous shunt, determining whether emissary vein flow contributes to a patient’s PT can be challenging,
and we find balloon test occlusion to be very helpful in these
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Figure 2 Sigmoid sinus diverticulum. A middle-aged woman presented with right-sided pulsatile tinnitus that was exacerbated by left neck
compression and improved with right neck compression. Her lumbar puncture opening pressure was normal. (A) Coronal maximum intensity
projection (MIP) reformat of time-resolved contrast-enhanced (TRICKS) MRA demonstrates right sigmoid sinus diverticulum (arrow). (B) Axial T1-
weighted contrast-enhanced spin-echo (CUBE) MRI demonstrates signal void (arrow) due to flow in right sigmoid sinus diverticulum. (C) Axial
T1-weighted contrast-enhanced gradient-echo (FSPGR) MRI demonstrates enhancement (arrow) of diverticulum contiguous with the right sigmoid
sinus. (D) Left internal carotid arteriogram in venous phase and Townes projection demonstrates right sigmoid sinus diverticulum (arrow). (E) Volume
rendering of 3D rotational cone beam CT in venous phase demonstrates sigmoid sinus diverticulum (arrow) and upstream venous stenosis (asterisk).
(F) 4D flow MRI fluid dynamic modeling with streamlines demonstrates elevated velocity at the upstream venous sinus stenosis (asterisk), flow into
the sigmoid sinus diverticulum (arrow), and vortex in the downstream sigmoid sinus (arrowhead). Reproduced with permission from Amans et al.28
(G) Coil embolization of sigmoid sinus diverticulum (arrow) resulted in resolution of symptoms and abnormal 4D flow characteristics. 3D, three-
dimensional; 4D, four-dimensional; MRA, MR angiography.
circumstances. Coil embolization of these emissary veins to treat
PT has been described in small case series with good results and
no morbidity.20 31 32

Jugular vein anomalies

Jugular vein anomalies are present in up to 10–15% of normal
subjects and include high-riding jugular bulb and jugular dehiscence/diverticulum. When the jugular bulb lies abnormally at the
level of the hypotympanum or more superiorly, and the jugular
plate is thin, turbulent flow adjacent to the mastoid air cells and
cochlea can produce venous PT. Stenosis of the internal jugular
4

vein, due to thrombosis or compression by the styloid process,
can exacerbate symptoms, particularly when the contralateral internal jugular vein is atretric. Surgical treatment such as
jugular vein ligation or lowering of the jugular bulb is associated
with high complication and low efficacy rates.33 34 Endovascular
treatment, such as coiling, stent-assisted coiling, or even WEB
(Woven EndoBridge) embolization, have been reported as effective in case reports and small case series (online supplemental
table 1). However, jugular vein stenting is generally inadvisable
because of risk of stent migration, stent thrombosis, or lower
cranial neuropathy.
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Arterial

Arterial causes of PT include carotid artery stenosis, vertebral or
carotid dissection, fibromuscular dysplasia, aneurysm, aberrant
internal carotid artery, and dural arteriovenous fistula (dAVF).
Treatment of the arterial causes of PT usually result in resolution of symptoms, but evidence is limited to small case series
and reports (online supplemental table 1). Often, indications
for treatment of the arterial causes of PT include not only the
disabling symptom itself, but prevention of ischemic or hemorrhagic stroke, which form a stronger evidence basis.
A comprehensive discussion of myriad dAVFs and their
preferred treatment method are beyond the scope of this review.
However, some general principles regarding management of
dAVF should guide treatment. First, the primary clinical goal
for dAVF treatment remains reduction of the risk of future

hemorrhage. Therefore, resolving cortical venous reflux takes
precedence over curing PT. For low-
risk dAVF (ie, without
cortical venous reflux), a detailed discussion with the patient
is needed to ascertain the level of disability related to PT (for
example, using the Tinnitus Handicap Inventory35), which then
guides discussion of the risks of any treatment offered to reduce
that disability. If the dAVF is low-risk and symptoms are tolerable, conservative management is certainly a reasonable strategy
(figure 3). Some patients may be concerned about the risk of
a low-risk dAVF progressing to a higher-risk dAVF. While this
is quite rare, non-invasive imaging is currently unable to reliably detect high-risk dAVF features, particularly when subtle. As
such, conservative management requires detailed patient counseling regarding symptomatology. Specifically, resolution of PT
in a dAVF patient may indicate disease progression rather than

Figure 3 Suggested algorithm for the treatment approach to a patient with a suspected vascular cause of pulsatile tinnitus. dAVF, dural
arteriovenous fistula; FMD, fibromuscular dysplasia; IIH, idiopathic intracranial hypertension; PT, pulsatile tinnitus; VSS, venous sinus stent; .
Narsinh KH, et al. J NeuroIntervent Surg 2022;0:1–8. doi:10.1136/neurintsurg-2021-018015
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Figure 4 Left transverse-sigmoid sinus dural arteriovenous fistula. A middle-aged woman presented with left pulsatile tinnitus that resolved 1 week
previously, and has now developed headache, nausea, and incoordination. (A) Axial maximum intensity projection (MIP) of time-of-flight (TOF)
MRA demonstrates enlarged occipital arteries (asterisks) and flow-related enhancement in the left transverse (arrow) and sigmoid sinuses. (B) Axial
TOF MRA demonstrates flow-related enhancement in the left transverse sinus (arrow) and enlarged bilateral occipital arteries. (C) Axial TOF MRA
demonstrates flow-related enhancement in dural arteries of the left sigmoid sinus wall. (D) Left external carotid arteriogram in lateral projection
demonstrates arteriovenous shunting into the left transverse sinus by enlarged occipital artery, middle meningeal artery, superficial temporal artery,
and ascending pharyngeal artery branches. (E) Left internal carotid arteriogram in lateral projection demonstrates arteriovenous shunting into the left
transverse sinus (arrow) by an enlarged lateral tentorial branch (asterisk) of the meningohypophyseal trunk. (F) Venous phase of left internal carotid
arteriogram in frontal projection shows right-dominant venous system (arrow=right transverse sinus). Ethylene vinyl alcohol copolymer embolization
via a left occipital artery transmastoid branch with intentional occlusion of the sinus (G) resulted in angiographic resolution of arteriovenous shunting
on (H) post-embolization left common carotid arteriogram in lateral projection. MRA, MR angiography.

resolution—for instance, if the jugular vein has occluded and
venous drainage is diverted retrograde into cortical veins.36 37 If
dAVF treatment is undertaken, endovascular treatment is typically first-line therapy, as determined by cervicocerebral angiography (figure 4). Transvenous embolization is our preferred
approach for low-
risk marginal sinus and indirect carotid-
cavernous dAVFs due to external carotid artery supply to
cranial nerves and extensive extracranial-to-intracranial artery
anastomoses, as previously detailed.38 39 When contemplating
the risk of transvenous embolization, we always consider risk
of intracranial hemorrhage, venous infarction, or intracranial
venous hypertension, based on the venous drainage pattern. For
6

example, if cortical veins are draining into the recipient venous
pouch, transvenous embolization should not be performed.40

Non-operative treatment of tinnitus

Our diagnostic approach to a PT patient includes a complete
history, physical examination, and imaging evaluation. If, after
excluding all ‘dangerous’ causes of PT and, despite a thorough
evaluation, a cause for the patient’s tinnitus cannot be found,
or the underlying cause cannot be safely or effectively treated
surgically or medically, behavioral treatments can be therapeutic.
Effective behavioral treatments for tinnitus include tinnitus
retraining therapy (TRT), cognitive behavioral therapy (CBT),
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acceptance and commitment therapy, and mindfulness-
based
stress reduction,41–44 with the strongest evidence supporting use
of TRT and CBT. However, each treatment provides patients
with coping skills that allow the tinnitus to recede into the
background so that patients can continue with their lives. TRT
focuses on sound habituation, while CBT focuses on dysfunctional beliefs about tinnitus and associated compensation behaviors. Specifically, in a randomized controlled clinical trial of 492
patients in the Netherlands, stepped-care tinnitus management
(combining elements of tinnitus retraining therapy within a CBT
framework) was more effective than standard care in improving
tinnitus severity, impairment, health-related quality of life, negative emotional states, tinnitus-related catastrophic thinking, and
tinnitus-related fear for 4 months after treatment ended. Sound
generating devices, as an isolated treatment approach, have not
been proven as effective. Therefore, an integrated treatment
approach which provides sustained psychoeducation and audiologic expertise should be provided rather than fragmented care
for tinnitus. Transcranial magnetic stimulation may also have a
role in tinnitus suppression, but additional trials are needed to
demonstrate long-term reproducible efficacy.45 46

Future perspective

Multiple clinical trials for patients with medically refractory IIH
are underway to assess the efficacy of VSS using a variety of
different stents with or without comparison to CSF diversion.
New stent designs may be needed to reduce the risk of treatment
failure after VSS. Endovascular treatment of other venous causes
of PT are limited to case reports and series, and it is unlikely that
any one center will be able to report a significantly larger case
series because of the rarity of these cases and numerous potential
anatomic causes. Further study of the other venous causes of PT
is also limited by a paucity of objective assessment methods. We
have provided our UCSF Cerebral Venous Disorder Testing form
as online supplemental material, which guides our assessment of
venous causes of PT currently. Development of patient-specific
three-dimensional-printed flow models that mimic a patient’s
hemodynamic conditions also allows physicians to better narrow
down the specific causes of a patient’s PT, and simulate treatment
before the intervention.47 In the future, phase-contrast MRI (ie,
four-
dimensional flow), fluid dynamic modeling with sound
simulation, and intravascular sound recordings will likely play a
larger role in disease assessment, particularly as part of clinical
trials. Arterial causes of PT, such as carotid stenosis and dAVF,
can bear a risk of stroke in addition to causing PT, and therefore may warrant treatment for multiple reasons. A suggested
algorithm to approach treatment of a patient with a suspected
vascular cause of PT is outlined in figure 3.

Conclusion

PT can be a maddening symptom with debilitating psychiatric
impact, and has myriad causes, some of which pose significant risk of ischemic or hemorrhagic stroke or possible blindness. Organizing the causes of PT into structural, metabolic,
and vascular groups facilitates appropriate testing, referral,
and treatment.7 After a complete evaluation, if a vascular cause
has been established, one must carefully consider the disease’s
natural history, degree of patient debilitation, goals and risks of
treatment, and rationale for the treatment choice. Unfortunately,
for many vascular causes of PT, evidence for treatment is mostly
limited to case reports and series, with the notable exception of
randomized controlled clinical trials for IIH. Clinical trials are
needed to establish the role of VSS for IIH.
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