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P ulsatile tinnitus (PT) can underlie a vascular 
pathology in up to 70% of cases. Arterial and 
arteriovenous (AV) causes such as dural AV 
fistulas (AVFs) and facial or brain AV mal-

formations can be life-threatening and deserve an 
assertive, immediate workup. Venous abnormalities 
may be the underlying cause of PT in up to 60% of 
cases; however, although potentially treatable, they 
are often neglected. Correct diagnosis and manage-
ment are very important for patient quality of life, 
as PT can be associated with higher rates of depres-
sion, poor sleep, and suicide risk. Venous stenting 
has emerged as a successful treatment for venous PT, 
converting a turbulent flow into a laminar flow, and is 
efficacious for a range of venous abnormalities (lateral 
sinus stenosis, sigmoid sinus dehiscence, diverticulum, 
etc). Literature on venous stenting currently consists 
primarily of idiopathic intracranial hypertension (IIH) 
cases, and data considering isolated disabling venous 
PT are still scarce. In this article, we share our center’s 
PT experience, focusing on indications, technique, 
success rate, and potential complications, followed by 
a brief discussion on remaining questions and future 
perspectives for venous PT.

THE PULSE CLINIC: A DEDICATED PT 
PROGRAM AT ST. MICHAEL’S HOSPITAL, 
UNIVERSITY OF TORONTO 
Clinical Workup and Indications 

First and foremost, clinical characterization of PT is 
fundamental. A venous PT is usually a low-pitch (buzz-
ing, humming, whooshing, synchronous to the heart-
beat), intermittent sound that improves with certain 
positions during sleep, head extension, Valsalva maneu-
ver, or turning the head ipsilateral to the tinnitus (due 
to the ipsilateral compression of the jugular or emissary 
veins). Contralateral internal jugular vein (IJV) compres-
sion, exercise, and pregnancy may increase the sound.1 
A higher-pitch PT (usually a whooshing or heartbeat 
sound) that does not improve with jugular vein com-
pression but diminishes with carotid compression sug-
gests arterial PT. 

Usually, patients are referred to our clinic after a 
first otorhinolaryngology examination with otoscopy 
and audiometry, but there are some self-referrals from 
our website. Patients are always screened for venous 
congestion symptoms, including headache and visual 
assessment, and an ophthalmologic evaluation with 
fundoscopy and campimetry. To help assess the impact 
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of PT on a patient’s quality of life, we apply the Tinnitus 
Functional Index and Tinnitus Handicap Index.2,3 

After a clinical examination suggestive of venous 
PT, our first complementary exam has changed from 
MRI/MRA to CTA and CT venography (CTV) of the 
head and neck combined, with a temporal bone ultra-
thin slice. Patients with venous PT may have multiple 
abnormalities,4 and we believe this strategy provides a 
good assessment for most of them in a timely manner, 
including venous stenosis, sigmoid sinus abnormalities 
(sigmoid sinus dehiscence and diverticulum), high jugular 
bulb, jugular bulb diverticulum, and jugular vein stenosis 
(Figure 1). Transverse sinus stenosis (TSS) may be extrin-
sic or intrinsic (usually in the context of an enlarged 
arachnoid granulation or previous sinus thrombosis) 
and, in a recent meta-analysis, has been found to be the 
leading cause of isolated PT, followed by sigmoid sinus 

abnormalities.5 Although some cohorts show that extrin-
sic stenosis is more common than intrinsic stenosis in IIH 
patients, intrinsic stenosis seems to be more prevalent in 
the context of isolated venous PT.6-8 

Other potential causes of venous PT that frequently 
coexist with lateral sinus stenosis and sigmoid sinus 
abnormalities include enlargement of the emissary 
veins (mastoid, condylar, suboccipital) and diploic vein 
(DV) variations. An enlarged DV may pass through 
mastoid air cells in a dehiscent canal and communicate 
directly with the mastoid air cells, which can be a cause 
of venous PT. 

For lesions other than TSS or for patients with mul-
tiple venous abnormalities,9 we often consider a bal-
loon test occlusion. In this procedure, patients remain 
blinded for the actual inflation or deflation of the bal-
loon, while we ask them if the PT stopped, improved, 

Figure 1.  Venous causes of PT: A large arachnoid granulation (white arrow) causing left lateral sinus intrinsic stenosis (A). Left 
sigmoid sinus dehiscence (white arrow) (B). Left lateral sinus fenestration (white asterisk) and bilateral lateral sinus extrinsic 
stenosis (white dashed lines), with a prominent right high jugular bulb (double white arrows) (C). Enlarged mastoid vein (white 
arrow) (D). Left jugular vein stenosis due to compression by C1 and an elongated styloid process (black arrow) (E). Sigmoid 
sinus diverticulum (white asterisk) and left lateral sinus stenosis (double white arrows) (F). 
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or worsened. Although it may be time-consuming, this 
allows us to assess PT improvement in real time, which 
we see as a valuable tool for estimating the probability 
of successful treatment and evaluating the patient’s tol-
erability to the hemodynamic changes brought about 
by the occlusion.10

Preliminary data from a 1-year study of patients in our 
clinic with isolated venous PT and without IIH showed 
that a majority had one or more venous abnormalities 
and the causes of venous PT were varied, including lateral 
sinus stenosis, prominent arachnoid granulation, sigmoid 
sinus abnormalities, enlarged marginal sinus, emissary 
vein anomalies, high jugular bulb, and jugular vein steno-
sis (unpublished data, 2024). 

Technique 
All procedures in our center are performed under 

general anesthesia with intravenous heparin. 

Traditionally, our procedures were done with an 
8-F short sheath in the right femoral vein for venous 
access and a 5-F arterial introducer in the right radial 
artery, and a complete arterial angiogram was obtained 
through a diagnostic catheter, including a cervical view 
of the IJVs from both sides. Arterial angiography allows 
us to rule out dural AVFs before proceeding with the 
venous treatment, followed by a three-dimensional 
(3D) rotational venous-phase angiogram to better 
evaluate irregular TSS, which can be missed on antero-
posterior and lateral projections. Then, the 5-F arte-
rial catheter is placed in the common carotid artery 
on the side of the dominant venous drainage, with a 
venous roadmap to navigate a 6-F long introducer over 
a 6-F diagnostic catheter and a 0.035-inch Glidewire 
Advantage guidewire (Terumo Interventional Systems). 
Venous pressure measurement is performed with a 
2.3-F Progreat microcatheter (Terumo Interventional 

Figure 2.  Venous stenting case with the BosStent: A middle-aged female presented with disabling left-side PT and moderate 
headaches; a thorough workup was done to rule out IIH. Fundoscopy, campimetry, and lumbar puncture were unremarkable. 
CTV showed bilateral sigmoid sinus stenosis with a left sigmoid sinus dehiscence (A). Anteroposterior digital subtraction angi-
ography confirmed left lateral sinus intrinsic stenosis with a prominent arachnoid granulation (white arrow) (B). A 3D venous-
phase angiogram showed bilateral lateral sinus stenosis: intrinsic on the right side (white arrow), extrinsic on the left side 
(dashed line) (C). A 3D view of the left lateral sinus measurements: Percent of stenosis was 1 minus diameter of the stenosis/
normal diameter. This was 1 – 5.06 mm/7.86 mm = 0.36 = 36% of stenosis; also note a small sigmoid sinus diverticulum (white 
arrow) (D). A 3D view of the right side stenosis: 1 – 1.56 mm/6.14 mm (1 – diameter of the stenosis/normal diameter) = 0.75 = 
75% stenosis; the left lateral sinus is dominant and was chosen for stent-assisted diverticulum coiling (E). Unsubtracted oblique 
view showing partial deployment of the BosStent with jailing technique for coiling of the sigmoid sinus diverticulum (F). 
Postprocedure VasoCT reconstruction of the stent (wide open) and coil mesh (G). Postprocedure VasoCT showing a well-
apposed stent in the left lateral venous sinus (H). The patient reported immediate postprocedure PT improvement with no 
symptom recurrence at 1-year follow-up. 
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Systems), measuring from the right atrium and cervical 
IJV to the intracranial sinuses to describe a brain-to-
heart gradient and a post-/prestenosis gradient if pres-
ent. After pressure measurement, the venous abnor-
malities are targeted with a stent (Wallstent, Boston 
Scientific Corporation; Zilver, Cook Medical) in cases of 
TSS or coil-assisted stenting in cases of concomitant sig-
moid sinus diverticulum, enlarged emissary vein, jugular 
bulb diverticulum, and enlarged DV. For sigmoid sinus 
diverticulum and jugular bulb diverticulum, we have 
recently been using Woven EndoBridge (WEB)-assisted 
stenting (MicroVention Terumo) as well. Patients with 
isolated PT typically don’t have a pressure gradient, 
so we don’t rely on that for the procedure indication. 
When the patient wakes, we consistently verify immedi-
ate symptom improvement. 

More recently, most of our venous stenting cases 
have been done with the BosStent (Sonorous), a novel 
braided, closed-cell, self-expandable stent composed of 
highly visible nitinol drawn filled tubing wires specifi-
cally designed for treatment of venous sinus stenosis in 
patients with PT. Its optimal radial force diminishes the 
need for balloon angioplasty in every case. Additionally, 
it is delivered through a 5-F distal access catheter, which 
increases trackability. The stents are available in 7- and 
9-mm sizes and 60- and 80-mm lengths, with < 20% 
surface area for all four sizes. This is desirable for mini-
mizing occlusion risk in cases of intracranial vein cov-
erture, such the vein of Labbé. For guiding and delivery 
catheters, we usually use a 90-cm Benchmark BMX96 
(Penumbra, Inc.) and a 5-F, 115-cm Navien (Medtronic) 
or Catalyst 5 (Stryker), respectively (Figure 2).

TREATMENT SUCCESS, FAILURE, 
RESTENOSIS, AND COMPLICATION RATE 

Most of the venous stenting data we have from the 
literature are related to IIH cohorts, with three pub-
lished meta-analysis in the last 5 years. In their meta-
analysis, Nicholson et al reported a 90.3% (95% CI, 
83.8%-96.7%) improvement in PT after venous sinus 
stenting for IIH. There was an overall 1.9% rate of major 
complications (ie, intracranial hemorrhage) (95% CI, 
0.07%-3.1%) and a 9.8% restenosis rate (95% CI, 6.7%-
13%).11 Lim et al reported 43.3% PT improvement 
(95% CI, 31.1%-60.4%), with 17.7% restenosis (95% CI, 
14.9%-20.9%) but only a 0.9% rate of intraprocedural 
complications (minor and major complications were 
pooled together).12 More recently, Azzam et al reported 
a 95% rate of PT improvement (95% CI, 90%-98%), with 
0.38% mortality (4/1,066 patients) and 3.93% major 
complications (42/1,066 patients; subdural hematoma, 
subarachnoid hemorrhage, visual impairment, worsen-

ing of papilledema, blindness, arterial dissection, and 
mortality).13 The restenosis rate wasn’t reported. 

Regarding isolated disabling venous PT, Yang et al 
published a systematic literature review of venous sinus 
stenting with or without coiling (n = 41), with 95.1% 
complete resolution of the PT and a median follow-
up of 7 months.5 There was one major complication 
(cerebellar infarct with transient ataxia) and no mor-
tality. In a 42-patient prospective cohort, Patsalides et 
al found PT improvement in 97.6% of patients imme-
diately after the procedure, without symptom recur-
rence at 5-month follow-up.14 Lenck et al evaluated a 
14-patient cohort of isolated PT caused by lateral sinus 
stenosis (78.6% intrinsic stenosis); investigators found 
a 92.8% treatment success rate, without recurrence in 
31-month follow-up.8 

Although evidence is still scarce, persistent symptom 
freedom in isolated PT cohorts contrasts with a high 
restenosis rate and high symptom recurrence rate in IIH 
populations, as recently reported in the IIH cohort of 
Midtlien et al, which demonstrated almost 60% symp-
tom recurrence at 1-year follow-up.15 As proposed by 
Fargen et al,16 the IIH population is a diverse group with 
a variable range of underlying pathologic processes; for 
this reason, a shift from IIH nomenclature to “chronic 
intracranial hypertension” may be more appropriate. 

For instance, although patients with a diagnosis of 
“IIH” and intrinsic stenosis may be excellent candidates 
for stenting and show lower rates of restenosis and 
symptom recurrence, some IIH patients have multiple 
underlying causes for their chronic intracranial hyper-
tension and would rather benefit from a multidisci-
plinary strategy involving not only venous sinus stent-
ing but also weight loss, bariatric surgery, and closer 
follow-up with campimetry and ophthalmoscopy. 
Additionally, some IIH patients have other concomitant 
diseases such as connective tissue disease, which may 
increase the symptom recurrence rate if the underlying 
disease is not well controlled.17 Still, a small group of IIH 
patients with fulminant presentation (imminent visual 
loss risk) without venous sinus stenosis may be better 
candidates for initial cerebrospinal fluid diversion rather 
than venous sinus stenting. 

In IIH, targeting the correct underlying pathologic 
process for each patient is of utmost importance, keep-
ing in mind that stenting may be the best available 
treatment for one patient but only a part of the thera-
peutic arsenal for others.18 Practically, we see that IIH 
cohorts with a higher proportion of intrinsic stenosis 
exhibit a lower restenosis and symptom recurrence 
rate (closer to 10% than 20%). For instance, in a recent 
cohort of 200 IIH patients (66% extrinsic stenosis), 
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Labeyrie et al reported 81% PT improvement and 84% 
papilledema improvement but only a 10% recurrence 
rate in 26-month follow-up.7 

CONCLUSION AND FUTURE PERSPECTIVES 
TSS stenting with or without coiling is a safe and 

effective endovascular treatment for isolated disabling 
venous PT with high cure rates. The evidence for 
venous stenting for PT is growing, but longer follow-ups 
are needed. Notably, because patients frequently have 
multiple venous abnormalities and may have under-
diagnosed IIH, a comprehensive workup is necessary 
to target the implicated venous lesion and avoid early 
recurrent symptoms. Specifically, treatment for IIH 
should carefully evaluate other underlying comorbidi-
ties, such as obesity and connective tissue disorders. 
This is fundamental to minimizing symptom recur-
rence. In the near future, new braided stents specifically 
designed for venous stenosis promise higher rates of 
treatment success with lower restenosis rates.  n
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