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Abstract

We classified the results of preoperative auditory brainstem response (ABR) in 121 patients with useful 
hearing and considered the utility of preoperative ABR as a preliminary assessment for intraoperative 
monitoring. Wave V was confirmed in 113 patients and was not confirmed in 8 patients. Intraoperative 
ABR could not detect wave V in these 8 patients. The 8 patients without wave V were classified into 
two groups (flat and wave I only), and the reason why wave V could not be detected may have differed 
between the groups. Because high-frequency hearing was impaired in flat patients, an alternative to 
click stimulation may be more effective. Monitoring cochlear nerve action potential (CNAP) may be 
useful because CNAP could be detected in 4 of 5 wave I only patients. Useful hearing was preserved 
after surgery in 1 patient in the flat group and 2 patients in wave I only group. Among patients with 
wave V, the mean interaural latency difference of wave V was 0.88 ms in Class A (n = 57) and 1.26 
ms in Class B (n = 56). Because the latency of wave V is already prolonged before surgery, to estimate 
delay in wave V latency during surgery probably underestimates cochlear nerve damage. Recording 
intraoperative ABR is indispensable to avoid cochlear nerve damage and to provide information for 
surgical decisions. Confirming the condition of ABR before surgery helps to solve certain problems, 
such as choosing to monitor the interaural latency difference of wave V, CNAP, or alternative sound-
evoked ABR.
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Introduction

Auditory brainstem response (ABR) was helpful in 
identifying acoustic neuroma before the development 
of magnetic resonance imaging (MRI).1,2) However, 
the reliability of diagnosis was not very high,3–6) and 
there are typically fewer opportunities to perform 
ABR before surgery. ABR recently became more 
important for use in intraoperative monitoring. 
Intraoperative ABR is important to avoid cochlear 
nerve damage, and it can provide critical informa-
tion for making decisions to prioritize total removal 
or hearing preservation. Because radiosurgery for 
acoustic neuroma is effective, reduction of tumor 
volume while preserving useful hearing following 

radiosurgery may be a better choice than total 
tumor removal without hearing preservation. Thus, 
recording ABR during surgery is indispensable, and 
we should be prepared to use ABR for patients 
with useful hearing. To monitor and estimate intra-
operative cochlear nerve damage, the condition of 
ABR before surgery should be investigated. Here, 
we present the fi ndings of preoperative ABR in 
our patients and discuss the problem using ABR 
for intraoperative monitoring. As there have been 
many studies concerning wave V on ABR,7–11) we 
classifi ed our patients according to whether wave 
V was present.

Materials and Methods
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Medical School investigational review board to 
collect pertinent data from medical records.

I. Patients
This retrospective study identifi ed 121 patients 

(63 females, 58 males; age range, 22–70 years; mean 
age, 48.7 years) with useful hearing who underwent 
surgery for unilateral acoustic neuroma between 
2004 and 2012 at Nagoya City University Medical 
School Hospital. Hearing was estimated by pure tone 
average and speech discrimination testing before 
surgery and the results were evaluated according to 
the American Academy of Otolaryngology-Head and 
Neck Surgery (AAO-HNS) classifi cation.12) Classes A 
and B are considered to represent useful hearing. 
Tumor size was classifi ed according to Koos grade13) 
(Grade I, 35 patients; Grade II, 38 patients; Grade 
III, 40 patients; and Grade IV, 8 patients).

II. ABR
ABR was recorded with a Neuropack (Nihon 

Kohden, Tokyo) about 1 week before surgery. Monaural 
stimulation with alternate clicks was delivered at a 
rate of 13 Hz with an intensity level 90 dB through 
a headphone. Responses of 2,000 sweeps were aver-
aged. Simultaneously applied white noise at intensi-
ties of 50 dB was used to mask the contralateral ear.

III. Statistical analyses
Statistical analysis was performed using R-2.14.0 

(R Foundation, Vienna, Austria). Analysis of differ-
ences was performed using the Mann-Whitney U 
test. Statistical signifi cance was set at p < 0.05.

Results

Figure 1 presents classifi cation of the ABR char-
acteristics. Wave V was confi rmed in 113 patients 
and was not confi rmed in 8 patients. Intraoperative 
ABR detected wave V in 111 patients before tumor 
resection. Intraoperative ABR could not detect wave 
V in all 8 patients without wave V on preoperative 
ABR. Eight patients without wave V were classifi ed 
into two groups, fl at and wave I only. There were 
no apparent waves in the ABR of 3 patients, and 
these were classifi ed in fl at. In 5 patients there 
was only wave I in the ABR. The audiograms were 
different between the fl at and wave I only groups. 
The mean hearing threshold (MHT) at 125, 250, 
500, 1,000, 2,000, 4,000, and 8,000 Hz is shown 
in Fig. 2. High-frequency hearing above 2,000 Hz 
was impaired in the fl at group. Among the patients 
with wave V, wave I could not be detected in 10 (9 
patients, wave V only ; 1 patient, wave III and V). 
Excluding these 10 patients, the mean interaural 
difference of I–V interpeak latency was 0.73 ms in 
Class A (n = 55) and 0.99 ms in Class B (n = 48). 
The difference was marginally signifi cant (p < 0.1). 
Among all 113 patients with wave V, the mean 
interaural latency difference of wave V was 0.88 ms 
in Class A (n = 57) and 1.26 ms in Class B (n = 56), 
a signifi cant difference (p < 0.05) (Table 1). Useful 
hearing was preserved after surgery in 1 patient 
in the fl at group and 2 patients in the wave I only 
group. Useful hearing was preserved in 54 of 113 
patients with wave V on ABR (Table 2).

Discussion

ABR has been the most widely employed monitoring 
method during acoustic neuroma surgery.7,8,10,14,15) 
The waves corresponding to the auditory tract of 
the brainstem are waves I to V. For most clinical 
neurophysiologists, wave V is considered to be the 
best electrophysiological indicator of cochlear nerve 

ABR-findings

121 cases
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Wave I and III
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Wave I and V 

Wave III and V

Wave I, III and V

Fig. 1 Scheme of the classifi cation in preoperative 
auditory brainstem response (ABR).

Table 1 Prolongation of wave V latency

ABR-fi nding N
AAO-HNS

Class A Class B

Mean IPL I-V (ms) 103  0.73 ± 0.8  0.99 ± 1.4

Mean ILD V (ms) 113  0.88*± 0.8 1.26*± 1.4

*Signifi cant difference by Mann-Whitney U test (p < 0.045). 
AAO-HNS: the American Academy of Otolaryngology-Head 
and Neck Surgery, ABR: auditory brainstem response, ILD V: 
interaural latency difference of wave V, IPL I-V: interaural dif-
ference of I-V interpeak latency.
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damage during surgery.7,8,10,14) Cochlear nerve damage 
results in a delay in latency and a reduction in the 
amplitude of wave V. Thus, diffi culty in estimating 
wave V is a serious problem for intraoperative ABR 
monitoring. In this study, wave V could not be 
detected in 8 patients (7%) before surgery. These 8 
patients were classifi ed into two groups. The reason 
why wave V could not be detected may have differed 
between the two groups. No apparent wave could 
be detected in 3 of these 8 patients. As shown in 
Fig. 2, high-frequency hearing was impaired in 
these 3 patients as compared to the other 5 patients. 
The click is currently the most widespread stimulus 
used to record ABR. In this study, ABR was recorded 
by the click stimulus. The click stimulus is not 
frequency-specifi c, but rather broadband. Moreover, 
click-evoked ABR is mainly determined by the ear’s 
sensitivity to higher frequencies, above 2,000 Hz.16) 
We consider that high-frequency hearing impair-
ment is a likely cause of the absence of wave V. 
Thus, in order to record ABR, a click stimulus is 
probably not suitable for cases of impaired high-
frequency hearing.3,17) One solution to this problem 
is to use alternative methods of stimulation. There 

are several procedures available, including a brief 
tone sound. We should confi rm the state of wave V 
using alternative sound-evoked ABR before surgery, 
as the normal latency and amplitude may be different 
from those on click-evoked ABR. The mechanism 
underlying the detection of wave I must be severe 
conduction block. For these cases, another solu-
tion is needed. Higher reliability for monitoring 
cochlear nerve action potential (CNAP) has been 
reported.18–21) Although ABR explores the far-fi eld 
responses from the cochlear nerve to the ascending 
auditory pathways, CNAP has the advantage of being 
a near-fi eld technique. There is a higher chance to 
estimate cochlear nerve damage during surgery by 
monitoring CNAP compared to ABR. In fact, click-
evoked CNAP during surgery could be detected in 
patients without apparent waves in ABR.22) Condi-
tions for recording ABR are very different between 
the laboratory and the operating room. Because of 
electrical interference from operating equipment, 
artifactual responses are expected, and monitoring 
ABR in the operating room is usually more diffi cult. 
Actually, intraoperative ABR could not detect wave 
V in all 8 patients without wave V on preopera-
tive ABR. Therefore, it is recommended that CNAP 
be monitored when wave V is not detected in the 
laboratory. In our experience, click-evoked CNAP 
could be detected in 4 of 5 patients in the wave I 
only group before tumor resection. We could not 
monitor CNAP in a patient with a Koos Grade IV 
tumor, because the cochlear nerve could not be 
identifi ed during surgery. CNAP can be recorded 
by brief tone sounds. Therefore, we are trying to 
record CNAP by brief tone sound stimulation for 
the high-frequency hearing-defi cient patients. The 
signifi cance of brief tone sound-evoked CNAP is 
under investigation. The incidence of an absent 
wave V in an ABR is not high, but hearing can be 
preserved in these patients.23) In our study, useful 
hearing preservation in patients without wave V was 
37.5% (Table 2). We expect alternative solutions to 
monitoring cochlear nerve damage during surgery 
in order to improve hearing preservation and guide 
better surgical strategies.

When wave V is detected, a delay in wave V latency 
is usually a good indicator. However, there is a point 
to estimate cochlear nerve damage during surgery 
by a delay in wave V latency during surgery. As we 
described, wave I-V interpeak latency was prolonged 
compared to the non-tumor side. Similarly, the latency 
of wave V was delayed compared to the non-tumor 
side. Even if the I-V interpeak latency or absolute 
latency of wave V is used as an indicator, estima-
tion of the delay in wave V (or prolongation I-V 
interpeak latency) during surgery may not completely 

Table 2 Result of hearing after surgery

ABR-fi nding Useful hearing preservation

Wave V (–)
Flat 33% (1/3)

37.5% (3/8)
Wave I only 40% (2/5)

Wave V (+) 48% (54/113)

ABR: auditory brainstem response.

Flat

1,000 2,000 4,000 8,000

Wave I only

Fig. 2 Mean hearing threshold of the cases without 
wave V on auditory brainstem response (ABR). Error 
bar indicates standard deviation. High-frequency hearing 
above 2,000 Hz was impaired in fl at group (square) 
compared to wave I only (circle) group.
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nerve. Acta Otorhinolaryngol Ital 27: 68–72, 2007
 6) Schmidt RJ, Sataloff RT, Newman J, Spiegel JR, Myers 

DL: The sensitivity of auditory brainstem response 
testing for the diagnosis of acoustic neuromas. Arch 
Otolaryngol Head Neck Surg 127: 19–22, 2001

 7) Bischoff B, Romstöck J, Fahlbusch R, Buchfelder M, 
Strauss C: Intraoperative brainstem auditory evoked 
potential pattern and perioperative vasoactive treat-
ment for hearing preservation in vestibular schwan-
noma surgery. J Neurol Neurosurg Psychiatry 79: 
170–175, 2008

 8) Harper CM, Harner SG, Slavit DH, Litchy WJ, Daube JR, 
Beatty CW, Ebersold MJ: Effect of BAEP monitoring 
on hearing preservation during acoustic neuroma 
resection. Neurology 42: 1551–1553, 1992

 9) James ML, Husain AM: Brainstem auditory evoked 
potential monitoring: when is change in wave V 
signifi cant? Neurology 65: 1551–1555, 2005

 10) Matthies C, Samii M: Management of vestibular 
schwannomas (acoustic neuromas): the value of 
neurophysiology for evaluation and prediction of 
auditory function in 420 cases. Neurosurgery 40: 
919–929; discussion 929–930, 1997

 11) Sekiya T, Shimamura N, Hatayama T, Suzuki S: 
[Establishment of the criteria to evaluate intraopera-
tive changes of brainstem auditory evoked potentials 
during microvascular decompression and acoustic 
neurinoma excision]. No Shinkei Geka 24: 431–436, 
1996 (Japanese)

 12) Committee on Hearing and Equilibrium guide-
lines for the evaluation of hearing preservation in 
acoustic neuroma (vestibular schwannoma). American 
Academy of Otolaryngology-Head and Neck Surgery 
Foundation, INC. Otolaryngol Head Neck Surg 113: 
179–180, 1995

 13) Koos WT, Day JD, Matula C, Levy DI: Neurotopo-
graphic considerations in the microsurgical treat-
ment of small acoustic neurinomas. J Neurosurg 
88: 506–512, 1998

14) Neu M, Strauss C, Romstöck J, Bischoff B, Fahl-
busch R: The prognostic value of intraoperative 
BAEP patterns in acoustic neurinoma surgery. Clin 
Neurophysiol 110: 1935–1941, 1999

 15) Phillips DJ, Kobylarz EJ, De Peralta ET, Stieg PE, 
Selesnick SH: Predictive factors of hearing preser-
vation after surgical resection of small vestibular 
schwannomas. Otol Neurotol 31: 1463–1468, 2010

16) Bauch CD, Olsen WO: The effect of 2,000–4,000 
Hz hearing sensitivity on ABR results. Ear Hear 
7: 314–317, 1986

 17) Musiek FE, Josey AF, Glasscock ME: Auditory brain-
stem response in patients with acoustic neuromas. 
Wave presence and absence. Arch Otolaryngol Head 
Neck Surg 112: 186–189, 1986

 18) Colletti V, Bricolo A, Fiorino FG, Bruni L: Changes 
in directly recorded cochlear nerve compound action 
potentials during acoustic tumor surgery. Skull Base 
Surg 4: 1–9, 1994

 19) Jackson LE, Roberson JB: Acoustic neuroma surgery: 
use of cochlear nerve action potential monitoring for 

reflect cochlear nerve damage. Before surgery, 
the cochlear nerve is likely already damaged by the 
tumor, even if preoperative hearing is useful, espe-
cially in AAO-HNS Class B. During microvascular 
decompression surgery for hemifacial spasm, the 
intraoperative 0.4-ms delay in wave V latency is 
thought to be the safety limit for hearing, and a 
1-ms delay is thought to be critical.24) Therefore, 
during acoustic neuroma surgery, a 0.4-ms delay in 
wave V latency must be critical for hearing when a 
0.6-ms delay in wave V latency is recorded before 
surgery. The mean interaural latency difference of 
wave V in this study was over 0.6 ms in Class A 
before surgery. We recommend, before surgery, that 
ABR should be recorded by stimulation of both 
sides and the latency of wave V or I-V interpeak 
latency on both sides is important and should be 
considered.

Thus, stimulation on both sides, CNAP and alterna-
tive sound stimulation are alternative methods that 
should be considered for intraoperative monitoring 
of acoustic neuroma surgery. However, it is also 
important to estimate ABR before surgery.
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