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Abstract

Objectives

Pulsatile tinnitus (PT) is a rare complaint, but can be a symptom of life-threatening disease.

It is often caused by vascular pathologies, e.g. dural arteriovenous fistula (dAVF), arteriove-

nous malformation (AVM) or vascularized tumors. The current diagnostic pathway includes

clinical examination, cranial MRI and additional DSA. The aim of this study was to evaluate

the diagnostic impact of DSA in the diagnostic workup of patients with PT in comparison to

MRI alone.

Methods

Retrospectively, 54 consecutive patients with pulsatile tinnitus were evaluated. All patients

had a diagnostic workup including cranial MRI and DSA. MRI examinations were blinded to

the results of DSA and retrospectively analyzed in consensus by two experienced neurora-

diologists. The MR-examinations were evaluated for each performed sequence separately:

time-of-flight-angiography, ce-MRA, T2, ce-T1-sequence and ce-T1-sequence with

fat saturation.

Results

37 of the 54 patients revealed a pathology explaining PT on MRI, which was detected by the

readers in 100% and proofed by means of DSA. 24 dAVF, four paraganglioma, two AVM

and seven more pathologies were described. All patients without pathology on MRI did also

not show any pathology in DSA.

Conclusions

MR imaging is sufficient to exclude pathology in patients with pulsatile tinnitus.
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Introduction
Pulsatile tinnitus (PT) is a rare symptom potentially provoked by a variety of pathologies and
can be sign of life-threatening disease [1,2,3]. It is characterized by a noise synchronous to the
heartbeat, which is transmitted to the inner ear and generated by non-laminar blood flow. PT
can be classified into `objective´ when detecTable with auscultation or `subjective´ when only
the patient perceives the noise. The etiology of PT in general can be vascular, nonvascular or re-
main cryptogenic without radiologically identifiable cause [4]. The vascular genesis of PT can
be separated into arterial or venous pathologies. Frequent vascular pathologies of PT are dural
arteriovenous fistula (dAVF), arteriovenous malformations (AVM), sigmoid sinus diverticu-
lum, carotid-cavernous fistulae or ICA stenosis [5,6]. Frequent nonvascular causes of PT are
paraganglioma, intracranial hypertension or systemic disorders e.g. anemia [1,7,8].

About 25–30% of patients with PT have no imaging findings explaining the symptom
[9,10]. Potential life-threatening diseases like dAVF need to be detected and—depending on
their classification—treated due to the risk of bleeding [11,12,13]. DAVF Type III-V classified
by Cognard/Merland have a significantly higher risk of bleeding and usually therapy is recom-
mended [12]. In patients with dAVF, PT is described in 41% of patients not presenting with in-
tracranial hemorrhage [14].

There are different imaging strategies due to the numerous possible causes of PT. The cur-
rent diagnostic pathway includes a detailed neurological and otolaryngeal examination and
cranial MRI (cMRI). After that frequently diagnostic digital subtraction angiography (DSA) is
recommended, which is still considered as gold standard in evaluation vascular pathologies
[10,15].

The aim of this retrospective study was to evaluate the diagnostic impact of DSA in the diag-
nostic workup of patients with PT in comparison to MRI alone.

Materials and Methods
The DSA database was evaluated for patients with PT presenting in our department between
2003–2013. All patients with both, DSA and MRI examinations were included in this study. Pa-
tient records were anonymized and de-identified prior to analysis. Due to the retrospective
character of our study consent of participants was not given. The study was approved by the
ethics committee of the University Duisburg-Essen.

Overall 54 consecutive patients (37 women; 17 men; mean age 51.5 years; range 18–73
years) with PT were included in this study. All patients had a diagnostic workup with MRI and
DSA. MRI and DSA were performed on average within a time span of 31 days (median of 21
days). All patients suffered from PT both on the day of MRI examination and DSA. Two expe-
rienced neuroradiologists (certified for>10 years) reanalyzed MRI in consensus. The readers
were informed of the lateralization of PT, but were blinded for DSA results and initial MRI re-
port. Due to the different MRI protocols we evaluated each MRI sequence separately. The fol-
lowing sequences were analyzed: time-of-flight angiography (TOF-angio), ce-MRA, T2, ce-T1
and ce-T1-fs. All sequences covered the entire brain. The ce-MRA covered additionally the
supraaortal vessels.

Each sequence was analyzed separately for its diagnostic value on a two point scale (patho-
logic or non- pathologic). MRI examinations were performed on several different MRI-scan-
ners (Siemens Medical Healthcare, Erlangen Germany: Symphony (1.5T): 13 patients; Espree
(1.5T): four patients; Avanto (1.5T): three patients; Sonata (1.5T): two patients; Aera (1.5T):
two patients; Skyra (3T): one patient; Biograph_mM (3T): one patient and 28 external MRIs.
The external MRI examinations were performed on a variety of different MRI scanners; 24 of
the examinations were performed at 1,5T and four at 3T. Due to the retrospective character of
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the study and the different MRI-scanners and scan protocols we do not present a detailed pro-
tocol of all sequence-parameters.

Results

Diagnosis made by DSA
Fifty-four consecutive patients were included. Final diagnosis was made by means of DSA,
which is considered to be the gold standard in visualization intracranial vessels. PT-causing pa-
thology was detected in 37 of 54 patients by DSA (Table 1). In total 24 patients had dAVF
(Figs. 1–3) and four patients had a paraganglioma (Fig. 4). Two patients with AVM, three pa-
tients with extracranial fistula, two patients with carotid-cavernous fistulae, one patient with
stenosis of the internal carotid artery and one patient with an aneurysm of the internal carotid
artery were detected. In 17 patients no pathology was found.

Diagnosis made by MRI
Tinnitus-causing pathology was seen in 37 of 54 patients in MRI (Table 1). The most frequent
cause for PT was dAVF (24 patients). The second most frequent cause was paraganglioma in

Table 1. Patient group with PT according to final diagnosis based on DSA and MRI.

Pathology Diagnosis made with DSA n (%) Diagnosis made with MRI n (%)

dAVF 24 (44%) 24(44%)

Paraganglioma 4 (7%) 4 (7%)

Cavernosus fistula 2 (4%) 2 (4%)

AV malformations 2 (4%) 2 (4%)

Extracranial AV fistula 3 (6%) 3 (6%)

ACI stenosis 1 (2%) 1(2%)

Aneurysm 1 (2%) 1 (2%)

No pathology 17 (31%) 17 (31%)

doi:10.1371/journal.pone.0117814.t001

Fig 1. 46 year old male patient with left sided PT since 6 months. TOF (A), ce-MRA (B) and DSA (C):
dAVF I by Cognard/Merland classification of the sigmoid sinus.

doi:10.1371/journal.pone.0117814.g001
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Fig 2. 53 year old patient with right-sided pulsatile tinnitus and severe headache since 4 months.DSA (A), TOF (B), ce-MRA (C) and T2 (D): DAVF IIa
by Cognard/Merland classification at the sigmoid/transverse sinus.

doi:10.1371/journal.pone.0117814.g002

Fig 3. 64 year old male patient with PT on the left ear since 4 months. DSA of the left carotid artery shows a left sided dAVF Type III Cognard/Merland
classification (A). The venous drainage leads direct into a trapped left sided transverse sinus into a cortical vein, which is not dilatated (B).

doi:10.1371/journal.pone.0117814.g003
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4 patients. Two patients had an AVM supposed to be the cause for PT. Carotid-cavernous fis-
tulae were seen in two patients. In one patient an aneurysm of the internal carotid artery was
the reason for PT, which vanished after coil embolisation. Stenosis of the internal carotid artery
was the only detecTable reason of PT in one patient. Extracranial arteriovenous fistulae were
found in three patients (Table 1). No morphological correlate for PT was identified on MRI of
17 patients and DSA did not reveal any further pathology in these patients.

MRI sequences
To allow the comparison of the diagnostic impact of the different MRI sequences, the patients
with pathological findings in DSA were evaluated separately (n = 37) (Table 2).

Of the 37 patients with pathologic findings on DSA 26 had received TOF angiography. In
25 of those patients TOF angiography was suspicious for pathology, corresponding to a sensi-
tivity of 96% (Table 2). In one patient no pathology was detected in TOF angiography, but in
DSA. This pathology was detected in ce-MRA (Table 2). However one patient with no patho-
logic finding in DSA showed a suspicious flow artifact in TOF angiography. Out of the 37

Fig 4. 42 year old patient with left sided PT for one year. A: Superselective angiographic microcatheter injection before preoperative embolization with
particles. B: MRI ce-T1 fs shows a Glomus tympanicum paraganglioma: enhancing mass in loco typico.

doi:10.1371/journal.pone.0117814.g004

Table 2. Patient group with pathological correlate to PT with TOF-, ce-MRA-, T2-, ce-T1 and ce-T1-fs-sequences.

MRI-sequence Patients with pathology Pathologic Non pathologic Sensitivity

TOF 26 25 1 96%

Ce-MRA 20 19 1 95%

T2 34 20 14 59%

Ce-T1 23 17 6 74%

Ce-T1-fs 8 4 4 50%

doi:10.1371/journal.pone.0117814.t002
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patients with pathology 20 patients received ce-MRA, of which 19 showed pathologic findings
(sensitivity of 95%) (Table 2). No correlate for PT was found in 6 of 23 patients in ce-T1 (sensi-
tivity of 74%) (Table 2). Sensitivity was 59% for T2 and 50% for ce-T1-fs (Table 2). All patients
with an explaining pathology for PT in DSA had at least one MRI-sequence suspicious for pa-
thology. MRI showed the PT explaining pathology in all cases.

Details of the tinnitus characteristics were documented in 20 patients of whom14 had a sub-
jective PT (5 dAVF, 1 AVM, 2 cavernosus fistulae and 6 patients without pathology) and 6 pa-
tients an objective PT (5 dAVF and 1 traumatic AV fistula of the vertebral artery). All patients
with objective PT had morphological correlate which was detecTable on DSA as well as on
MRI.

All dAVF patients (n = 24) were graded according to the Cognard/Merland classification in
DSA [12].

Discussion
This is the first systematic study evaluating the diagnostic value of MR-imaging compared to
DSA in PT. MRI alone was sufficient for diagnostic purposes in patients with PT in all cases.
DSA revealed no further information in patients without MRI pathology. This is relevant as
DSA is generally considered necessary if MR-imaging in PT patients is negative [4,16].

DAVF is the most common potentially life-threatening reason for PT. DSA is still consid-
ered as gold standard for grading of av-fistulae, but if MRI/MRA reveals no pathology, dAVF
can be excluded according to our data.

The MRI-protocol should contain TOF-angiography for detecting intracranial stenosis, an-
eurysm and fistula.

Ce-MRA was already described as an important tool in diagnosing lesions responsible for
PT [15]. It is sensitive for screening supraaortal vessels for av-fistula and stenosis (Figs. 1 and
2) [17]. In our clinical experience ce-MRA is also sufficient in identifying sigmoid sinus diver-
ticulum, especially when the source data, which are usually acquired in coronal orientation, is
reformatted in transversal orientation.

Ce-T1 fs and T2 in transversal orientation give a good anatomical overview and can give
hint for fistula due to enlarged vessels. The slice thickness should not exceed 5 mm. Additional-
ly ce-T1 with spectral fat saturation of the skull base should be performed to exclude neoplasms
like paraganglioma. The slice thickness should not exceed 3 mm, 2 mm is preferable.

Recently susceptibility weighted imaging was described to be sensitive for detecting dAVF,
so that we additionally would recommend to use SWI as well [18,19,20]. Potentially acquired
SWI images were not evaluated in this study, because of the limited availability in our collective
(n = 6). Arterial spin labeling is another technique that is helpful to identify shunting lesions
[21]. Also TWIST angiography is a new promising technique that is very helpful in daily rou-
tine [4,16,22,23] Due to the retrospective character of our study and the limited availability of
these sequences in the past we did not separately evaluate these sequences. Future larger studies
need to evaluate the diagnostic impact of these sequences.

In our collective most examinations (n = 48) were performed on 1.5T MRI scanners and
only a few on 3T MRI scanners (n = 6). Within this retrospective study with different MRI
scanners and different sequence protocols in a time period from 2002 to 2013 all pathologies
were detected by MRI with a sensitivity of 100%. As it is to be expected that 3T images in total
will not be less sensitive than 1.5T images, we generally recommend examinations at field
strength of at least 1.5T.

Our study has some limitations. Due to the retrospective character, different MRI scanners
as well as different MRI protocols were used. However this is more or less a “worst-case-
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scenario”. If, even under these heterogenous conditions the sensitivity of MRI is excellent, the
diagnostic value of specific dedicated MR protocols will be even better.

Moreover high-resolution computed-tomography angiography is an important tool to ex-
clude rare cases like carotid-cochlear dehiscence, aberrant carotid-artery or a persistent stape-
dial artery [9,10]. We think that CT/CTA is an additional modality, which should be used in
patients with unsuspicious MRI.

Our recommended examination protocol is a synopsis of the evaluated examinations
(Table 2). Aim of our protocol is to detect vascular pathology of the supraaortal and intracrani-
al vessels (e.g. AVF, AVM and stenosis) and to exclude tumor. However despite these heteroge-
neous MR protocols experienced neuroradiologists were able to identify all vascular
pathologies in our patient group.

The series contained a high number of dAVF (n = 24/44%). A meta-analysis performed by
Hofmann (2013) describes a relative frequency of dAVF in patients with PT of about 7% [9].
This high percentage of patients with dAVF in our collective is caused by the fact of being a
center for treatment av- fistulae. DAVFs are the most common and potentially life threatening
cause for PT. According to our results it is possible to rule out the diagnosis of an av-fistulae by
means of MRI.

Patients with PT need treatment in case dAVF (IIb-V) [12]. Moreover our study population
is different to general population of PT patients because pathologies which do not require DSA
are excluded, e.g. idiopathic intracranial hypertension or systemic causes. The inclusion criteria
of our study demanded the presence of MRI and DSA. In the assumed case of a patient with

Fig 5. Diagnostic Work-Up for patients with PT. DSA is only recommended in patients with a finding of a vascular pathology in MRI.

doi:10.1371/journal.pone.0117814.g005

Value of DSA in the Diagnostic Workup of PT

PLOSONE | DOI:10.1371/journal.pone.0117814 February 17, 2015 7 / 9



negative MRI/MRA and high psychological burden caused by PT we discus the situation with
the patient and clarify that we expect no pathological finding in DSA due to the results of
this study.

All patients with objective PT within our study had pathological findings in MRI/MRA,
confirmed by previous publications describing a high correlation of objective PT and pathology
[16].

According to our findings DSA is only recommended in patients with PT when MRI is sus-
picious for vascular pathology like dAVF (Fig. 5), where DSA still has an impact on treatment
planning. However, as mentioned before, if all patients with PT would receive a dedicated and
high end MR examination DSA could probably be totally replaced.

If MRI would one day be able to detect the venous drainage pattern properly for classifica-
tion of dAVF it might be able to replace DSA even in patients with fistula.

Author Contributions
Conceived and designed the experiments: MS CD. Performed the experiments: MS SG CD. An-
alyzed the data: CDMS CG. Contributed reagents/materials/analysis tools: MS IW SG NO GL
OK AR. Wrote the paper: CDMS IWMF.

References
1. Remley KB, Coit WE, Harnsberger HR, Smoker WR, Jacobs JM, et al. (1990) Pulsatile tinnitus and the

vascular tympanic membrane: CT, MR, and angiographic findings. Radiology 174: 383–389. PMID:
2296650

2. Sismanis A, Smoker WR (1994) Pulsatile tinnitus: recent advances in diagnosis. The Laryngoscope
104: 681–688. PMID: 8196443

3. Sila CA, Furlan AJ, Little JR (1987) Pulsatile tinnitus. Stroke; a journal of cerebral circulation 18: 252–256.
PMID: 3810761

4. Waldvogel D, Mattle HP, Sturzenegger M, Schroth G (1998) Pulsatile tinnitus—a review of 84 patients.
Journal of neurology 245: 137–142. PMID: 9553842

5. Jungreis CA (1991) Pulsatile tinnitus from a dural arteriovenous fistula. The Annals of otology, rhinol-
ogy, and laryngology 100: 951–953. PMID: 1746832

6. Yardley MP, Knight LC (1992) Extra cranial arteriovenous malformations presenting as pulsatile tinni-
tus. The British journal of clinical practice 46: 71–72. PMID: 1419562

7. Sismanis A (1998) Pulsatile tinnitus. A 15-year experience. The American journal of otology 19: 472–477.
PMID: 9661757

8. Cochran JH Jr, Kosmicki PW (1979) Tinnitus as a presenting symptom in pernicious anemia. The An-
nals of otology, rhinology, and laryngology 88: 297. PMID: 443726

9. Hofmann E BR, Neumann-Haefelin T, Schwager K (2013) Pulsatile tinnitus—imaging and differential
diagnosis. Dtsch Arztebl Int 2013 110(26): 451−8. doi: 10.3238/arztebl.2013.0451 PMID: 23885280

10. Mattox DE, Hudgins P (2008) Algorithm for evaluation of pulsatile tinnitus. Acta oto-laryngologica 128:
427–431. doi: 10.1080/00016480701840106 PMID: 18368578

11. Borden JA, Wu JK, Shucart WA (1995) A proposed classification for spinal and cranial dural arteriove-
nous fistulous malformations and implications for treatment. Journal of neurosurgery 82: 166–179.
PMID: 7815143

12. Cognard C, Gobin YP, Pierot L, Bailly AL, Houdart E, et al. (1995) Cerebral dural arteriovenous fistulas:
clinical and angiographic correlation with a revised classification of venous drainage. Radiology 194:
671–680. PMID: 7862961

13. Geibprasert S, Pongpech S, Armstrong D, Krings T (2009) Dangerous extracranial-intracranial anasto-
moses and supply to the cranial nerves: vessels the neurointerventionalist needs to know. AJNR Amer-
ican journal of neuroradiology 30: 1459–1468. doi: 10.3174/ajnr.A1500 PMID: 19279274

14. SodermanM, Pavic L, Edner G, Holmin S, Andersson T (2008) Natural history of dural arteriovenous
shunts. Stroke; a journal of cerebral circulation 39: 1735–1739. doi: 10.1161/STROKEAHA.107.
506485 PMID: 18388337

Value of DSA in the Diagnostic Workup of PT

PLOSONE | DOI:10.1371/journal.pone.0117814 February 17, 2015 8 / 9

http://www.ncbi.nlm.nih.gov/pubmed/2296650
http://www.ncbi.nlm.nih.gov/pubmed/8196443
http://www.ncbi.nlm.nih.gov/pubmed/3810761
http://www.ncbi.nlm.nih.gov/pubmed/9553842
http://www.ncbi.nlm.nih.gov/pubmed/1746832
http://www.ncbi.nlm.nih.gov/pubmed/1419562
http://www.ncbi.nlm.nih.gov/pubmed/9661757
http://www.ncbi.nlm.nih.gov/pubmed/443726
http://dx.doi.org/10.3238/arztebl.2013.0451
http://www.ncbi.nlm.nih.gov/pubmed/23885280
http://dx.doi.org/10.1080/00016480701840106
http://www.ncbi.nlm.nih.gov/pubmed/18368578
http://www.ncbi.nlm.nih.gov/pubmed/7815143
http://www.ncbi.nlm.nih.gov/pubmed/7862961
http://dx.doi.org/10.3174/ajnr.A1500
http://www.ncbi.nlm.nih.gov/pubmed/19279274
http://dx.doi.org/10.1161/STROKEAHA.107.506485
http://dx.doi.org/10.1161/STROKEAHA.107.506485
http://www.ncbi.nlm.nih.gov/pubmed/18388337


15. Dietz RR, Davis WL, Harnsberger HR, Jacobs JM, Blatter DD (1994) MR imaging and MR angiography
in the evaluation of pulsatile tinnitus. AJNR American journal of neuroradiology 15: 879–889. PMID:
8059655

16. Madani G, Connor SE (2009) Imaging in pulsatile tinnitus. Clinical radiology 64: 319–328. doi: 10.1016/
j.crad.2008.08.014 PMID: 19185662

17. Meckel S, Maier M, Ruiz DS, Yilmaz H, Scheffler K, et al. (2007) MR angiography of dural arteriovenous
fistulas: diagnosis and follow-up after treatment using a time-resolved 3D contrast-enhanced tech-
nique. AJNR American journal of neuroradiology 28: 877–884. PMID: 17494662

18. Saini J, Thomas B, Bodhey NK, Periakaruppan A, Babulal JM (2009) Susceptibility-weighted imaging
in cranial dural arteriovenous fistulas. AJNR American journal of neuroradiology 30: E6. doi: 10.3174/
ajnr.A1265 PMID: 18818280

19. Noguchi K, Kuwayama N, Kubo M, Kamisaki Y, Kameda K, et al. (2010) Intracranial dural arteriovenous
fistula with retrograde cortical venous drainage: use of susceptibility-weighted imaging in combination
with dynamic susceptibility contrast imaging. AJNR American journal of neuroradiology 31: 1903–
1910. doi: 10.3174/ajnr.A2231 PMID: 20813875

20. Letourneau-Guillon L, Krings T (2012) Simultaneous arteriovenous shunting and venous congestion
identification in dural arteriovenous fistulas using susceptibility-weighted imaging: initial experience.
AJNR American journal of neuroradiology 33: 301–307. doi: 10.3174/ajnr.A2777 PMID: 22051813

21. WuH, BlockWF, Turski PA, Mistretta CA, Rusinak DJ, et al. (2014) Noncontrast dynamic 3D intracrani-
al MR angiography using pseudo-continuous arterial spin labeling (PCASL) and accelerated 3D radial
acquisition. Journal of magnetic resonance imaging: JMRI 39: 1320–1326. doi: 10.1002/jmri.24279
PMID: 24129947

22. Seeger A, Kramer U, Bischof F, Schuettauf F, Ebner F, et al. (2014) Feasibility of Noninvasive Diagno-
sis and Treatment Planning in a Case Series with Carotid-Cavernous Fistula using High-Resolution
Time-Resolved MR-Angiography with Stochastic Trajectories (TWIST) and Extended Parallel Acquisi-
tion Technique (ePAT 6) at 3 T. Clinical neuroradiology. doi: 10.1007/s00062-014-0358-7 PMID:
25540817

23. Farb RI, Agid R, Willinsky RA, Johnstone DM, Terbrugge KG (2009) Cranial dural arteriovenous fistula:
diagnosis and classification with time-resolved MR angiography at 3T. AJNR American journal of
neuroradiology 30: 1546–1551. doi: 10.3174/ajnr.A1646 PMID: 19474117

Value of DSA in the Diagnostic Workup of PT

PLOSONE | DOI:10.1371/journal.pone.0117814 February 17, 2015 9 / 9

http://www.ncbi.nlm.nih.gov/pubmed/8059655
http://dx.doi.org/10.1016/j.crad.2008.08.014
http://dx.doi.org/10.1016/j.crad.2008.08.014
http://www.ncbi.nlm.nih.gov/pubmed/19185662
http://www.ncbi.nlm.nih.gov/pubmed/17494662
http://dx.doi.org/10.3174/ajnr.A1265
http://dx.doi.org/10.3174/ajnr.A1265
http://www.ncbi.nlm.nih.gov/pubmed/18818280
http://dx.doi.org/10.3174/ajnr.A2231
http://www.ncbi.nlm.nih.gov/pubmed/20813875
http://dx.doi.org/10.3174/ajnr.A2777
http://www.ncbi.nlm.nih.gov/pubmed/22051813
http://dx.doi.org/10.1002/jmri.24279
http://www.ncbi.nlm.nih.gov/pubmed/24129947
http://dx.doi.org/10.1007/s00062-014-0358-7
http://www.ncbi.nlm.nih.gov/pubmed/25540817
http://dx.doi.org/10.3174/ajnr.A1646
http://www.ncbi.nlm.nih.gov/pubmed/19474117

