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Abstract. During surgery, the nervous system is at risk if surgeon could not lo-
calize nerve’s location. In case of tumor blocked, the surgeon can completely
not visualize the nerve due to the tumor. Hence, nerve localization is very im-
portant during to operation. Generally, the neurophysiologic intra-operative
monitoring (NIOM) has alarming feature, when the surgeon irritated the nerve,
they could pre-localize the nerve. However, this alarming is quite sensitive
since it sometime alarms even when the surgeon hints other area expected the
nerve. This would makes the surgeon qualitative evaluates location of the nerve.
This study proposed the new modality of nerve localization. The nature of com-
pound muscle action potential (CMAP) was used in this study. Given a
frequency-based electrical stimulation to a targeted area, the CMAP would re-
sponse if and only if the stimulating electrode was placed directly to the nerve.
The results from preliminary study in animal revealed that applying the stimula-
tion at 30Hz and 0.3Volt with 1.5 millimeters width of a bipolar electrode gave
highest CMAP detection accuracy (97.5%).
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1 Introduction

Nerve localization during surgery is very important. For example, in the case of vesti-
bular schwannoma, cranial nerve 7" (facial nerve) possibly be damaged by the surge-
on due to a blocked tumor. If the facial nerve is permanently damaged, the patient
would be facial palsy. Presently, there is a commercialized product available called
neurophysiologic intra-operative monitoring (NIOM). The NIOM has a feature that
can alarm the surgeon when they are closing to the nerve. When a surgical tool irri-
tates directly to the nerve, there will be a spike and burst of nerve discharge appear on
a free running electromyography (EMG). This nerve discharge is then converted to
sound which the sound level indicates a level of irritation [1-3]. Therefore, the surge-
on can aware of damaging and pre-localize the facial nerve. However, this warning is
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quite sensitive. Without directly irritating to the nerve i.e. during tumor removal or
dissection, there still is a warning sound the surgeons and makes them qualitative
evaluated location of the nerve. The surgeon sometime obsoletes this warning. There
is another kind of nerve response called compound muscle action potential (CMAP),
it normally uses for facial nerve function preservation [4, 5]. Given an electrical sti-
mulus to the nerve, there will be a pulse response appears at some latency after stimu-
lus. Amplitude of the CMAP response indicates a remaining nerve function. 50%
decreasing in amplitude is considered as a safety criteria [4].

This study proposes a new technique of nerve localization that could help the
surgeon quantitative localizes the nerve. We employed the nature of the CMAP re-
sponse that it surely elicits when the stimulating electrode place exactly to the nerve.
Instead of using the alarming sound from nerve irritation, this study used stimulating
electrodes that contained electrical stimuli. We hypothesized that if we apply an elec-
trical stimulation at some frequency, the CMAP would and would not response at the
same frequency after applying the stimulus train to the nerve and other area (i.e.
around the nerve and the tumor), respectively. Hence, we could identify whether a
current position of a stimulating electrode is the nerve or not.

This work is a preliminary investigation that was studied in animal trials. The scia-
tic nerve of a rat is used for representing the facial nerve in a human. Agarose gel is
use for mimicking a tumor tissue. There are many parameters that need to be figured
out for being an optimally frequency-based electrical stimulation i.e. frequency, vol-
tage, pulse duration and the width between anode and cathode.

2 Materials and Methods

2.1  Signal Acquisition and Electrical Nerve Stimulation

The experiment was conducted under animal ethic approval. This study included 4
sciatic nerves of 2 male Sprague-Dawley rats (age, 8 weeks; weight, 300 grams). Fig.
1(a) shows an overview of the signal acquisition and the electrical nerve stimulation
systems. Bipolar needle electrodes that placed on the Tibialis anterior, Gastrocnemius,
Vastuslateralis and Semimembranosus muscles of the rat’s leg are used for EMG
signals recording. These EMG signals were sampled at 1 kHz sampling frequency and
amplified by 200 gains in the biomedical instrument named “BIOPAC MP35”
(BIOPAC systems, Inc., USA). This study used a constant voltage stimulator called
“BSLSTMB Stimulator” (BIOPAC systems, Inc., USA) for applying electrical nerve
stimulation. The BSLSTMB stimulator generates a defined voltage level and frequen-
cy to the sciatic nerve via bipolar needle electrodes as shown (See Fig. 1(b)) and also
sent the pulses feedback to the acquisition system.

The “BIOPAC BSL 4.0 MP35”software was used for electrical nerve stimulation
and signal recording setups, monitoring and recording all of the acquiring data (EMG,
pulses feedback). During the experiment, sound and video were recorded via a web-
cam synchronously with the signal acquisition time.
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Fig. 1. (a) Block diagram of signal acquisition and frequency based electrical nerve stimulation.
(b) The bipolar stimulating electrode was fixed at the width D.

2.2 Experimental Procedure

When all equipment mentioned in the Fig. 1(a) was completely setup, the experiment
was first started on the left sciatic nerve by the sequent as follows;

1. Anesthetize the rat by 80 mg/kg ketamine and 10 mg/kg xylazine and wait until
the rat was anesthesia [6].

2. Place a needle electrode subdermally to the defined locations on the operating

leg. The ground electrode was placed at the anterior part of the higher hind limb.

. Start surgery to find the sciatic nerve. Fig. 2(a) shows a picture of the sciatic nerve.

4. Perform mind irritation by a pure needle electrode and the forceps direct to nerve
and around the nerve.

5. Fix the bipolar stimulating electrodes at 1 mm width by the handmade needle
holder as shown in Fig. 1(b). This width would not greater than the targeted nerve
(approximately 1.8 mm diameter of facial nerve [7]).

W
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6. Apply the frequency based electrical stimulation directly to the nerve and around
the nerve by varying frequency' and voltage’. Fig. 2(b) was capture during the
experiment when applying electrical stimulation directly to the nerve.

7. Repeat the 5™ and 6™ sequences with 1.5 mm width of the bipolar needle elec-
trode.

8. Place a mimic tumor tissue to the nerve as shown in Fig. 2(c). This tumor phan-
tom is agarose gel that was prepared by mixing agarose powder with PBS (Phos-
phate Buffer Saline, pH 7.4). 0.65% agarose gel was considered as a realistic
brain phantom [8]. However, the density of a tumor mass is higher than brain
matter. Hence, this study used 1% agarose gel for mimicking a tumor tissue.

9. Push directly to the mimic tumor tissue by a pure needle electrode and the forceps.

10. Fix the bipolar needle electrodes at 1 mm width.

11. Apply the frequency based electrical stimulation directly to mimic tumor tissue
by varying frequency and voltage at 15, 30, 45 Hz and 0.15, 0.20, 0.25 and 0.30
volt, respectively.

12. Repeat the sequent number 2-11 to the right side of the rat’s sciatic nerve.

After both sciatic nerves were operated, the rat was terminated by over dosing at three
the anesthetic dose [6].

(a) (b) (©)

Fig. 2. Rat’s sciatic nerve; (a) the location of the sciatic nerve, (b) the sciatic nerve during sti-
mulation and (c) the mimic tumor (Agarose gel) on the sciatic nerve

2.3 CMAP Responses Detection

The recorded 4 EMG channels were filtered by digital highpass filter at 300 Hz cut
off frequency. Given electrical pulse stimulation directly to the nerve, the CMAP
response was elicited as shown Fig. 3 (red/thick line). Conversely, applying a stimu-
lus to other area, there was no CMAP response appeared after stimulation (See Fig. 3

The varied frequencies (15, 30, 45 Hz) were assumed which based on refractory period of
the neuron (10 ms) [7]. Therefore, maximum frequency should not exceed a half of 100Hz.
The varied voltages (0.15, 0.2, 0.25, 0.3 volt) were assumed according to the voltage differ-
ent of action potential (depolarization (30mV) — membrane potential (-70mV) = 100 mV)
[7]. Therefore, the stimulating voltage should higher than 0.1 volt.
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(blue/thin line)). Regarding to the characteristic of the CMAP, it has high variation
compared with none CMAP signal. Hence, we could simply detect the CMAP by
calculating the variance of the CMAP response comparing with the baseline.

Samples between 1-8 milliseconds after stimulus were segmented according to the
feedback stimulation pulse. An array of this sample was used for calculating the va-
riance. If the variance of a target array is greater than threshold x base line variance,
this response would be considered as CMAP. This base line variance was calculated
from a normal condition.
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Fig. 3. CMAP (red/thick line) and none CMAP responses (blue/thin line) after given electrical
stimulus (at time zero)

3 Results

There was no significant change of EMG signals when irritating direct and indirect to
nerve by pure needle electrode. When the nerve was irritated by the forceps (surgical
equipment), there was burst and spike of nerve discharge appeared on EMG data as
shown in Fig. 4. In addition, irritating around the nerve and onto the mimic tumor also
had those nerve discharge appeared on EMG signals.
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Fig. 4. Burst (a) and spike (b) of nerve discharge on EMG signals after irritated the nerve,
around the nerve and onto the mimic tumor by the forceps
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Fig. 5. EMG signal during applying frequency-based electrical stimulation onto the nerve,
around the nerve and mimic tumor tissue

Fig. 5 shows the EMG signal during applying frequency-based electrical
stimulation onto the nerve, around the nerve and mimic tumor tissue. The results
revealed that there was the CMAP response elecited according to the stimulus pulse
when the stimulating electrode was place right to the nerve. Conversely, placing the
stimulating eletrode to other area could not activate any CMAP response. This
information support our hypothesis and it could be used for nerve nerve localization.
The EMG channels 1 to 4 were segmented according to the stimulus pulses (see Fig. 5
(bottom line)). The segmented EMG data was calculated variance compared with the
base line variance. For offline analysis, this experiment was set the threshold at 100.
The classification result was shown in Fig. 5 (red line)) that was able to detect the
CMAP response.
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Fig. 6. The averaged CMAP detection accuracy of 4 sciatic nerves (2 rats). Red and blue bars
are averaged accuracies of CMAP detection by 1 and 1.5 millimeters width of electrode.
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Fig. 6 shows offline CMAP detection accuracy. This accuracy was averaged by 4
sciatic nerves. Red and blue bars are averaged accuracies of CMAP detection by 1
and 1.5 millimeters width of bipolar needle electrode, respectively. The stimulation
was applied in 3 frequencies (15, 30 and 45 Hz) and 4 voltage levels (0.15, 0.20, 0.25
and 0.30 volt). The results showed that increasing in voltage level, the accuracy also
increased in both 1 and 1.5 millimeters width electrode. 0% detection accuracy could
be found at lowest voltage (0.15 volt). If the voltage was high enough (0.3 volt), the
CMAP could response to entire stimulus pulse and make CMAP detection accuracy
closed to 100%. The stimulation parameters of 30Hz and 0.30 volts showed greatest
performance of CMAP detection accuracy.

4 Discussion

Burst and spike EMGs of nerve discharge were occurred when the nerve was irritated.
However, this nerve discharge could be seen even when the surgical tool irritated
other area for example; around the nerve and onto the tumor (See Fig. 4). This Burst
and spike EMGs might be caused by tumor and nerve compression [1-3]. There was
no nerve discharge after irritate the nerve by the needle. It might be caused from the
small size of the needle electrode compared with the surgical tool.

There was no CMAP response after applied an electrical stimulation pulse to other
area excepted for the nerve. This would be the new modality of nerve localization that
could make the surgeon precisely and accurately localizing the nerve. The simple
CMAP detection algorithm by calculating variance of a small sampling window
would make the system rapidly detect the CM AP response in on-line experiment.

Given electrical stimulus at low voltage sometime could not activate the CMAP re-
sponse and made the CMAP detection algorithm failed to detect. This might be
caused by the different impedance in each position of a stimulation point. This
problem could be solved by increasing the voltage level. However, applying at high
stimulating voltage might damage the nerve. Nevertheless, there is another type of
electrical stimulation called constant current stimulator which can regulate a current at
the same level even when there is difference in impedance [9]. The problem of vary-
ing impedance might be solved by this stimulator. Stimulating frequency at 30 Hz
showed a highest CMAP detection accuracy. The wider length between anode and
cathode (1.5 mm) of bipolar needle electrode show a better CMAP detection accura-
cy. However, the width of the bipolar needle electrode should not be wider than the
nerve bundle diameter. Otherwise, the nerve could not be stimulated due to the gap.

5 Conclusion

Irritating the nerve by pure needle electrode could not elicit burst or spike EMG.
Hence, it was unable to use for nerve localization. The traditional technique of using
the burst and spike EMG in NIOM could be used for nerve localization. However, the
surgeon needs to have high experience due to the burst and spike EMG were sometime
happened when the surgical equipment irritated around the nerve and onto the mimic
tumor. This nerve localization method is qualitatively evaluated by the surgeon.
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Applying the frequency-based electrical stimulation directly to the nerve could
elicit the CMAP response while it could not occur in other areas (around the nerve
and onto the mimic tumor tissue). By using this principle, we could then localize the
nerve by detecting the CMAP response. The proposed CMAP detection algorithm
could be detected CMAP response. The highest CMAP detection accuracy (97.5%)
could be found when applying the frequency-based electrical nerve stimulation at
30Hz, 0.3Volt, 1 millisecond of pulse width and 1.5 millimeter width between
cathode and anode. The study proposed the new modality of nerve localization.
The present study successfully identified and localized position of the sciatic nerve in
a rat model. We believe that the proposed method could also be used for nerve locali-
zation in the human model. The surgeon could more quantitative localize the nerve by
using our proposed technique.
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