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Objectives. Vascular tinnitus is the most common form of pulsatile tinnitus, particularly when the tinnitus corresponds with
the pulse of patients. In this study, we reviewed the 10-year clinical data on vascular tinnitus of our tinnitus clinic to
investigate the frequency of the underlying etiologies, to introduce a diagnostic protocol, and to evaluate the treat-

ment outcomes.

Methods. We retrospectively collected the data of 57 patients who were diagnosed as vascular tinnitus between April 2001
and December 2011. Careful history taking, otoscopy, thorough physical examinations, audiometry, laboratory tests,
as well as radiologic examinations were performed according to our diagnostic protocol to find the origin of pulsatile
tinnitus. Treatment options were individualized based on the specific etiology, and the outcomes were assessed using

patient’s subjective reports at the follow-up interviews.

Results. High jugular bulb was the most common cause (47.4%) of vascular tinnitus, and venous hum was the next
(17.5%). Dural arteriovenous fistula, intracranial aneurysm, atherosclerotic carotid artery disease, and hypertension
were less common causes. Vascular tinnitus was alleviated in most patients after the appropriate treatment: surgical
intervention, tinnitus retraining therapy, reassurance, and medications.

Conclusion. Vascular tinnitus can be successfully diagnosed by the regular use of the suggested protocol. Many patients
with vascular tinnitus have treatable underlying etiologies. Treatment of those etiologies or at least counseling about
the tinnitus itself can benefit the patients with troublesome vascular tinnitus.

Keywords. Aneurism; Arteriovenous fistula; Computed tomography; Pulsatile tinnitus; Magnetic resonance angiography

INTRODUCTION

Vascular tinnitus is the most common form of pulsatile tinnitus,
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especially when the sound corresponds well with the patient’s
pulse. Vascular tinnitus is an uncommon otologic symptom; the
incidence has been reported to be approximately 4% in patients
with tinnitus [1]. It originates from vascular etiologies and may
occur by the result of turbulence in the blood flow. The sound
produced by the turbulence is transmitted to the inner ear and
causes tinnitus percept. According to the vascular structures of
origin, vascular tinnitus can be classified as arterial or venous
type [2]. In the clinical practice of treating tinnitus patients, the
diagnosis of vascular tinnitus is challenging due to its rarity and
no standardized diagnostic protocol. Therefore, the otolaryngol-
ogist is likely to misdiagnose it as idiopathic subjective tinnitus.
Because significant intracranial conditions can evoke vascular
tinnitus, a diagnostic failure may lead to a serious outcome.

In the present study, we summarized the 10-year data on vas-
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cular tinnitus of our tinnitus clinic to investigate the frequency
of the underlying etiologies, to introduce a diagnostic protocol,
and to evaluate the treatment outcomes.

MATERIALS AND METHODS

Patients

The clinical data on 57 patients with pulsatile tinnitus who pre-
sented to our tinnitus clinic between April 2001 and December
2011 were retrospectively reviewed by a single tinnitus specialist
(SNP). This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital (KC12RISE0250).

History and physical examination

A detailed history of pulsatile tinnitus was taken, and the stan-
dardized interview form and validated tinnitus questionnaires
were administered to the patients to score the subjective tinnitus
severity. These self-rating scores included awareness (AW, percent
of time aware of tinnitus during the waking hours), 10-point vi-
sual analogue scale for tinnitus loudness (LD)/annoyance (AN)/

effect on daily life (EOL), and tinnitus handicap inventory (THI).
The initial diagnostic approach depended primarily on the tinni-
tus quality described by the patient. A throbbing, rushing, or
humming sound suggested a vascular etiology. Thorough physical
examinations were performed through otoscopy, auscultation of
the ear canals, and a full head and neck examination. A tympan-
ic mass could be visible on otoscopy. When the patient showed a
normal eardrum with bruits on the auscultation around the head
and neck area, the patient’s pulse was checked if it was synchro-
nous with the tinnitus sound. To discriminate the vascular struc-
tures of origin, the ipsilateral internal jugular vein (IJV) was gen-
tly compressed and any changes in tinnitus loudness were exam-
ined. Head turning test was also conducted to confirm the com-
pression maneuver. In tinnitus of venous origin, light digital pres-
sure over the ipsilateral IJV or head turning towards the tinnitus
side allowed tinnitus to diminish or subside. When those maneu-
vers exerted no effect on tinnitus loudness, tinnitus of arterial or-
igin was suspected.

Audiometric, laboratory, and imaging tests
All patients underwent pure tone audiometry, speech audiome-
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Fig. 1. Diagnostic algorithm for vascular tinnitus. TBCT, temporal bone computed tomography; TBMRI, temporal bone magnetic resonance im-
aging; HBP, hypertension; IJV, internal jugular vein; TN, tinnitus; MRA, magnetic resonance angiography; MRV, magnetic resonance venogra-
phy; TCD, transcranial Doppler sonography; BIH, benign intracranial hypertension; ACAD, atherosclerotic carotid artery disease; AVF, arterio-

venous fistula.
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try, and tinnitogram. Pure tone average (PTA) was determined
at 0.5,1, 2, and 3 kHz. We defined the hearing as low-frequency
hearing loss when the low tone average at 125,250, and 500 Hz
was =20 dB higher than the high tone average at 1, 2, and 3
kHz. Blood pressure was measured to rule out hypertension,
and blood tests were performed to exclude anemia and hyper
thyroidism, which could increase cardiac output and cerebral
blood flow.

In patients with a tympanic mass medial to the eardrum, tem-
poral bone computed tomography (TBCT) and/or magnetic reso-
nance imaging were obtained to demonstrate jugular bulb anom-
alies, glomus tumor, and the other tumorous lesions. In case of a
glomus tumor, carotid angiography was also conducted to evalu-
ate the cerebral collateral circulation as well as for embolization
of the feeding artery before surgical removal. If the otoscopic
finding was normal, and the venous or arterial origin could be
differentiated by the physical maneuver, various imaging stud-
ies—TBCT, brain magnetic resonance angiography/venography
(MRA/MRV), and transcranial Doppler sonography (TCD)—
were performed subsequently to find the specific etiologies.

In patients with potential venous-origin vascular tinnitus, TBCT
was the first choice to detect venous anomalies. Once jugular
bulb anomaly was diagnosed, no further imaging study was not
performed. Otherwise, MRV was additionally obtained to ex-
clude the other vascular or intracranial pathology. In cases of nor-
mal imaging, we consulted a neurologist to exclude benign intra-
cranial hypertension (BIH). When BIH was excluded by the neu-
rologist, we finally diagnosed the tinnitus as venous hum.

RESULTS

Of the total 57 patients (10 males and 47 females; age range, 18
to 85 years; mean age, 48.9 years) included, high jugular bulb
was the most common cause (27 patients) of vascular tinnitus
followed by venous hum (10 patients), dural AVF (5 patients),
ACAD (4 patients), hypertension (4 patients), and intracranial
aneurysm (3 patients) (Table 1). The mean duration was 25.9
months. Tinnitus was unilateral in 55 patients, and bilateral in
two. The left ear was affected in 23 patients and the right in 32
patients. A female predominance was clearly observed in vascu-
lar tinnitus. Interestingly, there was no male patient who had ve-
nous hum or hypertension-related vascular tinnitus in our case
series. High jugular bulb involved the right ear three times more
frequently than the left.

The mean PTA of all patients was 18.8+12.2 dB (mean *stan-
dard deviation). In only one patient with high jugular bulb, air
bone gap of 30 dB was found in the affected ear. In tinnitogram,
the mean tinnitus loudness was 31.0+£19.7 dB (range, 6 to 90
dB); the mean pitch, 1,883 13,108 Hz (range, 125 to 8,000 Hz).
Although the mean pitch was in the high frequency range, the
low pitch was predominant except 1,000-3,000 Hz: 125, 250,
500, 4,000, 6,000, and 8,000 Hz was reported by 51.7%, 10.4%,
13.8%, 3.4%, 3.4%, and 17.2% of patients, respectively. Low-
frequency hearing loss was shown in 38%/50%/60%/25%/75 %

Table 1. Relative frequency of the etiologies of vascular tinnitus

In patients with potential arterial-origin vascular tinnitus, TCD Etiology No of cases

was the first choice along with MRA or brain CT angiography. High jugular bulb er
Atherosclerotic carotid artery disease (ACAD), dural arteriove- Herals hu_m , 2

. . . Dural arteriovenous fistula 5
nous fistula (AVF), and intracranial aneurysm could be found Hypertension 7
through these tests. In cases of normal imaging, we diagnosed Atheroscleroic carotid artery disease 4
the tinnitus as idiopathic. The flow chart is presented in Fig. 1. We Intracranial aneurysm 3
provided the patients with appropriate treatment according to Temporal cavernous hemangioma 1
the specific etiology and tinnitus severity. The treatment options Aberrant carotid artery 1
included surgical intervention, tinnitus retraining therapy (TRT), Glomus tympanicum 1
reassurance, and medications. The outcomes were assessed using Benign intracranial hypertension 1
patient’s subjective reports at the follow-up interviews. Total 57
Table 2. Demographic data and tinnitus severity scores in patients with 5 major etiologies of vascular tinnitus
Etiology (yAfaer) (f/fé) ?nﬂf;;ﬁ? Aﬁ‘?ﬁg‘?;)'de LFHL AW LD AN EOL THI
High jugular bulb (n=26) 46.7+16.6 6:20 36.1+£55.2 6:20:0 10(38) 55.4+320 49426 52+31 48428 36.7£225
Venous hum (n=10) 40.7£16.5 0:10 13.0+84 6:3:1 5(50) 70.0+27.7 56123 6.4+26 49+34 40.0£9.2
DAVF (n=5) 53.2+12.8 2:3 29.3+51.6 4:1:0 3(60) 73.3+23.1 50126 50+00 4.0+10 250+1.4
ACAD (n=4) 51.7£19.2 1:3 50155 1:3:.0 1(25) 50.0£50.0 3.7£1.2 6.3+23 57%+12 51.3%25.3
Hypertension (n=4) 73.7£9.9 0:4 30.0+£35.5 3:1:0 3(75) 63.3+306 6.0+35 43+15 43%£15 19.0£19.8

Values are presented as mean+SD or number (%).

L, left; R, right; B, both; LFHL, low-frequency hearing loss; AW, awareness (percent of time aware of tinnitus during the waking hours); LD/AN/
EOL, 10-point visual analogue scale for loudness/annoyance/effect on daily life; THI, tinnitus handicap inventory; DAVF, dural arteriovenous

fistula; ACAD, atherosclerotic carotid artery disease.
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Table 3. Treatment options and outcomes for vascular tinnitus

Diagnosis (n)

Treatment (n)

Response (n)

High jugular bulb (27)

Venous hum (10)

DAVF & aneurysm (8)

Hypertension (4)
ACAD (4)

Hemangioma (1)
Aberrant carotid artery (1)
Glomus tympanicum (1)
BIH (1)

TRT with medication (17)

TRT with sound generator (1)
Reassurance with medication (7)

Surgical ligation (2)

TRT with medication (10)

Embolization (6)

TRT with medication (2)
Antihypertensives (4)
Angioplasty (1)

TRT with medication (3)
TRT with medication (1)
TRT with medication (1)
Surgery (1)

TRT with medication (1)

Gradual, incomplete (15)
Follow-up loss (2)
Gradual, incomplete (1)
Gradual, incomplete (3)
No response (1)
Follow-up loss (3)
Gradual, complete (1)
Gradual, incomplete (1)
Gradual, incomplete (8)
No response (1)
Follow-up loss (1)
Prompt, complete (6)
Gradual, incomplete (2)
Gradual, complete (4)
Prompt, complete (1)
Gradual, incomplete (3)
Gradual, incomplete (1)
Gradual, incomplete (1)
Prompt, complete (1)
Gradual, incomplete (1)

TRT, tinnitus retraining therapy; DAVF, dural arteriovenous fistula; ACAD, atherosclerotic carotid artery disease; BIH, benign intracranial hypertension.

in patients with high jugular bulb/venous hum/AVF/ACAD/hy-
pertension, which may be related with the acoustic characteris-
tics of vascular tinnitus. The mean tinnitus severity scores are as
follows: AW, LD, AN, EOL, and THI was 60.6+30.5, 5.2+2 .4,
5.61+2.5,4.912.5, and 39.5118.6, respectively. The subdivided
data according to the main etiologies are exhibited in Table 2.

In patients with high jugular bulb, TRT was the first-line treat-
ment after the control of newly developed hypertension if any.
The components of TRT contained demonstration of the high jug-
ular bulb on CT scan, directive counseling based on the Jastreboff
neurophysiological model, and instructions to use enriched envi-
ronmental sound or sound generators. The sound generators were
required in only one patient who were bothered by severe tinnitus
even with the environmental sound enrichment. This patient im-
proved after instrumentation. The intractable tinnitus patients were
treated with surgical ligation of the IJV showing favorable out-
comes. All patients with venous hum were treated with TRT and
medications, and most patients showed improvement. Dural AVF
and intracranial aneurysms were detected in eight patients. Six of
them were relieved of tinnitus completely after embolization, and
in two patients, tinnitus was alleviated by TRT with medications
during the observational period of the vascular lesion. Hyperten-
sion was diagnosed in four patients, who showed improvement af-
ter adequate blood pressure control. ACAD was observed in four
patients; one of them was cured of tinnitus with angioplasty, and
three showed improvement after TRT with medication. In one pa-
tient with glomus tympanicum, complete resolution was
achieved by surgical removal. The patients who had rare causes
of vascular tinnitus in our case series—a cavernous hemangio-

ma located in an inoperable site within the brain, aberrant ca-
rotid artery, and BIH—underwent TRT with medications, and
showed gradual improvement after the treatment. Long-term
follow-up was not needed in most of the patient. The patients
who were followed within 6 months were 77.2%.The treatment
modalities and outcomes in all cases are summarized in Table 3.

DISCUSSION

In this study, we have summarized the data of our large case se-
ries of vascular tinnitus to provide the practitioners with some
helpful information about the diagnosis and treatment of this
challenging symptom in otology clinics. It is suggested that im-
aging studies are particularly important in the diagnostic process
of vascular tinnitus. When venous origin was suspected, TBCT
should be checked first to rule out the most common jugular bulb
anomalies. If arterial origin was suspected, TCD along with MRA
should be obtained. TCD was useful to evaluate the functional de-
gree of intracranial vascular stenosis, especially ACAD. In addition,
consultation with neurologists or neurosurgeons is frequently criti-
cal in vascular tinnitus. Because tinnitus patients who first visit
otolaryngology clinics usually do not have identifiable neurologic
signs and symptoms, high index of suspicion is needed. For exam-
ple, before a neurologic consultation for BIH, other presenting
symptoms such as headache, dizziness, and visual disturbances
also require careful attention.

In our case series, high jugular bulb was the most common cause
of vascular tinnitus, and the second, venous hum. Arterial causes
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were less common. Glomus tympanicum, intracranial cavernous
hemangioma, aberrant carotid artery, and BIH were identified in
only one case, each. Sismanis reported a 15-year study of 145 pa-
tients with vascular tinnitus [3]. In his study, BIH was the most
common diagnosis (56 patients) followed by ACAD (24 patients). It
has been reported that the incidence of BIH is increased in women
who are 10% or more over ideal weight [4], and varies according
to the prevalence of obesity in the respective region [5]. In our
study, the incidence of BIH was very low; only one patient among
54 patents. These different incidences may be attributed to the dif-
ferent patient populations. Furthermore, the chief complaint of our
patients is almost always tinnitus, not neurologic symptoms. If we
collaborate with neurologists for the study, more intriguing data
would be available on vascular tinnitus caused by intracranial vas-
cular anomalies.

High jugular bulb has been defined as a jugular bulb extend-
ing above the inferior bony annulus [6]. The incidence of high
jugular bulb has been reported from 3.5% to 22.6% [7]. High
jugular bulb is usually asymptomatic, but when symptoms are
present, tinnitus is known to be a common complaint [8]. The
initial treatment method for high jugular bulb could be TRT,
medication, and sound therapy [9]. In cases of the failure of ini-
tial treatment, surgical therapy can be considered. Surgical treat-
ment options for high jugular bulb include jugular vein ligation,
transcatheter endovascular coil embolization, transvenous stent-
assisted coil embolization, surgical lowering through subfacial
and infralabyrinthine approaches, and surgical covering and rein-
forcement using fascia, perichondrium, or autologous cartilage
[10-14]. However, surgical outcomes of these methods were not
sufficient to be considered as successful, and have not been eval-
uated properly. Moreover, potential complications of the surgery
are intracranial hypertension, facial nerve injury, and conductive
hearing loss. Thus, the surgery is not recommended as an initial
therapy for tinnitus patients caused by high jugular bulb [9]. The
authors initially provided our patients with TRT and medications:
alprazolam (0.25 mg) and ginkgo biloba extract (80 mg) daily for
3 months. In only two cases among the 27 high jugular bulb pa-
tients, failure of the conservative treatment leaded to 1JV liga-
tion. One showed complete relief of tinnitus, and the other
showed partial improvement.

Venous hum can be defined as an idiopathic vascular tinnitus of
venous origin [15-17]. It is common in patients between 20 and
40 years with a marked female preponderance. A turbulent blood
flow produced in the IJV is supposed to be the cause of venous
hum [18]. Diagnosis of venous hum can only be made after the
exclusion of the other disorders. In our clinic, all patients with this
second most common cause of vascular tinnitus were treated with
TRT and medication, because surgical treatment of venous hum
has not been popular to date. The treatment responses were good
in 80% of the patients, although no one showed complete cure.
Dural AVF and aneurysm are relatively common intracranial vas-
cular abnormalities. Tinnitus can be one of the most frequent

symptoms in dural AVFE. Cerebral venous thrombosis has been
proposed to be the major pathogenic factor in the formation of
dural AVF. As the thrombosed segment recanalizes, regeneration
of dural arteries results in artery-to-sinus anastomosis. In a recent
report, the overall mortality rate was 4.8% within the first 12
months [19]. An aneurysm is a focal dilatation of an arterial ves-
sel caused by high blood pressure, shearing forces, turbulence,
and morphological or biological characteristics within the vessel
wall [20-22]. Overall prevalence was estimated to be 3.2% in a
population with a mean age of 50 years [23]. Aneurysm of the
internal carotid artery, particularly in the petrous portion, can
manifest with pulsatile tinnitus alone [24]. Because the lesion is
life-threatening when ruptured, interventions such as surgical
clipping or endovascular coiling should be conducted if indicat-
ed. In our cases, all tinnitus patients with aneurysms were treated
with embolization, and the pulsatile tinnitus was cured immedi-
ately after the treatment.

In conclusion, vascular tinnitus could be alleviated or cured in
most of the patients after the individualized treatment according
to the causes. Many patients with vascular tinnitus have treatable
underlying etiologies. We suggest that establishing the correct di-
agnosis through a regular diagnostic protocol and early selected
treatment will help patients to be relieved from their tinnitus ef-
fectively.
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