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ABSTRACT

We developed a cochlear nerve action potential (CNAP) monitoring techni-
que using a microdissector and compared the results of CNAP and auditory brainstem
response (ABR) monitoring. Thirty-six patients underwent vestibular schwannoma
resection via the retrosigmoid approach to preserve hearing. Both CNAP with the
microdissector and surface ABR were recorded during the operation. We used the
microdissector as an intracranial electrode for CNAP monitoring. The CNAP
waveform was classified into four types: triphasic, biphasic, positive, and flat. At the
completion of the tumor resection, the triphasic waveform was observed in 11 patients
and the biphasic waveform was observed in 11 patients. Hearing function was
preserved in all of them, although it was preserved in only two patients with other
CNAP waveform types. The prognostic value of CNAP is significantly higher than
that of ABR. We found that although CNAP with a microdissector does not provide
real-time monitoring, with the classification of waveforms it can be used as predictable
tool for postoperative hearing more accurately than ABR.
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Hearing preservation in vestibular schwan-

noma surgery has become increasingly common

because small tumors can be found by magnetic

resonance imaging (MRI).1 Neurophysiological in-

traoperative monitoring is important for the preser-

vation of hearing in vestibular schwannoma surgery.2

Auditory brainstem response (ABR) and cochlear

nerve action potential (CNAP) are common techni-

ques for intraoperative monitoring.3,4 Auditory

brainstem response explores the far-field responses
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from the cochlear nerve to the ascending auditory

pathways. These responses are less dependent on

neural synchrony than those recorded in the near

field. Another problem with ABR involves electrical

interference, which results in an increase in artifact

response.5 Cochlear nerve action potential is directly

recorded in more rapid recording time and has less

averaging when compared with ABR recording.

Therefore, CNAP is less affected by electrical artifact

or desynchronous firing.6,7 However, the presence of

an electrode within the surgical field can be problem-

atic.8,9 We used the microdissector (which is made of

stainless steel and insulated by Teflon), excluding the

functional edge, as an intracranial electrode for

CNAP monitoring. We intermittently recorded

CNAP with this microdissector. We could confirm

the status of the cochlear nerve as well as identifying

the nerve, when it was necessary, for example, before

removal of tumor, during dissection from the nerve,

or at the completion of the tumor resection. Here, we

report on a CNAP monitoring technique using a

microdissector and compare the results of CNAP

and ABR monitoring.

CLINICAL MATERIAL AND METHOD

From November 2003 to May 2007, 36 patients at

our institution underwent vestibular schwannoma

resection via the retrosigmoid approach to preserve

hearing. Tumor was preoperatively and postoper-

atively evaluated by MRI. Tumor size was calcu-

lated based on intra- and extrameatal tumor

extension. The tumor extension classification sys-

tem developed in Hannover, Germany10 was ap-

plied: class T1, intrameatal tumor; class T2, intra-

extrameatal tumor; class T3a, lesion filling the

cerebellopontine cistern; class T3b, tumor reaching

the brainstem; class T4a, lesion compressing the

brainstem; and class T4b, tumor severely dislocating

the brainstem and compressing the fourth ventricle.

Pure tone average and speech discrimination testing

were performed preoperatively at 1 to 7 days before

surgery and at �2 weeks after surgery. Hearing was

graded according to the new Hannover Classifica-

tion.11 Hearing classes H1 to H3, corresponding to

a pure tone average of up to 60 dB and speech

discrimination score of more than 40%, were de-

fined as functional.12

Monitoring Procedure

Both CNAP with the microdissector and surface

ABR were recorded with the Nicolet Viking Selec-

tion Evoked Potential Unit (VIASYS, Dublin, OH).

Surface ABR was recorded using a subdermal needle

electrode in the ipsilateral earlobe and noninverting

forehead (Fpz) electrode. Cochlear nerve action

potential was recorded with the microdissector

(Fig. 1). This microdissector touches to the structure

of interest at the operative field after the dura matter

is opened and CNAP is recoded. The stimuli used

both by ABR and CNAP are clicks presented at a

rate of 19.7 Hz and at the amplitude of 100 dB.

During surface ABR recording, 2000 repetitions are

required to produce an interpretable waveform. For

CNAP recording, 100 repetitions are initially re-

quired. For the identification of the cochlear nerve,

we usually needed to record CNAP at several por-

tions. The waveform at different places is compared,

the part with a large waveform remains, and the

removal goes forward. The tumor can be removed

using the same microdissector used for CNAP re-

cording. We finally distinguish the nerve from the

tumor by considering the CNAP recording and

microscopic findings. In these cases, after the con-

firmation of the cochlear nerve, CNAP was recorded

with 25 to 50 repetitions. We were always able to

confirm the status of the cochlear nerve by CNAP

with the microdissector. The average acquisition

time for intraoperative ABR and CNAP was, re-

spectively, 3 to 4 minutes and 2 to 5 seconds. The

waveform of CNAP was classified in four types:

triphasic, biphasic, positive and flat (Fig. 2). We

usually recorded CNAP when the ABR waveform

changed and at the completion of the tumor resec-

tion. Electromyography (EMG) recordings of the

orbicularis oris and oculi muscles by NIM-response
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(Medtronic, Minneapolis, MN) were used to mon-

itor facial nerve function via a pair of subdermal

needle electrodes. Monopolar stimulation with in-

tensity of 0.1–3.0 mA was used to assess facial nerve

response using the same microdissector that was used

for the CNAP recording. The CNAP recording and

the response on EMG with the microdissector are

used to identify the nerve. The microdissector has

various shapes (ball, round, ring curette, knife, and so

on), and which to choose in a given situation is

determined by usage (Fig. 1, right).

Prognostic Value

At completion of the tumor resection, we recorded

both ABR and CNAP. The waveform type of

CNAP at the most proximal portion of the cochlear

nerve was analyzed. We estimated whether the

presence of wave V on ABR or CNAP could predict

postoperative hearing more accurately. The prog-

nostic values of CNAP and ABR were calculated as

follows:

Prognostic value of CNAP ¼ number of cases

triphasic or biphasic

waveform=number of

hearing preserved cases

Prognostic value of ABR ¼ number of cases with

V wave on ABR=number

of hearing preserved cases

Data Analysis

The results were compared and analyzed using the

McNemar test. Statistical significance was defined

as a probability value <0.05.

Figure 2 Classification of waveform. N1, first negative

peak; N2, second negative peak; P1, first positive peak; P2,

second positive peak.

Figure 1 (A) Microscopic intraoperative photograph (left) shows a CNAP recording with the microdissector. (B) The

various shapes of the microdissector are in the photograph on the right.
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RESULT

Patient Data

The average age of the 36 patients was 48.9 years

old (range, 22 to 67 years). Twenty of the patients

were women and 16 were men. The tumor exten-

sion classification system revealed 1 patient with

class T1, 14 patients with class T2, 11 patients with

class T3a, 6 patients with class T3b, and 4 patients

with class T4a. The hearing classification system

revealed 10 patients in H1, 14 patients in H2, and

12 patients in H3 (Table 1).

Classification of Waveform Type

and Postoperative Hearing

Cochlear nerve action potential recording typically

revealed a triphasic waveform before tumor resec-

tion. It was observed that the response had a small

positive deflection followed by a larger negative

deflection. A second positive deflection could be

discerned (Fig. 2). During surgery this triphasic

waveform underwent various changes. At the com-

pletion of the tumor resection, the triphasic wave-

form was observed in 11 patients and the biphasic

waveform was observed in 11 patients. Postopera-

tive mean central nervous system of the patients

with triphasic waveform was 28.1 dB (range 10 to

40). Three cases were Class H1 and 8 cases were

Class H2. Postoperative mean pure-tone average

(PTA) of the patients with biphasic waveform was

41.9 dB (range, 6.3 to 57.5 dB). One case was class

H1, three cases were class H2 and seven cases were

class H3. At the completion of the tumor resection,

positive waveform was observed in four patients.

One of them lost hearing postoperatively. One case

was class H3 and two cases were class H4. At the

completion of the tumor resection, CNAP could

not be recorded in 10 cases. Nine of them lost their

hearing postoperatively and only one case was class

H3 (Table 2).

Intraoperative Auditory Assessment

Wave V on ABR was observed in 32 cases before

removal of tumor. Although wave V could not be

observed in four cases before removal of tumor,

CNAP could be recorded with the microdissector.

For these cases, we recorded CNAP frequently and

tried to prevent injury to the cochlear nerve. During

surgery, wave V on ABR disappeared in 15 cases. In

these cases, we immediately analyzed the injured

portion of the nerve. We could guess the injured

portion of the nerve by the CNAP comparison of

waveform type between the peripheral and proximal

portions of the nerve (Fig. 3). Despite that both

wave V and CNAP could not be observed at the end

of surgery, hearing was preserved in one case. Wave

V was observed at the end of surgery in 17 cases.

Hearing was preserved in all of them. The triphasic

or biphasic waveform of CNAP could be recorded

in 22 cases at the completion of the tumor resection.

Hearing was preserved in all of them. That is,

wave V was not recorded in 5 cases.

The prognostic value of CNAP was 91.7%,

and it significantly differed from the prognostic

value of ABR (70.8%).

Table 1 Tumor Extension and Preoperative Hearing
Level According to the New Hannover Classification

H1 H2 H3

T1 1 0 0

T2 5 6 3

T3a 3 4 4

T3b 0 3 3

T4a 1 1 2

Table 2 Classification of Waveform Type at
Completion of Tumor Resection and Postoperative
Hearing (Mean)

Waveform

Type

Number

of Patients PTA (dB)

Triphasic 11 28.1

Biphasic 11 41.9

Positive 4 62.9* deaf 1 case

Flat 10 48.8* deaf 9 cases

*Mean except deaf case.
PTA, pure-tone average.
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DISCUSSION

ABR versus CNAP

Intraoperative monitoring techniques have contrib-

uted to the preservation of cranial nerve function.

Cochlear nerve action potential monitoring brought

a higher chance of hearing preservation.2 The

CNAP monitoring technique, first reported by

Møller and Jannetta,13 uses direct placement of

recording electrodes close to the cochlear nerves.

Although far-field ABR signal averaging typically

necessitates thousands of averaged sweeps to

achieve an adequate signal-to-noise ratio, CNAP

has the advantage of being a near-field technique.

Larger amplitude signals are observed and fewer

averaged sweeps are required to obtain satisfactory

waveforms. We initially averaged 100 sweeps to

obtain a CNAP signal and 25 to 50 sweeps after

the confirmation of the cochlear nerve. For intra-

operative auditory assessment, the frequency of

sweeps sometimes changed as a result of ABR or

intraoperative conditions. However, for CNAP re-

cording we averaged up to 100 sweeps at the

maximum, and the longest time required was

5 seconds. Usually only 2 to 3 seconds were re-

quired. When an ABR signal clearly changed dur-

ing the operation, for example, when waves I

through V interpeak latency increased, or the am-

plitude of wave V decreased, we recorded CNAP.

Then, only several seconds were required to confirm

the status of the cochlear nerve by CNAP with the

microdissector.

In four cases, distinct ABR signals could not

be obtained from the start of operation. In these

cases, we frequently recorded CNAP to confirm the

state of the cochlear nerve, and only CNAP could

provide the vital information. Absent waveforms on

ABR, which have not been a reliable negative

prognostic sign regarding hearing preservation,14

indicate either extensive nerve invasion by tumor

without the potential for hearing preservation or

Figure 3 A typical conduction block of the cochlear nerve. During the tumor dissection from the cochlear nerve wave V

disappeared (right). The CNAP at the peripheral portion is a triphasic waveform (upper left), and that at the proximal portion

is a positive waveform (lower left). This finding indicates that the place where the waveform changed was injured by

manipulation. CNAP, cochlear nerve action potential; ABR, auditory brainstem response.
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nerve compression and neurapraxia with reasonable

expectation for hearing preservation. In the latter

case, CNAP monitoring is absolutely necessary

because ABR cannot monitor the status of the

cochlear nerve during surgery. Normalization of

ABR recording in selected cases after surgery has

been reported.15

Cochlear nerve action potential monitoring is

not particularly widespread, although it can provide

near real-time monitoring and important informa-

tion, because the intracranial electrode sometimes

obstructs the surgical manipulation.8,9 We did not

place electrodes at any time during the operation.

Therefore, CNAP with the microdissector cannot

provide close real-time information; however, im-

portant information can be obtained, although it

takes an extra few seconds.

CNAP Parameters

For CNAP, the latency of the first negative peak

(N1) and amplitude ratio after the first positive peak

(P1) are usually measured.16 Because the place of

measurement is not fixed and the shape of the

electrodes (microdissector) in this technique vary,

absolute amplitude and latency are not reliable.

Therefore, we evaluate the morphology of CNAP.

We classified the waveforms of CNAP into four

types, based on the experimental result by Sekiya et

al.17 Sequential changes of evoked action potentials

(EAPs) from the internal auditory meatus (IAM)

portion of the cochlear nerve were recorded during

cerebellopontine angle manipulations in dogs. In

that experiment, the earliest change was a depres-

sion of the P2-N2 complex, progressing to complete

obliteration of the P2-N2 complex. These are

respectively named the P2-N2 obliterating stage

and the P1-N1 stage. Next, N1 disappeared and it

becomes the P1 stage. In the P2-N2 obliterating

stage, the wave II, III, and IV amplitude decreased

with prolongation of the wave I to IV interpeak

latency, and wave IV was sometimes barely discern-

ible in brainstem auditory evoked potentials. Only

wave I was discernible in the P1 stage. We modified

this classification and simply classified it into four

types. The difference between the biphasic wave-

form and the positive waveform is in whether N1 is

found. Because all cases with triphasic or biphasic

waveform preserved their hearing, the presence of

N1 of CNAP must be a good index for postoper-

ative hearing.

Identification of Cochlear Nerve

In operations for large tumors, we could not

identify the nerve at the early stage of tumor

resection. First, we performed internal decompres-

sion at the portion without a CNAP signal. Then,

we checked CNAP at several portions again. If a

CNAP was observed, we dissected and removed

portions other than those where the CNAP signal

was present. Thus, we could guess the location of

the cochlear nerve by considering the amplitude of

CNAP and the microscopic findings. Identifica-

tion of the cochlear nerve by bipolar recording is

superior to this technique. Bipolar recording can

clearly indicate the cleavage plane between the

tumor and the cochlear nerve.18 Because the tech-

nique we presented is a monopolar recording, it

was necessary to compare the measurement results

in different places. We need to guess the location

of the cochlear nerve by considering the amplitude

of CNAP and the microscopic findings. However,

it is possible to remove the portion safely without a

response. With this technique, we can dissect the

tumor easily without exchanging the tool, because

the same microdissector can be used for both

tumor dissection and CNAP measuring. Even if

the bipolar recording probe is used, it is necessary

to record frequently to identify the nerve. The

merit of this technique is that the tool does not

have to be exchanged frequently.

Feedback for Surgical Manipulation

Cochlear nerve action potential monitoring can also

detect the damaged portion of the nerve during
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surgery. Figure 3 shows a typical conduction block

of the cochlear nerve. Cochlear nerve action poten-

tial at the peripheral portion is a triphasic waveform,

and at the proximal portion it is a positive wave-

form. This finding indicates that the place where

the waveform changed was injured by manipulation.

A conduction block was simulated as a phenom-

enon in which a depolarization wavefront stops

traveling when it reaches a certain point, although

the following repolarization wavefront continues to

travel until it reaches the same point.19 Thus,

CNAP monitoring could indicate the injured por-

tion of the nerve during surgery. The same findings

have been reported previously,20,21 where a silver

electrode wire with a small cotton wick was used; it

was placed on the proximal portion of the eighth

nerve. The authors moved it from the proximal to

the distal portion of the nerve to the conduction

velocity and the site of the lesion at the end of the

surgery. We think that the handling of the micro-

dissector is easier than that of the silver electrode

wire with a small cotton wick. At any rate, CNAP

monitoring is considered useful for providing sur-

geons with important feedback during surgical

manipulation.

CONCLUSION

Although CNAP with a microdissector does not

provide real-time monitoring, it can predict post-

operative hearing more accurately than ABR. We

quickly and simply identified the cochlear nerve

using this technique. Therefore, this technique is

very useful for hearing preservation in vestibular

schwannoma surgery.
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