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Can neuromonitoring protect the facial nerve
during image-guided cochlear implantation?

Juan Ansoé?, Cilgia Dir?, Kate Gavaghan!, Marco Caversaccio?, Stefan Weber?

b

u

b
UNIVERSITAT
BERN

ARTORG CENTER
BIOMEDICAL ENGINEERING RESEARCH

WINSELSPITAL

1 ARTORG Center for Biomedical Engineering; 2 Department of ENT, Head and Neck Surgery; University of Bern, Switzerland

\_

/

Introduction
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and monopolar stimulation of the facial nerve has been developed.
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Image-guided robotic minimally invasive cochlear implantation, requires the drilling of an access tunnel at small distances from the facial nerve (0.1 to 0.5 mm) [1-2]. Within these ranges of proximity,
neuromonitoring tools lack the necessary sensitivity and specificity to protect the facial nerve. It has been previously reported that insufficient sensitivity may be due to current shunting of the uninsulated

stimulating drilling tool [3]. In order to verify this hypothesis and to facilitate the use of neuromonitoring as a safety mechanism for minimally invasive cochlear implantation, a stimulation probe enabling bipolar

Materials & Methods

A neuromonitoring probe enabling bipolar

stimulation could enable a mechanism to I{7>

detect an impending collision (<0.3 mm) of

the drill bit with the facial nerve during >)~>

distance <0.3mm Facial
nerve

Image-guided robotic cochlear implantation.

Fig. 1. Sketch of the neuromonitoring probe relative to the FN

Probe Design

Replicates the geometry of custom drill used in robotic direct cochlea access (DCA)
« Cathode at the tool tip (stainless steel)

 Three stainless steel ring anodes along the shaft

 Anodes placed at distances d = 2, 4, 7 mm

« Cathode-anode configuration is denoted by distance d
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Fig. 2: Developed probe with the cathode at the Fig. 3: Example of potential field distribution at
tip and the 3 anodes (&) cathode-anode configuration (d=4)
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Fig. 4. a) Sketch of the probe with the attached optical reference. b) The surgical robot at the resting
position. ¢) A planned trajectory and the 5 target points relative to the preoperative FN

Animal Study Workflow

5 subjects, per animal:

* |Image guidance

« Drill 9 trajectories to a defined target

« Targets at FN distance (0..1) mm

« Place stimulation probe

« Apply stimulation protocol

« Different electrode spacing

Fig. 5: Position of EMG
electrodes relative to the
sheep anatomy

Fig. 6: a) Probe relative to FN during the stimulation

Results

Fig. 7. a) Postmortem temporal bone with fiducial screws

and drilled holes. b) Micro-CT slice with the holes L :
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Fig. 8: Example of NM probe detecting the FN

e Correlate ST to FN distance measures

« Sensitivity & specificity of FN distance estimation

Example of sensitivity and specificity analysis for:

 Three different stimulus threshold levels: 0.3, 0.5 and 1 mA

 Afacial nerve distance < 0.2 mm

Table 1: Decision matrix for the sensitivity analysis

FN distance < 0.2 mm

FN distance > 0.2 mm

EMG response

True positive (TP)

False positive (FP)

No EMG response

False negative (FNe)

True negative (TN)

Sensitivity =

TP

TP + FNe

Specificity =

TN
FP+TN

Table 2: Sensitivity and specificity results for a FN detection distance below 0.2 mm

Conclusions

Sensitivity (%) Specificity (%)
Electrode 03mA  05mA 1 mA 03mA  05mA 1 mA
configuration

d=2 93 93 100 100 53 13

d=4 93 100 100 93 33 0

d=7 93 100 100 80 13 7
Monopolar 100 100 100 33 0 0

References

« No correlation was found between stimulus threshold values and FN distance when the drill
passes the FN laterally between 0.1-0.5 mm, likely due to patient-specific anatomy variances

« The bipolar probe configurations at intensities of 0.2-0.3 mA produced 100 % sensitivity and
specificity at distances to the FN below 0.1 mm

* |tis proposed that the presented neuromonitoring probe could enable a “last line of defense”

mechanism to avoid drilling through the FN during image-guided cochlear implantation
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