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NEUROSURGERY

OBJECTIVE: The functional anatomy (i.e., tonotopy) of the human cochlear nerve is
unknown. A better understanding of the tonotopy of the central nervous system
segment of the cochlear nerve and of the pathophysiology of tinnitus might help to
ameliorate the disappointing results obtained with microvascular decompressions in
patients with.tinnitus.

METHODS: We assume that vascular compression of the cochlear nerve can induce
a frequency-specific form of hearing loss and that when the nerve is successfully
decompressed, this hearing loss can recuperate. Thirty-one patients underwent a
microvascular decompression of the vestibulocochlear nerve for vertigo or tinnitus.
Preoperative audiograms were subtracted from postoperative audiograms, regardless
of the surgical result with regard to the tinnitus and vertigo, because the hearing
improvement could be the only sign of the vascular compression. The frequency of
maximal improvement was then correlated to the site of vascular compression. A
tonotopy of the cochlear nerve was thus obtained.

RESULTS: A total of 18 correlations can be made between the site of compression and
postoperative maximal hearing improvement frequency when 5-dB hearing improve-
ment is used as threshold, 13 when 10-dB improvement is used as threshold. A clear
distribution can be seen, with clustering of low frequencies at the posterior and inferior
side of the cochlear nerve, close to the brainstem, and close to the root exit zone of the
facial nerve. High frequencies are distributed closer to the internal acoustic meatus
and more superiorly along the posterior aspect of the cochlear nerve.

CONCLUSION: The tonotopic organization of the cisternal segment of the cochlear
nerve has an oblique rotatory structure as a result of the rotatory course of the cochlear
nerve in the posterior fossa. Knowledge of this tonotopic organization of the auditory
nerve in its cisternal course might benefit surgeons who perform microvascular de-
compressmn operations for the vestibulocochlear compression syndrome -especially
in the treatment of unilateral severe tinnitus.

KEY WORDS: Cochleovestibular compression syndrome, Disabling positional vertigo, Microvascular
compression, ‘Microvascular decompression, Tinnitus, Tonotopy
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vessel running along the eighth nerve (54).

of three parts: the cochlear nerve and the

inferior and superior vestibular nerves.
The two vestibular nerves join to become one
nerve before their exit from the internal acous-
tic meatus. The vestibular nerve and cochlear
nerve fuse to form the eight cranial nerves
closer to the brainstem (55). The vestibular
and cochlear components can be distin-
guished in a surgical setting by a fine blood

The vestibulocochlear nerve is composed

The cochlear component appears whiter than
the vestibular component because it contains
more nerve fibers (30,000 versus 18,000) and
thus more myelin (54, 55). Like other cranial
nerves, the vestibulocochlear nerve is twisted.
Close to the brainstem, the auditory portion is
located caudally with respect to the vestibular
portion, and it is located anteriorly to the in-
ferior vestibular nerve in its most peripheral
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portion in the internal acoustic canal. This results in a 90-
degree rotation (54). This anatomic knowledge is important
because it affects the tonotopic structure of the cochlear nerve.

The auditory system in mammal species, including cat, rat,
gerbil, chinchilla, mouse, and hamster, is tonotopically orga-
nized at the level of the cochlea (18, 32), brainstem, and
auditory cortex (4, 18, 32). Only in the cat has this tonotopy
been analyzed in the cochlear nerve as well (1, 51). In humans,
the tonotopic structure of the cochlea and cortex has been
demonstrated functionally by magnetoencephalography (41)
and functional magnetic resonance imaging (MRI) (61). Simi-
larly, a tonotopic structure has been suggested in the periph-
eral segment of the cochlear nerve (9, 55) on the basis of
histological studies. The tonotopy of the neurosurgically more
accessible cisternal or central nervous system (CNS) segment,
however, is unknown as a result of the diffuse anatomic
structure of the CNS segment of the vestibulocochlear nerve
(5, 57).

Knowledge of the tonotopy of the CNS segment might help
in defining diagnostic and prognostic criteria for microvascu-
lar decompressions (MVDs) in patients with tinnitus because
there is a correlation between the frequency of hearing loss
and tinnitus frequency in microvascular compressions associ-
ated with tinnitus (V Nowé, D De Ridder, PH Van de
Heyning, XL Wang, ] Gielen, ] Van Goethem, O Ozsarlak, AM
De Schepper, PM Parizel, submitted for publication). Micro-
vascular contacts with cranial nerves are associated with a
variety of symptoms, such as trigeminal neuralgia, hemifacial
spasm, glossopharyngeal neuralgia, and disabling positional
vertigo (14). These disorders can be treated successfully by
MVD operations, which have outcomes ranging from 85 to
75%, respectively, at 1 and 10 years after decompression for
most microvascular compression syndromes (2, 3, 13). Surgi-
cal results of MVDs performed in the treatment of isolated
tinnitus have a worse prognosis, with a success rate of approx-
imately 40 to 65.5% (37, 50). Once hearing is severely im-
paired, high-pitch nonpulsatile tinnitus may not be cured by
MVD (49). In a similar trend, there is a clear correlation
between the preoperative duration of the tinnitus and the
results of MVD, where 3 years seems to be a cutoff point for
surgical success (37, 49). Complicating matters further is the
fact that the vestibulocochlear nerve is frequently in contact
with blood vessels in the cerebellopontine angle; the fre-
quency of such vascular contact in asymptomatic individuals
has been reported to be as high as nearly 60% (42). Compar-
ison between such vascular contact between the eighth cranial
nerve and a loop of the anteroinferior cerebellar artery by MRI
scans showed such contact in 25% of patients with symptoms
from the eighth cranial nerve and in 21.4% of asymptomatic
individuals (24). The success of the MVD operation for specific
vestibular and auditory symptoms has provided overwhelm-
ing evidence that such vascular contact is involved in produc-
ing symptoms and signs (21, 26, 29, 50, 59). There is also
overwhelming anatomic evidence from both postmortem
studies (19, 25, 40, 56) and imaging studies (24, 42) that vas-
cular contact from the vestibulocochlear nerve can exist with-
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out producing symptoms and signs. Whether this is the result
of morphological factors essential for producing symptoms
that have escaped detection or whether the same vascular
contact can exist in individuals with or without symptoms is
unknown. If the latter is the case, then there must be yet-
undiscovered factors that are necessary for producing symp-
toms but that, alone, do not produce noticeable symptoms, as
has been suggested in connection with other cranial nerve
disorders that can be treated successfully by MVD operations
(29, 31).

It has been recently argued that for vascular compression to
become symptomatic, the compression has to occur at the CNS
segment of the cranial nerve (5). The length of this CNS
segment differs for all cranial nerves; for the cochlear nerve,
the CINS segment equals the whole cisternal segment because
the root entry zone is usually located at the internal acoustic
meatus (20). Because there is a clear correlation between the
length of this CNS segment and the incidence of the associated
microvascular compression syndrome (5), we would expect
the cochleovestibular compression syndrome to be the micro-
vascular compression syndrome with the greatest prevalence.
Knowing the functional anatomy (i.e., tonotopy) of the cister-
nal segment could benefit the diagnosis, treatment, and prog-
nosis of the vestibulocochlear nerve compression syndrome.

PATIENTS AND METHODS

To test this tonotopic organization, we assume that a vas-
cular compression of the (vestibulo)cochlear nerve can induce
frequency-specific forms of hearing loss, and that when the
nerve is successfully decompressed, this hearing loss can re-
cuperate, similar to the improvement seen in MVDs per-
formed for sudden deafness (46). A total of 31 patients were
decompressed by one of the authors (HR) for a microvascular
compression syndrome of Cranial Nerve VIII (48, 49). Pre- and
postoperative audiograms were digitalized, subtracted from
each other, and normalized to contralateral to evaluate what
specific frequencies improved after an MVD of the vestibulo-
cochlear nerve. Postoperative audiograms were taken 2 years
after surgery and were almost identical to the 1-year postop-
erative audiograms. The results were analyzed regardless of
the surgical result with regard to tinnitus and vertigo because
the hearing improvement could be the only sign of vascular
compression. The frequency of maximal improvement was
then correlated to the site of vascular compression. A tonotopy
of the cochlear nerve was thus obtained.

Because in a clinical setting patients can only distinguish
between high-pitch and low-pitch nonpulsatile tinnitus, we
divided the patient population into two groups on the basis of
the frequency of maximal improvement postoperatively: a
low-frequency group with maximal improvement frequencies
of 250 to 500 Hz, and a high-frequency group with maximal
improvement of 1000 to 8000 Hz. Further refinements could be
made, including the creation of a midfrequency group (1000
2000 Hz), but this is not clinically relevant, and our data are
insufficient for that purpose.
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RESULTS

A total of 31 patients were reviewed, all with pre- and
postoperative ipsilateral and contralateral audiograms. Of
these, 20 patients had improvement of 5 dB or more postop-
eratively, and 15 patients had improvement of 10 dB or more
(Table 1). In 29 of 31 patients, the site of vascular compression
is known, resulting in 18 correlations between the site of
compression and postoperative maximal hearing improve-
ment frequency when 5 dB is used as threshold, 13 when
10-dB improvement is used as threshold (Table 1; Fig. 1, A and
B).

A clear distribution can be observed clustering low frequen-
cies at the posterior and inferior side of the cochlear nerve,
close to the brainstem, and close to the root exit zone of the
facial nerve. High frequencies are distributed closer to the
internal acoustic meatus and superior along the posterior as-
pect of the cochlear nerve. Decompression at the posterior and
inferior side of the cochlear nerve leads to a marked improve-
ment of the low frequencies (mean, 10-dB improvement [stan-
dard deviation [SD], 4 dB] for 250 Hz; mean, 6.25-dB improve-
ment [SD, 2.5 dB] for 500 Hz) in comparison to the high
frequencies where, on average, a hearing loss is noted (mean,
6.25-dB hearing loss [SD, 11 dB] for 4000 Hz; mean, 2.5-dB
hearing loss [SD, 5 dB] for 8000 Hz). Decompression at the
posterior and superior aspect of the cochlear nerve provides
less pronounced differences, resulting in a mean hearing im-
provement of 3.75 dB for both 4000 and 8000 Hz (SD, 5 and 8
dB, respectively) and a mean improvement of 2 dB (SD, 6 dB)
for 250 Hz and 1.25 dB for 500 Hz (SD, 7.5 dB). No major
differences are seen when 5-dB improvement or 10-dB im-
provement is used as a threshold in relation to the site of
compressions (Table 1; Fig. 1).

We do not expect the tonotopy to be perfectly identical in
every individual, similar to the variation in the somatotopic
distribution of the dermatomes. One possible explanation for
this could be that the 90-degree rotation in the cisternal part of
its trajectory might differ slightly among individuals. For ex-
ample, if the rotation in Figure 1C is somewhat less accentu-
ated, the lower frequencies will lie more dorsally, closer to the
internal acoustic meatus, possibly explaining why in Patient 3
the lower frequencies (500 Hz) also improved postoperatively,
although in a less pronounced way. The idea here is that
vascular compression results in a conduction block or demy-
elination with conduction dysfunction of the compressed fi-
bers (8, 28, 52). We thus assume that only the site of sufficient
compression will generate a functional (i.e., tonotopically spe-
cific) hearing impairment. This explains why even in broad-
based compressions, relatively narrow hearing deficits can
occur. To minimize the interindividual functional anatomic
differences, only the frequency of maximal postoperative im-
provement is considered in the analysis.

To minimize measuring errors between pre- and postoperative
audiometry, the subtracted audiograms (preoperative minus
postoperative) are normalized to contralateral (Figs. 2 and 3, A
and B). This is done by subtracting contralateral preoperative
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minus postoperative audiograms from the ipsilateral preopera-
tive minus postoperative audiograms. No major differences are
noted when normalization is performed compared with nonnor-
malized audiogram subtractions (Table 1).

Three interesting patients (Patients 8, 12, and 31) reveal a
double peak of improvement of the hearing threshold, one at low
frequencies and one at high frequencies (Fig. 3D). All three had
double vascular compression (Fig. 1, A and B). We opted to
accept each compression to generate one form of hearing loss,
and we considered the low-frequency improvement to be attrib-
utable to the posterolateral decompression closest to the brain-
stem and the high-frequency hearing improvement to be caused
by the release of a more medial and distal compression. This
strengthens our idea of how the tonotopy is distributed in the
cochlear nerve, but we agree that it could be considered the
opposite as well. Only frequency-specific brainstem auditory
evoked potentials could prove or disprove this suggestion, the
idea being that it could in theory be abnormal for only the
compressed nerve fibers and not the uncompressed nerve fibers.

Twenty-nine of 31 patients presented with tinnitus. In 15
patients (52%), the tinnitus resolved postoperatively, and in 4
(14%), it markedly improved, with a total of 19 (66%) of 29
patients experiencing a good outcome. Ten patients did not
benefit from the decompression (Table 1).

DISCUSSION

Tonotopy

The auditory nervous system as a whole is organized anatom-
ically according to the frequency neurons respond best to. This
tonotopic organization has been described in many studies in
animals (4, 18, 32) and is a result of the separation of sounds
according to their frequency, or spectrum, which occurs in the
cochlea. The tonotopic organization of the cat’s cochlear nerve
has been described in detail (1, 51), and it has been suggested to
be present in the peripheral nervous system segment as well (ie.,
the intrameatal segment of the human cochlear nerve based on
histological sections). Therefore, we expect the CNS segment of
the cochlear nerve to be organized in a tonotopic way, too.

Histological analysis is not a confirmation of this functional
distribution in the CNS segment of the cochlear nerve. The
tonotopy can be followed in the peripheral part of the cochlear
nerve by superposition of the windings of the cochlea on the
funiculi of the cochlear nerve (55). The funicular structure disap-
pears after entry into the CNS segment of the cochlear nerve (i.e.,
the cisternal part). Furthermore, in the human, there seem to be
no caliber differences between the apical and basal fibers (9, 55),
contrary to the reported differences in guinea pig and mouse
(55), thus not permitting the tracing of the different fibers in the
CNS segment or cisternal segment of the cochlear nerve. There-
fore, histological studies are of no help in clarifying the tonotopy
of this part of the vestibulocochlear nerve.

Electrophysiological studies performed intraoperatively (35,
36) demonstrated the difficulties of mapping the cochlear
nerve. One problem is associated with the spread of activity in
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TABLE 1. Patient characteristics®
Case Patient  Age Side Tinnitus Tinnitus ) Hearing >5d8 =10dB pos to:c:re:tri):era(tr:,:;imum PreoPerative- ) Ct.)mpression
no. no. (yr)/sex resolved improvement dB improvement) postoperative normalized  site known
1 1 61/F R + Yes
2 3 47/M L + 1000 1000 Yes
3 4 24/M R + Yes
4 5 53/M L + 8000 4000-8000 Yes
5 7 53/M L + Yes
6 8 53/M R + 500 + 2000 500 + 2000 Yes
7 9 31/F L + 250-500 500 Yes
8 10 52/F L + Yes
9 12 47/F R + 250-500 + 4000-8000 250-500 + 4000-8000 Yes
10 13 54/M R + 2000-4000 2000-4000 No
11 14 68/F R + 4000-8000 Yes
12 15 42/F R + 4000 2000 Yes
13 16 46/M L + Yes
14 17 46/F R + 1000 1000 No
15 18 38/F R - Yes
16 21 53/F L + Yes
17 23 43/M L + 2000-8000 4000-8000 Yes
18 25 64/M L + Yes
19 29 49/M L + 2000-8000 2000-8000 Yes
20 30 50/F R + 8000 8000 Yes
21 31 67/F R + 250-500 + 4000-8000 250-500 + 4000-8000 Yes
22 33 73/F L + 250-1000 250-500 Yes
23 34 44/M R + 2000 2000-4000 Yes
24 35 52/M L + 4000 4000-8000 Yes
25 36 48/M L + 250-2000 250-1000 Yes
26 38 42/M R + 8000 8000 Yes
27 39 58/M L + 4000 2000-4000 Yes
28 40 61/M L + Yes
29 41 42/F R - Yes
30 42 45/M L + 500 500 Yes
31 43 44/F L + Yes
7R, right; L, left; +, present; —, absent; i, improved.
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the auditory nerve when high sound intensities are used. The
use of lower sound intensities requires a longer time for av-
eraging the evoked potentials, making it impractical to do
such recordings in the operating room (35, 36). A theoretically
better method for verification of the tonotopy of the auditory
nerve would be to obtain a pure tone audiogram in the awake
patient intraoperatively in response to electrical stimulation of
the cochlear nerve at different sites of the cisternal segment.
Clinical arguments relating to the tonotopy of the cochlear
nerve come from the work of Meller and Meller (34) on hemifa-
cial spasm, in which they noted that if the neurovascular conflict
results in hemifacial spasm with associated hearing loss, the
hearing loss is of the low-frequency type. In the series of Ryu et
al. (50), 6 of 10 patients with hemifacial spasm associated with
tinnitus presented with a low-pitch tinnitus. Those with high-
pitch tinnitus either had two different blood vessels compressing
the cochlear and facial nerve
or a compression that ex-
tended to the high-frequency
area of the cochlear nerve.

Tinnitus

120 : ——PrEOp - postop normalized
| -

250 500 1000 2000 74000 8000

Recently, some forms of tin- "
nitus have been considered to  FIGURE 2. Audiograms for Patient 3.

be auditory phantom phe- A 25dB hearing improvement is noted
nomena (15, 30, 60), similar to  at 1000 Hz.
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FIGURE 1. A and B, drawings illustrating the site of vascular

compression related to frequency of maximal hearing improve-

ment, as seen from a right retrosigmoid approach. Postoperative
inferior improvement of high frequencies (1000-8000 Hz) on audiogram
improvement in
(250-500 Hz) (black) are indicated. Numbers of blood wvessels
refer to patient numbers (Table 1). A, blood vessels are colored
when 5-dB hearing improvement postoperatively is used as thresh-
old. B, blood vessels are colored when 10 dB is used as threshold.
C, abstract figure demonstrating the proposed tonotopic structure
of the cochlear nerve, as seen from a right retrosigmoid approach.
White, vestibular part; gray and black, cochlear part. Both parts
are often separated by fine blood vessels (not shown).

ToNoT1OoPY OF COCHLEAR NERVE

central neuropathic pain (30) or other
forms of pain (60). These phantom
phenomena are thought to be the re-
sult of cortical reorganization, thus al-
tering the normal tonotopic map (10,
39). The tonotopic map can become
reorganized in reaction to any abnor-
mal pattern of neural activity from the
periphery (12). Therefore, the reorga-
nization probably starts peripherally
and ends cortically (11, 12, 62), in the
same way the development of tono-
topic organization occurs: namely,
first in the brainstem auditory nuclei,
later in the midbrain, and finally in the
forebrain, as demonstrated by
positron emission tomographic stud-
ies in the gerbil (47).

Tinnitus is accompanied by a
change of the tonotopic map in the
auditory cortex (39, 44). Further-
more, there is a high positive associ-
ation between subjective tinnitus
strength and the amount of shift of
the tinnitus frequency in the audi-
tory cortex (39), in the same way that
there is a very strong correlation be-
tween the amount of reorganization
of the somatosensory cortex and the
amount of phantom limb pain (10).

In humans with tinnitus, the inferior colliculus (27) is involved,
as well as the auditory cortex (27, 39, 44), which has several
tonotopically organized areas (58). The reorganization may also

low  frequencies

>
¥
m

dB difference
cow3aB3REBES

dB difference
3

dB differance
@

o o

FIGURE 3. Graphs illustrating hearing improvement. A and B, hearing
improvement plotted for Patient 3 with 25-dB hearing improvement post-
operatively at 1000 Hz. Pre- and postoperative audiograms are subtracted
(A) and normalized to contralateral (B), showing similar frequencies of
maximal improvement. C, Patient 35, 5-Hz hearing improvement isolated
at 4000 Hz. D, biphasic hearing improvement, 25 dB at 500 Hz and 20
dB at 2000 Hz. Note that Patient 35 has two vascular compressions in
Figure 1, A and B, and we assume one compression is responsible for the
high-frequency hearing impairment preoperatively and one for the low-
frequency hearing impairment. The same is true for Patients 8 and 12.
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FIGURE 4. A and B, 0.6-mm CISS-weighted images. A close vascular-nervous relationship can be seen.
Resolution is insufficient to ascertain whether a real vascular compression is present. C and D, high-
resolution (0.6 mm) CISS-weighted images with three-dimensional reconstruction. No vascular compression
is present anywhere on the auditory nerve. AICA, anteroinferior cerebellar artery; Sag, sagittal; Cor, coro-

nal; Tra, transverse; n., cranial nerve.

involve activation of other parts of the CNS. Evidence has been
presented that the nonclassical auditory pathways may be in-
volved in some forms of tinnitus (38) and thereby may provide a
direct subcortical route to the amygdala (22, 33). The hypothesis
that limbic structures are abnormally involved in some forms of
tinnitus has been supported by functional MRI studies (23).

Tinnitus and Tonotopy in Microvascular Compressions

To explain tinnitus in view of these recent findings, we hypoth-
esize the following pathophysiological mechanism: microvascular
compressions cause a dysmyelination and demyelination of the
underlying zone of the cochlear nerve (8, 28, 52), resulting in an
abnormal signal transmission to the auditory cortex (11, 12, 47, 62)
for these specific tones. The resulting auditory tract and cortical
reorganization (16-18, 43, 45) leads to a tinnitus that matches the
frequency of the compressed cochlear nerve fibers.

386 | VOLUME 54 | NUMBER 2 | FEBRUARY 2004

This hypothesis is supported by
findings in other cranial nerves; it
has been shown that abnormal acti-
vation (electrical stimulation) of the
facial nerve can cause signs that are
similar to those of hemifacial spasm
(53), resulting in hyperactivity and
reorganization of the facial moto-
nucleus (29). There are also similari-
ties between some forms of tinnitus
and pain disorders (30), such as tri-
geminal neuralgia and some forms
of central neuropathic pain caused
by slight injury or abnormal stimu-
lation of cranial nerves and periph-
eral nerves (6-8). These disorders
(spasm and neuropathic pain) all are
associated with reorganization of the
specific structures in the CNS and
thus are similar to what has been
observed in patients with tinnitus.

Correlating the maximal improve-
ment from the hearing deficit to the
site of compression results in a tono-
topic organization of the cochlear
nerve. Our results demonstrate an
oblique rotatory organization of the
Cranial Nerve VIII as it approaches
the brainstem. This is in agreement
with the known anatomy of Cranial
Nerve VIII (54). The cochlear nerve
lies anteriorly (anterior of the infe-
rior vestibular nerve) at the level of
the labyrinth and rotates to come
and lie laterally (of the vestibular
nerve) and posteriorly at the level of
the brainstem (54) (Fig. 1C).

Knowledge of tonotopy might
help define which patients could
benefit from MVDs for unilateral tinnitus. It is well known that
vascular compressions of cranial nerves occur frequently without
symptoms or signs. Asymptomatic compression of the vestibu-
locochlear nerve has been reported in many postmortem studies
(19, 25, 40, 56) and imaging studies (24, 42). Although severe
tinnitus is rare, vascular contact is common (as much as 50~70%)
and is likely to occur together with vascular compression. This
means that vascular contact is most likely a necessary (but not
sufficient) condition for severe tinnitus. It is therefore important
to know whether a patient with severe tinnitus has a vascular
conflict with the auditory nerve, and it is important to correlate
the perceived frequency of the tinnitus with the location of the
vascular contact on the auditory nerve.

Knowledge regarding the exact location of a vessel on the
auditory nerve can be obtained by high-resolution MRI, but
such knowledge is only useful if the tonotopy of the cisternal
segment of the vestibulocochlear nerve is known. For exam-

facial nerve
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FIGURE 4. A and B, 0.6-mm CISS-weighted images. A close vascular-nervous relationship can be seen.
Resolution is insufficient to ascertain whether a real vascular compression is present. C and D, high-
resolution (0.6 mm) CISS-weighted images with three-dimensional reconstruction. No vascular compression
is present anywhere on the auditory nerve. AICA, anteroinferior cerebellar artery; Sag, sagittal; Cor, coro-
nal; Tra, transverse; n., cranial nerve.




ple, a vascular conflict at the posteromedial part of the ves-
tibulocochlear nerve close to the acoustic meatus in the setting
of a low-pitch nonpulsatile tinnitus is probably not the cause
of the tinnitus. Similarly, a high-pitch nonpulsatile tinnitus
and a vascular conflict at the inferior side of the vestibuloco-
chlear nerve close to the brainstem and facial nerve are most
likely not related. Thus, knowing the tonotopy might decrease
unnecessary operations by decreasing the number of false-
positive diagnoses. For this to be successful, however, a more
sophisticated imaging technique is required, and ultrathin (0.6
mm) constructive interference in steady state (CISS)-weighted
imaging with three-dimensional reconstruction might be the
choice for the future, if it can fulfill its promises. The useful-
ness of such technique is demonstrated in Figure 4, A and B,
which show results from a patient with unilateral tinnitus who
was scanned with classical 0.8-mm CISS-weighted images.
The MRI scans shown in Figure 4, A and B, demonstrate the
presence of a close vascular-nervous relationship on the side
ipsilateral to the side where the patient perceives the tinnitus.
However, the resolution is insufficient to be certain whether a
real contact is present between nerve and blood vessel. Ultra-
thin 0.6-mm CISS-weighted images with three-dimensional
reconstructions (Fig. 4, C and D) of the same patient clearly
demonstrate that no vascular contact is present anywhere on
the auditory nerve. We therefore think that the patient’s tin-
nitus was not caused by a vascular compression.

CONCLUSION

The tonotopic organization of the cisternal segment of the
cochlear nerve has an oblique rotatory structure as a result of
the rotatory course of the cochlear nerve in the posterior fossa.
Low-frequency tones seem to be located at the posterolateral
part of the cochlear nerve close to the brainstem; high frequen-
cies are more medial and closer to the internal acoustic me-
atus, as seen from a retrosigmoid approach. Knowledge of this
tonotopic organization of the auditory nerve in its cisternal
course might benefit surgeons who perform MVD operations
for vestibulocochlear compression syndrome, especially in the
treatment of unilateral severe tinnitus.
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COMMENTS

he effectiveness of microvascular decompression (MVD)

for the so-called auditory nerve compression syndromes is
still debated, and patients must be selected in a very critical
way. Therefore, all contributions aimed at collecting data and
consequently improving knowledge in the field are of practi-
cal importance. This article is a stimulating work with an
intelligent and imaginative design of the study, more than the
fruit of sophisticated and costly technologies. The substance of
the work has undoubtedly benefited from cross-fertilization
thanks to the collaboration of several experts from different
horizons.

The authors have described a tonotopic organization in
the cisternal portion of the cochlear nerve. Their conclu-
sions were derived from the observation that the offending
vascular loop was responsible for a reversible deficit attain-
ing specific frequencies corresponding to the fibers com-
pressed. We made similar observations in the trigeminal
roots of patients affected with trigeminal neuralgia who
underwent MVD. We found that there were positive corre-
lations between the topography of the neuralgia (i.e., the
division or divisions involved) and the site of the neuro-
vascular conflict. V; division was predominant when the
site of neurovascular conflict was superomedial; V,, supero-
lateral; and Vj, lateral and/or inferior (2). These findings
are concordant with the known somatotopic organization of
the cisternal portion of the trigeminal root (1).

www.neurosurgery-online.com



Perhaps our main criticism would be the excessive confi-
dence that the authors place in the capacity to predict outcome
of MVD of the VIIIth nerve for tinnitus, that is, to make
accurate patient selection, on the basis of the type of tinnitus
(low or high pitch) and the location of the visible arterial loop
on magnetic resonance imaging. As a matter of fact (as actu-
ally pointed out by the authors), there are many asymptomatic
vascular loops in the cerebellopontine angle, and according to
many surgeons’ experience (even with recourse to high-
resolution magnetic resonance explorations), the reliability of
magnetic resonance imaging is still disputable.

We think that it would be hazardous to rely too much on
imaging. Other criteria, clinical, electrophysiological, and per-
haps also pharmacological, would be most helpful to make
patient selection more rigorous.

Marc P. Sindou
Lyon, France

1. Gundmundsson K, Rhoton AL Jr, Rushton JG: Detailed anatomy of intracra-
nial portion of the trigeminal nerve. | Neurosurg 35:592-600, 1971.

2. Sindou M, Howeidy T, Acevedo G: Anatomical observations during micro-
vascular decompression for idiopathic trigeminal neuralgia (with correlations
between topography of pain and site of the neurovascular conflict): Prospec-
tive study in a series of 579 patients. Acta Neurochir (Wien) 144:1-13, 2002.

De Ridder et al. have studied the frequency-specific hear-
ing improvement after MVD of the vestibulocochlear
nerve in patients with vertigo or tinnitus. In 18 of 31 patients
analyzed, correlations could be found to the site of nerve
compression.

On the basis of their careful observations, the authors con-
clude a tonotopic organization of the cochlear nerve that cor-
responds to its rotatory course in the cerebellopontine angle.
Furthermore, low frequencies were found to be located close
to the brainstem more inferior along the posterior aspect of the
cochlear nerve, with high frequencies being located close to
the internal acoustic meatus, more superior along the poste-
rior aspect.

This study on functional anatomy is an intriguing approach
to the improvement of diagnostic and prognostic criteria for
MVD of the VIIIth cranial nerve. It is an important step in the
direction of bridging the gap between clinical and neurophys-
iological data on the one hand and imaging data on the other
in patients with vestibulocochlear deficits who may be se-
lected for MVD of the VIIIth nerve. As long as the available
imaging techniques alone allow no definite proof of a vascular
compression of the nerve, the knowledge of its functional
anatomy may help in interpreting the imaging findings.

Although there is still a large degree of unpredictability in
these cases because of both the high interindividual variability
of the tonotopic organization of the vestibulocochlear nerve
and the possibility of compression-induced reorganization,
this report adds substantially to the growing pool of informa-
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tion favoring MVD of the VIIIth nerve for selected patients
suffering from vestibulocochlear deficits.

Madjid Samii
Alireza Gharabaghi
Hannover, Germany

his article by De Ridder et al. documents a continuing
exploration of the functional anatomy of the cranial
nerves. This information is of preliminary interest and es-
tablishes the findings of one group in decompression sur-
gery. As we have found previously, an intimate knowledge
of the functional areas of the nerve allows for more precise
evaluation and ultimate treatment for cranial nerve disor-
ders of hyperfunction and hypofunction as has been seen in
the disabling positional vertigo involving this same nerve
as well as the VIIth cranial nerve for the two variations of
hemifacial spasm.
We anticipate that additional information and correlation
from other clinics will allow for improvement in the success
rate for the surgical decompression performed for tinnitus.

Kenneth F. Casey
Peter J. Jannetta
Pittsburgh, Pennsylvania

his article represents an interesting and original ap-

proach to determine the relationship between tinnitus
presumably caused by microvascular compression, the
tonotopic organization of the cochlear nerve, and hearing
improvement after MVD. The evidence of hearing improve-
ment is correlated with the compression site of the cisternal
portion of the cochlear nerve and thus sheds additional
light on its tonotopic organization in humans. Although
hearing improvement is well documented, this information
would have been more specific had the authors used a
smaller audiometric step size than the standard 5 dB used
for clinical testing, i.e., 3 or 1 dB. This would have allowed
the documentation of small but potentially significant
changes. The tinnitus experienced by these patients is de-
scribed only in relatively general terms, as are the nature
and extent of postoperative improvement. In this type of
study, preoperative and postoperative tinnitus matching (to
a pure tone or narrow band of noise) and/or tinnitus mask-
ing to determine its intensity and frequency characteristics
would have been very informative, and an interesting rela-
tionship between the specific nature of tinnitus and hearing
improvement along with cochlear nerve compression site
could have been established.

The ultimate goal of this study, as stated by the authors, is to
use the results to determine diagnostic and prognostic criteria for
MVD of the cochlear nerve in patients with tinnitus. The results
of the study, however, fall short of this goal. First, the article does
not include information about the criteria used to recommend
MVD of the cochlear nerve in their patients, and, as stated by the
authors, there is evidence that a large number of individuals with
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vascular compression of the cisternal portion of the cochlear
nerve are in fact asymptomatic. Furthermore, as stated, the pres-
ence of a loop of the anteroinferior cerebellar artery may be in
contact with the VIIIth cranial nerve in 25% of symptomatic
patients and 21.4% of asymptomatic patients, as demonstrated
by magnetic resonance imaging. It is encouraging that after
MVD, 66% of their patients experienced improvement (including,
complete resolution). The results, however, do not shed sufficient

light on differences between the 66% with improved symptoms
and the 34% who were unchanged. We may hope that the
authors will continue this line of research and implement more
specific hearing and tinnitus measures.

Paul R. Kileny
Audiologist
Ann Arbor, Michigan

Frontispiece of Casserius’ Tabulae Anatomicae (Venice, E. Duechinum, 1627). Giulio Casserius (also called Casserio) (c.
1561-1616) illustrated the vessels at the base of the brain in his work. (Courtesy, Rare Book Room, Norris Medical Library, Keck
School of Medicine, University of Southern California, Los Angeles, California.) Also see pages 396, 464, and 499.



