
Pulsatile Tinnitus



Tinnitus 
(Latin word ‘tinnire’ –
ringing or tinkling)
• When we are talking about “tinnitus”, 
important to differentiate:

Subjective tinnitus – perceived auditory 
sensation

Objective tinnitus – sound detected at 
examination and/or auscultation

Also pulsatility – pulsatile (heartbeat) or 
non-pulsatile (constant noise)



Long list of differential diagnoses for 

Tinnitus!
Non-otologic differential diagnoses:

• Dural arteriovenous fistula

• Arteriovenous malformation

• Sigmoid sinus dehiscence and/or diverticulum

• Carotid-cavernous fistula

• Enlarged/dilated mastoid emissary vein

• Carotid stenosis

• Cerebral venous sinus thrombosis

• Transverse sinus stenosis

• Fibromuscular dysplasia

• Aberrant carotid artery/persistent stapedial artery



• Important differentiation 
– if pulsatile tinnitus 
attenuates with jugular 
compression

• Arterial vs Vascular 
etiology of tinnitus

• Venous: lower pitched 
“whooshing” sound 
alleviated by neck 
maneuvers

Proposed algorithm for 
work up for Pulsatile 
Tinnitus



Why should patients undergo diagnostic 

cerebral angiogram or venogram for 

tinnitus?

And when?



Arterial etiology of pulsatile tinnitus

Dural arteriovenous fistula is high on the differential

Piechowiak et al. 2017



Diagnostic algorithm prior to DSA 



Dural arterio-venous fistula

Can account for up to 2-20% of pulsatile tinntius

Abnormal connections between dural arterial branches and venous sinuses/veins

May present with other symptoms: headache, diplopia, intraparenchymal hemorrhage

Reynolds 2017



Classification of arterio-venous fistula

Borden Classification

I. Venous drainage directly 
into dural venous sinus or 
meningeal vein

II. Venous drainage into dural 
venous sinus with CVR

III. Venous drainage directly 
into subarachnoid veins 
(CVR only)

Cognard Classification

I.    Venous drainage into dural venous sinus with antegrade flow
IIa.     Venous drainage into dural venous sinus with retrograde flow
IIb.     Venous drainage into dural venous sinus with antegrade flow and CVR
IIa+b. Venous drainage into dural venous sinus with retrograde flow and CVR
III.       Venous drainage directly into subarachnoid veins (CVR only)
IV.       Type III with venous ectasias of the draining subarachnoid veins



Case 1. Story

A man in his 60s presented to ENT clinic for progressive asymmetric hearing 

loss, fullness in his ears, and tinnitus

Audiogram done in clinic with sudden sensorineural hearing loss that 

resolved spontaneously.

MRI was suggested as next step in work up

MR/MRA did not find any masses or intracranial abnormalities but concerned 

about an anterior communicating artery aneurysm vs infundibulum.





Early venous drainage



Case 1 cont.

Did not find aneurysm – but did find early venous drainage likely fed by right 

PICA. Vessel calibers and target small to embolize.

Patient was referred for gamma radiation for the fistula and tinnitus improved.

Important learning point from case: 

• Dural AVF is a common arterial cause for tinnitus

• MRI did not find abnormality, but confirmed with diagnostic cerebral 

angiogram.

DSA remains the gold standard for evaluation if non-invasive imaging 

work up is negative



Not just arterial etiology...pulsatile tinnitus 

can be from venous etiology

Pathophysiology: turbulence within normal veins/sinuses, or abnormally 

enlarged/located veins in close proximity to conductive auditory pathway

Turbulence transmitted to the cochlea through skull base and mastoids, 

resulting in auditory pulsations.



Increasing awareness of venous stenosis as a common 

cause for pulsatile tinnitus



Exam findings in venous sinus stenosis

 Neck/ jugular venous compression is a reliable bedside examination with positive and 
negative predictive value



Venous anatomy –  Cerebral venous sinuses

Citow 2019

Dural venous sinuses – blood channels that drains venous 

blood from cranial cavity between endosteal and meningeal 

layers of dura mater



Transverse/Sigmoid Sinus



Angiographic anatomy for venous sinus

Torcula

Transverse sinus

Sigmoid sinus

AP venogram Lateral venogram

Superior sagittal sinus



Anatomical variances : Venous system can be dominant on the right 

side, left side, or co-dominant.



Angiographic Anatomy

Aberrant sinus – 

Falcine sinus

Diagnostic cerebral 

venogram is 

important in 

evaluating underlying 

anatomy!

Comprehensive Management of Skull Base Tumor
Journal of Neurological Surgery Part B Skull base 06/2021 (Guanfu et al. 2021



Categorization of venous etiology of pulsatile tinnitus 

by anatomical location

1. Lateral sinus (sigmoid/transverse)

1. Transverse sinus stenosis

2. Sigmoid sinus plate dehiscence

3. Sigmoid sinus diverticulum

2. Emissary vein

3. Jugular vein or bulb

Anatomy, Imaging and Surgery of the Intracranial Dural Venous Sinuses



Transverse sinus stenosis

Computational modeling of venous sinuses show 

increased blood flow and wall shear stress in patients 

with transverse sinus stenosis and increased 

intracranial hypertension

May result in tinnitus affecting CSF reabsorption – 

alteration in normal CSF homeostasis between 

intracranial and labyrinthine fluids



Meta-analysis of venous sinus stenting for 

intractable pulsatile tinnitus

Patients with intractable pulsatile 

tinnitus



All roads lead to venous sinus stenting 



Extensive evidence base for efficacy of venous 
sinus stenting for pulsatile tinnitus 

Resolution most commonly occurs on day of 
procedure

Results appear to be durable at several years of 
follow up 



Sigmoid sinus diverticulum or dehiscence (SSDD)

Rare cause for tinnitus

Dehiscence of the sigmoid plate

CT temporal bone recommended for evaluation 

Endovascular stenting provides 

relief of tinnitus symptoms



Presence of SSDD in patients with 

pulsatile tinnitus up to 20%+

Associated with younger, female with 

objective tinnitus



Sigmoid Sinus Diverticulum

 Endovascular versus surgical management  



Jugular bulb diverticulum

Optimal imaging tool is CT venography 

and skull base CT

Surgical treatment by 

mastoidectomy/impaction of bone wax 

or endovascular approach with coil 

embolization/stenting



Other unusual venous 

causes of PT

Marginal sinus – dural venous sinus that connects 

OS posteriorly and basilar venous plexus

Potential location for dural sinus stenosis

Treatment by endovascular stenting improves PT



Unusual Arterial causes of PT



Current Vascular Protocol for Tinnitus Work-Up:

For patients who present with headache and pulsatile tinnitus

Tinnitus +/- Headache

ENT Consult
Ophthalmology Consult (IIH)

Non-invasive imaging
- CT head

- MRI+c/MRA/MRV

• Diagnostic cerebral angiogram

• Rule out arterial causes (e.g. fistula)

• Rule out venous causes (e.g. venous sinus thrombosis, 

stenosis)

• With or without venous manometer (for IIH)



Case 2 : Enlarged mastoid emissary vein as the 

cause of pulsatile tinnitus
Story

60y/M presents with 5 year history of tinnitus with mild headache

Bilateral but with L>R

Sudden in onset while he was hiking in the woods

Aggravated on lying down and with exercise

Associated with occasional occipital pain

Exam : Overall unremarkable

Seen by ENT; no cause identified

CT scan, MRI : negative

DSA + venogram : bilateral prominent mastoid emissary veins



Cerebral venogram with guide catheter at the jugular bulb with good filling of the left 

sigmoid sinus, internal jugular vein, and multiple emissary veins



Balloon occlusion of the dural venous sinus at the 

junction of the sigmoid sinus and jugular bulb.

Balloon occlusion of the dural venous sinus at 

the junction of the jugular bulb and the internal 

jugular vein



Balloon occlusion of the smaller emissary vein achieved 80-90% reduction 

in pulsatile tinnitus



Proceeded with coiling of the smaller mastoid emissary vein

Clinic follow up at 4 week : Almost complete resolution tinnitus of pulsatile 



What is next or still unknown?

• Small study cohorts – expand to larger studies

• Durability and long-term resolution of pulsatile tinnitus with stenting

• Stenting for sinus thrombosis? (insufficient data available currently)



Conclusion

• Increasing knowledge on cerebrovascular arterial and venous etiologies for 

tinnitus

• Tinnitus, with and without headache, may be associated with a wide range of 

neurologic venous diseases (from intracranial hypotension to intracranial 

hypertension)

• The gold standard of evaluation for neurologic causes is diagnostic cerebral 

angiogram (Standard non-invasive imaging may not detect subtle findings)

• Neuroendovascular treatment has proven to be an effective treatment for 

tinnitus in many of these diseases



Thank You
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