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Abstract. Prognostic significance of electrophysiological tests for facial nerve outcome in vestibular schwannoma
surgery. Objective: To assess the prognostic significance of pre-operative electrophysiological tests for facial nerve out-
come in vestibular schwannoma surgery.

Methodology: Retrospective study design in a tertiary referral neurology unit. We studied a total of 123 patients with
unilateral vestibular schwannoma who underwent microsurgical removal of the lesion. Nine patients were excluded
because they had clinically abnormal pre-operative facial function. Pre-operative electrophysiological facial nerve
function testing (EPhT) was performed. Short-term (1 month) and long-term (1 year) post-operative clinical facial nerve
function were assessed.

Results: When pre-operative facial nerve function, evaluated by EPhT, was normal, the outcome from clinical follow-up
at 1-month post-operatively was excellent in 78% (i.e. HB I-II) of patients, moderate in 11% (i.e. HB III-IV), and bad
in 11% (i.e. HB V-VI). After 1 year, 86% had excellent outcomes, 13% had moderate outcomes, and 1% had bad out-
comes. Of all patients with normal clinical facial nerve function, 22% had an abnormal EPhT result and 78% had a nor-
mal result. No statistically significant differences could be observed in short-term and long-term post-operative facial
function between the groups.

Conclusion: In this study, electrophysiological tests were not able to predict facial nerve outcome after vestibular
schwannoma surgery. Tumour size remains the best pre-operative prognostic indicator of facial nerve function outcome,
i.e. a better outcome in smaller lesions.

Introduction

Vestibular schwannomas (VS)
are relatively common benign
tumours of the vestibular portion
of the eighth cranial nerve with a
reported incidence of 1-20 cases
per million inhabitants per year.'?
In recent years the major objec-
tives in cerebellopontine angle
(CPA) tumour surgery, and specifi-
cally VS surgery, have evolved
from reducing mortality to func-
tional preservation of the facial
nerve and hearing. This shift was
made possible by improved surgi-
cal and imaging techniques and
the growing experience of neuro-

logical and neurosurgical teams.
Despite these technical improve-
ments, the percentage of patients
with impaired facial function (i.e.
House-Brackmann grade III or
more) ranges from 7 to 41% .+

At this moment, there is no
established method for predicting
facial nerve function after surgery.
Increasing tumour volume raises
the global risk of an unfavorable
facial function outcome in a
patient series, but has limited pre-
dictive value in an individual
patient.’ In 2007, Hastan et al.®
suggested a surgeon’s outcome
could be predicted by plotting
facial nerve outcome, age, sex,
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and side of the surgery in receiver-
operator-curves. The combination
of tumour size, intra-operative
stimulus amplitudes, and post-
operative function at 1 month is
suggested to be a prognostic indi-
cator of functional post-operative
outcome.” Also, good hearing,
pre-operatively, and the absence
of brainstem compression are
indicators of a better prognosis.
Abnormalities of auditory brain-
stem responses on the tumour side
appear to have a negative effect on
the prognosis of facial nerve func-
tion, reflecting tumoural compres-
sion and/or infiltration of the
cochlear nerve and, most proba-
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bly, the facial nerve. Another
histological factor influencing
facial nerve function is tumour
edema. The exact pathophysi-
ology remains to be determined,
but imaging may confirm tumour
edema pre-operatively and pro-
vide additional information.” In
2004, Kaylie et al."” described the
value of using magnetic resonance
imaging (MRI) to determine pre-
operative asymmetry in facial
muscle volume, a marker of nerve
degeneration, for predicting facial
nerve outcome. Besides patient
factors, the surgeon’s experience
might also play a role in the out-
come of facial function. Recently,
a meta-analysis performed by
Hastan et al.” identified a linear
relationship between hospital
volume and facial function out-
come, which favored the more
experienced teams.

Evidence supporting the use of
electrophysiological tests (EPhT)
to predict post-operative facial
nerve function is scarce and con-
troversial. Our goal was to study
if pre-operative EPhT, including
needle-electromyography (EMG)
recording, blink reflex, and electro-
neuronography (ENoG), can be
used to predict post-operative
short- and long-term facial nerve
function after VS surgery.

Materials and methods

Our total population of surgically
treated VS patients included 123
consecutive cases (male-female
ratio was 1:1, 61 male versus
62 female patients), aged 25 to
82 years (mean 52.28 years). All
patients had unilateral VS (total
diameter 4 to 53 mm, mean
18.84 mm). Patients with neuro-
fibromatosis type II were ex-
cluded. Tumour diagnosis was
achieved by MRI. The maximum
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Figure 1
Distribution of tumour size in the studied population (n=114). IM = intrameatal,
S = small (less than 10 mm), M = medium (10-25 mm), L = large (>25 mm).

tumour diameter was measured
on gadolinium-enhanced TI1-
weighted axial scans. Forty-four
patients (35.8%) underwent sur-
gery via a retrosigmoid suboc-
cipital approach and 79 patients
(64.2%) underwent a translaby-
rinthine approach. Diagnosis was
verified by histological examina-
tion of tumour tissue. Mean clini-
cal follow-up was 3.9 years, stan-
dard deviation (SD) 2.8 years.
Facial nerve function was as-
sessed by means of the House-
Brackmann (HB) grading system
before and after the surgery.”” Nine
patients suffered from -clinical
symptoms of facial nerve deficit
before surgery and were excluded
from the present study. Facial
nerve function was intact (HB
grade I) pre-operatively in 114
patients (92.7%), 6 had HB grade
II, 2 had HB grade III, and 1 had
HB grade VI. The former group
was studied in this report. HB
grade III or more was considered a
complication. The distribution of
tumour size in the studied popula-
tion is depicted in Figure 1. This
study was performed in accor-
dance with the principles of the
Declaration of Helsinki.

Electrophysiologic examina-
tions were performed as part of a
routine investigation prior to CPA
surgery and included needle-EMG
recording, blink reflex, and elec-
trically-evoked EMG or ENoG.
Needle-EMG recordings of the
orbicularis oculi, orbicularis oris,
and frontalis muscle were con-
sidered abnormal if pathological
myoelectrical activity was present
at relaxation or contraction. The
presence or absence of the (early)
R1- and/or (late) R2-response of
the blink reflex in ipsilateral and
contralateral stimulation was
compared between the pathologic
side and the contralateral side.
ENoGs, measured in the nasalis
muscle, were rated as abnormal if
there was a >20% amplitude
reduction in the pathologic side
compared to the contralateral side.
If at least one of these three tests
was abnormal, the EPhT was con-
sidered abnormal. In 4 cases,
EPhT data were missing.

Results
In the studied population with nor-

mal pre-operative facial function,
21.9% of patients suffered from
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Table 1

Facial nerve outcome at 1 month and 1 year according to the House-Brackmann (HB)
facial grading scale in patients with a clinically normal facial nerve pre-operatively

Number of patients and % of total population (n = 114)
HB 1 month 1 year
I 77 67.5% 89 78.1%
I 12 10.5% 8 7%
I 6 53% 8 7%
v 7 6.1% 7 6.1%
\% 9 7.9% 0 0%
VI 3 2.6% 1 0.9%
100% 0 0
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Figure 2

Facial function outcome according to the House-Brackmann
scale at 1year in different volume categories. IM = intra-
meatal, S =small (less than 10 mm), M = medium (10-

25 mm), L = large (>25 mm).

clinical symptoms of facial nerve
deficit (defined as HB of III or
more) at 1 month and 14.0% at
1 year. Facial nerve outcomes are
summarized in Table 1. Facial
nerve outcome in different volume
categories is shown in Figure 2; an
increase in facial nerve deficit was
noticed when the tumour size
increased. Of all the patients with
normal clinical facial nerve
function and available EPhT data
(n=110), 24 patients had an
abnormal EPhT result and 86 had
a normal result. No statistically
significant differences could be

observed in short-term and long-
term post-operative facial func-
tion between the groups (Table 2).
There were no differences in sex,
side, total diameter, or CPA dia-
meter of the VS when examining
the rate of intact facial nerve func-
tion (HB grade I or II) 1 month
post-operatively (Table 3). We did
notice a statistically significant
difference and worse outcome
when the fundus was involved
(Pearson chi square test, P value =
0.04). Older age resulted in a
worse outcome, i.e. HB grade III
or more (Independent samples
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t-test, P value = 0.01). There were
still no differences in sex, side,
total diameter, or CPA diameter of
the VS when examining the rate of
intact facial nerve function 1 year
post-operatively (Table 4). The
statistically significant difference
of fundus involvement disap-
peared at 1 year, as well as the
worse outcome in the older
population. When comparing the
groups with normal and abnormal
EPhT results, there were no dif-
ferences in median age (51 versus
65 years), sex, side, fundus in-
volvement, CPA diameter, or total
VS diameter.

Discussion

Tumour-nerve adherence, axonal
compression, loss of the arachnoid
plane, and/or a precarious
vascularity may better reflect the
relationship between VS and the
facial nerve than tumour volume
alone.” These features cannot be
fully acknowledged on CT-scan or
MR imaging, but are presumed to
be quantified by functional tests or
EPhT. Facial nerve outcome can
be quite disappointing after a
technically optimal procedure.
Clinically normal facial function
can be present with 50% nerve
degeneration, as determined by
electroneuronography.'*'"* This ex-
planation was used by Kartush et
al.,” when reporting 80% sub-
clinical involvement of the facial
nerve, as measured by ENoG.
After this preliminary study,
Kartush et al.'® reported on a final
study with 82 patients and sug-
gested pre-operative ENoG ampli-
tude reduction did not accurately
predict post-operative facial func-
tion. Rosler er al.” confirmed
these findings: electrical stimula-
tion of the facial nerve at the
stylomastoid fossa, magnetic
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Table 2
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Electrophysiological results in patients with a clinically normal facial nerve pre-operatively (4 cases missing data).
Preop = pre-operative, mo = month, postop = post-operative, NS = not statistically significant

Clinically normal facial nerve function pre-op Electrophysiological tests

(n=110) Normal (n = 86) Abnormal (n = 24) P value
| mo HB Ior Il 78% (n = 67) 79% (n = 19) NS'
post-op HB>II 22% (n = 19) 21% (n=5) NS!

12 mo HB LorII 86% (n = 74) 83% (n = 20) NS'
post-op HB>II 14% (n = 12) 17% (n = 4) NS

'Pearson Chi Square.

Table 3

Facial impairment (House-Brackmann III-VI)
at 1 month post-operatively in different subgroups

Facial impairment (HB III-VI) at 1 month
Potential predictor Yes No P
Total tumour diameter, mm 180+85 15275 0.07
CPA tumour diameter, mm 119+79 9175 0.10?
Right sided surgery, % 48 449 0.79°
Age, years 576+93 50 + 14 0.0012
Female, % 56 449 0.33°

'Mann Whitney U; “Independent samples t-test; *Pearson Chi Square.

Table 4

Facial impairment (House-Brackmann III-VI)
at 1 year post-operatively in different subgroups

Facial impairment (HB III-VI) at 12 months
Potential predictor Yes No P
Total tumour diameter, mm 180+99 160+74 0.15
CPA tumour diameter, mm 12193 93+74 0.177
Right sided surgery, % 375 46.9 0.48°
Age, years 55.6+£9.7 51.1+10.6 0.112
Female, % 62.5 449 0.19°

'Mann Whitney U; “Independent samples t-test; *Pearson Chi Square.

stimulation at its proximal intra-
canalicular segment, and trans-
cranial magnetic stimulation of
the face-associated motor cortex
were not useful in predicting post-
operative facial function. In 1998,
Sittel et al.”® provided a possible
explanation for this problem, as
they noticed variability in the
amplitude ratio in repeat ENoGs
of healthy individuals.

Normand and Daube® reported
facial nerve abnormalities in
73% of patients while only 16%
had facial weakness. They used
cranial nerve conduction testing,
especially prolongation of the
ipsilateral R1 latency of the blink
reflex compared with that of the
contralateral reflex. They also
found a correlation between nerve
conduction and tumour size in

45 patients. The severity of nerve
conduction abnormality was high-
ly correlated with tumour size.
Wedekind er al* suggested in
2000 that EPhT, by transcranial
magnetic stimulation, blink reflex,
and facial M-wave and F-wave
recordings, was able to detect
facial nerve abnormalities in
patients with clinically normal
facial function. Later, they report-
ed a significant correlation with
tumour size, but no significant
correlation between pre-operative
EPhT results and post-operative
facial nerve function.’ One study
by Darrouzet et al.”> on 91 patients
who underwent a translabyrin-
thine resection of their VS, sug-
gested that the latency difference
in the early response of the blink
reflex between the pathologic side
and the healthy side is an excellent
prognostic indicator in antici-
pating facial nerve dissection dif-
ficulties and long-term facial
function outcome. Our results
confirm that pre-operative EPhT
results, including needle-EMG,
blink reflex, and ENoG, are not
able to predict post-operative
facial function outcome.

Conclusion
In this study, EPhT, including

needle-EMG recording, blink
reflex, and EnoG, was not able to
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predict facial nerve outcome after
VS surgery. Tumour size remains
the best pre-operative prognostic
indicator of facial nerve function
outcome, i.e. a better outcome in
smaller lesions. If a wait-and-scan
policy is advised, EPhT does not
have an added benefit. When pre-
operative facial nerve function
was normal, the outcome from
clinical follow-up at 1-month
post-operatively was excellent in
78% of patients (i.e. HB I-1I),
moderate in 11% (i.e. HB III-IV),
and bad in 11% (i.e. HB V-VI).
After 1 year, 86% of patients had
an excellent outcome, 13% had a
moderate outcome, and 1% had a
bad outcome.
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