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Objectives: The aim of this study was to evaluate the value of digital subtraction angiography (DSA) in the
diagnostic evaluation of a highly selected patient population presenting with pulse-synchronous tinnitus
(PST).
Methods: We retrospectively reviewed the charts of all patients referred for evaluation of possible
vascular etiology of pulsatile tinnitus. Patients were evaluated with regards to presenting signs,
comorbidities, non-invasive imaging results, angiographic findings and outcomes.
Results: Fifteen patients underwent cerebral DSA. Dural arteriovenous fistula (dAVF) was identified in six
patients, and five patients had other significant vascular pathology identified on DSA. Seven patients
with ‘negative’ non-invasive imaging were found to have significant pathology on DSA.
Conclusions: Catheter angiography may have a significant yield in appropriately selected patients pre-
senting with pulse synchronous tinnitus.

© 2021 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The causes of pulse-synchronous tinnitus (PST) include both
benign and life-threatening disease. This form of tinnitus is created
by non-laminar blood flow synchronous to cardiac rhythm, which
is then transmitted to the inner ear. PST may be either unilateral or
bilateral; it can be related to systemic disease, such as hyperthy-
roidism or anemia (Hofmann et al, 2013;Waldvogel et al, 1998), as a
consequence of conductive hearing loss such as otosclerosis, or
related to an underlying structural etiology such as temporal bone
abnormality (Liu et al, 2020; Tian et al, 2019; Trivelato et al, 2015) or
neoplasm. Both arterial and venous pathology may cause PST,
including dural arteriovenous fistula (dAVF) (Kirsch et al, 2009; Lv
et al, 2010), arteriovenous malformation (AVM), sigmoid sinus
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dehiscence and/or diverticulum (Lenck et al, 2012; Mehanna et al,
2010), carotid-cavernous fistulae, carotid stenosis, cerebral venous
sinus thrombosis, transverse sinus stenosis, fibromuscular
dysplasia (Foyt et al, 2006), and aberrant carotid artery or persis-
tent stapedial artery (Kizildag et al, 2016). Benign intracranial hy-
pertension may in some cases be secondary to venous outflow
obstruction and present with pulsatile tinnitus (Pereira et al, 2020).
Neoplastic etiologies of PST include hypervascular tumors such as
glomus typmanicum or jugulare, and meningioma.

The diagnosis of PST is above all a clinical one, based on detailed
clinical history and thorough physical examination with attention
to otoscopic examination. Important clinical observations include
whether tinnitus is arterial or venous in nature (i.e. “venous hum”),
and whether the tinnitus can be appreciated by the examiner (e.g. a
palpable thrill or auscultated bruit). The importance of detailed
investigation of PST is justified by its close association with treat-
able causes compared to other forms of tinnitus, and the fact that
some causes of PSTcause significant morbidity. PST is not be usually
associated with a high risk of morbidity, and the tinnitus may be
little more than a nuisance. Unfortunately, no definite consensus
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
.0/).
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exists as to the appropriate imaging modalities needed for evalu-
ation of PST (Sajisevi et al, 2014); both CT angiography and MR
angiography have been advocated (Dietz et al, 1994; Narvid et al,
2011; Shweel and Hamdy, 2013). The sensitivity of MR or CT
based imaging protocols is not established, and digital subtraction
catheter angiography (DSA) remains the ‘gold standard’ for the
evaluation of vascular etiologies of PST (Hofmann et al, 2013;
Sajisevi et al, 2014). The goal of the present study is to describe the
results of cerebral DSA in a selected patient population presenting
with PST for whom non-invasive imaging was inconclusive, non-
diagnostic, or vascular lesion was apparent and DSA was neces-
sary for treatment.

2. Materials and methods

The charts of all patients evaluated in a multi-disciplinary pul-
satile tinnitus clinic consisting of both neurotology and neurosur-
gery services over a five year period were retrospectively reviewed.
Electronic medical records were used to gather demographic and
clinical information. All patients presenting to our tertiary neuro-
tology practice with the chief complaint of pulsatile tinnitus were
retrospectively identified by query of billing records and interna-
tional diagnosis code. Selected patients were further referred to a
multidisciplinary pulsatile tinnitus clinic based on selected criteria.
Research was conducted in accordance with institutional IRB pol-
icies; due to retrospective character of our study consent of the
participants was not obtained as the study was classified as exempt
from consent requirements.

Tinnitus was defined as pulse-synchronous when the patient
described a sound that was synchronous with heartbeat. When the
sound was audible to the auscultating examiner or palpable (i.e.
thrill), tinnitus was considered objective. When it was heard only
by the patient it was classified as subjective.

During the study period, all patients underwent detailed neu-
rotological examination including audiological evaluation and
otoscopy. All patients were evaluated with CT of the temporal bone,
contrast-enhanced brain MRI, and non-contrast MRA/V as their
initial diagnostic imaging modalities. Patients with vascular tumors
identified on MRI (e.g. paraganglioma) were excluded. Medical
causes of pulsatile tinnitus (e.g. hyperthyroidism.) as well as
structural etiologies related to middle ear disease or temporal bone
anatomy (e.g. dehiscent jugular bulb) were also excluded from this
study.

Indications for DSA included pulsatile tinnitus and either: 1)
non-invasive imaging suggestive of possible vascular lesion; or 2)
Negative non-invasive imaging but with accompanying findings of
objective tinnitus, progressive and/or disabling symptoms, or
associated neurologic complaint (including headache). All patients
suffered from PST on the day of MR imaging and DSA examination.

3. Results

3.1. Clinical presentation and patient characteristics

One hundred and eighty seven patients were evaluated in our
clinic for pulsatile tinnitus during the study period. Cerebral digital
subtraction angiography (DSA) was recommended in 19 of these
patients for suspected vasogenic PST. Four patients refused angi-
ography (and are therefore excluded from this analysis), and 15
patients (13 female: 2 male; mean age 53.4 years, range 31e76)
underwent DSA. The clinical presentation and findings are sum-
marized in Table 1 and Table 2. Ten of the 15 patients who under-
went DSA showed a vascular pathology consistent with clinical
symptoms. The algorithm we used to select patients for referral to
angiography is represented in Fig. 1. The diagnostic yield of our
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algorithm for utilization of DSA in selected pulsatile tinnitus was
67% (10/15 patients). The mean duration of symptoms prior to
evaluation of 10.25 months (range, 4e42). Only two patients pre-
sented acutely: one with acute onset of symptoms during preg-
nancy, and one had history of acute onset of symptoms following
closed head injury. Otologic comorbidities/past surgical history
included three patients with a concomitant history of sensorineural
hearing loss, and two patients had history of prior middle ear
surgery.

Tinnitus was characterized as either ‘arterial’ or ‘venous’ in
etiology based on clinical history and physical exam. When the
patient reported minimal variation in sound intensity (albeit still
pulsatile), a ‘venous hum’was diagnosed. In four patients, PSTcould
be diminished or suppressed with external compression of the
neck; this was generally thought to support a venous origin. Higher
subjective volume (meaning a noise perceived by the patient to be
loud enough to interferewith audition), abrupt onset, and objective
tinnitus were factors felt to support the clinical diagnosis of ‘arte-
rial’ PST. Based on these clinical characterizations, PST was thought
to be arterial in nine patients, venous in origin in four patients, and
indeterminate in two.

Indications for DSA included objective tinnitus (n ¼ 6), acute
onset and/or progressive symptoms (n ¼ 6), headache (n ¼ 1), and
evidence of possible abnormality on non-invasive imaging (n ¼ 8).
Six patients had more than one indication for DSA.
3.2. Non-invasive imaging findings

MRA findings included evidence of possible dAVF in four pa-
tients: two patients with transverse-sigmoid (TS) sinus stenosis
and soft tissue density suggestive of dAVF, one patient had arte-
rialized blood in the transverse-sigmoid sinus, and one patient with
an aneurysm of the middle meningeal artery in association with
abnormal appearance of external carotid artery branches. One pa-
tient was identified on CT venogram as having possible obstruction
of venous outflow at the skull base due to compression by the
styloid process. Ten patients had negative or unremarkable non-
invasive imaging (including CT temporal bone and MRI/A). Inci-
dental findings on non-invasive imaging included two patients
with anterior communicating artery aneurysms, one patient with
middle cerebral artery aneurysm, and two patients with an empty
sella, one of which also had a left temporal encephalocele (see case
illustration below).
3.3. DSA findings

Dural AVF was identified in 6 patients undergoing DSA. Dural
fistulas included three occipital artery feeding vessels draining into
the TS sinus, one fistula involving occipital artery feeding vessel
into both the TS and superior sagittal (SS) sinuses, one middle
meningeal artery feeder (with an associated aneurysm) draining
into the cavernous and petrosal sinuses, and one complex calvarial
dAVF involving multiple ECA branches draining into the SS sinus.
All identified dAVF were Cognard grade 1 fistulae, i.e. without ev-
idence of retrograde filling of cortical veins.

Other significant pathology found on DSA include: fibro-
muscular dysplasia (n ¼ 1), sigmoid sinus diverticulum (n ¼ 1),
and venous outflow obstruction including either stenosis of the
ipsilateral TS sinus (n ¼ 2), or obstruction at the skull base due to
compression of the internal jugular vein by an enlarged styloid
process (n ¼ 1). In five patients no significant abnormalities or
pathology was identified on DSA, and one patient had two signif-
icant DSA findings.



Table 1
Patient characteristics and presentation.

Patient Gender Age Side SNHL Objective Origin Symptoms

1 F 60 left yes yes arterial progressive severity after acute onset
2 F 31 left no no venous acute onset during pregnancy; progressive symptoms
3 F 52 left no yes arterial progressive/louder; associated with headache
4 F 52 right no yes venous objective (bruit); disabling, suppressed with compression
5 F 55 left no yes arterial objective (thrill); tinnitus
6 F 57 bilateral yes no venous hum venous hum
7 F 40 right bilateral, left > no no arterial acute onset, headache
8 F 50 right no no arterial progressive symptoms
9 F 44 left no no arterial acute onset right side, progressive symptoms
10 M 60 right no no venous progressive; suppressed with external compression
11 F 64 left unclear
12 F 76 right>left no yes arterial pulsatile
13 M 52 right no arterial progressive
14 F 51 right no no unclear disabling
15 F 58 left no no arterial progressive, acute onset after trauma

SNHL: sensorineural hearing loss.

Table 2
Results of patient non-invasive imaging, DSA, and consequential treatment.

Patient Non-Invasive Imaging (MRI, MRV, MRA, CTA) Digital Subtraction Angiogram (DSA) Treatment

1 MRI negative Fibromuscular dysplasia of ICA None
2 MRA suggests 6-mm aneurysm of MMA Middle meningeal artery aneurysm, skull base

fistula
Partial spontaneous thrombosis on follow up
angiography

3 Negative Left transverse-sigmoid sinus dAVF Embolization
4 MRI/A/V: negative dAVF and transverse sinus stenosis dAVF embolization: sx recurrent after ~1 month

and then patient had TS stent with complete
resolution of sx

5 MRA/V: negative dAVF Glue embolization
6 MRI/A/V: negative CTV IJ obstruction at skull base Venous outflow obstruction at skull base None
7 Negative, incidental ACOM aneurysm Negative None
8 MRV: partially thrombosed or irregular superior sagittal

sinus suggestive of prior thrombosis; MRI: enlarged,
empty sella on MRI

Negative None

9 MRI possible small dAVF; MRV left transverse sigmoid
sinus occlusion/stenosis

Negative; right dominant transverse sigmoid None

10 MRI possible meningoencephalocele with right tegmen
defect

Negative None

11 MRV: thrombosed right transverse sigmoid sinus; left soft
tissue density in temporal bone

Large left transverse sinus arachnoid granulation
with obstruction; possible left transverse sigmoid
diverticulum

None

12 MRI/V negative Large calvarial a-v fistula Craniotomy
13 MRI, CT temp bone, and CTA negative Negative (incidental ACOM aneurysm) None
14 Negative Large arachnoid granulation right transverse

sigmoid sinus
None

15 Arterialization of sigmoid sinus Left transverse sigmoid sinus dAVF Embolization
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3.4. Treatment

Treatment was recommended in all patients with dAVF; one
patient declined treatment and was observed to have spontaneous
thrombosis of middle meningeal artery fistula and associated
aneurysm. Three patients underwent Onyx embolization with
complete resolution of symptoms. One patient underwent embo-
lization of both TS and SS fistulae but experienced recurrence of
symptoms three months later, her symptoms subsequently
resolved following stenting of concomitant ipsilateral TS sinus
stenosis (see case illustration). One patient with a large complex
dAVF involving the transverse and sigmoid sinuses was treated
initially with craniotomy and subsequently required Onyx embo-
lization for residual dAVF seen on post-operative DSA. Complica-
tions included femoral artery dissection in one patient.

3.5. Illustrative case

This 52-year-old female presented with acute onset of right-
sided tinnitus one year prior to neurovascular evaluation. She had
a significant past medical history of endometrial cancer, during the
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treatment for which she reported a history of sudden onset of se-
vere headaches that preceded the onset of pulse-synchronous
tinnitus. Her headaches subsequently resolved. Non-invasive im-
aging demonstrated an empty sella and left sphenoid sinus ence-
phalocele without evidence of dAVF or transverse sinus
obstruction. The patient reported that the intensity of sound had
become disabling and only relieved by external compression of the
neck. Given the acute onset of symptoms and crescendo progres-
sion of her complaints DSAwas recommended. Findings included a
Cognard grade 1 dAVF involving both the transverse and superior
sagittal sinuses (Fig. 2A) as well as right-sided TS stenosis (Fig. 2B).
The patient underwent embolization and despite significant initial
improvement in her symptoms she had a recurrence of her com-
plaints three months later. Repeat DSA showed successful obliter-
ation of the fistula, and the patient’s right transverse sinus stenosis
was stented with complete resolution of tinnitus (Fig. 2C). She
subsequently underwent endoscopic repair of her left sphenoid
sinus encephalocele without incident. The patient has remained
symptom free at last follow up (62 months after fistula emboliza-
tion and stenting of transverse sinus).



Fig. 1. Diagnostic work-up flow chart for PST.

Fig. 2. (A) Digital subtraction angiogram, selective occipital artery catheter injection, lateral view, demonstrating opacification of superior sagittal and transverse sinuses indicative
of dural arteriovenous malformation. (B) Digital subtraction angiogram, anteroposterior view, demonstrating stenosis of sigmoid sinus pre-treatment (C) Digital subtraction
angiogram, anteroposterior view, demonstrating stented sigmoid sinus (arrow) and glue cast of feeding artery of dAVF (arrowhead).
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4. Discussion

Tinnitus is a complaint commonly encountered by the general
otorhinolaryngologist, and pulse synchronous tinnitus comprises
up to 10% of all patients with tinnitus (Hofmann et al, 2013). The
need for cerebral catheter angiography for patients with isolated
PST remains controversial. While DSA remains the ‘gold standard’
for diagnosis and grading of dAVF, CT and MR based angiography
studies have been shown to have sensitivity of 86% and 80%, and
specificity of 100% and 88%, respectively (Narvid et al, 2011; Shweel
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and Hamdy, 2013). In particular, the risks of invasive cerebral
catheter angiography (including stroke, retroperitoneal hematoma,
arterial dissection, etc) are sufficient to give most clinicians pause
prior to recommending invasive imaging for a ‘nuisance’ complaint.
On the other hand, in a large series in the neurosurgical literature,
many patients with high-grade dAVF present with isolated PST
(Kirsch et al, 2009; Lv et al, 2010). In one meta-analysis of patients
with pulsatile tinnitus, dAVFwas diagnosed by angiography in 7% of
patients, which is a significantly lower diagnostic yield than in our
study (40%) (Hofmann et al, 2013). In the literature there is no
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estimate of the prevalence of significant vascular abnormalities in
the population of patients complaining of PST in the outpatient ENT
clinical practice setting. In our study we showed a prevalence of
dAVF and/or other significant vascular pathology is 5.3% and
therefore we believe that DSA is unwarranted for all patients with a
pulsatile component of tinnitus, but rather is warranted in selected
patients only. The goal of the present study was to provide data on
the prevalence of vascular lesions in the pulsatile tinnitus popula-
tion as well as the diagnostic yield of invasive imaging in a highly
selected patient population.

In our series, seven patients were found to have identifiable
vascular pathology associated with PST (including dAVF, FMD, TS
stenosis, and SS diverticulum), who previously had non-invasive
imaging studies that failed to identify cerebrovascular pathology.
Only three patients (patients 7,10,13 on Table 2) had both negative
non-invasive imaging and negative DSA. Interestingly, of the four
patients identified on MRA as having possible dAVF, two were
found on DSA to have no evidence of a fistula. One of these patients
did have a prominent arachnoid granulation that may have
contributed to the MR impression of TS sinus stenosis.

The risk of a high-grade dAVF (i.e. Cognard grade IIb-IV) pre-
senting as isolated PST is the clinical entity most likely to be
associated with significant morbidity if a delay in diagnosis occurs.
Furthermore, DSA remains the gold standard for grading of dAVF. In
our series we did not diagnose a single dAVF with retrograde
venous drainage or other high-risk features, suggesting that the
prevalence of high-grade fistula in patients with PST is low. How-
ever, given the small number of patients in our studywith dAVF this
is difficult to say conclusively. In our study we have demonstrated
thatMRI/A is insufficient to rule out dAVF, however we do not know
if non-invasive imaging would have greater sensitivity in the
diagnosis of high-grade fistulae (because none were observed in
our series). Moreover, high-grade fistulae have been associated
with specific imaging findings-such as dilated cortical veins-that
would be consistent with a higher sensitivity of MRI for fistulae
with this specific high-grade feature. Our ability to make a firm
conclusion regarding the sensitivity of non-invasive imaging is
further limited by the small sample size of our patient population.

4.1. Arterial vs venous PST

Vascular causes of PST can be either arterial or venous in origin.
Subjective pulsations that extinguish with gentle neck pressure or
altered head position supports a more benign venous origin of PST.
In contrast, the presence of a bruit or thrill raises concern for a high
flow arterial abnormality. We did not observe any high-grade fis-
tulas. Other arterial causes include carotid artery stenosis/carotid
occlusion (Hofmann et al, 2013), fibromuscular dysplasia (Foyt et al,
2006), persistent stapedial artery (Waldvogel et al, 1998), aberrant
ICA (Sonmez et al, 2007; Waldvogel et al, 1998). The role of venous
obstruction or turbulent blood flow limited to the venous sinuses is
less well established. Jugular plate dehiscence and venous sinus
diverticulum are two entities that have been described in which
venous pulsations are audible due to either aberrant transmission
of high flow within the sinus (dehiscence) or turbulent flow
(diverticulum) (Grewal et al, 2014; Santa Maria et al., 2013).

Our series supports the hypothesis that clinically significant
pulse-synchronous tinnitus may be due in some cases to isolated
audible turbulence venous outflowobstruction (Pereira et al, 2020).
Evidence that obstruction of venous outflow can also cause clini-
cally significant PST comes TS sinus stenosis seen in association
with idiopathic intracranial hypertension (Lazzaro et al, 2012);
similarly Dashti et al. reported on a patient “styloidgenic” venous
compression syndrome (Dashti et al, 2012) that was relieved by
resection of the styloid process. Lazzaro et al. showed the existence
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of pressure gradients within the dural sinuses associated with
idiopathic intracranial hypertension in three patients; one patient
had PST that resolved after stenting of the sinus and elimination of
the pressure gradient (Lazzaro et al, 2012). Two of our patients
experienced resolution of PST with treatment of stenosis of venous
outflow: via stenting of the transverse sinus and decompression of
the jugular vein at the skull base due to compression by an enlarged
styloid process (patients #4 and 6, respectively). In addition to
venous outflow obstruction, we observed one case of sigmoid sinus
aneurysm or diverticulum, which is also associated with PST in the
literature (Lenck et al, 2012; Mehanna et al, 2010). Patients #11 and
14 were noted to have significant TS stenosis due to arachnoid
granulations seen on DSA. Whether arachnoid granulations
contribute to PST is not well established, but may functionally be
similar to dural sinus incompetence in the etiology of PST as
described by Lazzaro et al. (Lazzaro et al, 2012).

5. Conclusion

Cerebral catheter angiography is indicated for patients with
pulsatile tinnitus and either: 1) non-invasive imaging suggestive of
possible vascular lesion; or 2) Negative non-invasive imaging but
with accompanying findings of objective tinnitus, progressive and/
or disabling symptoms, or associated neurologic complaint
(including headache). Non-invasive imaging and careful clinical
examination are sufficient for the evaluation of most causes of PST.
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