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Electrophysiological Monitoring During
Acoustic Neuroma and Other Posterior
Fossa Surgery

R.D. Linden, C.H. Tator, C. Benedict, D. Charles, V. Mraz and 1. Bell

ABSTRACT: Techniques used to monitor the function of the seventh and eighth cranial nerves during acoustic
neuroma and other posterior fossa surgery are reviewed. The auditory brainstemresponse (ABR), electrocochleogram
(ECochG) and direct recording from the auditory nerve (CNAP) were compared. The best technique is the ECochG,
although in many cases, the CNAP should be used as a back-up technique. The CNAP is especially useful for the
identification of the auditory nerve. Both can provide real-time feedback on the physiological integrity of the auditory
nerve. The ABR may be helpful in monitoring brainstem function. For some procedures, optimal monitoring requires
the combined recording of all three techniques.

Monopolar constant-voltage intracranial stimulation of the facial nerve is helpful for the identification and
preservation of the facial nerve. Audio monitoring of spontaneous electromyographic activity provides real-time
feedback on the effect of surgical manipulation of the nerve. Monitoring of ephaptic transmission in the facial nerve
during microvascular decompression for hemifacial spasm aids in the identification of the offending vessel.

RESUME: Surveillance électrophysiologique pendant la chirurgie du neurinome acoustique et autres interventions au
niveau de la fosse postérieure. Nous revoyons les techniques utilisées pour surveiller la fonction du septiéme et du
huitieme nerf crinien pendant la chirurgie du neurinome acoustique et autres interventions au niveau de la fosse
postérieure. Nous avons comparé les potentiels évoqués auditifs (PEA), I’électrocochléogramme (ECochG) et
I’enregistrement direct & partir du nerf auditif (CNAP). La meilleure technique est I'ECochG, bien que dans plusieurs
cas, le CNAP devrait étre utilisé comme technique d’appoint. Le CNAP est particulierement utile pour identifier le
nerf auditif. Les deux techniques peuvent fournir une information momentanée sur I'intégrité du nerf auditif. Les
PEA peuvent étre utiles a la surveillance des fonctions du tronc cérébral. Pour certaines interventions on doit utiliser
I’enregistrement combiné de ces trois techniques pour une surveillance optimale. La stimulation intracrinienne du
nerf facial par électrode monopolaire A voltage constant est utile pour identifier et préserver le nerf facial. La
surveillance acoustique de I’activité électromyographique spontanée fournit une information momentanée sur I'effet
de la manipulation chirurgicale du nerf. La surveillance de la transmission éphaptique dans le nerf facial pendant la
décompression microvasculaire pour le spasme hémifacial aide a I'identification du vaisseau en cause.
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One of the principal objectives of posterior fossa surgery is to
preserve the function of the seventh (facial) and eighth (auditory)
cranial nerves and the brainstem. Intraoperative monitoring
can provide real-time feedback to the surgeon on the physiologi-
cal integrity of these structures, and can reduce the risk of
iatrogenic injury. The auditory brainstem response (ABR) was
the first technique used to monitor the physiological integrity of
the auditory nerve during acoustic neuroma surgery.! This
technique is non-invasive and easy to use. The early peaks of
the ABR are relatively insensitive to the effect of anesthetics.?
However, the first peak of the ABR may be difficult to identify
in the recorded waveform, especially in patients with hearing

loss, and therefore, it has been recommended that a more direct
method of monitoring peripheral auditory nerve function be
utilized.® This is of particular importance for intraoperative
monitoring. Moller and Jannetta® developed a method for record-
ing the compound action potentials directly from the cochlear
nerve (CNAP), which provides a large, easy to elicit response.
The disadvantage with this technique is that the presence of the
electrode in the operative field may be cumbersome. The
electrocochleogram (ECochG)*® which is recorded from an
electrode placed in the middle ear avoids this problem. We
have examined the relative merits of these three recording
techniques (ABR, CNAP and ECochG) for the intraoperative
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recording of auditory and brainstem function during posterior
fossa surgery.

During surgery for lesions of the cerebellopontine angle,
there is also a risk of injury to the facial nerve. Electrophysiologi-
cal monitoring has increased the ability of the surgeon to pre-
serve the facial nerve. Rand and Kurze’ stimulated the facial
nerve intracranially and observed facial movements. This method
of monitoring is cumbersome and may require the presence of
an assistant under the drapes. Furthermore, the stimulating
current might spread to either the spinal accessory or trigemi-
nal nerves, and give false-negative results. For this reason,
Delgado and his colleagues® introduced intraoperative monitor-
ing of the electromyogram (EMG). Intraoperative photographs
were taken of the EMG response from the oscilloscope to
determine if there was a change in the latency or amplitude of
the response. Although this method permitted identification
and mapping of the facial nerve, the stimulus artifact could
obscure the waveforms. To overcome this, Sugita and Kobayashi®
developed a technique for continuous monitoring of mechani-
cal stimulation of the facial nerve by attaching accelerometers
to the orbicularis oculi and oris muscles. Facial muscle move-
ment was then converted to sound through an amplifier and
speaker connected to the accelerometer. This system permit-
ted easy identification of the facial nerve and, more importantly,
also enabled the surgeon to monitor mechanical movement of
the nerve, therefore providing real-time feedback indicating
mechanical injury to the nerve during dissection. Moller and
Jannetta'® provided the next refinement by developing a system
combining sound monitoring of spontaneous EMG activity,
and monitoring of EMG activity in response to direct intracranial
stimulation of the facial nerve. This was accomplished by intro-
ducing a gating circuit to remove the stimulus artifact thereby
allowing facial muscle action potentials to be monitored with a
loudspeaker. The present report also contains our experience
with the intraoperative monitoring of facial nerve function dur-
ing posterior fossa surgery.

Electrophysiological monitoring of the facial nerve has also
become an important intraoperative tool for microvascular decom-
pression of the facial nerve for hemifacial spasm.'' Once the
facial nerve is decompressed in these patients, the ephaptic
transmission disappears, and therefore this method permits the
easy identification of the offending vessel, and improves the
effectiveness of the procedure. This report also contains a
descriptionof our experience inmonitoring facial nerve function
during microvascular decompression for hemifacial spasm.

MATERIALS AND METHODS

Clinical Material

Electrophysiological monitoring was performed on 19 patients
undergoing microsurgery for the removal of acoustic neuromas
or other cerebellopontine angle (CPA) tumors, or for microvas-
cular decompression of the VII cranial nerve for hemifacial
spasm (Table 1). The management of these patients, including
the surgical approaches used for the removal of acoustic neuro-
mas and other CPA tumors, have been described elsewhere. '3
Microvascular decompression for hemifacial spasm was per-
formed using a posterior fossa approach.

Anesthesia

Electrophysiological monitoring of auditory function during
posterior fossa surgery has few anesthetic limitations. Body
temperature must be monitored because hypothermia will cause
anincrease in the latency of the ABR responses.'* Barbiturates,
inhalation anesthetics, and muscle relaxants have a small but
definite effect upon the ABR. The early peaks of the ABR are
much less affected than the later peaks. In our unit, anesthesia
is maintained with isoflurane and nitrous oxide, and fentanyl is
administered as required. Manninen et al'® examined the effect
of isoflurane on the ABR and found that all the ABR peaks were
affected, although the more central the generator sites of these

Table 1
Facial Nerve Auditory Nerve Facial Nerve
Patient Procedure ABR ECochG CNAP Monitoring Preservation Preservation
1 APF * * * * No No
2 ATA * No Yes
3 ATA * No No
4 CPA * No No
5 ATA * No Yes
6 CPA * No Yes
7 APF * * Yes Yes
8 ATA * No Yes
9 ATA * No No
10 CPA * * * * Yes Yes
11 APF * * * Yes Yes
12 APF * * * No Yes
13 APF * * * * No Yes
14 ATA * No Yes
15 APF * * No Yes
16 ATA * No No
17 APF * * No Yes
18 FD * * Yes Yes
19 APF * * Yes Yes
ATA Translabyrinthine approach for the removal of large acoustic neuromas (greater than 2 cm)
APF Posterior fossa approach for the removal of small acoustic neuromas (less than 2 cm)
CPA Other cerebellopontine angle tumours
FD Facial nerve decompression
* Test performed
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components, the greater the effect. OQur regimen avoids the
administration of long-lasting muscle relaxants and thus allows
the facial EMG to be recorded. Short-acting muscle relaxants
(e.g. Atracurium) are used for induction, the effects of which
have disappeared by the time the recording of the EMG activity
is required. After the tumor has been removed, or the facial
nerve decompressed, longer acting muscle relaxants may be
given.

Monitoring of Auditory Functions

The Cadwell 8400 system was used for monitoring auditory
function as described in (a), (b) and (c) below.

(a) Auditory Brainstem Response

The ABR was recorded preoperatively, intraoperatively and
postoperatively. Preoperatively and postoperatively, 70dB nHL
rarefaction clicks (100 usec) were presented through a moulded
ear insert at a repetition rate of 11.1/s and 44.4/s. A plastic tube,
1.9 mm in diameter and approximately 32 ¢cm in length, was
used to conduct sound from the speaker to the earmould.
Response threshold was determined by presenting 50, 30, and
10 dB nHL clicks at a repetition rate of 44.4/s. Each trial
consisted of recording the averaged response to 2000 stimuli
presented monaurally, and then the trial was replicated. Mask-
ing noise was presented to the ear contralateral to the stimulus
atanintensity 40 dB less than the intensity of the click stimulus.
Gold-plated cup electrodes were attached to the scalp with
saline gel and collodion-impregnated gauze, and placed at Cz,
M1, M2, the Inion and 2 cm above each auricle (A). Four
channels of activity were recorded with the following derivation:
Cz-M1, Cz-M2, Cz-Inion, Cz-Ai (i=ipsilateral). A ground elec-
trode was taped to the shoulder. The interelectrode impedences
were less than 5 KOhms.

Negativity at the vertex was plotted in the upward direction.
The EEG was amplified with a bandpass of 100 to 3000 Hz. The
sweep time was 10 ms. If there was no reproducible response,
the sweep time was altered to 20 ms. Intraoperatively, 70 dB
nHL stimuli were presented at a rate of 44.4/s, but the other
stimulus and recording parameters were identical to those used
preoperatively.

(b) Direct Recording of Compound Nerve Action Potentials from
the Auditory Nerves

The procedure used to record the CNAP was similar to the
technique developed by Moller and Jannetta.* A cotton wick
electrode was constructed by removing the end 6 mm of insula-
tion from AgST wire, to which cotton wool was sutured to the
bent, exposed wire. The wire was then attached to insulated
copper wire which was connected to the non-inverting input of
the preamplifier. The reference electrode was constructed with
a metal 25 gauge hypodermic needle connected to insulated
copper wire, which was connected to the inverting input of the
preamplifier. The needle electrode was inserted into muscle at
the operative site, and the cotton-wick electrode was sutured to
a Sugita retractor and held in place at the operative site,

Auditory click stimuli were presented through earmoulds,
and masking noise was presented to the contralateral ear at an
intensity 40 dB less than the stimulus used to elicit a response.
For monitoring purposes, 40 click stimuli were presented (70
dB nHL) at a presentation rate of 22.2/s. The system bandpass
was 10 - 3000 Hz and the sweep time was 10 ms. A -1 ms sweep
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delay was used occasionally to monitor stimulus artifact. Fig-
ure 1 illustrates our method of monitoring auditory function
with this technique.

(c) Electrocochleogram — (ECochG)

An electrode identical to that used to record the CNAP from
the auditory nerve was used to record the ECochG except that
PtST wire was used because it is more malleable than AgST and
is easier to anchor in the external auditory meatus. A myringotomy
was performed, through which the electrode was placed against
the promontory, and the electrode was held in position by the
moulded ear insert (Figure 2). The impedance of the transtympanic
electrode was 40 to 50 KOhms. A needle EEG electrode placed
on the face was used as the reference electrode. The effects of
varying the stimulus intensity, polarity and presentation rate
were examined, and the number of averages required to obtain
a satisfactory signal-to-noise ratio, and optimal filter settings
were determined.

Monitoring of Facial Nerve Function

(a) Facial Monitoring During Acoustic Neuroma Surgery

After the patient’s head was secured in the head holder, a
hand-held stimulator with metal probes was placed on the skin
overlying the marginal mandibular branch of the facial nerve.
The nerve was stimulated, a muscle twitch observed in the
orbicularis oris muscle, and then two platinum needle elec-
trodes were placed in the muscle. A second set of electrodes
were placed in the orbicularis oculi muscle after localization by
stimulating the zygomatic branch of the facial nerve. The elec-
trode wires were taped to the face. Constant-current stimuli
were used to localize the muscle twitch with the Cadwell-8400
signal averaging system being used for these preliminary
procedures. Thereafter, the Grass-Moller NL-1 facial nerve
locator and monitor were used for monitoring as described by
Moller and Jannetta.'® One electrode from each muscle was
inserted into the input probe of the Grass locator. The remain-
ing electrodes were used as back-up electrodes. A ground

COCHLEAR NERVE
MONITORING
intra-op

RECORDING

Figure 1 — Intraoperative monitoring of the cochlear nerve action potential
(CNAP) from the eighth nerve during removal of an eighth nerve tumour
(T). Auditory stimuli (STIMULUS) are delivered through an ear insert,
and the response is recorded with a cotton-wick electrode placed on the
exposed cochlear nerve.
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Figure 2 — Intraoperative recording of the electrocochleogram (ECochG). The schematic on the left illustrates the intraoperative technique for recording
the ECochG. A cotton-wick electrode is placed transtympanically against the promontory after a myringotomy has been performed. The electrode is
anchored in place with a moulded ear insert. The waveform on the right is a tracing recorded intraoperatively. Note the characteristic cochlear
microphonic (CM) and compound action potential (N1) components.

electrode was placed in the forehead. The responses were
differentially amplified and displayed on an oscilloscope. The —
system bandpass was .3 - 3000 Hz. The responses were also M
audio-amplified, providing immediate feedback about mechani-
cal stimulation of the nerve. For identification purposes,
monopolar constant-voltage stimulation was applied through a
hand-held nerve locater unit (Figure 3). A maximum stimulus
intensity of .7 V was applied intracranially. Stimuli of 200 usec
duration were presented at a rate of 10/s.

FACIAL NERVE

MONITORING
intra—op

(b) Facial Nerve Monitoring During Microvascular Decompression

of the Facial Nerve for Hemifacial Spasm

Needle stimulating electrodes were placed over the zygomatic
and marginal mandibular branches of the facial nerve. Electro-
myographic activity wasrecorded with needle electrodes placed
in orbicularis oculi and mentalis muscles. Constant-voltage
stimuli (250 usec duration) were presented at a rate of 11.1/s.
The system bandpass was 1 - 3000 Hz.

RESULTS

(a) Auditory Nerve Monitoring

Monitoring of the ECochG and CNAP has been of great
value intraoperatively in patients with acoustic neuromas because
both provide real-time feedback to the surgeon on the physio-
logical integrity of the eighth cranial nerve. Intraoperatively,
the ABR has been less useful as a technique to provide immedi-
ate feedback. However, the ABR can be used as a back-up
system. Furthermore, if the lesion is close to the brainstem,

Figure 3 — Intraoperative monitoring of facial nerve function. EMG activity

CNAP recordmgs a,re difficult to obtain and the ABR may then is recorded from the orbicularis oris (or mentalis) and orbicularis oculi
be used for monitoring. The ABR can also be used as a measure muscles. A hand-held stimulator is used 10 identify the facial nerve
of brainstem function. For example, during the removal of a displaced by a tumour (T).
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large acoustic neuroma, one patient had extensive blood loss
which caused a marked decrease in amplitude and increase in
latency of wave V of the ABR recorded in response to auditory
stimuli delivered to the ear contralateral to the surgery. This
was a helpful warning of brainstem dysfunction.

Direct recording of the CNAP from the auditory nerve was
found to be very useful in many cases of acoustic neuroma in
which hearing preservation was attempted. Figure 4 is from a
patient with a large acoustic neuroma in whom the CNAP
gradually increased in latency and decreased in amplitude, and
then was lost completely. Post-operatively, hearing was absent
on the operated side. One of the problems with this technique is
the presence of the electrode in the operative field. The primary
purpose of this method of monitoring auditory function is to
identify the cochlear nerve. With this technique, the surgeon
can differentiate tumor from nerve. The CNAP recording can
also be used as a back-up method to other methods of continu-
ous monitoring of auditory function.

The ECochG proved to be the best method of monitoring
auditory nerve function. The cotton-wick electrode was easy to
use and out of the operative field, and the recording electrode
was secure when anchored in place with the ear-insert. To date,
there have been no problems with the loss of the ECochG
recording electrode due to displacement or high electrode
impedance. However, because of these possibilities, back-up
systems of monitoring such as the CNAP should be used.

The effect of stimulus polarity on the ECochG was also
examined intraoperatively, and Figure § illustrates the impor-
tance of this relationship. Occasionally it was difficult to iden-
tify the N1 component. Because the phase of the CM is opposite
if condensation or rarefaction clicks are presented, the CM can
be removed by presenting alternating stimuli. The resulting
waveformclearly demonstrated the N1 component which repre-
sents activity generated from the auditory nerve.

The effect of stimulus intensity on the ECochG was also
examined intraoperatively. When alternating clicks are presented,
the cochlear microphonic (CM) is subtracted from the wave-
form allowing examination of the N1 component. As the stimu-
lus intensity was increased, the amplitude of the N1 component
increased and the latency decreased.

The effect of stimulus presentation rate on the ECochG is
shown in Figure 6. The response may be recorded at high
presentation rates (88.8/s), but as the rate of stimulus presenta-
tion was increased, the amplitude of the N1 component decreased.
However, even at fast presentation rates, a clear N1 compo-
nent was evident. The CM response was also present at high
presentation rates. The CM response was a following response.
The number of cycles observed in the CM increased as the
presentation rate increased. Because the ECochG could be
recorded with a small number of averages (2-10) at a high
presentation rate, real-time monitoring of the function of the
auditory nerve was obtained.

The effect of altering the high-pass and low-pass filter set-
tings was examined intraoperatively. We found that the high-
cut filter setting should not be lower than 3000 Hz, and the
low-cut filter setting should be 10 Hz.

During the removal of the posterior wall of the internal audi-
tory canal with the drill in the suboccipital approach to acoustic
neuromas, it is too time consuming to pause long enough to
record the ABR because of the number of responses which
have to be averaged. In contrast, the ECochG can be recorded
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Figure 4 — Intraoperative monitoring of the compound nerve action poten-
tials (CNAP) recorded from the auditory nerve. Hearing preservation was
attempted during the removal of a large acoustic neuroma. Shown on the
right of each waveform is the time of recording. At 11:40 a reproducible
response was evident, but at 12:40 the amplitude of the response decreased
and the latency increased. This trend continued and at 3:35 there was no
response present.
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Figure 5 — The effect of stimulus polarity on the ECochG examined intra-
operatively. Each waveform is the averaged response to 40 stimuli pre-
sented at a rate of 22.2/s at an intensity of 70 dB nHL. The tracing at the
top of the figure was recorded in response to condensation clicks; the
middle tracing was recorded in response to rarefaction clicks; and the
lower tracing was recorded in response to alternating clicks. Note the
phase reversal of the CM when condensation clicks were presented as
compared to rarefaction clicks. Note the removal of the CM component
when alternating clicks were presented.
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Figure 6 — The effect of stimulus presentation rate on the ECochG recorded
intraoperatively. Each represented waveform was elicited by presenting
40 rarefaction clicks at an intensity of 70 dB nHL. The rate of stimulus
presentation is listed on the right side of the figure.

in less than a second, which allows recording of the response
between drilled sessions. It should be noted that waveforms
should be interpreted cautiously at this time because an increase
in latency and decrease in amplitude of the ECochG has been
observed. This change may be caused by a temporary shift in
the response threshold.

Figure 7 shows the ECochG and the CNAP from a patient
with bilateral acoustic neuromas in whom hearing was pre-
served during the removal of a small acoustic neuroma less than
I ¢m in diameter. During the dissection an anomalous artery
entering the temporal bone was retracted and caused an abrupt

loss of both the CNAP and ECochG responses. The surgeon
was informed and the operation was halted. Ten minutes later,
the response returned. The method of tumour removal was
altered and the patient awoke with some preservation of hearing.
Because of the complete yet reversible loss of the ECochG, this
suggests reversible cochler ischemia.

(b) Facial Nerve Monitoring

The audio monitoring of mechanical stimulation of the facial
nerve provided real-time feedback to the surgeon and was very
useful during intracranial dissection of the facial nerve, espe-
cially in large acoustic neuromas. The differentially amplified
EMG activity was large in amplitude and easy to record. The
placement of multiple back-up electrodes in the facial muscles
was helpful because the needle electrodes can dislodge. A
portable impedence meter was helpful to test contiguity. In the
development of our monitoring methods, a variety of hand-held
facial nerve stimulators were constructed and tested. Both
monopolar and bipolar constant-current and constant-voltage
methods of stimulation for identifying the nerve were evaluated.
The commercially available Moller stimulator from Grass Instru-
ments proved to be the best for two reasons: the probe tip was
malleable, and allowed enhanced adaptability in the operative
field; and the monopolar constant-voltage stimulation provided
consistent results.

Electrophysiological monitoring during microvascular decom-
pression for hemifacial spasm enhanced the accuracy of the
procedure (Figure 8). The disappearance of the ephaptic responses
was a helpful indicator of the adequacy of decompression.

1

BASELINE ARTERY 10 MINUTES
MANIPULATION POST MANIPULATION

ECOG J\A/\//— —_— /\»/'/L_/“,_

CNAP \,,\/\\/\/ —_— ‘_v/\/\/\,\

|4pV

10
ms

Figure 7 — The top three tracings illustrate the ECochG recording and the lower three tracings illustrate the
CNAP recordings. The tracings on the left side of the figure are the baseline recordings. The tracings in
the centre were recorded during the manipulation of an anomalous artery to the temporal bone when both
the ECochG and CNAP readings were lost. The tracings on the right were recorded after the surgical
team halted the operation for ten minutes after which the response returned.
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Figure 8 — Electrophysiological monitoring during microvascular decompression for hemifacial spasm.
The top tracings illustrate EMG activity recorded from the mentalis muscle. The lower tracings illustrate
EMG activity recorded from orbicularis oculi. Both sets of tracings were recorded in response to
stimulation of the marginal mandibular branch of the facial nerve. Before microvascular decompression,
a direct response was recorded from the mentalis muscle and an indirect response was recorded from
orbicularis oculi. After the decompression there was no longer an indirect response recordable from the

orbicularis oculi muscle.

DISCUSSION

The ABR is an accurate diagnostic test in conditions such as
acoustic neuroma where itis abnormal in at least 90% of cases.'®
However, for a number of reasons, its value in the operating
room is limited.®'7'®1%20 Firstly, to acquire an adequate
signal-to-noise ratio requires the averaging of thousands of
responses, whichistime consuming. Secondly, the later compo-
nents of the ABR are effected by hypothermia'*?! and some
anesthetics.'3?>? Finally, during intraoperative monitoring
of the ABR, wave V has been used to identify the response, but
intraoperative changes in wave V do not correlate well with
post-operative hearing preservation.® Accordingly, attention
has been directed towards monitoring the earlier responses of
the auditory system, especially at the level of the auditory
nerve because these earlier signals are more resilient to changes
inbody temperature?* and are less affected by anesthetic level.'?

There is a wealth of literature on the clinical use of the
ECochG.?%¢*" The ECochG was first recorded intraopera-
tively in the 1960’s during middle ear surgery.”®?* Because of
the work of Levine and his colleagues® there has been a
reawakening of interest in the intraoperative recording of the
ECochG. The stimulus/intensity function of the N1 component
of the ECochG which we have observed intraoperatively is
similar to that described by Eggermont.? The amplitude of the
N1component decreases and the latency increases as the stimu-
lus intensity is decreased. At the highest intensities, corres-
ponding to the H area of the amplitude/intensity function, the
N1 component may have three peaks. At lower intensities the
second peak is the most prominant.?” As the stimulus rate is
increased, the N1response amplitude decreases and the latency
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increases. However, the N1 component is still present at fast
rates (200/S).*® When the rate is greater than 80/s, the summat-
ing potential may contaminate the recordings. Therefore, we
recommend a rate of 44/s. Until the clinical usefulness of the
CM s determined, alternating click stimuli should be applied to
remove the CM, which can, as we have demonstrated, contami-
nate the N1 component of the waveform.

The ECochG has several advantages, including ease of record-
ing and the absence of the electrode in the operative field. It has
also been reported that the ECochG is not altered by anesthetic
levels.® However, there are several aspects of the intraopera-
tive recording of the ECochG which require further research.
Firstly, the method of recording might be improved. Forexample,
Stone et al®! reported that the ECochG can be recorded from a
low impedance electrode placed near the opening of the exter-
nal auditory canal, rather than transtympanically. Although
transtympanic recordings are larger, they require penetration
of the tympanic membrane. Further research is required to
determine the effectiveness of the external electrode technique
in the operating room. A second area requiring further research
is the CM response, which may provide an accurate assessment
of the inner hair cells of the cochlea. To date, most of the work
has focused on the N1 component. Because of the periodicity
of the CM component, frequency based techniques such as
Fourieranalysis may be used to analyze this response.>? Indeed,
response detection methods may be significantly improved by
using optimal digital filtering®®® and higher level statistical
techniques, such as the Hotellings t2 test* or ‘‘phase coher-
ence’’. Finally, the effects of anesthetics and temperature on
the ECochG should be more rigorously examined.

79


https://doi.org/10.1017/S0317167100027232

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Use of the ECochG alone has several limitations. Firstly, the
recording electrode may be dislodged away from the promon-
tory during the operation, and would be difficult to replace.
Thus, whenever possible, the CNAP and the ABR should also
be recorded as back-up methods. Another potential problem
with the ECochG is that the N1 component is thought to be
generated from the distal portion of the auditory nerve and
accordingly, if the tumour is proximal to the generator site of
the N1 component, the ECochG may not detect an injury to the
nerve near the tumour. This problem may also be minimized by
the additional recording of the CNAP and ABR.

We conclude that the peripheral auditory nervous system
canbeaccurately monitored with the combination ofthe ECochG
and the CNAP. With small acoustic neuromas, combined record-
ing provides excellent monitoring for operations designed for
hearing preservation (Table 1). For monitoring during the removal
of large acoustic neuromas, a different approach is required
because hearing preservation is no longer the primary objective
of auditory evoked potential monitoring.'? With large tumours,
the function of the facial nerve and the brainstem are in jeop-
ardy and electrophysiological methods of monitoring these struc-
tures are required. The ABR can be used for monitoring brainstem
function, although the ABR is not sensitive to damage to areas
of the brainstem other than the ascending auditory pathway.
Indeed, Piatt et al>’ recommended that the sensitivity of electro-
physiological monitoring would be enhanced if somatosensory
evoked potentials were recorded in conjunction with the ABR.
Further work is required in this important area.

New surgical approaches for the removal of large acoustic
neuromas have improved the likelihood of preservation of the
facial nerve,'? and the same is true for electrophysiological
monitoring. Electrical stimulation helps to identify the facial
nerve, although there is controversy about the optimal method
for intracranial stimulation of the facial nerve. Babin et al*®
recommended a bipolar constant-current stimulator for local-
ization of the facial nerve, whereas Moller et al,'® preferred
monopolar constant-voltage stimulation. Prass*’ described stimu-
lation with flush-tip probes and found no advantage to either
constant-current or constant-voltage stimulation. We found
that the monopolar constant-voltage technique developed by
Molleris reproducible, easy touse, and very helpful for preserv-
ing facial nerve function (Table 1). Moller and Jannetta' also
recommended this technique for stimulating tumour tissue prior
to removal if there is doubt about the location of the facial
nerve. Finally, we also recommend audio monitoring of sponta-
neous EMG activity because it can provide real-time feedback
on the effect of surgical manipulation on the facial nerve.

Idiopathic hemifacial spasm has been attributed to compres-
sion of the root entry zone of the facial nerve by a blood
vessel.’®*% ! Intraoperatively, it is possible to determine the
offending vessel electrophysiologically. The exact mechanism
by which impulses are transmitted along non-stimulated branches
of the facial nerve when another branch is stimulated is unknown.
Moller and Jannetta!' reviewed this phenomena. Transmission
is either ephaptic or through the facial motor nucleus. Wher-
ever the abnormal activity is generated it is relieved after
decompression. Although this abnormal transmission is mainly
caused by compression due to blood vessels, in certain cases,
other lesions of the cerebellopontine angle may be the cause of
the compression.*’ This mode of monitoring may help to differ-
entiate if the lesion is vascular. Because there is a risk of injury
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to the auditory nerve during microvascular decompression for
hemifacial spasm, auditory function should also be monitored
during these procedures.!

CONCLUSION

Electrophysiological monitoring in the operating room is a
rapidly evolving field. For each sensory modality, methods of
monitoring are being developed and improved on. These tech-
niques can enhance the safety and accuracy of many procedures.
Monitoring of auditory nerve and facial nerve functions exem-
plifies the ability of these tools to improve both safety and
accuracy during acoustic neuroma and other posterior fossa
surgery.
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