
A67-year-old woman presented with a
constant, pulsatile, ringing in her left ear
that had been ongoing for 12 months.

She had no history of head trauma, surgery,
hypertension or cardiovascular disorders. The
patient was in no distress and appeared to be oth-
erwise healthy. Findings on otoscopy and exami-
nation of the cranial nerves were unremarkable.

Given the patient’s history of unilateral, pul-
satile tinnitus, we auscultated her skull and heard
a soft, high-pitched bruit over her left mastoid
process. The bruit was more prominent when we
asked the patient to turn her head to the left. We
did not hear any such sounds over her neck, and
the rest of the examination of her head and neck
yielded normal results.

A computed tomography (CT) scan of the
head showed a prominence in our patient’s left
cavernous sinus. There was no enhancing vascu-
lar mass and no evidence of herniation of the
brainstem. Magnetic resonance imaging showed
a dural arterio venous fistula on the patient’s left
side, with prominent arterial supply from the left

middle meningeal and left occipital arteries. There
was also evidence of diffuse dural enhancement
consistent with venous hypertension (Figures 1
and 2). Because we thought that the fistula might
rupture and cause a cerebral hemorrhage, we
referred her for urgent consultation with a neuro-
surgeon, who recommended a diagnostic
catheter angiogram to document the anatomy of
the fistula.

Treatment involved catheter-assisted coiling
of the fistula using a Guglielmi detachable coil.
There were no complications during or after the
procedure. The patient’s tinnitus resolved com-
pletely, and she has remained  symptom-free for
the past three years.
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• Nonpulsatile, bilateral tinnitus is usually benign, but pulsatile tinnitus
may be the first presentation of a more serious condition. 

• Patients with pulsatile tinnitus or unilateral tinnitus should be referred
to an otolaryngologist, and patients with a history of head trauma or
surgery should be referred urgently.

• Clinicians can differentiate between pulsaltile and nonpulstile tinnitus
by taking a focused history, and a systematic physical examination can
help to determine if the cause of pulsatile tinnitus is arterial or venous.

• Early intervention for patients with pulsatile tinnitus can help prevent
potentially catastrophic sequelae.

Key points
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Tinnitus: identifying the ominous causes
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Figure 1: Magnetic resonance image of the head of
a 67-year-old woman with pulsatile tinnitus. A
dural arteriovenous fistula (arrow) and dural
enhancement consistent with venous hypertension
can be seen on the patient’s left side.

Figure 2: Magnetic resonance angiogram of the
patient’s cranial circulation. A dural arteriovenous
fistula with prominent blood supply from the left
occipital artery can be seen (thick white arrow). An
enlarged external carotid artery (black arrow) and
signal within the transverse sinus at the level of
the fistula (thin white arrow) are also evident.
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Discussion

Tinnitus, the perception of sound in the absence
of an auditory stimulus, affects as much as 10%
of the general population.1 The differential diag-
nosis of tinnitus is broad and includes potentially
life-threatening conditions.1–3 Pulsatile tinnitus
may be the first presentation of a more serious
condition, whereas nonpulsatile, bilateral tin -
nitus is usually benign. Pulsatile tinnitus is re -
ported by about 4% of patients who seek medical
attention for tinnitus.1 The most common causes
of pulsatile tinnitus are abnormalities of the
carotid artery or jugular venous systems, which
may require treatment. If left untreated, however,
some vascular abnormalities can lead to cata-
strophic outcomes.3 An approach for diagnosing
and treating some of the common causes of pul-
satile tinnitus, based on a multi disciplinary clini-
cal guideline, is outlined in Table 1 and dis-
cussed here.4

Causes of pulsatile tinnitus
Pulsatile tinnitus can be arterial or venous in ori-
gin. Atherosclerosis of the carotid artery can
cause turbulent blood flow through stenotic seg-
ments of the vessel, which can lead to pulsatile
tinnitus.3 Arteriovenous fistulas are thought to be
acquired anomalies related to thrombosis of the

dural venous sinus. The thrombosis may be spon-
taneous or secondary to trauma, surgery, neo-
plasm or infection. As the thrombosis resolves,
artery-to-sinus anastomoses are formed. Mortal-
ity can be as high as 20% if the fistula ruptures.3

Arteriovenous malformations are similar to fistu-
las, but they are congenital and often remain
asymptomatic until patients are 40–50 years old.
Additional arterial causes of pulsatile tinnitus
include dissecting aneurysms, fibromuscular dys-
plasia of the carotid artery and hypertension.3

The most common venous cause of pulsatile
tinnitus is benign intracranial hypertension, also
known as pseudotumour cerebri syndrome, a
condition characterized by increased intracranial
pressure in the absence of other neurological
signs.1–3 Other venous causes include venous
hum, which is generally caused by turbulent
blood flow through the internal jugular vein;
vascular neuroendocrine tumours of the skull
base, such as a glomus  tympanicum; and a high-
riding jugular bulb.3

Clinical presentation of tinnitus
A focused history and physical examination are
essential in determinnig the differential diagnosis
of tinnitus. Factors that should be assessed by the
clinician include whether the tinnitus is pulsatile,
continuous or episodic; the onset and location
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Table 1: Origin, common causes and management of pulsatile tinnitus4 

Origin Cause Clinical findings Management 

Risk factors for atherosclerosis Atherosclerosis  of 
the carotid artery Ipsilateral carotid bruit or thrill heard in 

patient’s neck 

Carotid 
endarterectomy 
or stent 

History of trauma, surgery, infection or 
intracranial neoplasm 

Bruit auscultated over skull in the area 
behind the ear 

Arteriovenous 
fistula and 
arteriovenous 
malformation 

Pulsating rhythm of bruit similar to 
patient’s pulse 

Selective 
embolization 

Arterial 

Aberrant carotid 
artery 

Otoscopy shows a beefy red mass 
behind the anteroinferior quadrant of 
the tympanic membrane 

Reassurance 

Typically seen in young female patients 
with morbid obesity 

Benign 
intracranial 
hypertension Headache, blurred vision, papilledema 

and other features of increased 
intracranial pressure without localizing 
neurological dysfunction 

Reduction in 
weight; diuretics 

Tinnitus resolves with digital pressure 
applied over the internal juglar vein 

Venous hum and 
high-riding 
jugular bulb Otoscopy may show a blue mass behind 

the tympanic membrane 

Reassurance  

Venous 

Glomus 
tympanicum 

Otoscopy shows reddish pulsatile mass 
behind the tympanic membrane 

Excision 
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(i.e., in one or both ears) of the tinnitus; any fac-
tors that exacerbate or relieve the symptoms; and
the degree to which the patient feels distress,
including his or her risk for suicide.5

Risk factors for pulsatile tinnitus related to
atherosclerosis include disease of the peripheral
vasculature, hypertension, angina, hyperlipi-
demia, diabetes mellitus and smoking. A history
of head trauma or surgery may be associated
with an arteriovenous fistula.1–3

A focused physical examination should in -
clude careful otoscopy to identify any vascular
anomalies. A high-riding jugular bulb will
appear as a blue mass in the posterior inferior
quadrant of the middle ear space (Figure 3),6

whereas an aberrant carotid artery will appear as
a beefy red mass in the antero inferior quadrant
(Figure 4).7 A glomus tumour presents as a red-
dish pulsatile mass behind an intact tympanic
membrane (Figure 5).8 The neck and skull should
be auscultated for bruits or venous hums over the
carotid bulb, the jugular vein and the cavernous
and dural sinuses.

To differentiate between venous and arterial
sources, one can apply gentle digital pressure to
the ipsilateral internal jugular vein. Resolution of
the tinnitus implies a venous source, whereas
persistence of the tinnitus implies an arterial
source. An examination of the cranial nerves in -
cluding funduscopy may show papilledema as -
sociated with benign intracranial hypertension.3

An audiogram can provide further diagnostic
clues. Patients with pseudotumour cerebri may
have a loss of hearing in the low-frequency

range, and tympanometry may show decreased
compliance of the middle ear. Tympanometry
can also be useful in identifying a glomus
tumour.1 Testing with a tuning fork is nonspe-
cific, because the patient may have conductive
hearing loss, sensori neural hearing loss or normal
hearing, depending on the cause of the  tinnitus.

Consultations and investigations
All patients with pulsatile tinnitus or unilateral
tinnitus should be referred to an otolaryngologist
for further assessment. Patients with pulsatile
tinnitus who also report a history of head trauma
or surgery should be referred urgently.

Figure 4: An aberrant carotid artery appearing dur-
ing otoscopy as a curved reddish formation behind
an intact and mobile tympanic membrane, in the
right ear of a 28-year-old woman. Reprinted with
permission from Arch Otolaryngol Head Neck Surg
2004;130:1120. Copyright © 2004 American Medical
Association. All rights reserved. 

Figure 5: A glomus tumour. A reddish retrotympanic
mass can be seen filling the middle ear space of the
right ear. Reprinted from Acta  Otorrinolaringol Esp
2007;58:426-33. Copyright © 2007 Elsevier Limited.

Figure 3: A high-riding jugular bulb, appearing dur-
ing otoscopy as a purplish mass behind the intact
tympanic membrane, in the right ear of a 12-year-
old boy who presented with pulsatile tinnitus.
Reprinted with permission from Laryngoscope
1997;107:321-7. Copyright © 1997 John Wiley &
Sons, Inc. 
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Radiographic assessment of pulsatile tinnitus
is directed by clinical findings. When a retrotym-
panic mass is detected on otoscopy, a CT scan
with contrast medium is the radiographic investi-
gation of choice.4 A CT scan is appropriate for
the detection of a glomus tumour, a high jugular
bulb or an aberrant carotid artery. When a bruit
is heard over the carotid artery, investigation by
duplex ultrasonography can reveal stenosis of
the vessel.3 In some cases of glomus tumours,
magnetic resonance imaging is also helpful.1 In
patients with normal findings on otoscopic exam-
ination and a clinical presentation that suggests
arterio venous malformation, arteriovenous fistula
or fibromuscular dysplasia of the carotid artery,
investigation with both magnetic resonance
imaging and a magnetic resonance angiogram is
indicated.1

Conclusion

Tinnitus is usually benign. However, a systematic
approach to the physical examination and a
detailed history from the patient can help clini-
cians identify the subset of patients for whom tin-
nitus may represent a more ominous  condition.
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The section Cases presents brief case reports that
convey clear, practical lessons. Preference is given
to common presentations of important rare condi-
tions, and important unusual presentations of com-
mon problems. Articles start with a case presenta-
tion (500 words maximum), and a discussion of
the underlying condition follows (1000 words
maximum). Generally, up to five references are
permitted and visual elements (e.g., tables of the
differential diagnosis, clinical features or diagnos-
tic approach) are encouraged. Written consent
from patients for publication of their story is a
necessity and should accompany submissions. See
information for authors at www.cmaj.ca.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


