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Summary

Anomalies in the vascular structures of the neck, cranial
base, temporal bone, and intracranial circulation may give
rise to pulsatile tinnitus. If the anomalous sound is
perceived also by others, then it is defined as objective
tinnitus. Herein, the  case is reported of right pulsatile
tinnitus of one year’s duration, which appeared after cranial
trauma. Magnetic resonance angiography showed that the
jugular bulb was dominant on the same side as the tinnitus.
The tinnitus was recorded with a high-sensitivity micro-
phone, while otoacoustic emissions were measured by
distortion products during follow-up.

Riassunto

Anomalie di decorso delle strutture vascolari del collo, del ba-
sicranio, dell’osso temporale e del circolo intracranico posso-
no dare origine ad un acufene pulsatile. Nei casi in cui tale
suono può essere percepito non solo dal soggetto affetto, ma
anche dagli altri, l’acufene viene definito oggettivo. Riportia-
mo il caso di una paziente affetta da acufene pulsatile destro
esordito circa un anno dopo un trauma cranico. Allo studio an-
giografico mediante risonanza magnetica il bulbo giugulare
appariva dominante dallo stesso lato del tinnito. Quest’ultimo
veniva registrato con un microfono ad alta sensibilità, mentre
durante il follow-up si misuravano le emissioni otoacustiche
mediante i prodotti di distorsione.

Case Report

M.T.S., a 28-year-old female, came to our observa-
tion complaining of right objective tinnitus for about
12 months, which was synchronized with her pulse.
The patient had a college degree in classical lan-
guages and defined the noise with the Latin term
“susurrus”. Clinical examination was negative for
both otologic and systemic disorders, but revealed a
closed head concussion in the right temporal region,
in addition to fracture of the nasal septum. The trau-
ma had occurred about 2 years earlier. Otologic ex-
amination was negative and revealed neither rhyth-
mic contractions of the soft tissues nor palpable mur-
murs of the preauricular region. Ocular examination
did not reveal any signs of increased intracranial
pressure. Measurements of the auditory canal were
carried out in a sound-proof room; the tinnitus was
clearly audible upon listening carefully on the right
side of the patient. Rotation of the patient’s head to-
wards the right or the application of modest pressure
on the sternocleidomastoid muscle led to a decrease
in the tinnitus. Tonal audiometry revealed neurosen-
sorial hearing loss at low frequency (125-500 Hz) of
about 50 dB HL on the left side. A slight improve-

ment (10 B HL) was obtained by repeating the audio-
metric test when light pressure was applied to the ho-
molateral sternocleidomastoid muscle (Fig. 1). 
Upon measurement, the tinnitus showed a pitch be-
tween 125-250 Hz, with an intensity of 50 dB HL.
Vocal audiometry, auditory brainstem responses
(ABR), impedance audiometry, vestibular tests (pur-
suit tracking, thermal stimulation), and Doppler ex-
amination of the supra-aortic trunk were within nor-
mal limits. Cerebral nuclear magnetic resonance
(NMR) studies, with and without contrast medium,
and high-resolution computed tomography (CT) ex-
amination of the temporal bone did not reveal any
pathological alterations. High-resolution MR angiog-
raphy revealed asymmetry of the venal drainage sys-
tem of the posterior cranial cavity, with dominance of
the transverse sinus, sigmoid, inferior petrous, and
right jugular bulb (Fig. 2). During follow-up, otoa-
coustic emissions (OAEs) were evaluated as well as
stimulus frequency (SOAEs) and distortion products
(DPOAEs). The patient refused to undergo more in-
vasive diagnostic procedures (cerebral angiography).
At present, the intensity of tinnitus has decreased; the
patient is in psychotherapy and ascertains that she is
able to live with her “susurrus”.



Materials and Methods

To understand the nature of the tinnitus, recordings
were made with the intention to characterize the tin-
nitus by spectral analysis (Fig. 3). For this purpose, a
high-sensitivity microphone (Larson and Davis mod-
el 2541), a pre-amplifier adaptor (Larson and Davis
model PRM902), and a spectral analysis instrument
with 1/3 octave analysis (Larson and Davis model

824) were used. All the listeners identified the tinni-
tus as a venous murmur. Frequency analysis was car-
ried out on the signal that was recorded in digital for-
mat (WAW) and filtered to eliminate environmental
noise. The sound was then elaborated with a sono-
gram using Cool-Edit software (Fig. 3). Within a 30-
second recording time, 14 events (between 650 msec
and 890 msec) were identified as tinnitus. Two of
these events are shown in Figure 3. The first, lasting
690 msec, was followed by a pause and then by a sec-
ond tinnitus lasting 886 msec. Comparison between
the spectra in the presence and absence of tinnitus
showed that in the former case, much more sound en-
ergy was present (particularly between 30 and 700
Hz). Both the SOAEs and OAEs were measured us-
ing a Madsen-Capella otoacoustic emission analyzer.
All the measurements were carried out in a sound-
proof room with the patient in a relaxed supine, posi-
tion. The DPOAEs were obtained using a stimulation
level of 70 dB for F1 and F2 in the 500-800 Hz range.
The SOAEs were recorded twice bilaterally, in a fre-
quency range from 0-6 kHz. In both instances, the
otoacoustic emissions observed, on the right, were
1.2, 2.8, 3.1, and 5.8 kHz, and 1.0, 1.3, 2.4 and 4.2
kHz on the left.

Discussion

Anomalies in the arterial-vascular structures of the
intracranial region and/or the cranial base may give
rise to pulsatile tinnitus 1 2. In the case of venous ae-
tiology, the tinnitus decreases when slight pressure is
applied to the entire ipsilateral jugular vein 3. Rota-
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Fig. 1. Left and right tonal audiogram. Slight pressure to right sternocleidomastoid muscle decreases hearing loss by
about 10 dB in frequency range from 125-1000 Hz (dx-dg-pres).

Fig. 2. Axial cerebral angiographic magnetic resonance.
After injection of contrast medium, ectasia of right sig-
moid sinus is evident (arrow) confluent in a large jugular
bulb (arrowhead).



tion of the head towards the affected side likewise
causes compression of the entire jugular vein on
transverse process of the atlas and the sternocleido-
mastoid muscle 4. In patients with arterial aetiologies,
these manoeuvres have no effect on the tinnitus 5. In
the present case, the venous origin of the sound was
confirmed by the improvement of hearing in the low
frequency range when slight pressure was applied to
the homolateral sternocleidomastoid muscle; this
pressure also eliminated the masking effect of the tin-
nitus 3 (Fig. 1).
In a series of 7 patients with pulsatile tinnitus,
Rodgers et al. 1 reported that 4 cases presented asym-
metry of the venous drainage system in the posterior
cranial base, diagnosed by homolateral MR angiog-
raphy. Our case also showed ectasia, most likely con-
genital in nature, of the transverse, sigmoid, and low-
er right petrosal sinuses (Fig. 2). These anomalies
suggest an increased turbulence in the flow of the
sigmoid sinus and the right jugular bulb. As hypoth-
esized by Cutforth et al. 6, the vibrations produced by
the turbulent flow in the jugular vein on the venous
walls would be transmitted to the external auditory

canal, generating tinnitus. Other Authors 7 8 have es-
tablished that turbulence in blood flow may be
caused by the presence of fibrosis in the sigmoid si-
nus or jugular bulb. In our patient, it is tempting to
hypothesize that, following trauma, a rearrangement
of the osteo-trabecular structure of the mastoid cells
caused thickening of the bony walls in contact with
the venous sinuses, increasing the transmission of
turbulence produced by venous flow, causing tinni-
tus. However, this hypothesis cannot be verified, as
no pre-trauma CT is available. Pulsatile tinnitus, due
to a post-trauma vascular lesion, is relatively rare 9.
Low-frequency sensorineural hearing loss in a pa-
tient with a history of earlier trauma, in whom the
tinnitus appeared after a considerable period of time
favours a post-traumatic origin of the tinnitus 10. Dur-
ing the follow-up period, oto-acoustic emissions
were also recorded in order to better define the origin
of the tinnitus and verify the integrity of the cochlea.
Various studies have been reported on the use of oto-
acoustic emissions in the diagnosis of tinnitus 11-13.
However, to our knowledge, no reports have ap-
peared in the literature concerning pulsatile tinnitus

385

OBJECTIVE PULSATILE TINNITUS

Fig. 3. Graph showing temporal changes in the auditory signal: 2 events were identified as tinnitus, while central portion
was background noise. 



associated with the presence of oto-acoustic emis-
sions. 
In our case, the otoacoustic emissions were present
bilaterally, confirming normal function of the exter-
nal acoustic cells. The DPOAEs did not reveal any
deficits in the focal frequency, which would have in-
dicated damage to the same cells (Fig. 4). The
SOAEs, on the other hand, appeared to be increased
in the left ear, in the low frequency range, as if the
sound energy were greater.

Conclusions

Asymmetry of the venous drainage system in the
posterior cranial base, with the dominant side corre-
sponding to the symptomatic side, may be the cause
of objective tinnitus. Correct diagnosis must be sup-
ported by detailed case history and by thorough, ob-
jective clinical examination, which should be associ-
ated with other procedures. Conventional cerebral
angiography is the diagnostic exam of choice, allow-

ing a correct therapeutic management. In those pa-
tients who refuse to undergo invasive examinations,
a correct radioneurological evaluation must include
high-resolution MR angiography and CT of the
petrous bone. Eventual post-traumatic microanom-
alies involving bone, may be the cause of objective
tinnitus due to the strict continuity of the auditory ap-
paratus. MR angiography is useful for differential di-
agnosis, especially if associated with a scrupulous
clinical exam (the possibility to alleviate tinnitus by
applying pressure to the jugular vein). With respect
to conventional angiography, magnetic resonance is
low-risk and less invasive. Unfortunately, detailed
resolution is not always optimal and, therefore, other
studies should be taken into consideration. In partic-
ular, oto-acoustic emissions are easy to carry out, in-
expensive, and can, therefore, contribute to identify-
ing the nature of the sound. Recording of the tinnitus
also has a dual purpose: it reassures the patient, who
might otherwise be neurotic and better defines what
the patient means by “susurrus”.
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Fig. 4. Recording of OAE. SOAEs (top 4 graphs), DPOAEs (lower 2 graphs). Integrity of external acoustic cells on both sides
is confirmed by absence of deficits in focal frequency in DPOAEs and by presence of SOAEs. The latter appear to be in-
creased, at low frequency, in left ear, as present sound energy was greater.
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