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Acoustic neuromas (vestibular schwannomas) are 
categorized as benign, extraaxial brain tumors 
(Fig. 1) developing near the internal auditory 

canal, typically with involvement of the cerebellopon-
tine angle.32,53,60,130,143 Advances in treatment modalities 
have popularized the application of less invasive man-
agement methods such as radiotherapy and radiosur-
gery,100,138 which carry high efficacy and low morbid-
ity.31,53,57,86,87,100,101,107 However, many acoustic neuromas, 
particularly those that are large in size, necessitate surgi-
cal intervention.33,36,62,101,107,110

The primary operative goals are gross tumor debulking 
while safeguarding the adjacent cranial nerves (Fig. 1).4,9, 

36,49,103,115,118,124,130 Neural preservation is particularly im-

perative in the contemporary management of acoustic 
neuromas.5,68,103 By virtue of their location, these tumors 
are close to the facial and vestibulocochlear cranial nerves 
(Fig. 1), and can thus severely impair the nerve function 
at the time of initial presentation.60,62,68,79,143 The neuroma 
can directly impinge, tightly adhere to, or overtly damage 
the nerves.13,22,38,60 These tumors often present as operative 
challenges, as resection may cause nerve irritation or injury 
leading to neurapraxia, axonotmesis, or neurotmesis.38,117

The various options of surgical approaches (trans-
labyrinthine vs middle fossa vs retrosigmoid) for acoustic 
neuromas and their respective patterns of postoperative 
cranial nerve preservation have been described.3–6,15,23,25, 

45,49,56,58,61,65,67,112,115,117,118,124,130,131 However, IONM may 
demonstrate improvements in structural and functional 
preservation of the cranial nerves during these opera-
tions.139,148 Several IONM techniques have been developed 
and evaluated with particular focus on CN VII and VIII 
preservation. Among these methods, the most frequently 
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used are EMG for the facial nerve and BAEP monitoring 
for the vestibulocochlear nerve.41,42,79,142,146,148 Here, we as-
sess the fundamental characteristics underlying the major 
techniques available in IONM, emphasizing specific ad-
vantages and limitations of their utilization for optimal 
patient management.

Intraoperative Monitoring of the  
Facial Nerve (CN VII)

Cranial nerve VII plays a critical role in facial muscle 
function and one’s cosmetic appearance, and its weakness 
can have severe and profound implications on a patient’s 
quality of life.72,92,140,148 For instance, loss of facial nerve 
function can ultimately result in an inability to blink, se-
crete tears, or speak properly, thus imposing a significant 
burden on the patient.6,85 Such significant outcomes were 
once considered a probable morbidity.78,92,117 However, 
with the advent of facial neuromonitoring, the morbid-
ity once associated with acoustic neuroma resection has 
been drastically reduced. The House-Brackmann Grad-
ing Scale,43 which ranges in increasing severity of deficits 
from Grade I through Grade VI, serves as a standard-
ized method for analyzing postoperative outcomes of 
facial nerve function. As a result of advances in micro-
neurosurgery and facial nerve IONM, many patients with 
smaller tumors have minimal functional loss of the nerve, 
as indicated by low House-Brackmann grades.3–7,12,27,36, 

46,62,110,115,117,124,130,146 In patients with larger tumors, the out-
comes are not as optimistic, as these patients are at an 
increased risk of postoperative facial nerve deficits.4,27,36, 

56,60,62,117,125

Electromyography
The use of EMG to monitor facial nerve function has 

been well documented, leading to its widespread applica-
tion in modern practice.9,22,39,40,46,54,82,94,125,126 The operative 

EMG device consists of a stimulator probe and a “sen-
sor” that detects contractions of the facial muscles. Most 
operations use a minimum of 2 channels to observe the 
activity of the orbicularis oris and orbicularis oculi mus-
cles,12,46,77,82,90,115 although the use of additional channels 
to observe other facial muscles may provide further ben-
efi .37,38,85,134 When considering a 2-channel system, a pair 
of needle electrodes are usually planted in the orbicularis 
oris and orbicularis oculi muscles while another is placed 
on the forehead or shoulder for grounding.9,12,54,82 Prior to 
the operation, the baseline electrical parameters, includ-
ing MUPs and insertional activity, of these muscles are 
measured and recorded for future comparisons.22,78

The stimulator probe is applied to determine the lo-
cation of the facial nerve.21,40,126,148 During an operation, 
the ideal location for applying the probe on the facial 
nerve is near the brainstem13,37 because it is proximal to 
the area of resection. Distal stimulation, while possible, 
yields limited data, as stimulation is being directed on the 
portion of the nerve that is virtually unaffected by resec-
tion.35 However, distal stimulation is not to be ignored, as 
several studies have found that higher proximal-to-distal 
EMG amplitude ratios successfully predict postoperative 
facial nerve function.35,46,47,137 When delivering the stim-
ulus, the amount of current that is administered by the 
probe can be adjusted.21,22,38,70,90,126 Once the amount of 
current applied exceeds the action potential threshold of 
the patient’s facial nerve,111 an action potential is fired that 
causes twitching of the facial muscles.22,126 The sensor de-
tects these facial movements and emits a sound alarm, 
thereby providing direct, immediate, and real-time feed-
back.9,34,66,111,126 The facial muscle MUPs corresponding to 
this stimulation are also projected onto an oscilloscope to 
facilitate visualization.39,42,82

The electrical morphology, frequency, and charac-
teristics of the MUPs vary greatly, and such divergences 
offer insights into possible abnormal nerve activity.42,77 
As demonstrated in Fig. 2,111 multiple types of MUP sig-

Fig. 1. Illustration showing an acoustic neuroma with displaced facial and cochlear nerves, the nerves we are trying to pre-
serve. Printed with permission from Dr. Nancy Huh, M.D., Illustrations.
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nals can be observed on an intraoperative EMG study. 
A single MUP wave is referred to as a “spike,” while a 
short chain of MUPs is classified as a “burst.” When a 
sustained streak of MUPs is distinguished, it is designat-
ed as a “train,”77 which is shown in Fig. 3.111 Train MUPs 
possessing a particularly high frequency (greater than 30 
Hz) are termed “neurotonic.”41,42,77

Neurotonic train activity typically serves as an indica-
tor of intense nerve stimulation, as robust nerve stimula-
tion correlates with greater MUP activation.77 During an 
operation, neurotonic discharges can occur in the context 
of nerve stimulation, irritation, or damage.41,42,148 However, 
not all neurotonic train waves carry equal clinical signifi-
cance. The A-train pattern has been most substantially af-
filiated with postoperative facial nerve deficits (Fig. 3).111 
The A trains are characterized as a high-frequency train 
pattern with the following features: a duration lasting mil-
liseconds to seconds, an amplitude in the range of 100–200 
mV, and a short onset and offset.104,105,111,148 The duration of 
“train time,” as quantified by the seconds of A-train ac-
tivity, has been shown to translate to worse postoperative 
facial nerve paresis.21,104,105 Other train patterns that may 
be encountered on an EMG include the B and C trains, al-
though they have not been shown to carry significant value 

in predicting postoperative nerve function.111 As described 
by Romstöck et al.,111 B trains manifest either in a spike or 
burst pattern and are distinguished by their gradual onset, 
low amplitudes, and average duration lasting minutes to 
hours. C trains, on the other hand, are irregular waveforms 
of varying amplitudes that bear resemblance to interfer-
ence. Aside from train time and activity, other electrical 
EMG findings bear clinical importance as well. Mandpe 
et al.66 reported that low immediate postoperative stimula-
tion thresholds in combination with a response amplitude 
appeared to reliably foretell excellent postoperative facial 
nerve function. Neff et al.90 reached similar conclusions but 
with stimulation thresholds of 0.05 mA or lower and ampli-
tudes greater than 240 mV.

Electromyography provides several benefits. One of 
its main functions is determining the anatomical location 
of the facial nerve.22,126 Direct, pinpoint visualization of 
the nerve may often prove difficult, as the tumor, its cap-
sule, and bone may interject along the nerve’s trajectory. 
By adjusting and determining the current required for 
muscle stimulation, however, the relative proximity of the 
nerve to the probe can be deduced. If there is very little 
tumor, tissue, or bone covering the nerve, the facial nerve 
will be more prone to stimulation at lower currents, such 
as lower than 0.2 mA, thereby implying that the nerve is 
highly exposed, close to the probe, and in danger of being 
manipulated.22,126 Conversely, stimulation at higher cur-
rents, such as greater than 0.5 mA ,suggests the presence 
of a sizable tissue or bone barrier between the nerve from 
the probe.126 Highly adherent tumors have a tendency for 
creating thicker barriers from the probe, thus resulting in 
higher mean stimulation thresholds.38

In addition, EMG helps prevent unplanned manipula-
tion of the facial nerve by emitting a warning noise when-
ever muscle stimulation is detected. This can warn the 
surgeon of impending danger and thus advise cessation of 
current actions or recommend extreme caution. By doing 
so, EMG directly influences surgical planning and strate-
gy, as the surgeon can appropriately alter the surgical ap-

Fig. 2. Electromyography MUP morphologies demonstrating spikes 
(upper) and bursts (lower). Reprinted with permission from Romstöck et 
al: J Neurosurg 93:586–593, 2000.

Fig. 3.  Electromyographic train activity. Left: Examples of A trains of various durations and frequencies. The upper tracings 
show the abrupt onset and termination (arrows) of this sinusoidal waveform pattern, which lasted 1600 msec. The fourth train 
from the top of the figure shows repeated short-term periods of activity, ranging in duration from 100 to 120 msec each. The lower 
A train, which was simultaneously recorded from 2 facial muscle groups, gives an impression of frequency variability between 
120 and 190 Hz. Right: Waveforms defined as B trains with spikes (BS) and B trains with bursts (BB) as predominant single 
components. The black and white arrows mark 2 individual B trains with spikes of higher and lower amplitudes recorded in the 
same channel. The lowest tracing represents irregular EMG activity, called a C train. Reprinted with permission from Romstöck 
et al: J Neurosurg 93:586–593, 2000.
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proach to avoid causing damage to the nerve.9,25,46,82,111,125 
A-train activity or other abnormal EMG patterns may also 
encourage caution,39 although they must be placed in con-
text: neurotonic discharges can sometimes fire even in the 
presence of a transected nerve.42 In addition to periopera-
tive nerve preservation, EMG can help clarify the residual 
function of the nerve postoperatively.46,54 When compar-
ing postoperative and baseline stimulation thresholds, pa-
tients who require high or higher postoperative currents 
may have endured some degree of nerve injury.54,70,93, 

123,126,128,150

Despite its benefits, EMG is not an infallible monitor-
ing system. During resection, the facial nerve may appear 
grossly intact; however, this finding does not necessarily 
convert to true nerve functionality.11,22,60,70,92 One possible 
explanation for this phenomenon is that EMG can some-
times receive poor data input. This issue is particularly 
salient with the application of microinstruments to cau-
terize tissue or tumor surrounding the facial nerve.41,85 
The generated electrical signal may create artifact, signal 
interference, and distortion.

Electromyography also runs the added risk of instigat-
ing electrical injury from overstimulation. As general prin-
ciple, application of the stimulator probe should be done 
conservatively to avoid inducing iatrogenic injury to the 
facial nerve. Intense or prolonged stimulation theoretically 
increases the risk of causing irreparable nerve injury.106,127 
To that end, several techniques are encouraged to diminish 
the risk of injury. Pulsed stimulation, for example, appears 
to have a lower injury risk than constant stimulation.26,106 In 
addition, monopolar stimulation with constant voltage may 
be superior to bipolar constant-current stimulation.82 How-
ever, the majority of experimental studies done to examine 
the potential for overstimulation have been conducted in 
animal models. Through these studies, one of the emerging 
general principles has been the greater influence of stimu-
lus frequency on the degree of nerve injury. In rats, Sapmaz 
et al.119 investigated the respective effects of stimulus am-
plitude (mA) and frequency on histological axonal degen-
eration. The authors’ results demonstrated that frequency, 
but not amplitude, was statistically significant in causing 
greater axonal degeneration. In other words, rats with 20 
stimulations had more degeneration than those that under-
went 10 stimulations (p < 0.05), while rats with 30 stimula-
tions had more degeneration than those that received 20 
stimulations (p < 0.05).119 In a cat model, McCreery et al.76 
obtained similar results: stimulation at 100 Hz versus 50 
Hz caused greater axonal degeneration, while stimulus 
amplitude did not appear to have much effect. Another im-
portant principle is the superiority of pulsed stimulation 
when compared with constant stimulation. In mice, pulsed 
stimulation was associated with less myelin and axonal 
degeneration.44 In a cat study, investigators found that ex-
tended periods of high frequency stimulation caused great-
er injury and that pulsed stimulations can reduce the risk 
of damage.2 Interestingly, Kartush et al.55 found that con-
stant current stimulation can be safely applied in guinea 
pig models as long as the electrode is properly insulated to 
preclude shunting. In summary, low stimulus frequencies 
and pulsed stimulations can be applied clinically to mini-
mize the risk of injury from overstimulation.

Direct Observation/Video Monitoring
To increase the sensitivity of facial nerve IONM, re-

cent studies have proposed implementing direct observa-
tion of facial muscle movement or intraoperative video 
monitoring (IOVM).21,28,29,85 Theoretically, IOVM would 
supplement EMG by allowing better visualization of fa-
cial muscle contractions, thus providing an additional aid 
in the operating room. During IOVM, an anesthesia mask 
containing several infrared cameras is fastened to the 
patient’s face, and the infrared properties of these cam-
eras allow video recording under the operative drapes.28,85 
The camera view can be magnified such that even min-
ute movements may be detected by the naked eye.85 The 
images are projected on a 4-way split screen: 2 focus on 
movements of the facial muscles, another displays the 
microscopic operating field, and the remaining screen 
projects the EMG tracings.28,29 These simultaneously de-
rived images are thus juxtaposed next to each other, with 
a sound alarm triggered by facial muscle contractions.28,29

Although IOVM may prove useful, the full utility of 
this tool remains to be characterized. In a study compar-
ing EMG with IOVM, the use of EMG alone exhibited 
higher sensitivity in detecting facial nerve activation: 
EMG detected facial muscle movement at a stimulation 
of 0.3 mA, whereas IOVM required a minimum of 0.5 
mA.29 De Seta et al.21 obtained similar results, finding 
EMG alone to be more sensitive than IOVM. Thus, EMG 
appears more effective than IOVM based on current data. 
However, further studies must evaluate the validity of 
IOVM as a supplementary tool in the operating room.

Intraoperative Monitoring of the  
Vestibulocochlear Nerve (CN VIII)

Even with modern IONM, current vestibulocochle-
ar nerve retention rates do not compare favorably with 
the excellent outcomes seen with the facial nerve.5,12,16,36, 

49,52,62,75,88,94,99,103,112,115,116,120,130,132,139,147 Although this dis-
crepancy may highlight the need for improvement in 
IONM of CN VIII,99 it may also reflect the inherent dif-
ficulty in preserving auditory function, as large tumors 
are more highly associated with postoperative deficits,1,11, 

20,23,88,89,103,116 and tumors with extensive infiltration into 
the cerebellopontine angle render acoustic preservation 
an arduous task.23,89,147

Operative damage to the vestibulocochlear nerve can 
be induced in various ways.63,64,149 Direct operative trauma 
is a potential avenue, with the nerve most prone to expo-
sure during maneuvers, such as drilling into the internal 
auditory canal, operative traction, or subsequent tumor 
resection.1,17,19,51,79,96,129 Cranial nerves are inherently more 
susceptible to trauma because they are ensheathed in cen-
tral myelin, thus lacking the extra protective layers, such 
as the perineurium, that are more prevalent in peripheral 
myelin.8,17,19,64,79,123 Ischemic damage also presents further 
risk of injury. More specifically, vascular changes to the 
internal auditory artery, such as occlusion, rupture, or 
vasospasm, are believed to induce postoperative hearing 
deficits.17,19,79,84,88,89,122 Strauss et al.135 found that applying 
medical therapy to preclude such vasospasms produced 

Unauthenticated | Downloaded 10/13/22 07:53 PM UTC



Neurosurg Focus / Volume 33 / September 2012

Intraoperative neuromonitoring techniques for acoustic neuromas

5

preservation rates that were more than twice as high when 
compared with controls.

Brainstem Auditory Evoked Potentials
Brainstem auditory evoked potentials are de-

fined as the bioelectric neural activity that material-
izes in response to stimulation of the vestibulocochlear 
nerve.63,97,129 In comparison with the background electri-
cal brain activity,54,79,142 these BAEP waves are diminu-
tive and difficult to detect.18,149 To facilitate distinction 
between BAEPs and background “noise,” several thou-
sand samples of the electrical stimulus must be acquired 
and subsequently averaged to create a distinct auditory 
evoked potential.1,50,64,79,97,129,149 On BAEP recordings, the 
auditory response is extracted from several locations in 
the entire vestibular nerve pathway, as it travels periph-
erally to centrally.97 The peaks of the evoked electrical 
potentials are classified as Wave I through Wave V, which 
correspond to the peripheral cochlear nerve and the infe-
rior colliculus, respectively.42,52,63,64,71,97,98,129 These waves 
can be seen in Fig. 4.80

In BAEP monitoring, scalp and earlobe electrodes 
are placed, and an auditory stimulator discharges acoustic 
clicks to the operated ear through an earphone-transducer 
apparatus.59,64,79,97,129,149 The electrical pulse rate is set at 
a range of 20–50 clicks per second.16,54,79,97,99,148 Before 
commencing with the operation, the stimulus intensity, 

as measured in decibels, is adjusted until the patient can 
hear the click; the stimulus is eventually delivered at 
several decibels higher than the measured threshold.71,97 
Upon delivery of the stimulus, the ears are stimulated bi-
laterally so white noise is applied at an intensity several 
decibels lower to obscure the response of the contralateral 
ear.50,54,64,71,96,97,121,129

When considering BAEP waveform shifts, Waves I, 
III, and V carry the most clinical significance.54,71,74,97,129 
Changes in their amplitude, peak latency, or presence 
of the peak are heavily scrutinized and compared with 
baseline BAEPs.23,50,54,63,71,97,98,121,129,141 More specifically, 
increased peak latencies of Waves I, III, and V,10,23,71,97,102 
high interaural latency differences,10,23,71,97 decreased am-
plitudes of Waves I and V,63,71,97,121 and increased interpeak 
latencies between Waves I–III, III–V, and I–V71,97 are ex-
amples of potentially concerning wave changes. Between 
peak latencies and interpeak latencies, the latter is the 
more clinically useful marker because peak latencies are 
more susceptible to influence from external factors such 
as age, thus rendering them less reliable.71 However, the 
majority of these parameters are, at best, warning signs 
that alert the surgeon; among them, only maintenance of 
Waves I and V has been consistently shown to correlate 
with better postoperative hearing preservation rates,34,50, 

88,91,98,121,136,141,146 although others have found poor hearing 
outcomes despite wave preservation.30,59 The prognostic 
power of BAEPs is based solely on the preservation of 
the waves; in other words, when actual changes are seen 
on BAEPs, the severity or presence of postoperative defi-
cits cannot be predicted reliably.18,96 Regardless, detect-
ing such BAEP waveform irregularities can still alert the 
surgeon to potential cranial nerve damage and encourage 
redirection of the operative plan of action.63

The use of BAEPs comes with several limitations. 
Because the stimulus response must be summed and av-
eraged to obtain a wave of sufficiently high amplitude, 
the tradeoff to this process is a significant time delay that 
can last up to several seconds to minutes.1,18,19,49,50,83 Natu-
rally, such a delay can negatively influence the course of 
surgery, as BAEPs effectively provide data that were ap-
plicable several seconds or minutes prior.14,18,108 Matthies 
and Samii73 reported that direct BAEP monitoring was 
able to reduce the lag time to 5–15 seconds, suggesting 
that considerable improvements may be possible. In ad-
dition, BAEP recordings are prone to presenting false-
positive results. Trauma is not the only causative agent 
of BAEP waveform shifts, with other physiological or 
intraoperative processes such as anesthesia, hypothermia, 
and irrigation all capable of inducing waveform chang-
es.24,54,63,64,69,71,129,133 Such a wide range of artifact sources 
can create great difficulty with respect to surgical deci-
sion making.145 The utility of BAEPs may also be patient 
dependent, as some do not have detectable BAEPs while 
others have abnormal baseline BAEPs.18,48,71,132,141 Without 
a clear starting point, BAEP monitoring may prove too 
difficult a task to complete. Measuring CNAPs may be 
more beneficial in such cases, as patients occasionally 
have BAEP waveform normalization postoperatively de-
spite preoperative absence.109

Fig. 4. Figure demonstrating direct CNAPs (A), direct recording from 
the lateral recess of the fourth ventricle (B), and BAEPs (C). Note the 2 
negative peaks seen on direct CNAPs and the relative coincidence of 
the first negative peak on direct CNAP to Wave I on BAEP monitoring. 
Roman numerals indicate the waves. Reproduced with permission from 
Møller and Jannetta: J Neurosurg 59:1013–1018, 1983.
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Electrocochleography and Direct CNAPs
Brain auditory evoked potential monitoring is consid-

ered a “far-field” technique because the auditory response 
is measured on the scalp, which is distal from the neural 
auditory response.54,98,129,149 In contrast, ECOG and direct 
CNAPs are “near-field” techniques because the stimula-
tion evokes and records an electrical response close to 
its origin on the auditory nerve.48,149 Because these tech-
niques record from the nerve itself, near-field IONM by-
passes the noise and artifact created in far-field IONM, 
which translates to reducing the number of stimuli aver-
ages required in addition to affording a larger amplitude 
for facile visualization.17,54,79,149 Ultimately, this leads to a 
much quicker assessment of nerve function.114,142,149

In principle, both ECOG and direct CNAPs use elec-
trodes to measure potentials generated from the auditory 
nerve, with some minor differences in operative setup. 
For ECOG, electrodes are typically positioned transtym-
panically on the middle ear promontory of the pathologi-
cal ear.45,53,65,80,95,96,101,123 Reference and ground electrodes 
are placed on the ipsilateral earlobe and on the forehead, 
respectively.64,113,114,149 A foam ear plug not only holds the 
electrode firmly in place but also impedes foreign sub-
stances from breaching into the ear canal.42,99 Similar to 
the BAEP, the stimulating electrode administers click 
impulses, and multiple responses must be averaged for a 
distinct wave pattern to emerge.18,19,113,114,120,129

As its name suggests, in direct CNAPs, the action 
potential is measured directly from the acoustic nerve it-
self.64,81,129 The recording electrode is placed directly on 
the acoustic nerve, the negative electrode is attached to the 
mastoid of the contralateral ear, and a reference electrode 
is placed on the scalp.16,54,79,99,108,148 It is common practice 
to place the recording electrode proximal to the tumor 
being resected,14,17,79,99,129 with adhesive such as Gelfoam 
applied between the electrode and nerve to reinforce 
the placement.54,99,148 Like the BAEP and ECOG, a click 
stimulus is applied through an earphone, and the resulting 
compound action potential is measured.18,48,79,99,108,145

Electrocochleography and direct CNAP monitor-
ing are both techniques that rely on deducing the com-
pound action potential, which represents a summation 
of all the action potentials, from the vestibulocochlear 
nerve.42,108,113,129 These CNAPs, as they are known, are vi-
sualized as negative peaks distinguishable by their high 
amplitudes (Fig. 4).80,120,129 In ECOGs, they consist of 2 ac-
tion potential peaks designated “N1” and “N2,”113,120,142,149 
and in direct CNAP monitoring, comparable peaks are 
obtained.81,108,142,149 Because ECOG involves peripheral 
nerve stimulation, the N1 waveform seen on ECOG is con-
gruent with Wave I on BAEP monitoring.8,42,64,71,79,113,120,129 
The absolute loss of N1 on ECOG48,88,96,114,120,139,149 or on 
direct recording8,108,129,132,145,146,149 is frequently associated 
with postoperative hearing deficiency. Changes to the la-
tency or amplitude of N1 on either ECOG or direct re-
cording are also electrophysiological signs suggestive of 
injury.8,14,17,19,48,54,79,120,131,142,145,146 Further electrical wave-
forms are seen in ECOG, thus differentiating it from a 
direct CNAP reading. The cochlear microphonics and 
summation potential are both electrical responses gener-
ated from the organ of Corti,54,94,113,120 and lower cochlear 

microphonic detection thresholds may be involved in 
prognosticating postoperative hearing function.94 In the 
overall context of ECOG monitoring, however, cochlear 
microphonics and summation potentials are generally 
considered less important than the N1 peak.64,120

The primary advantages of ECOG and direct CNAPs 
are derived from their near-field designation. With shorter 
latency periods, they reflect pertinent information much 
faster than BAEPs and provide immediate feedback on the 
state of the auditory system.14,48,64,108,129,142,149 Changes seen 
on compound action potentials also tend to occur immedi-
ately, a helpful trait when considering vascular etiologies of 
dysfunction: vascular changes cause immediate effects that 
may not be detected quickly enough on BAEP monitor-
ing.54 The quick response time in conjunction with larger 
amplitudes than BAEPs19,48,79,129 has strengthened the repu-
tation of measuring CNAPs as the most preferred moni-
toring method of choice.14,16,17,19,20,48,99,146 When comparing 
direct CNAPs with ECOG, direct CNAPs possess higher 
predictive value of postoperative functionality, with lower 
false-positive and higher true-positive rates.18,146

Electrocochleography and direct CNAPs have unique 
disadvantages. Because the recording electrode is placed 
peripherally, ECOG is unable to provide information 
about the entirety of the auditory nerve, particularly the 
more central portions of the auditory pathway.18,41,83,98,129 
As a result, it is possible to completely transect the nerve 
centrally without observing any credible change on the 
ECOG study.48,79 Due to its rather invasive nature, ECOG 
also presents an increased risk of CSF otorrhea due to 
tympanic membrane perforation during electrode place-
ment.49,96,120,149 To circumvent this issue, alternative but vi-
able options include tympanic or extratympanic electrode 
placement.95,113,144 Electrocochleography can prove tech-
nically challenging as well. The electrode must be held 
securely in place; moving it manually or unintentionally 
can induce changes in the baseline amplitude and latency, 
thus exacerbating the difficulty of making subsequent 
comparisons.149

The disadvantage of using direct CNAPs is mainly 
practical. In larger tumors, there is very little operating 
space to place the recording electrode without sacrificing 
visibility of the surgical field.49,54,79,99,120,129,149 As a result, 
direct CNAPs are generally reserved for patients present-
ing with smaller tumors.42,83

Conclusions
Implementation of facial and vestibulocochlear nerve 

IONM, in combination with the development of improved 
modern microneurosurgical techniques, has led to a dra-
matic reduction in the morbidity once associated with 
acoustic neuroma surgery. The facial nerve, in particular, 
has shown higher rates of preservation with the use of 
EMGs. The vestibulocochlear nerve, on the other hand, 
may be important to investigate as an avenue for further 
improvement. Despite the combined techniques of BAEPs, 
ECOG, and direct CNAPs, auditory preservation rates do 
not yet approximate those of facial nerve preservation. Fur-
ther efforts and investigations are needed to study and in-
corporate other adjunctive IONM techniques in an attempt 
to improve preservation of auditory function.
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