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Abstract

Background: Preservation of anatomic integrity and function of the cranial nerves during the removal of skull base
tumors is one of the most challenging procedures in endoscopic endonasal surgery. It is possible to use
intraoperative mapping and identification of the cranial nerves in order to facilitate their preservation.

The purpose of this study was to evaluate the effectiveness of intraoperative trigger electromyography in
prevention of iatrogenic damage to the cranial nerves.

Methods: Twenty three patients with various skull base tumors (chordomas, neuromas, pituitary adenomas,
meningiomas, cholesteatomas) underwent mapping and identification of cranial nerves during tumor removal
using the endoscopic endonasal approach in Department of Neurooncology of Federal State Autonomous
Institution “N.N. Burdenko National Medical Research Center of Neurosurgery” of the Ministry of Health of the
Russian Federation from 2013 to 2018. During the surgical interventions, mapping and identification of the cranial
nerves were carried out using electromyography in triggered mode. The effectiveness of the method was evaluated
based on a comparison with a control group (41 patients).

Results: In the main group of patients, 44 nerves were examined during surgery using triggered electromyography.
During the study, the Ill, V, VI, VI, and XII cranial nerves were identified intraoperatively. Postoperative cranial nerve
deficiency was observed in 5 patients in the study group and in 13 patients in the control group. The average
length of hospitalization was 9 days.

Conclusion: We did not receive statistically significant data supporting the fact that intraoperative identification of
cranial nerves using trigger electromyography reduces the incidence of postoperative complications in the form of
cranial nerve deficits (p = 0.56), but the odds ratio (0.6) suggests a less frequent occurrence of complications in the
study group.

Based on our experience, the trigger electromyography methodology appears quite promising and requires further
research.
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Introduction

Over the last 30 years, the microsurgical transsphenoidal
approach has been widely used for removal of skull base
tumors [1-4]. With the development of endoscopic tech-
nologies, the endoscopic endonasal transsphenoidal ap-
proach has become the gold standard for surgical removal
of central skull base tumors [5-9].

During any surgical intervention on the base of the skull,
there exists an inherent potential risk of damage to neuro-
vascular structures, such as the internal carotid artery,
anterior cerebral arteries, and cranial nerves, which can
lead to temporary or permanent neurologic deficit [10].

The frequency of iatrogenic cranial nerve injuries in
skull base surgery using different methods of intraopera-
tive identification ranges from 2% to 47% [11-14]. With-
out neurophysiological identification, the incidence of
cranial nerve injury has been reported to range from
14% to 68% [12, 15].

Neurological complications in the form of functional
deficiency of the cranial nerves can be predicted and
prevented using intraoperative neurophysiological moni-
toring [10, 16-18].

For the identification of cranial nerves, two main tech-
niques are usually used: free-run electromyography (fFEMGQG)
and triggered electromyography (t-EMG). F-EMG has a
lower sensitivity in detecting cranial nerve deficits during
endoscopic endonasal surgery of skull base tumors, since
EMG activity is only observed after mechanical or electrical
(cautery) manipulations on the cranial nerves [18, 19].

With t-EMG, changes occur after electrical stimulation
of the cranial nerves by a monopolar or bipolar elec-
trode, which leads to the formation of a compound
muscle action potential —CMAP [17, 20]. Thus, t-EMG
allows to determine the location of a cranial nerve be-
fore coming into direct contact with it, and, therefore,
reduces the risk of iatrogenic damage during all stages of
tumor removal [21].

In this regard, intraoperative identification of cranial
nerves during transnasal endoscopic surgery is highly
preferred. The purpose of this study was to evaluate the
effectiveness of t-EMG in preventing intraoperative
iatrogenic damage to the cranial nerves.

Materials and methods

The presented study includes 23 patients (16 women and
7 men) of an average age of 52.9 years (26—72 years old),
who underwent surgical treatment at department of
neurooncology of Federal State Autonomous Institution
“N.N. Burdenko National Medical Research Center of
Neurosurgery” of the Ministry of Health of the Russian
Federation from 2013 to 2018. During all surgical inter-
ventions in the study group, mapping and neurophysio-
logical identification of the cranial nerves in the triggered
mode were carried out.
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The criteria for the inclusion of patients in the study
group were as follows: age from 18 to 75 years, intra-
dural extension of the tumor of the base of the skull,
extension of the tumor into the region of localization of
the cranial nerves, and intraoperative neurophysiological
identification of at least one cranial nerve.

The technique of intraoperative identification of the
cranial nerves used by us was described in detail in a
previously published paper [22]. Briefly, for identifica-
tion, needle electrodes are inserted into the muscles in-
nervated by the corresponding nerves. For the mapping
and identification of cranial nerves, rhythmic electrosti-
mulation using solitary pulses with a frequency of
4.7 Hz, and a stimulus duration of 0.1 ms is carried out.
The current varies from 2 to 16 mA. The registration of
muscle motor responses is carried out in triggered EMG
mode with an analysis period of 20 ms and sensitivity of
50 pV/Div. As anesthetic support, total intravenous
anesthesia (TIVA) technology is used. For tracheal in-
tubation, a muscle relaxant (rocuronium 0.6 mg/kg) of
moderate duration is used.

To evaluate the effectiveness of the method, the data
was compared with that in a control group of 41 pa-
tients (23 men, 18 women) with an average age of
46.3 years (16—73 years old).

All patients were operated on by the same neurosurgeon
at the department specializing on skull base surgery. The
distribution of patients in the control and study groups
according to diagnosis is presented in Fig. 1.

The neurologic status (including functional activity of the
cranial nerves) of patients was evaluated before surgery, on
the first day after surgery, and at follow-up examinations.

CT scan of the brain on the first day after surgery was
performed in all cases.

For the control group, similar inclusion criteria were
used, but intraoperative identification of the cranial
nerves was not carried out.

The degree of tumor resection was evaluated accord-
ing to the radicality scale proposed by Frank G. and
Pasquini E. (2002):

1. Radical removal, when there are no signs of a tumor
on contrast-enhanced CT and/or MRI images.

2. Subtotal removal, when the remaining portion of the
tumor is less than 20% of the original tumor size.

3. Partial removal, when the remaining portion is less
than 50% of the original tumor size.

4. Insufficient removal, when the remaining portion of
the tumor is 50% or more of the original tumor size.

When evaluating the degree of tumor resection, CT
and/or MRI data at the time of discharge were compared
with the data of the control studies at 3 and 6 months
after surgery.
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Fig. 1 Patient distribution by diagnosis. a Study group (n = 23). b Control group (n=41)
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Data on the nature of the surgery, depending on the
location of the tumor, and on the initial neurologic status
and postoperative complications are presented in Table 1.

To compare the groups, Fisher’s exact test and the
Cochran-Armitage trend test were used. The significance
threshold (a) for rejecting the null hypothesis was set in
accordance with the generally accepted value of 0.05.
When comparing the groups, odds ratios (OR) and 95%
confidence intervals (CIs) were also calculated. Statistical
analysis was carried out in the programming language R
version 3.4.2 using Rstudio version 1.1.383.

Results

From 2013 to 2018, 23 study group patients and 41 con-
trol group patients were operated on at our institute. All
surgical interventions were performed using the endo-
scopic endonasal transsphenoidal approach.

The results of surgical treatment were evaluated based
on control CT and/or MRI data (Fig. 2). In the study
group, 10 out of 11 chordomas were removed totally, and
1 subtotally, all neuromas (5) were removed totally, all
meningiomas (2) were removed subtotally, all pituitary ad-
enomas (3) were removed totally, and the cholesteatoma
and chondroid-chordoma were removed subtotally. Thus,
total removal of the tumor was achieved in 78% of the
cases, and subtotal removal in 22% of the cases. In the
control group, total tumor removal was achieved in 65.9%
of the cases (27/41), subtotal removal in 19.5% (8/41), and
partial removal in 14.6% (6/41) of the cases.

All patients in the study group underwent intraoperative
identification of the cranial nerves (CN). The III, V, VI,
VII, and XII cranial nerves were identified. The number of
mapped cranial nerves is presented in Table 2.

In the study group, the incidence of complications in
the form of cranial nerve function deficit amounted to
21.7% (5 patients). In one case, paresis of an intraoperatively

unidentified nerve developed: CN VI was not identified
intraoperatively in a patient with a trigeminal neuroma
in the right cavernous sinus. The paresis was noted in
the early postoperative period and regressed 3 months
after the surgery. In three cases, paresis of intraopera-
tively identified cranial nerves developed.

In the first case, paresis of CN III deteriorated in a pa-
tient with a neuroma of the right cavernous sinus, which
did not regress within 3 months (before surgery the par-
esis was less pronounced). In the second case, paresis of
CN VI developed in a patient with a giant cholesteatoma
(Fig. 3) of the base of the skull, which also did not regress
within 3 months (before the surgery there was no paresis).
In the third case, paresis of CN VI developed in a patient
with a giant meningioma of petroclival localization (there
was no paresis before surgery). Detailed data on all clinical
observations are presented in Table 1.

The incidence of complications in the form of cranial
nerve function deficit in the control group was 31.7%
(13 patients). In most of these cases (8/13), there was a
new paresis or a deterioration of an existing paresis of
the abducent nerve. In 6/13 cases, there was a new par-
esis or a deterioration of an existing paresis of the oculo-
motor nerve. One patient developed a paresis of the
trochlear nerve (Table 3). Postoperative nerve injury was
not related to brain tissue swelling or intraoperative area
hemorrhage in any case (it was confirmed by CT on the
first day after surgery).

The average length of hospitalization was 9 days.

Group comparison

The assessment of the statistical differences between the
groups was carried out using an exact Fisher test (due to de-
viation from the theoretical chi-square distribution). When
comparing the study and control groups with and without
paresis of unidentified nerves, no significant differences were
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Fig. 2 Results of surgical treatment based on control CT and/or MRI data
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found (p values of 0.56 and 0.22, respectively). At the
same time, the calculated odds ratios indicate a less
frequent occurrence of complications in the study
group: OR=0.6 (CI 0.2-2.0) and 0.39 (CI 0.06-1.7)
when comparing patients with and without paresis in
unidentified nerves, respectively.

Discussion

Because of the intimate proximity between the struc-
tures of the base of the skull and the neurovascular
structures (internal carotid artery, anterior cerebral ar-
tery, and cranial nerves III to XII), even minimally inva-
sive endoscopic endonasal surgical interventions are
associated with the potential risk of their iatrogenic
damage, which can lead to a decrease in the quality of
life of the patients [23-25]. Due to this risk, monitoring
of the functional integrity of cranial nerves during endo-
scopic endonasal surgery is of great importance [26].

For the purposes of this study, we used t-EMG for in-
traoperative mapping and identification of cranial nerves
during endoscopic endonasal surgery of skull base tu-
mors. In published studies, it has been shown that the
use of t-EMG during surgical removal of various skull
base tumors can reduce the risk of postoperative neuro-
logical complications associated with functional cranial
nerve deficiency [19, 21].

The absence of M-responses when an impulse is ap-
plied to a CN may be a sign of complete damage of the
nerve trunk. However, if M-responses can be obtained

with increased current strength, partial nerve damage is
likely. This phenomenon can serve as a predictor of postop-
erative deficiency [27]. In our study, postoperative deficits
of the cranial nerves that were identified intraoperatively
were observed in three cases. It must be noted, that the
current strength was not increased for the identification of
these nerves. The development of functional deficiency of
the cranial nerves, which were identified intraoperatively,
does not allow us to affirm the prognostic significance of
the use of t-EMGQ at this stage of research.

Intraoperatively, we examined the functional integrity
of cranial nerves III, V, VI, VII, and XII. Surgical treat-
ment of tumors extending into the cavernous sinus, the
upper orbital gap, and the petroclival region is associated
with a significant risk of functional and structural dam-
age to the extraocular cranial nerves [28-30]. Diplopia
after intraoperative injury to the extraocular cranial
nerves can have a serious impact on the quality of life of
the patient, as loss of stereoscopic vision can be associated
with a risk of visual field narrowing, secondary amblyopia,
and even functional blindness [17, 20]. Functional deficit
of CN IV leads to less significant defects in eye movement
than deficit of cranial nerves III and VI [31]. Based on our
observations (in the study group), the postoperative func-
tion of CN VI (three cases) deteriorated most often, which
is in line with literature data [27, 32]. The extension of the
endoscopic endonasal approach to the clival region also
necessitates monitoring of the caudal group of cranial
nerves [18, 33]. In one clinical observation (a giant skull

Table 2 Cranial nerve monitoring and mapping statistics and corresponding current parameters

Cranial nerve Il \% Vi VI Xl
Number of patients monitored 10 6 18 2 1
Number of mapped nerves 12 6 23 2 1
Average current 4-6 mA 4-10 mA 4-10 mA 4-10 mA 4-10 mA
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the tumor

Fig. 3 Clinical case. Patient no. 19 in Table 1. a MRI before surgery. Giant cholesteatoma in a 33 years old female patient (she was previously
operated three times). b Intraoperative photograph. BA basilar artery, BS brain stem, T tumor. ¢ MRI 4 months after surgery. Partial removal of

—_—

Bipolar
stimulation

base cholesteatoma), we were able to identify and
map, as well as preserve the functional and anatomic
integrity of CN XIL

In our study, intraoperative identification and mapping
of cranial nerves did not reduce the radicality of the sur-
gical interventions, but, in fact, allowed it to be extended
(78% in the study group vs 65.9% in the control group).

We did not obtain a statistically significant confirmation
that the intraoperative identification of cranial nerves

Table 3 Postoperative complications in the study and control
groups

No complications Paresis (paresis of

identified nerves)
Study group 18 5()
13 ()

Control group 28

using t-EMG reduces the incidence of postoperative com-
plications in the form of cranial nerve deficit (p > 0.05),
but the odds ratio (OR = 0.6) suggests a less frequent oc-
currence of complications in the study group. We specu-
late that the hypothesis centering on the notion of
decreased postoperative complication rates due to the use
of ttEMG can be validated through a study involving a
bigger patient cohort.

Conclusion

The results of our study did not provide a statistically
significant confirmation that intraoperative identification
of cranial nerves using t-EMG reduces the incidence of
postoperative complications in the form of cranial nerve
deficit (p = 0.56). However, the odds ratio (0.6) does in-
deed suggest a less frequent occurrence of complications
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in the group of patients, which underwent surgery with
t-EMG support.

We consider the t-EMG methodology is promising,
even though it unquestionably requires further research.
More studies are needed with a selection of larger
groups of patients to confirm or refute the importance
of using the described technique in reducing the fre-
quency of postoperative complications associated with
cranial nerve deficiency.
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