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Abstract OBJECTIVE: Microsurgery is the preferred treatment for large vestibular 
schwannomas (VSs). However, anatomical and functional preservation of the 
facial nerve (FN) remains a challenge during this surgery. The aim of this study 
was to determine whether it is beneficial to the preservation rates of the FN dur-
ing microsurgical treatment of large VSs using intraoperative neurophysiological 
monitoring (IONM). 
METHODS: We retrospectively reviewed 53 patients with large VSs that underwent 
microsurgical resection via the retrosigmoid approach in our department during 
April 2009 to March 2016. IONM was used in 29 cases. Postoperative FN function 
was evaluated using the House-Brankmann (HB) FN grading scale at 2 weeks and 
3 and 6 months after surgery.
RESULTS: There were two cases (8.3%) of subtotal resection in the monitored 
group, compared with one case (3.4%) among the controls (p>0.05). The anatomi-
cal integrity rate for FNs was 100% in the monitored group, which was signifi-
cantly different from 83.3% in the controls (p<0.05), which included four cases 
the FN was injured, mostly around the internal auditory foramen. Functional 
preservation of the FN in the monitored group differed significantly from that in 
the controls at 2 weeks and 3 and 6 months postoperatively (p<0.05).
CONCLUSIONS: IONM contributes to FN anatomical integrity and functional 
preservation rates during microsurgery of large VSs. It has no significant effect on 
differences in the total VS resection rates. 
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INTRODUCTION
Vestibular schwannomas (VSs) typically arise from 
abnormal proliferation of Schwann cells on the ves-
tibular nerve in the internal auditory canal (IAC). 
They comprise 8% of cranial tumor cells and 90% of 
the cells in cerebellopontine angle tumors (Koos et 
al. 2002). VSs can be classified as small (<15 mm), 
medium (15–30 mm), or large (≥30 mm) according to 
the maximum extrameatal diameter measured using 
axial computed tomography (CT) or magnetic reso-
nance imaging (MRI). Microsurgical treatment is rec-
ommended for large VSs (Myrseth et al. 2007; Quesnel 
et al. 2011; Samii et al. 2010). With the increasing use of 
microsurgery, the death rate associated with VS resec-
tion has declined to <1% (Moskowitz et al. 1991). The 
rate of functional preservation for the facial nerve (FN), 
however, is still <75% (Ojemann et al. 2001) because it 
is being stretched, compressed, or invaded by VS, which 
is not obvious to the naked eye. As a result, protecting 
the FN during microsurgical treatment of large VSs is 
still a challenge.

METHODS AND MATERIALS
Patients
Retrospectively, we identified 53 patients with VS who 
had undergone microsurgical resection via the retro-
sigmoid approach at the Neurosurgery Department of 

China-Japan Union Hospital of Jilin University from 
April 2009 to March 2016. Among them, 29 of the 
patients were subjected to intraoperative neurophysi-
ological monitoring (IONM). Patients who had no 
complications of cardiac, respiratory, or other cranial 
diseases were included. Patients who had other diseases 
that could cause FN injury were excluded.

The VSs were measured according to the maxi-
mum extrameatal diameter obtained using axial MRI 
or CT. Preoperative FN functions were evaluated using 
the House-Brankmann FN grading scale (HB grade) 
(House et al. 1985). The baseline data for the two 
groups are shown in Table 1. There were no significant 
differences between the two groups according to data 
analysis.

Monitoring techniques
FN monitoring was performed with the XLTEK Pro-
tektor 32 IOM system (Natus Medical, Pleasanton, CA, 
USA). The FN monitoring protocols can be divided pri-
marily into two types. 

Electromyography (EMG): Intramuscular needle 
electrodes were inserted into the muscles innervated by 
the FN of the affected side (orbicularis oculi, orbicu-
laris oris, and mentalis muscles). In addition, a bipo-
lar electrical stimulation probe was used during the 
surgical procedure with a current of <1 mA (mostly 
0.1–0.5 mA).

Motor evoked potentials for FN monitoring, also 
known as facial motor evoked potentials (FMEPs) 
(Moskowitz et al. 1991): FMEPs were obtained from 
electrodes inserted into the stylomastoid foramen, 
through which the FN traveled. The transcranial elec-
trical stimulation was performed using corkscrew-like 
electrodes inserted into the scalp and positioned at CZ 
and at C3 or C4 for left-side or right-side stimulation, 
respectively. Stimulation was applied contralateral to 
the affected side using one, three, or five rectangular 
pulses of 200–600 V, with 50 s of pulse duration and an 
inter-stimulus interval of 2 ms. The number of pulses 
and stimulus intensity were increased according to 
facial and hand MEP responses. A train-of-five pulse 
was used only in cases of an unsatisfactory response to 
a train-of-three pulse.

Anesthesia techniques
All of the patients were placed under general anesthesia, 
which was induced with fentanyl (3 μg.kg−1), propofol 
(2 mg.kg−1), and cisatracurium (0.15 mg.kg−1). Anes-
thesia was maintained with fentanyl (0.4 μg.kg−1.min−1) 
and propofol 5 mg.kg−1.h−1). Cisatracurium was dis-
continued, and the minimal alveolar concentration 
(MAC) of sevoflurane was limited to <0.5.

Surgical procedures
All tumors were resected via the retrosigmoid approach 
in both the controls and the 29 patients with IONM. 
The patients were positioned in a lateral decubitus pos-

Tab. 1. The baseline data in two groups[n(%), χ±S].

Monitored 
group

Control 
group

Case number 29 24

Gender a Male 13(44.8) 10(41.7)

Female 16(55.2) 14(58.3)

Age(year) b 48.38±9.01 50.58±8.91

Characters of VS a,b Diameter 
(mm)

40.34±7.19 41.46±9.06

Solid 20(69.0) 19(79.2)

Cystic 9(31.0) 5(20.8)

HB grade of FN c Grade I 22(75.9) 19(79.2)

Grade II 4(13.8) 4(16.7)

Grade III 3(10.3) 1(4.2)

Grade IV 0 0

Grade V 0 0

Grade VI 0 0

a χ2 test:There are no significant differeces in male/female 
ratio(p=0.817>0.05) and solid/cystic ratio(p=0.096>0.05) between 
two groups.
b t test: There are no significant differeces in ages(p=0.377>0.05) 
and diameters of VS(p=0.620>0.05) between two groups.
c rank-sum test: There is no significant differece in HB 
grade(p=0.705>0.05) between two groups.
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ture. Retromastoid craniotomy was performed. The 
dura was opened under the microscope in semilunar 
fashion parallel to the course of the sigmoid sinus. After 
sufficient release of cerebrospinal fluid from the cistern 
magna, the posterior surface of the tumor was exposed. 
The capsule was then opened and debulked with an 
ultrasonic surgical aspirator until the tumor’s mass was 
significantly reduced. The IAC was drilled in a lateral 
to medial direction, the intrameatal part of the VS was 
removed, and the FN was identified. The FN was care-
fully protected when being separated from the VS’s cap-
sule. Subtotal removal was performed when the tumor 
was tightly adherent to the facial nerve or brain stem 
to preserve function and avoid complications. Careful 
hemostasis was performed, and the drilled area of the 
IAC was sealed. The dura was sutured in a watertight 
fashion, the bone flap was replaced and fixed, and the 
incision was closed.

Follow-up of FN function
Postoperative FN function at 2 weeks and 3 and 6 
months after surgery were evaluated according to the 
HB grade (House et al. 1985). Grades I and II were con-
sidered to indicate good function, and grades III and VI 
poor function.

Data analysis
All data were analyzed using SPSS 18.0 (SPSS, Chicago, 
IL, USA). Measurement data were expressed as the 
mean ± SD. Statistical significance was evaluated using 
the t-test. Numerical data were expressed as a percent-
age. Statistical significance was evaluated using the χ2 

test for unordered variables, whereas the rank-sum test 
was used for ordered variables. A value of p<0.05 was 
considered to indicate significance.

RESULTS
Among the 53 patients with large VSs, the FN was 
localized in the anterior middle position in 45 cases, 
anterior upper in 1 case, anterior lower in 5 cases, and 
interior in 2 cases. The intraoperative FN locations are 
shown in Table 2.

There were two cases (6.9%) of subtotal resection in 
the monitored group and one case (4.2%) in the con-
trol group. The difference was not significant (p=0.672: 
based on significance at >0.05). The VS removal rates 
are shown in Table 3.

All four cases of incomplete FN removal were in the 
control group, where the FN was localized around the 
internal auditory foramen. There was a significant dif-
ference between the two groups (p=0.024: <0.05). The 
anatomical integrity of the FN is shown in Table 4. 

The HB grades were as follows at the three postop-
erative time points.

Two weeks postoperatively: Control group: HB 
grade I in 5 cases, HB II in 8, HB III in 4, HB IV in 5, 
HB V in 2. Monitored group: HB I in 16, HB II in 5, HB 

III in 4, HB IV in 3, HB V in 1. The differences between 
the two groups were statistically significant (p=0.023: 
<0.05). The HB grades are shown in Table 5.

Three months postoperatively: Control group: HB 
grade I in 7, HB II in 7, HB III in 5, HB IV in 4, HB V in 
1. Monitored group: HB I in 18, HB II in 4, HB III in 4 
HB IV in 2, HB V in 1. The differences between the two 
groups were statistically significant (p=0.034: <0.05). 
The HB grades are shown in Table 6.

Six months postoperatively: Control group: HB 
grade I in 11, HB II in 6, HB III in 3, HB IV in 3, HB V 
in 1. Monitored group: HB I in 21, HB II in 6, HB III in 
1, HB IV in 1. The differences between the two groups 
were statistically significant (p=0.027: <0.05). The HB 
grades are shown in Table 7.

DISCUSSION
Because the FN is adjacent to VSs, it is sometimes 
compressed so tightly that it is not visible. It is then 
easily injured during separation because it has become 
extraordinarily thin or is adherent to the VS. In addi-
tion, the exact sites of FNs are uncertain. According to 
our survey (Table 2), most of the FNs (84.5%) in this 
study were located anteroinferior to the VS, which made 

Tab. 2. The intraoperative location of FN[n(%)].

Location N(%)

Anterosuperior 1(1.9)

Anteromedian 5(9.4)

Anteroinferior 45(84.9)

Interior 2(3.8)

Posterior 0

Sum 53

Tab. 3. The remaval ratios of VS[n(%)].

Groups Total-resection Subtotal-resection

Control group 23(95.8) 1(4.2)

Monitored group 27(93.1) 2(6.9)

Sum 50 3

Tab. 4. The anatomical integrity of FN[n(%)].

Groups Complete Incomplete

Control group 20(83.3) 4(16.7)

Monitored group 29(100) 0

Sum 49 4
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them invisible because the VS was obstructing any view 
of them. In one case, the FM was enfolded by the VS, 
making it vulnerable to injury during tumor resection. 
As reported by Wiet et al. (Wiet et al. 2001), the risk of 
FN dysfunction in the presence of a large VS is sixfold 
greater than that in patients with small tumors.

The factors causing FN impairment could be divided 
into three general aspects, according to our experience: 
(1) mechanical injury: when the FN was compressed, 
stretched, or even cut; (2) heat injury: when electroco-
agulation was used frequently near the FN; (3) ischemic 
injury: when supply arteries or drainage veins of the FN 
were damaged. For neurosurgeons, application of IONM 
offers help in reducing mechanical injury because it 
gives a real-time warning. As for heat or ischemic injury, 
the neurosurgeon’s experience and skills count more.

There have also been cases in which FN function 
deteriorated 3 days after the operation for unknown 
reasons. These cases are defined as delayed facial palsy 
(Grant et al. 2002). Franco-Vidal et al. (Franco-Vidal et 
al. 2004) thought this situation was caused by a varicella 
zoster viral infection. Kuhn et al. (Kuhn et al. 2012), 
studying a cell culture model of facial palsy resulting 
from reactivation of latent herpes simplex type I virus, 
supported that idea. Our studies found seven patients 
with symptoms of varicella zoster virus who developed 
delayed facial palsy, which also supports that idea to 
some extent.

Other factors that may influence the FN prognosis 
vary, including the surgical approach. There are three 
main surgical approaches for VS: middle cranial fossa, 
retrosigmoid, and translabyrinthine (Ansari et al. 2012). 

A systematic review (Gurgel et al. 2012) of the English-
language literature from PubMed published from 1985 
to 2011 suggested that there was no significant differ-
ence in FN outcomes between the translabyrinthine 
and retrosigmoid approaches. Hillman et al. (Hillman 
et al. 2010) reviewed facial nerve outcomes of patients 
whose surgery was undertaken via the retrosigmoid 
or middle fossa approach for the prior 15 years. They 
concluded that the retrosigmoid approach for VS pro-
duces better short-term facial nerve results and a higher 
percentage of HB grade I results than the middle fossa 
approach. The retrosigmoid approach was used in all of 
our patients because it is well known to neurosurgeons 
and allows panoramic visualization of the cerebellopon-
tine angle and the area posterior to the IAC, which is a 
versatile route for tumors of any size regardless of pre-
operative hearing status (Hillman et al. 2010).

The cystic change in VS may also influence the 
prognosis of the FN. A systematic review (Thakur et al. 
2012) of English-language literature published between 
1990 and 2011 was performed using various search 
engines including PubMed, Google Scholar, and the 
Cochrane database. It revealed that FN outcomes are 
worse in patients undergoing resection of a cystic VS 
(CVS) than in those undergoing resection of a solid VS 
(SVS). This conclusion may be based on the fact that 
the CVS is considered to be more aggressive and less 
predictable than the SVS. In addition, CVS is notori-
ously found to be adherent to neurovascular structures 
(especially the FN), which makes resection difficult. To 
avoid these biases, we proposed a comparable baseline 
(Table 1) for each group.

Tab. 5. HB grade at 2nd week[n(%)].

Groups I II III IV V VI

Control group 5(20.8) 8(33.3) 4(16.7) 5(20.8) 2(8.3) 0

Monitored group 16(55.2) 5(17.2) 4(13.8) 3(10.3) 1(3.4) 0

Sum 21 13 8 8 3 0

Tab. 6. HB grade at 3rd month[n(%)].

Groups I II III IV V VI

Control group 7(29.2) 7(29.2) 5(20.8) 4(16.7) 1(4.2) 0

Monitored group 18(62.1) 4(13.8) 4(13.8) 2(6.9) 1(3.4) 0

Sum 25 11 9 6 2 0

Tab. 7. HB grade at 6th month[n(%)].

Groups I II III IV V VI

Control group 11(45.8) 6(25.0) 3(12.5) 3(12.5) 1(4.2) 0

Monitored group 21(72.4) 6(20.7) 1(3.4) 1(3.4) 0 0

Sum 32 12 4 4 1 0
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Thus, protecting the FN is still a challenge for neu-
rosurgeons. The application of IONM is considered one 
of the most useful tools for improving the anatomical 
integrity and preserving function of the FN (Rahimpour 
et al. 2016). The size of the VS must also be considered, 
however. The larger the VS, the worse are FN outcomes, 
regardless of whether IONM is applied. Typically, 
IONM is accomplished using two techniques (Acioly 
et al. 2013): EMG and FMEP. The electrode recording 
positions for each of these techniques were described 
earlier in the article. There are two EMG types, free-run 
and triggered, each with a different purpose.

Free-run EMG is used to detect facial movements 
in response to mechanical trauma to the FN during 
surgical manipulation. Interference with its function-
ing, however, is a disadvantage. At the beginning of the 
surgical procedure, it shows a baseline that reflects no 
mechanical trauma. Later, however, it may experience 
interference caused by certain electrical items, such as 
a cellphone or anesthesia machine (Figure 1). Electro-
coagulation usage could also interfere (Figure 2) but is 
easy to identify as all of the electrodes show irregular 
waveforms. Figure 3 shows a positive waveform but 
from electrode for cranial nerve (CN) VII (mentalis 
muscle), which alerts the surgeon to mechanical trauma 
on parts of the FN (innervating mentalis muscle). In 
that situation, the neurosurgeon should change the 
strategy to avoid FN injury.

For triggered EMG, a stimulating probe is used to 
generate compound muscle action potentials (CMAPs) 
that are recorded through the electrodes noted earlier. 
A ground electrode is additionally positioned at the 
forehead as an adjunct for tracing the FN. Thus, if a 
tissue is stimulated with a CMAP, it must be a nerve 
that should be protected. This technique also has some 
disadvantages, however, as is revealed in Figure 4. If the 
probe nears electrodes for CN V–VII, for example, at 
set 3 (12:33:04), CNs V–VII are all stimulated. To avoid 
this situation, surgeons should stimulate the nerve more 
precisely. Alternatively, the electrophysiologist could 
adjust the parameters to identify the nerves. Activa-
tion of trigeminal motor fibers typically produces EMG 
responses within 2–4 ms, whereas facial responses are 
obtained rather late, at 5–8 ms (Lefaucheur et al. 2009).

Aside from localization, the other use for triggered 
EMG is to predict FN outcomes. Studies (Fenton et al. 
1999) have shown that immediate FN function was 
strongly predicted by stimulus intensity, such that the 
immediate FN function would be HB grade I or II 
when the stimulus intensity was 0.1–4.0 mA, whereas 
HB grade IV or worse would indicate an intensity of 
>10 mA.

Recently, the FMEP technique has been considered 
a method for predicting FN function. Acioly et al. 
(Acioly et al. 2013) indicated that FMEP loss was always 
related to postoperative facial paresis, although to dif-
ferent degrees. Our data were in accord with theirs. For 
example, Figure 5 shows that there was no difference in 

Fig. 1. EMG shows a baseline that reflects no mechanical trauma.

Fig. 2. EMG shows interference by electrocoagulation usage.

Fig. 3. EMG shows a positive waveform from electrode for CN VII.

FMEPs from 09:53:40 to 14:59:27, so it predicted good 
FN function (HB grade I or II). Follow-up of FN func-
tion confirmed those results.
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With the help of IONM, neurosurgeons could be 
more careful during resection of a VS, which could 
result in more subtotal removal of tumors. Table 3 
shows that the monitored group included two cases 
(6.9%) of subtotal resection, and the control group had 
one case (4.2%), with no significant difference between 
the two groups (p=0.672: >0.05). These figures indicate 
that experienced surgical skills also play a crucial role 
in FN protection.

Postoperatively, there was a significant difference in 
the anatomical integrity of the FN (Table 4) and in FN 
function (Table 5–7). Anatomical preservation of the 
FN was 93.1%, which was in accord with other studies 
(Youssef et al. 2009; Rabelo et al. 2011; Oh et al. 2012). 
We therefore concluded that the application of IONM 
contributes to the anatomical integrity and functional 
preservation of the FN during the surgical treatment of 
large VSs. It must be noted, however, that there was no 
difference in tumor size between two groups.

Anesthesia techniques play a vital role in IONM. 
The neuromuscular blocking agents were a priority, 
although it has also been reported (Yingling et al. 1992) 
that a short-acting agent (i.e., succinylcholine) may be 
administered during tracheal intubation because it is 
expected to be cleared during the surgical approach 
time, returning to normal status before reaching the 
critical stages of the surgery. Our anesthesia protocol 
used cisatracurium only during induction, with none 
added for maintenance. In addition, sevoflurane could 
restrain FMEPs, so the sevofluane MAC was limited to 
<0.5, which guaranteed the validity of the FMEP proce-

dure. Finally, protection of the FN requires cooperation 
of all involved, including neurosurgeons, nurses, anes-
thetists, and electrophysiologists.

CONCLUSION
Despite the advances in microsurgical techniques, the 
application of IONM could prove to be a valuable tech-
nique for achieving optimal microsurgical resection of 
large VSs while maintaining the anatomical integrity 
and function of the FN.
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