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Abstract The level of success of neurovascular decom-
pression in ponto-cerebellar angle for hemifacial spasm and
trigeminal neuralgia has already established the reality of
the pathology to explain such symptoms. However,
cochlear nerve compression syndrome by vascular loop is
still a controversial topic. We have performed a retrospec-
tive cases review with long-term follow-up (5–7 years)
concerning the results of microvascular decompression sur-
gery of the cochlear nerve via an endoscopy assisted retro-
sigmoid approach on 15 patients suVering from unilateral
incapacitating tinnitus with abnormal auditory brainstem
response and an oVending vessel on magnetic resonance
imaging. During the surgery, a vascular compression was
found on every patient. In a long-term follow-up, 53.3% (8
cases) of our tinnitus cases improved and 20% (3 cases) of
them were completely cured. The ABR returned to normal
in all patients who had good clinical results (diminished or
disappeared tinnitus). When a vertebral artery loop (5
cases) was concerned we obtained 80% of good clinical
results. No one showed amelioration or sudden aggravation
of their hearing. Three cases required surgical correction of
cerebrospinal Xuid leak and one case developed spontane-
ously regressive swallowing problems. Such microvascular
decompression surgery of the cochlear nerve appears to be
successful in treating incapaciting tinnitus in particular
when a vertebral artery loop is observed. Therefore, in such

a case, one might recommend neurovascular decompres-
sion surgery, keeping in mind that the complications of this
surgery should be minimized by a careful closure of the ret-
rosigmoid approach. In order to ensure a better selection of
patient more accurate cochlear nerve monitoring and func-
tional MRI should be a promising assessment.
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Introduction

With the signiWcant success rate of the microvascular
decompression surgery (introduced by Jannetta in the
1970s), the reality of neurovascular conXicts into the ponto-
cerebellar angle is now undeniable. In fact, over 80% of our
results have been successful for the trigeminal neuralgia
and over 90% for the hemifacial spasm [1, 2]. Nevertheless,
the microvascular decompression surgery of the cochlear
nerve for incapacitating tinnitus remains a controversial
subject for many reasons.

First of all, many diseases can cause tinnitus; so it is
diYcult to select the patients who really depend on this
pathology. Secondly, tinnitus is a subjective symptom with
central and psychological components. Therefore, and
according to Adams [3], the fact that VIII compression syn-
drome provokes an isolated and disabling tinnitus remains a
hypothesis too vague to justify surgery. In fact, the percent-
ages of success of VIII decompression surgery in literature
are still low, success rates varying from 40 to 77% [4–6],
and the criteria to evaluate such results are not received a
full agreement.

Our goal for this study was to select a homogeneous
group of patients suVering from incapacitating tinnitus who
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underwent endoscopy-assisted microvascular decompres-
sion through a retrosigmoid keyhole approach.

Materials and methods

We carried out a retrospective study on a cohort of patients
operated from 1994 to 2001. All patients were operated by
the same senior surgeon. Fifteen patients formed the cohort
(8 women–7 men) and the average age was 57 years old,
ranging from 37 to 71 years old. The mean duration of
tinnitus evolution just before surgery was 3.2 years
(1–8 years). The follow-up period was 5–7 years (a mean
6 years).

The inclusion criteria required in such study were the
following:

1. Incapaciting tinnitus: Tinnitus must be unilateral, resis-
tant to medical treatment and disabling, i.e., disturb
patient’s daily activities (work-entertainment) and
sleeping period, whatever the tinnitus types.

2. Auditory brainstem response (ABR) alterations: ABR
were altered among all patients with either an increased
latency or a complete waves de-synchronization.

3. A neurovascular conXict on magnetic reconance imag-
ing (MRI): The MRI (T2 CISS sequences) showed in
all patients a VIII neurovascular conXict deWned by an
orthogonal contact between the nerve and the blood
vessel which provoked a nerve’s pathway distortion.

Pure-tone audiometry was performed pre-operatively and
several times post-operatively. In the preoperative period,
three patients (20%) had normal hearing (threshold ·
20 dB for frequencies · 4 kHz) in the aVected (later oper-
ated) ear before the operation. Twelve patients (80%) had a
pre-operative sensorineural hearing loss. The mean thresh-
old (average hearing loss at 0.5, 1, 2 and 4 kHz) was
38.5 dB ranging 22–85 dB.

The ABR were elicited using 80 and 90 dB clicks. An
increased latency (I–III > 0.2 ms relative to that of the non-
aVected ear, according to Möller [4]) was found in ten
patients and a complete waves de-synchronization (peak I
and/or III could not be identiWed) was found in Wve
patients.

Caloric testing was performed to evaluate vestibular
function pre-operatively and at long-term follow-up. This
videonystagmography test has pointed out, preoperatively,
two cases with vestibular hyporeXexia on tinnitus side.

All the patients were operated on by a minimal invasive
retrosigmoid approach and with the adjunctive use of
endoscopy:

A burr hole is placed and enlarged into a craniectomy
(approximately 2–1.5 cm in diameter) whose borders are the
transverse sinus superiorly and the sigmoid sinus laterally.

The dura is opened in a U-shaped after hyperventilation to
diminish CSF pressure. The microscope is introduced into
the Weld and the cerebellum depressed spontaneously and
progressively without use of retractor. Cerebrospinal Xuid
aspiration of the cerebellopontine angle cistern will also
relax the cerebellum and provide adequate exposure.
Endoscopy allows a good visualisation of any vascular
compression (i.e., arteries and veins). Microvascular
decompression for disabling tinnitus requires exposure of
the entire eighth cranial nerve. The cerebellar Xocculus is
sharply dissected from the eighth nerve, fully exposing it
from the brainstem to the porus acusticus.

Veins may be coagulated and divided, but arteries must
be preserved and are, therefore, mobilized away from the
nerve and kept in place by implants of TeXon [TeXon mesh,
10.2 £ 10.2 cm plates (Bard® PTFE, Impra Inc., USA)].
Multiple pieces of soft-shredded teXon felt are used to
shield the nerve and prevent later migration of the blood
vessels.

The post-surgical evaluation was based on the patient’s
own assessment of their relief of tinnitus obtained from
patient records. The patients were divided into four groups
according to this evaluation:

1. Totally free of tinnitus.
2. Improved (diminution of tinnitus).
3. No change.
4. Worse.

Results

In the immediate post-surgical period, tinnitus had disap-
peared in 8 cases out of 15 and had diminished in 2 cases
out of 15, representing 66% positive results. At long-term
follow-up, over 5 years, tinnitus had deWnitively disap-
peared in 3 cases out of 15 and decreased in 5 cases out of
15 which represent 53.3% of satisfactory results (Table 1).
When a vertebral artery loop (n = 5) was concerned: three
cases were totally free of tinnitus, one was improved and
only one had no change. When AICA or PICA loops
(n = 10) were concerned: only four cases were improved,
and six had no change.

No tinnitus case worsened and no correlation was found
between the tinnitus duration before surgery, the characters
of tinnitus (pulsatile, high- middle- or low frequency) and
the overall results.

The ABR returned to normal (I–III · 0.2 ms relative to
that of the nonoperated side) in all patients who had good clin-
ical results (diminished or disappeared tinnitus) (Table 1).

In the postoperative period, no one showed improvement
or sudden aggravation of their hearing. However, when we
analyze the median of pure tone averages (PTA, i.e., average
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hearing loss at 0.5, 1, 2 and 4 kHz) in pre-operative
(35.2 dB), post-operative (36.5 dB) and long-term follow-
up (39 dB), we notice some degree of impairment of the
auditory threshold [statistically signiWcant diVerences
between the three values (Wilcoxon test: P < 0.001)].

We did not establish any kind of relation between preop-
erative hearing and the results on tinnitus.

In the postoperative period, no patient complained of
balance problems. Furthermore, from the two patients with
vestibular hyporeXexia on tinnitus side, one has shown per-
sistence of hyporeXexia with stable tinnitus and the second
one shown vestibular test normalization with no tinnitus.

Out of 15 patients, the main side eVect was a cerebrospi-
nal Xuid leak in 3 cases. They required additional surgery to
close mastoid air cells inadvertently opened during surgical
approach. In addition, we had one case of a spontaneous

regressive swallowing problem due to the dissection of the
lower cranial nerves.

During surgery, we found several types of oVending ves-
sels (Table 1; Figs. 1, 2, 3). AICA and/or its collaterals
(subarcuata artery) are the most common oVending struc-
tures, 9 cases out of 15 (60%).

The imaging analysis compared with peroperative Wndings
allows us to conWrm the high level of sensitivity and speciWc-
ity of the MRI assessment (Fig. 3), except when a small vas-
cular element is involved like the subarcuata artery (Table 1).

Discussion

Despite precise and restrictive selection criteria (15 decom-
pressions of VIII surgeries for tinnitus during our study vs.

Table 1 Operative Wndings and results

Patient OVending vessel Tinnitus outcome 
(at long-term follow-up)

ABR outcome 
(at long-term follow-up)

MRI Surgery

1 Vertebral artery loop Vertebral artery loop Improved Normalized

2 PICA loop PICA loop Improved Normalized

3 AICA loop (into IAC) AICA loop (into IAC) Improved Normalized

4 AICA loop AICA loop No change Altered

5 AICA loop (into IAC) AICA loop (into IAC) No change Altered

6 PICA loop PICA loop No change Altered

7 Vertebral artery loop Vertebral artery loop Totally free Normalized

8 AICA loop AICA loop Improved Normalized

9 AICA loop AICA loop + sub-arcuata artery No change Altered

10 Vertebral artery loop + PICA loop Vertebral artery loop + PICA loop Totally free Normalized

11 Vertebral artery loop + AICA loop 
(into IAC)

Vertebral artery loop + AICA loop 
(into IAC)

No change Altered

12 PICA loop PICA loop + middle cerebellar vein No change Altered

13 AICA loop AICA loop No change Altered

14 Vertebral artery loop Vertebral artery loop +
sub-arcuata artery

Totally free Normalized

15 PICA loop PICA loop + sub-arcuata artery Improved Normalized

Fig. 1 Operative Wnding left 
side. Neurovascular conXict 
between sub-arcuata artery and 
cochlear nerve, which provoke a 
nerve’s pathway distortion 
(black arrow)
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700 decompressions of V and VII during the same period),
the results obtained were limited and similar to those usu-
ally found in literature with a success rate from 40 to 77%
[4–6]. Okamura et al. [7] have described results surpris-
ingly higher with 94% of good results after surgery. Never-
theless, their patients’ selection process was diVerent with
intermittent tinnitus associated with vertigo or hearing loss
instead of permanent incapacitating tinnitus encouraging
surgical procedures. Ryu et al. [8] showed 65.5% satisfac-
tory results when pre-surgery hearing remains. In our study,
we have not found any connection between pre-surgery
hearing and tinnitus results.

Which hypothesis can we bring forward to explain the
lower results in auditory nerve from those after decompres-
sion of V or VII?

In fact, the etiologies of tinnitus are numerous and the
clinical or para-clinical criteria explaining a neurovascular
conXict with the cochlear nerve are still undeWned. Our
study demonstrates that when positive clinical results exist
with reduction or disappearance of tinnitus, the ABR nor-
malized. ABR alteration seems to be essential to propose

surgery. Imaging is also required to objectively and
precisely locate and diVerentiate an oVending vessel from a
normal vascular loop, which is very common in an asymp-
tomatic patient [9]. Furthermore, the MRI is mandatory to
exclude other pathologies (e.g., neurinoma) which may
cause tinnitus [10].

The complexity of the surgery may also explain these
results. Firstly, because the vascular compression can be
found on all portions of the cochlear nerve cistern way. For
the cochlear nerve, the location of the transitional glial zone
(Obersteiner–Redlich zone) of the nerve is variable on the
course of the nerve from the root entry zone to the intra-
canalar portion (including the cisternal portion and the
meatus) [11]. Secondly, because the vascular conXicts due
to the AICA (blood vessel foremost often responsible) are
not always mobilized in safety (loop inside the internal
auditory canal, AICA in clamp, AICA between the facial
nerve and the cochlear nerve, labyrinthine arteries Wxing
the loop). In our study, when AICA or PICA loops were
concerned (10 cases) we only obtained 40% of good clinical
results. On the contrary, we obtained 80% of good clinical

Fig. 2 Operative Wnding left 
side. Nerurovascular conXict 
caused by AICA in clamp 
surrounding the cochleo-
vestibulo-facial bundle. Pre and 
post decompression with 
implants of teXon

Fig. 3 Preoperative imaging 
and operative Wnding left side. 
MRI showing a conXict between 
a vertebral artery and the root 
entry zone of the cochlear nerve 
(T2 CISS sequences black 
arrow). Pre and post 
decompression
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results when a vertebral artery loop was concerned (5
cases). Therefore, the decompression appears to be easier
when a vertebral artery loop is concerned.

Such decompression can be achieved with the adjunctive
use of endoscopy. Actually, the endoscopy allows a magni-
Wed vision of the ponto-cerebellar angle and the entire
cochlear nerve way without distortion of the neurovascular
structures. It is essential to know the exact course of the
oVending vessel and the way to safely mobilize these struc-
tures. It gives excellent deWnition of perforating blood ves-
sels, VIII nerve and its root entry zone, which in many
cases is superior to that achieved with microscope [12].

The cochlear nerve is particularly fragile to any surgical
maneuver. All manipulations are risky and this is obvious
when using cochlear monitoring. Which structures are
involved in the generation of tinnitus? Moller [13] recorded
directly on cochlear nerve composed action potentials
(CAP) and demonstrated that CAP on patients with neuro-
vascular conXict and tinnitus were not diVerent from CAP
from patients without tinnitus. One of the plausible hypoth-
eses is that changes, which provoke tinnitus are not pro-
duced in the auditory nerve but in most rostral structures of
the auditory nervous system. It appears undeniable that tin-
nitus can be caused by contact between a blood vessel and
the auditory nerve; the abnormal neural activity which it
results from is probably ampliWed at most rostral structures
level which become hyperactive (some nervous nucleus of
ascendant auditory way).

The vascular compression of the cochlear nerve is a clin-
ical entity as trigeminal neuralgia and hemifacial spasm.
However, its deWnition and assessment is more delicate and
need further improvement. In addition, the central hyperac-
tivity, which is revealed by the neurovascular conXict, is so
far impossible to evaluate. So it does not allow us to predict
eVectiveness of the decompression surgery. So far, on a
long-term follow-up of our selected patients 20% (3 out of
15 patients) were cured and about 50% (8 out of 15) were
improved. This study demonstrated that unilateral incapaci-
tating tinnitus with altered ABR and visualization of a neu-
rovascular conXict on MRI can be cured by a surgical
microvascular decompression. The successful clinical
results are correlated to a normalization of ABR, which
seems more easily obtained when a vertebral artery loop is
concerned. Therefore, one might recommend neurovascular

decompression surgery for severe tinnitus only when a ver-
tebral artery loop is observed. Taking into account that a
more careful closure of the retrosigmoid approach should
prevent from CSF leakage, the complications of this sur-
gery should be minimized. In order to ensure a better selec-
tion of patient more accurate cochlear nerve monitoring and
functional MRI should be a promising assessment [14, 15].
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