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ABSTRACT
Objective: To determine whether monitoring facial nerve
motor-evoked potentials (FNMEPs) elicited by transcranial
electrical stimulation during skull base tumour surgery is
useful for predicting facial nerve outcome.
Methods: This study analysed FNMEP findings in 26
patients with skull base tumours. Corkscrew electrodes
positioned at C3 or C4 and Cz were used to deliver
supramaximal stimuli (180–550 V). FNMEPs were
recorded from the orbicularis oculi and oris muscles. The
correlation between the final-to-baseline FNMEP ratio and
postoperative facial nerve function was examined.
Results: Postoperative facial nerve function correlated
significantly with the FNMEP ratios in the orbicularis oculi
(p = 0.004) and orbicularis oris (p,0.001) muscles. An
FNMEP ratio of ,50% consistently predicted immediate
postoperative facial palsy, although the degree of palsy
differed among patients. All patients had satisfactory
facial nerve function (House and Brackmann grades I and
II) postoperatively if the FNMEP ratio remained at .50%.
Conclusions: Intraoperative FNMEP monitoring can be
useful for predicting facial nerve function after skull base
surgery. This new method is a valuable adjunct to
conventional facial nerve monitoring.

Many investigators have used standard electro-
physiology techniques to monitor function of the
facial nerve intraoperatively. Intraoperative mon-
itoring of compound muscle action potentials
(CMAPs) in response to direct electrical stimula-
tion of the facial nerve has been shown to improve
facial nerve function after surgery for skull base
tumours—vestibular schwannoma, in particular.1–8

However, triggered CMAP monitoring is not
possible when the facial nerve is inaccessible during
removal of a large tumour. In addition, the
technique can not be used for continuous intrao-
perative assessment of facial nerve function.
Continuous monitoring of spontaneous electro-
myographic (EMG) activity has also been per-
formed.9–12 It has been reported that quantitative
EMG parameters, such as train activity or neuro-
tonic discharge, can indicate damage to the
functional integrity of the facial nerve.11 12 A
loudspeaker and a computer digitised display
monitor of the various EMG waveforms are usually
used for real-time monitoring during surgery, and a
specific software system and off-line analysis are
used for quantitative evaluation.

Recently, facial nerve motor evoked potentials
(FNMEPs) elicited by transcranial electrical stimu-
lation have been used for evaluation and monitor-
ing of the facial nerve during skull base surgery.13 14

Investigators have concluded that FNMEP mon-
itoring allows for evaluation of ongoing facial
nerve function and prediction of facial nerve
outcome. Herein, we describe our experience with
FNMEP monitoring during skull base surgery and
examine whether the technique is useful for
predicting facial nerve outcome in patients under-
going removal of a skull base tumour involving the
facial nerve.

METHODS
Patients
The study involved 26 patients (10 men and 16
women) with a skull base tumour treated surgi-
cally at the University of Niigata during the period
July 2005 to January 2007, and in whom FNMEP
monitoring was performed. The cranial base
tumours were as follows: vestibular schwannoma
(14 patients); cerebellopontine angle (CPA) menin-
gioma (4 patients); petroclival meningioma (3
patients); and cerebellar tentorial meningioma,
CPA epidermoid, jugular foramen neurinoma,
flocculus medulloblastoma and cerebellar caver-
nous angioma (1 patient each). Surgery was
performed twice in 1 patient with vestibular
schwannoma and twice in 1 patient with cerebellar
tentorial meningioma because of tumour regrowth.
Thus, FNMEP monitoring was conducted 28 times
in this patient group. Facial nerve function was
evaluated preoperatively, on the first day after
surgery, and at the end of the follow-up period,
according to the House–Brackmann (HB) grading
system (table 1).15 Mean follow-up was
16.8 months (range, 9–26 months).

Intraoperative monitoring
Following the induction of anaesthesia with a
short-acting agent for neuromuscular blockade,
neuroanaesthesia was maintained by intravenous
infusion of propofol and fentanyl. Constant
voltage stimuli consisting of 5 rectangular pulses
with a 1-ms interstimulus interval were generated
with a D185 stimulator (Digitimer Ltd., UK).
Corkscrew electrodes were placed at positions C3
or C4 and Cz to stimulate FNMEPs. The cathode
was always positioned at Cz, and the anode was
positioned on the contralateral side because the
cortex under the anode is preferentially stimu-
lated.16 FNMEPs were recorded from the orbicularis
oculi and orbicularis oris muscles through paired
stainless-steel needle electrodes inserted subder-
mally. A Viking monitoring system (Nicolet
Biomedical, Inc., Madison, WI, USA) was used.
Motor-evoked potentials recorded from the
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ipsilateral thenar muscle were used as control responses. To
avoid large and overwriting stimulus artefacts, the band-pass
filter was set at 200–3000 Hz. The FNMEP amplitude was
defined as the range between maximum positive and negative
peaks of the polyphasic waveform. To exclude the potential
issue of current spread and peripheral facial nerve activation, the
response with a long-duration polyphasic waveform and long-
onset latency (more than 10 msec) was defined as the FNMEP.13

The stimulation intensity was increased gradually until
amplitude of the FNMEPs obtained from both the orbicularis
oculi and oris muscles reached a plateau before dural opening, as
the stimulus was adjusted to supramaximal intensity. The
intensity ranged from 180 V to 550 V (mean, 293 V). We did
not change the basic stimulation intensity, even if FNMEP
amplitude changed during tumour resection.

The highest value obtained before the microsurgery procedure
was taken as the baseline response. FNMEPs were recorded
usually every 10 minutes. During tumour dissection from the
facial nerve itself or removal of tumour adjacent to the facial
nerve, the FNMEPs were recorded every 1–5 minutes. If, during
removal of the tumour, the FNMEP amplitude decreased to 50%
or less in comparison to the baseline amplitude, the surgeon
assumed that the procedure would damage the facial nerve and
temporarily abandoned the procedure or manipulated other
lesions apart from the facial nerve. If possible, CMAP monitoring
by direct stimulation was intermittently performed by means of
the bipolar stimulating electrode to identify the anatomical
location of the facial nerve. The CMAPs as well as FNMEPs were
obtained from the orbicularis oculi and orbicularis oris muscles.

Statistical analysis
The final (at dural closure)-to-baseline FNMEP ratios (shown as
percentages) were used for analysis. Spearman correlation
coefficients were used to evaluate whether the postoperative
facial function (ie, HB grade) correlated with the FNMEP ratio
in patients with skull base tumour.

RESULTS

FNMEP recordings
Valid FNMEPs were obtained in 22 of the 28 (78.6%) recordings
from the orbicularis oculi muscle and in 26 of the 28 (92.9%)
recordings from the orbicularis oris muscle in the group of
patients with skull base tumour (table 2). In 1 patient (Patient
12) with flocculus medulloblastoma who had HB Grade IV
facial function preoperatively, FNMEPs could not be obtained
intraoperatively from either muscle. In the other patients for
whom FNMEP data were incomplete (Patients 1, 2, 8, and 11),
no response was recorded or the onset latency was less than
5 msec, which was indicative of peripheral facial nerve
activation. There were no side effects of electrical stimulation,
such as any unexpected movements of the extremities or
seizures.

FNMEPs and postoperative facial function
In patients with skull base tumour, facial function in the
immediate postoperative period correlated significantly with
the FNMEP ratio in the orbicularis oculi muscle (r = 20.60,
N = 22, p = 0.004) (fig 1A) and in the orbicularis oris muscle
(r = 20.71, N = 26, p,0.001) (fig 1B). In patients with
vestibular schwannoma—that is, in the majority of patients—
the FNMEP ratio in the orbicularis oculi muscle (r = 20.56,
N = 13, p = 0.047) and in the orbicularis oris muscle (r = 20.78,
N = 15, p = 0.001) were shown to be significant predictors of
postoperative facial function. Five of 16 (31.3%) patients had
mild postoperative facial dysfunction (HB Grade II) despite an
FNMEP ratio of .50% in the orbicularis oculi muscle. Five of 19
(26.3%) patients suffered mild postoperative facial palsy (HB
Grade II) despite an intraoperative FNMEP ratio of .50% in the
orbicularis oris muscle. Patients were classified into one of two
groups according to postoperative facial function, either
satisfactory facial function (HB grades I and II) or unsatisfac-
tory facial function (HB grades III, IV, V, and VI). All patients in
whom the intraoperative FNMEP ratio in both muscles

Table 1 House and Brackmann grading system15

Grade Description Characteristics

I Normal Normal facial function in all areas

II Mild dysfunction Gross: slight weakness noticeable on close inspection; may have very slight
synkinesis

At rest: normal symmetry and tone

Motion: Forehead, moderate to good function

Eye: Complete closure with minimum effort

Mouth: Slight asymmetry

III Moderate dysfunction Gross: Obvious but not disfiguring difference between two sides; noticeable
but not severe synkinesis, contracture and/or hemifacial spasm

At rest: Normal symmetry and tone

Motion: Forehead, slight to moderate movement

Eye: Complete closure with effort

Mouth: Slightly weak with maximum effort

IV Moderately severe dysfunction Gross: Obvious weakness and/or disfiguring asymmetry

At rest: Normal symmetry and tone

Motion: Forehead, none

Eye: Incomplete closure

Mouth: Asymmetrical with maximum effort

V Severe dysfunction Gross: Only barely perceptible motion

At rest: Asymmetry

Motion: Forehead, none

Eye: Incomplete closure

Mouth: Slight movement

VI Total paralysis No movement

Research paper

J Neurol Neurosurg Psychiatry 2008;79:1066–1070. doi:10.1136/jnnp.2007.130500 1067

group.bmj.com on December 14, 2017 - Published by http://jnnp.bmj.com/Downloaded from 

http://jnnp.bmj.com/
http://group.bmj.com


remained at .50% were assigned to the satisfactory facial
function group. An FNMEP ratio of ,50% from both muscles
consistently predicted immediate postoperative facial palsy,
although the degree of palsy varied among patients (fig 1A, B).
Correlation between the FNMEP ratio and facial nerve function
was still significant at the end of the follow-up period
(orbicularis oculi muscle: r = 20.51, N = 21, p = 0.02; orbicularis
oris muscle: r = 20.61, N = 26, p = 0.001).

Illustrative case
A 66-year-old woman (Patient 25, table 1) with vestibular
schwannoma underwent subtotal resection, which was
attempted to preserve facial function. The FNMEP amplitude
did not change in comparison to the baseline value during intra-
capsular removal of the large tumour. Even when the facial
nerve was not visible in the surgical field, FNMEP monitoring
allowed the surgeon to assess facial nerve function. When the
tumour was dissected from the facial nerve in the internal
auditory canal, amplitudes of FNMEPs obtained from both the
orbicularis oculi and oris muscles decreased markedly. The
FNMEP ratios in the orbicularis oculi and oris muscles were 31%
and 21%, respectively, after tumour resection, and the patient
showed moderate facial palsy (HB Grade III) postoperatively
(fig 2).

DISCUSSION
In the present study, more than 75% of FNMEP recordings from
the orbicularis oculi and more than 90% of FNMEP recordings
from the orbicularis oris were useful for monitoring facial nerve

function during surgery for skull base tumour. All patients who
showed an FNMEP reduction of 50% or less at the final
recording also showed facial palsy after surgery, although the
degree of facial palsy varied among patients. FNMEP monitoring
allowed us to assess facial nerve function without discontinuing
tumour resection. Even in patients in whom the facial nerve
was inaccessible because the tumour was large, the FNMEP
monitoring technique allowed assessment of facial nerve
function during the early stage of tumour removal.

It is important to exclude stimulation artefacts during FNMEP
monitoring achieved by transcranial electrical stimulation.
Because the distance between the stimulation and recording sites
is short, the stimulation artefact is usually large and sometimes
overwrites the FNMEP responses themselves. To avoid this
artefact, we used a short interstimulus interval (1 ms) and a high
low-frequency filter setting (200 Hz).13 However, some responses
in our patients began immediately after the stimulation artefact.
FNMEPs recorded from the orbicularis oculi muscle more
frequently included these unusable data than did those from the
orbicularis oris muscle. It is also conceivable that the failed
recordings are attributable to the proximity of the stimulation
and recording sites. Another possible explanation is that the field
of motor representation of the lower face in the primary motor
cortex is larger than that of the upper face.17 In one patient with
severe preoperative facial palsy (Grade IV), FNMEPs were not
obtained from either muscle. In patients with severe preoperative
facial nerve dysfunction, FNMEPs could not be used for
intraoperative monitoring; in addition, motor evoked potentials
from the extremities are not recorded intraoperatively in patients
with severe preoperative hemiparesis.18

Table 2 Data pertaining to patients with skull base tumour

Patient Age (years)/sex Diagnosis Size (mm)

FNMEP ratio (%) HB grade

Oculi m. Oris m. Pre Post Final follow-up

1 52/F Tentorial meningioma 50 NA 90 I I I

Tentorial meningioma regrowth 35 NA 121 I I I

2 29/F Vestibular schwannoma 35 NA 182 I I I

3 52/M Vestibular schwannoma 30 109 67 I II I

4 40/M Vestibular schwannoma 44 69 128 I I I

5 47/M Vestibular schwannoma 40 67 80 II II I

6 53/M Vestibular schwannoma 20 0 6 I IV III

7 29/M Vestibular schwannoma 35 128 112 I II I

8 32/M Petroclival meningioma 55 NA NA I I I

9 69/F Vestibular schwannoma 33 59 112 I I I

10 69/M Vestibular schwannoma 40 151 33 II II II

Vestibular schwannoma regrowth 30 64 99 II II II

11 72/F Vestibular schwannoma 40 NA 0 I V III

12 25/F Flocculus medulloblastoma 12 NA NA IV IV II

13 50/M CPA meningioma 38 54 94 I I I

14 68/F Vestibular schwannoma 15 44 52 I II I

15 64/F Vestibular schwannoma 50 111 68 II I I

16 55/M Petroclival meningioma 40 194 69 I I I

17 50/F Vestibular schwannoma 22 11 16 I II I

18 33/F CPA epidermoid 32 238 67 I I I

19 65/F CPA meningioma 35 64 106 I I I

20 66/F Jugular foramen neurinoma 32 127 75 I I I

21 42/F Petroclival meningioma 46 250 109 I I I

22 74/M CPA meningioma 50 15 0 I IV II

23 52/F Vestibular schwannoma 35 6 17 I V IV

24 41/F Cerebellar cavernous angioma 25 133 87 I I I

25 66/F Vestibular schwannoma 31 31 27 I III II

26 39/F CPA meningioma 25 112 97 I I I

CPA, cerebellopontine angle; HB grade, House and Brackmann grade; FNMEP, facial nerve motor evoked potential; NA, not available; Oculi m., orbicularis oculi muscle; Oris m.,
orbicularis oris muscle; Post, postoperative; Pre, preoperative.
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Previous studies showed that a ratio of .50% in final FNMEP
amplitude during skull base surgery predicts satisfactory
immediate postoperative facial function.13 14 In the present
study, postoperative facial function correlated significantly with
the FNMEP ratio (ie, the higher the ratio, the more satisfactory
the nerve function). Even in the group of patients with
vestibular schwannoma, who are at increased risk for intrao-
perative facial nerve injury, postoperative facial palsy correlated
significantly with the FNMEP ratio. All patients had satisfac-
tory facial function (HB grades I and II) postoperatively if the
FNMEP ratio remained at .50%. All patients with a 50%
decrease in final amplitude suffered postoperative facial palsy.
These results are in accordance with previous reports.13 14 If we
use a cutoff final-to-baseline ratio of 50%, FNMEP monitoring
during skull base surgery, especially surgery for removal of

vestibular schwannoma, can be useful for immediately predict-
ing postoperative facial nerve function.

Triggered CMAP monitoring is widely used to reduce the
incidence of postoperative facial palsy. One of the purposes of
the monitoring is to allow the surgeon to identify the facial
nerve fibres directly, as we did in the present study. The other
purpose is that intermittent stimulation assures the surgeon
that the nerve has been preserved distal to the stimulation site
at a given time. Many authors have concluded that CMPAs
elicited by electrical stimulation to the proximal (near the
brainstem exit zone) of the facial nerve can predict post-
operative facial nerve function.1–8 However, in surgery for large
tumours, especially for large vestibular schwannomas, the use of
electrical nerve stimulation is clearly limited during the early
steps of dissection. Likewise, it is difficult to monitor the facial
nerve continuously during dissection because we have to pass
the stimulator probe from one hand to the other. FNMEP
monitoring appears to overcome these disadvantages of CMPAs

Figure 1 Correlation between postoperative facial function (House and
Brackmann grade) and final-to-baseline FNMEP ratio in the orbicularis
oculi (A) and orbicularis oris (B) muscles. Facial nerve function correlated
significantly with the FNMEP ratio (A: p = 0.001; B: p,0.001). Patients
with a 50% decrease in the final amplitude (indicated by dotted line)
consistently experienced postoperative facial palsy, although degrees
varied.

Figure 2 Intraoperative FNMEP monitoring in a patient with vestibular
schwannoma (Patient 25, table 1). Representative EMG recordings
obtained from the orbicularis oculi, orbicularis oris, masseter and pollicis
muscles before removal of the tumour (upper), during removal of the
intrameatal tumour (middle) and at the final recording (lower). Note the
reduction in FNMEP responses from both the oculi and oris muscles
during removal of the intrameatal tumour. The final FNMEP ratios in
orbicularis oculi and oris muscles were 31% and 21%, respectively.
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monitoring. Even if the facial nerve is inaccessible due to a large
tumour, FNMEPs can be recorded. The surgeons do not have to
stop the ongoing tumour dissection for FNMEP monitoring. In
the present study, the usefulness of FNMEP monitoring could
not be compared with that of CMAP monitoring because
CMAP monitoring was used exclusively to identify the facial
nerve anatomically. Akagami et al reported, on the basis of
logistic regression analysis, that only independent factors
predictive of satisfactory facial nerve function were the final-
to-baseline FNMEP ratio and the brainstem-to-internal auditory
canal CMAP ratio.14 There was a strong correlation between the
FNMEP and CMAP ratios. A study comparing specificity and
sensitivity between FNMEP and CMAP monitoring is needed.

Acoustic loudspeaker display has been used to monitor the
facial nerve continuously during ongoing dissection.9 A variety of
EMG patterns have been revealed in previous studies based on
acoustic characteristics and occasional views of representative
waveforms. However, some authors reported that spontaneous
EMG activity was not of major prognostic significance with
respect to facial nerve function.2 10 Romstock et al described a
classification system for EMG activity that is based on visual off-
line analysis of free-running EMG recordings with respect to
waveform characteristics, frequencies and amplitudes.11 The
exclusive occurrence of A train, described as a sinusoidal pattern
of high frequency and homogeneous appearances, was a highly
reliable predictor of postoperative facial palsy. Recently, the same
groups used an automated system for detection of A trains and
off-line analysis to show that ‘‘A train time’’ as a quantitative
parameter correlated reliably with deterioration of facial nerve
function.12 Monitoring spontaneous EMG activity is advanta-
geous over CMAP and FNMEP monitoring in that facial nerve
function can be evaluated continuously even during dissection.
However, continuous EMG monitoring requires a specific system
for quantitative analysis. In addition, quantitative analysis is
performed off-line exclusively. Intraoperative evaluation of facial
nerve function is simpler with FNMEP monitoring than with
continuous EMG monitoring. We must pay attention only to
whether the FNMEP amplitude remains at .50%. Although,
strictly speaking, continuous FNMEP monitoring is not possible,
FNMEPs can be recorded frequently enough to confirm whether
the facial nerve is functionally affected when the surgeon
manipulates the lesion adjacent to the facial nerve.

Although results of our study support the usefulness of
FNMEP monitoring, some false-positive and false-negative
results were obtained. About 30% of patients who showed
.50% amplitude reduction or even full FNMEP preservation
suffered mild facial palsy postoperatively. Our results are similar
to those reported by others.13 14 Because FNMEP amplitudes are
approximately one-fifth of those obtained with direct intracra-
nial supramaximal stimulation of the facial nerve, only a subset
of facial nerve motor axons is likely to be represented in the
responses.13 These findings suggest that a minor injury affecting
mainly axons not included in the FNMEP could cause a mild
facial deficit without appreciably changing the FNMEP if the
entire nerve is not damaged. We must also pay attention to the
trial-to-trial random variability of FNMEP activities for accurate
interpretation of intraoperative FNMEP findings. Some patients
in our series had a final FNMEP amplitude of .100%. The
results can probably be attributed to random variability or
lighter anaesthesia at the final recording. The wide variability of
motor evoked potentials elicited by transcranial electrical
stimulation indicates that the spinal or bulbar motor neuronal
pool activated in each trial varies from moment to moment.19

Thus, it is important to frequently and regularly record

FNMEPs elicited by supramaximal stimulation. The baseline
and final FNMEP amplitudes should be averages of several
recordings rather than a single recording, and significant
changes should be reproduced a few times before warning the
surgeon. Thus, FNMEP monitoring may not completely replace
the gold standard monitoring reported previously, such as
CMAP monitoring or continuous EMG monitoring. However,
our results support the reported usefulness of FNMEP monitor-
ing during skull base surgery13 14 and this technique may prove
to be a valuable adjunct to conventional facial nerve monitor-
ing. The application of this technique in future skull base
procedures will fortify its significance in predicting and
ultimately preventing intraoperative facial nerve injury.

CONCLUSION
In patients with skull base tumour, postoperative dysfunction
of the facial nerve correlated significantly with the final-to-
baseline FNMEP ratio. A reduction in the FNMEP amplitude of
50% or less predicts postoperative facial nerve dysfunction.
FNMEP monitoring is a valuable adjunct to standard triggered
CMAP monitoring and continuous EMG activity monitoring.
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