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ABSTRACT

BACKGROUND. Intraoperative neural monitoring (IONM) has begun to be studied in detail by surgeons around the world
since several decades ago from the need to verify functional integrity of the neural elements. Parotid gland surgery requires a
thorough knowledge of the anatomy of this region by ENT surgeons. Also, the surgeons performing parotid surgery need to
have important strategies of management which include: handiness to identify facial nerve, dissection nerve branches and ap-
plication of neuromonitoring in order to preserve nerve functions.

OBJECTIVE. This study has analysed the usefulness of intraoperative continuous monitoring in superficial or in total paroti-
dectomy. It identifies the facial nerve and reduces the risk of postoperative facial palsy. We have been using intraoperative
continuous monitoring - evoked facial nerve electromyograms (EMG).

MATERIAL AND METHODS. Continuous intraoperative facial nerve monitoring was prospectively achieved in the case of
three patients diagnosed with benign tumors, on which parotidectomy with the preservation of the nerve was carried out in
order to highlight the value and efficacy of this method.

RESULTS. In our country, continuous intraoperative facial nerve monitoring performance is still not a common practice in
ENT Departments. It revealed postoperatively that the incidence of temporary or permanent facial palsy was 0% and the
minimal stimulation was obtained at levels equal to 0,5 mA, which implies integral functioning of the facial nerve.
CONCLUSION. In parotid surgery, facial nerve IONM represents the gold standard in recognition of real-time electrophysi-
ological signals, electromyography waves and auditory signals to enable the correct approach wherever possible, avoiding ex-
tensive nerve damage. Itis known the importance of continuous IONM in postoperative prognosis of the neural function and
intraoperative decision making regarding the technical surgery.

KEYWORDS: electrophysiologic intraoperative neural monitoring, facial nerve stimulation, continuous intraoperative moni-
toring, parotidectomy

INTRODUCTION

The capacity of intraoperative neural monitoring
(IONM) devices is to transform muscle activity into
acoustic and electromyographic signals recorded and
displayed in detail on the monitor. For the practical
use of continuous IONM, we have elaborated standard
protocols. Also, precise algorithms have been analysed
- EMG spike waves, confirming the presence of spon-
taneous intraoperative electrical responses and the
responses after direct stimulation to check the integ-
rity of the nerve at the end of the surgery. Intraopera-

tive strategies of management involving facial nerve
identification and neuromonitoring perioperative re-
sults are very important objectives that take account of
the specialists in medico-legal litigation on the parotid
gland tumoral pathology. Facial nerve dysfunction can
cause medium to long-term psychological impact, sig-
nificant cosmetic defects and functional morbidity:
facial asymmetry, facial spasms, ocular complications
—lagophthalmy and affected taste'. At the present mo-
ment, intraoperative electrophysiologic facial nerve
monitoring is used by the surgeons performing pa-
rotid gland surgery around the world. Continuous in-
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traoperative neuromonitoring has an important value
during parotidectomy, especially regarding preserva-
tion of the anatomy and function of the facial nerve,
which is one of the principal goals®.

Electrophysiological parameters of intraoperative
facial nerve stimulation and monitoring are: stimulus
amplitude, nerve stimulation threshold and latency.
We will assess the effect of these electrophysiological
parameters during facial dissection and superficial or
total parotidectomy.

We are able to record changes in the amplitude of
the compound muscle action (CMAP) continuously
throughout the surgery by stimulating the facial nerve,
exactly where the trunk of the facial nerve exits the
skull at the stylomastoid foramen. These records can
be achieved if the CMAP amplitude is preserved more
than 50% at the end of the surgery; then, the probabil-
ity of severe facial nerve palsy is very low®.

Our approach regarding FNM (facial nerve moni-
toring) in extracranial surgeries of the parotid gland
integrates: percutaneous preoperative mapping, intra-
field intraoperative mapping and a continuous CMAP
monitoring throughout the surgery. The advantage of
this modern technique is the ability to detect early
signs of nerve stress in response to surgical manipula-
tions by recording decrements in CMAP amplitude
and using those values as neurophysiologic warnings
to alert the surgeon before the FN is severely injured.

MATERIAL AND METHODS

Our prospective study was carried out at “’Sfanta
Maria” Hospital — Otolaryngology Department on a
group of three patients diagnosed with benign parotid
tumors. Intraoperative continuous electromyographic
monitoring in superficial or total parotidectomy with
intraoperative/postoperative facial nerve evaluation
was performed in order to highlight the efficacy of this
electrophysiological technique in decreasing the inci-
dence of permanent lesions in the extracranial por-
tion of the facial nerve.

Instrumentation

For performing monitoring of the facial nerve dur-
ing the research project, our clinic has acquired the
NATUS VIKING SYSTEM: EMG/EP 8 channels Soft-
ware Viking EDX ver.20.1. IOM+PEEG.

Operative policy and surgical result

All patients with tumoral pathology also underwent
a magnetic resonance imaging (MRI) study prior to
the surgery, which was interpreted by the same radi-
ologist. In all three interventions, given the benign
character of the tumor, we assessed the complete re-
moval followed by the excision of the involved parotid

lobe. The purpose is to remove as much of the parotid
tumoral mass as possible, along with the lobe, without
damaging the nerve and therefore the facial muscles:
frontalis, orbicularis oculi, nasalis, orbicularis oris,
mentalis. The complete resection of the tumor is im-
portant because of the recurrence risk that subtotal
resection might hold and also because of the pressure
effect on the neighbouring structures*.

All three cases were attended by the same surgeon in
the classical Redon approach. The facial nerve was dis-
covered near the stylomastoid foramen and dissection
was performed following every branch of the nerve
until the complete removal of the tumor and the lobe*.

There were no intraoperative injuries of the nerve
and no facial palsy after the intervention for any of the
three cases.

Anaesthesia

Anaesthesia was maintained by inhalational anaes-
thetics without a muscle relaxant unless intubation
was difficult. In general, local administration of lido-
caine was avoided. To obtain electrical responses —
EMG potentials (CMAP) with appropriate amplitude,
a particular type of anaesthesia has been induced to
avoid muscle relaxation, specifically: sevoflurane inha-
lation with oxygen and a significant percentage (70%)
of nitrous oxide’. In this type of anaesthesia, opioids
are frequently used but they cause a low potential
evoked motor response. In patients, during parotidec-
tomy, propofol- an aesthetic from the opioid category-
was administered. However, propofol has a depressive
effect in high doses on muscles causing loss CMAP
amplitude®®. To avoid the dose-dependent effect, min-
imum doses of propofol (100-200pg/kg/min) have
been used®.

Procedure

Three cases were studied: a 57-year-old female diag-
nosed with pleomorphic adenoma of the deep parotid
lobe, a 53-year-old male with pleomorphic adenoma of
the superficial parotid lobe and a 61-year-old male
with Warthin’s tumor situated also in the superficial
lobe of the parotid. In the first two cases, we have per-
formed a total parotidectomy with thorough dissec-
tion of all branches and preservation of the facial
nerve that was adjacent to the tumor (Figure 1). The
third case underwent partial parotidectomy with iden-
tification and preservation of the facial nerve.

For recording CMAP responses, disposable twisted
pair subdermal needle electrodes (Disposable Subder-
mal Needle or Disposable Corkscrew Electrode) were
inserted into the monitored muscles: orbicularis oculi,
orbicularis oris in order to perform electrical stimula-
tion. Recording muscle electrodes were placed: 0.5 cm
lateral to the outer wall of the bony orbit for the orbicu-
laris oculi; 0.5 cm on both sides of the upper and lower
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lip, close to the angle of the mouth for the orbicularis
oris. The correct intramuscular placement of the elec-
trodes is always checked with the impedance meter, so
that the anode and cathode impedance is minimal and
the difference between them is null (Figure 2).
Electrophysiological parameters were analysed:
waveform amplitude, latencies, duration of spicks
waves of the facial muscle after identification of the
facial nerve trunk and dissection branches. CMAP am-
plitudes of approximately 2.4 mA were recorded in
the orbicularis oculi and orbicularis oris muscles. At
the end of the parotidectomy, the records were re-
peated and EMG parameters were analysed in detail.
We stimulated the facial nerve with a bipolar portable
stimulator (Neurosign; Natus-Disposable bipolar probe).
Typical intraoperative stimulation intensity was set at
1-2mA with a duration of 50-100 ms, but the intensity has
been shorter during parotid stimulation?. The next step

Figure 1 The dissection of the facial nerve — showing: zygomatico-temporal
and cervico-facial branches

was to record the intraoperative threshold stimulation
and subsequently to compare it with the threshold stimu-
lus of the facial nerve post-parotidectomy*.

RESULTS

Identification of the facial nerve is accomplished by
using two distinct types of intraoperative monitoring:
free spontaneous EMG and continuous EMG. During
parotidectomy, we used monitoring continuously; sub-
sequently, the facial nerve was electrically stimulated
at a frequency of 2.1 Hz and, finally, we studied spon-
taneous evoked potentials.

During parotidectomy, spontaneous activation was
remarked to few motor potentials having intimate con-
tact with the facial nerve, but they are electrophysio-
logically and clinically worthless (Figure 3). Waves

Figure 2 Electrode placement: orbicularis oculi muscle and orbicularis oris
muscle
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Figure 3 Spontaneous EMG monitoring - EMG spikes (upper panels). A wave with spiking in the EMG signifies proximity

to the neural elements of the facial nerve
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with spikes in the EMG were recorded when they were
generated by the stimulation of several motor units,
signifying proximity to the neural elements of the fa-
cial nerve'"'2.

Facial nerve IONM is achieved by using real-time
electrophysiological signals, electromyography waves
and auditory signals to enable the correct approach
wherever possible, avoiding extensive nerve damage;
thus, the surgeon will change the aggressive dissection
technique.

The insertion depth of the stimulating electrode
needle and the threshold of stimulation were estab-
lished when the stimulating current elicited CMAP in
muscles innervated by all four branches of the facial

nerve. Single stimuli of 4 ms duration with a maxi-
mum intensity of 50 uV were applied if necessary, and
the repetition rate was 1 Hz. Postoperatively, we stim-
ulated both the nerve trunk and each branch of the
facial nerve and we analysed whether an electrical re-
sponse appeared on the display (amplitude, frequency,
EMG waves). The clinical significance of potential
motor-CMAP is correlated with the anatomical and
functional integrity of the facial nerve (Figure 4).

It was revealed postoperatively that the incidence of
temporary or permanent facial palsy was 0% and the
minimal stimulation was obtained at levels equal to 0,5
mA, which implies integral functioning of the facial
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Figure 4 CMAP in the orbicularis oris muscle evoked at a sub - or near-threshold intensity (2,4 mA) by electrical stimulation applied to the parotid region of the

facial nerve
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CONCLUSIONS

Continuous intraoperative monitoring of the facial
nerve is considered cutting-edge technology in pa-
rotid surgery, although it is seldom used in ENT de-
partments. It has been done successfully for the first
time in Romania at “Sfanta Maria” Hospital, which is
“Center of excellence for research of sensitive and sen-
sorial disorder mechanism and inflammatory pathol-
ogy, tumoral and obstructive upper aero-digestive
paths diseases”.

The evolution after the first utilization of the pre-
sented patients was favourable both in immediate and
“follow-up” evaluation.

The benefit of this technique is the capacity to ex-
actly identify the facial nerve trunk and branches and
also to make intraoperative changes of the electrical
signals in the muscle and the motor neurons using
evoked facial EMGs.

The important issue is to maintain constant ampli-
tude of the potentials while stimulating the nerve and
to adapt the intensity according to the lowering of the
depolarization threshold. Therefore, a medical tech-
nologist must be in charge of the permanent surveil-
lance and adjustment of the potentials.

In this way, the evoked potentials will generate
proper information regarding the nerve status; thus,
immediate postoperative and follow-up facial palsy will
be avoided, also assuring satisfactory tumoral resection.
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