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Abstract

Objectives/hypothesis Intraoperative neuromonitoring (IONM) is a useful adjunct for recurrent laryngeal nerve (RLN)
mapping and identification in transoral endoscopic thyroidectomy vestibular approach (TOETVA). This experimental study
aimed to investigate the feasibility, safety, thresholds required of an endoscopic forceps that combine the function of surgi-
cal dissection and nerve stimulation.

Study design Prospective experimental research.

Methods TOETVA was performed in 12 piglets, i.e., 24 RLNs and 24 vagal nerves (VN). RLNs electromyography (EMG)
was recorded via endotracheal surface electrodes. Baseline EMG of VN and RLN were recorded and compared by (a) percu-
taneously placed monopolar stimulator probe (Group I), (b) adapted Maryland endoscopic dissector applied on nerves at its
tip-end (Group II) and (c) endoscopic dissector tip-lateral applied (Group III). EMG profiles, amplitude, latency, waveform,
thresholds and supra-maximal stimulation (5 mA) were analyzed.

Results Application of the endoscopic device was feasible in all TOETVA and did not result in any morbidity. 24 RLNs
and VNs were detected, stimulated and monitored. With increase of stimulation current, the amplitude of EMG increased,
showing a dose-response curve. Mean VN stimulation thresholds were: Group I 0.28 mA, Group II 0.56 mA, Group III
0.58 mA (P1=0.00, P2=0.00, P3=0.11). Minimal current to evoked a maximal VN response was: Group I 0.65 mA, Group
IT 1.07 mA and Group IIT 1.14 mA (P1=0.00, P2=0.00, P3=0.48). Minimal current to evoke a RLN maximal response was
Group I 0.6 mA, Group II 0.95 mA and Group III 1.05 mA (P1=0.00, P2=0.00, P3=0.31). Latency values were similar
to each group. Repetitive (> 10 min) supra-maximal (> 5 mA) electrical stimulation was safe.

Conclusions The application of endoscopic stimulating dissector is simple, effective and safe way to monitor both VN and
RLN function during a TOETVA animal model. It provides surgeons with real-time feedback of EMG response and can be
applied as a tool for RLN monitoring. Endoscopic instrument required higher current to evoke EMG response compared to
hand probe stimulation. Tip-end required less current to evoke EMG response compared to tip-lateral mode of stimulation.

Keywords Transoral thyroidectomy - Endoscopic thyroidectomy - Dissecting instruments - Neural monitoring - Recurrent
laryngeal nerve - Vagus nerve - TOETVA - IONM

To apply intermitted intraoperative neuromonitoring
(IONM) of the recurrent laryngeal nerve (RLN) in transoral
endoscopic thyroidectomy vestibular approach (TOETVA),
several varieties of electrodes have been proposed as (A)
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supplementary material, which is available to authorized users. percutaneously placed hand-stimulating probe commonly
used in open surgery, (B) long probes placed through the
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ments to the IONM system, and (D) flexible electrode wires
[1-4], (Fig. 1).

Each mode of application has advantages and disadvan-
tages (Table 1). Simultaneous IONM and thyroid gland dis-
section requires a combination of techniques and technology
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A

Fig. 1 Varieties of stimulating electrodes for endoscopic thyroidectomies A percutaneously placed hand-stimulating probe,
B long probes placed through the trocar, C adapted endoscopic Maryland dissecting instruments, D flexible electrode wires

Table 1 Advantages and disadvantages of different mode of stimulating accessories for TOETVA

Intermitted stimulating probe

Advantages

Disadvantages

Percutaneous

Long probe

Flexible wire probe

Endoscopic Maryland dissector
instrument

e Availability, i.e. same instrument open procedure

o Tip flexibility
o Atraumatic ball tip
e No need of ports use

o No additional skin incisions
o Versatility (all trocar use)
o Atraumatic ball tip

e No additional skin incisions
o Versatility (bilateral use)

e No additional skin incisions

o Perform dissecting and stimulating same time
e Minimize instrument interference

e Versatility

e Reusable

e Ergonomics

o Additional step/procedure (i.e. further
skin neck incision)

e Two skin incisions for bilateral proce-
dure

e Possible CO, insufflation leak

o Tip wearing

e Hindrance when held in place

e Disposable

o Dedicated long probe

e Change instrument

o Additional cost/OR availability

o Tip not flexible

e Possible CO, insufflation leak from port
o Disposable

e Hindrance
e No ball tip
e Disposable

e Not commercially available
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whose complex implementation is ill-suited to the conditions
of endoscopic surgery. Furthermore, the frequent shifting
between the uses of dissecting instruments and stimulating
probe are time-consuming [5]. A combination of these two
instruments is a worthwhile future direction for IONM.
The purpose of the current experimental study was to
investigate the feasibility, safety, threshold application
required of an adapted endoscopic Maryland stimulating dis-
secting instrument, which combines the function of surgical
dissection, nerve stimulation and monitoring in TOETVA.

Materials and methods
Setting, regulations, policies and principles

The Institutional Animal Care and Use Program Committee
in Research of Jilin University approved this prospective
experimental study. The present study was supported by Jilin
provincial special fund for healthcare (no. SCZSY201714
and SCZSY201504) and the Outstanding Young Talent
Foundation Project of Science and Technology Department
in Jilin Province (Grant no. 20170520018JH) in China. The
conduct of experimentation on living animals was exclu-
sively by and/or under the close supervision of qualified
attending veterinarian personnel.

Animal breeds

Twelve species of Duroc—Landrace piglets provided by the
Laboratory Animal Center of Jilin University, were tested.

Puncture Point

Fig.2 Percutaneous probe stimulating by traditional probe (A, B)
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Sedation, analgesia, and anesthesia

Piglets received induction anesthesia via i.v. thiopental
15 mg/kg administration. Muscle relaxants were avoided
during all procedures. General anesthesia was maintained
using isoflurane (2.0-3.0%) and oxygen (2.0 L/min). Heart
rate was recorded continuously via pulse oximeter photop-
lethysmography, as electrical stimulation induces artifacts
in electrocardiogram recordings. In addition, recorded con-
tinuously throughout surgery were arterial oxygen saturation
(Sa0,), blood pressure, and respiratory rate.

Equipment setting
Intraoperative neuromonitoring system

IONM system (NIM-Response 3.0 System, Medtronic, Jack-
sonville, Florida, USA) was set with a reduced response
threshold to identified small response at 100 pV, stimula-
tion rejection artifact at 2.6 ms, stimulus at 100 ps duration
at 4 Hz. Endotracheal tube-based surface electrodes system
was applied (Trivantage EMG tube, Medtronic, Jacksonville,
Florida, USA). Size 6 to 8 internal diameter (ID) endotra-
cheal EMG tubes were used. Proper tube position was veri-
fied by direct visualization after pig neck extension before
operation and intraoperatively obtaining first vagal nerve
(V1) stimulation value > 500mcV.

Neuromonitoring stimulation probe

A ball tip (1.0 mm) monopolar stimulating probe (incre-
menting stimulating probe, Medtronic, Jacksonville, Florida,
USA) 10-cm handle and 9-cm shaft, was used for percutane-
ous nerve stimulation. Skin was pierced with an 18-gauge

Puncture Point
l
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syringe needle (diameter, 1.2 mm), then the stimulation
probe was introduced (Fig. 2).

Endoscopic stimulating dissecting instruments

We developed a prototype of endoscopic stimulating
dissecting instruments, which combines the function of
endoscopic dissection and nerve stimulation. Conven-
tional dissecting instruments (forceps) was connected to
the monitor by a stimulation wire. In detail, an endoscopic
Maryland dissecting instrument (code DJ-FLO5, Kangji
Medical Equipment co, Ltd. China), 330 mm length and
5 mm diameter was tested for the current study. Device
tips length are 18 mm long, with an opening angle > 50°.
The instrument offers 360° rotation (Fig. 3A, C). 2-mm
tips of the forceps are exposed, and can be applied at tip-
end and/or tip-lateral (Fig. 3B). Tips material are made by
steel, usable. The device is a commercially available dis-
secting and needle holder instrument that complies with
the Chinese standards. The clinical engineer adapted the
instrument to the IONM connective box through a cable.
The one end of the cable is connected to the connective
box as to the traditional intermitted nerve monitoring
probe (Fig. 3C), the other end connected to the dissecting
instrument (Fig. 3D). IONM system set-up is the same as

=

B B

intermittent monitoring probe mode of application, i.e.,
achieving tissue separation and nerve monitoring at the
same time (with intermission of the coagulation function).

Experimental set-up, operation, evaluations
and endpoints

TOETVA procedure, VN and RLN exposure

TOETVA procedure have been previously described in both
human and animal series [6, 7]. Figure 4 details surgery.
The cavity that was created had the subcutaneous tissue
and platysma as the roof and the trachea, the sternohyoid
and sternothyroid muscles on the floor. The muscles were
then separated in the midline and the thyroid gland exposed.
The thyroid gland was freed from the trachea. Hemostasis
was then confirmed. The VNs and RLNs were identified,
exposed and monitored.

Quantitative EMG thresholds

Primary objective of this study was to assess the reliability of
the endoscopic stimulating instrument for VN and RLN moni-
toring by comparing EMG signals recorded with the monopo-
lar stimulating probe. VN and RLN were stimulated by 0.1 to

~N

Tip-end —’?

Tip-lateral

Fig.3 A Prototype of endoscopic stimulating dissecting forceps. B Only 2-mm tips of the forceps are exposed. C, D The stimulating wire is con-

nected to the handle of conventional endoscopic dissecting forceps
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Fig.4 Pig model for TOETVA. A incisions at the oral vestibule; B trocar insertion during surgical procedure

1.0 mA (stepwise by 0.1-mA increments), then 1.5, 2.0, 2.5,
3.0, 3.5 and 5.0 mA current intensity. EMG baseline amplitude,
latency, and waveform morphologies were recorded (Supple-
ment Video). In detail, both the VN (Fig. 5) and RLN (Fig. 6)
were stimulated by the intermitted monopolar atraumatic ball
tip stimulator probe (Group I) (Figs. 5A, 6A), the tip-end
(Group II) (Figs. 5B, 6B) and tip-lateral (Group III) (Figs. 5C,
6C) of the adapted endoscopic dissecting instruments. RLN

and VN recording locations were the same per each device.
The front end of the instrument was not rotated during stimula-
tion to avoid affecting the monitoring value.

Safety of stimulation

VN and RLN were continuously stimulated with the tip-
end of the endoscopic dissecting instruments for > 10 min

Fig.5 VNs are stimulated by A intermitted monopolar atraumatic ball tip stimulator probe, B the tip-end and C tip-lateral of the adapted endo-

scopic dissecting instruments
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Fig.6 RLNs are stimulated by A intermitted monopolar atraumatic ball tip stimulator probe, B the tip-end and C tip-lateral of the adapted endo-

scopic dissecting instruments

by 5.0 mA, 4 Hz, width, 100 Is. Changes in EMG ampli-
tude, latency, and threshold and electrocardiography
(EKG) monitoring were recorded.

Statistical investigation

All data are reported as mean + standard deviation (SD).
Statistical analyses were performed using the software
package SPSS® v. 22 for Windows® (IBM, Armonk, New
York, USA). Group comparisons were analyzed with
one-way analysis of variance. Group comparisons were
performed using Student’s ¢ test. P <0.05 was considered
statistically significant. Sample size was not calculated.

Results
Animal breeds and model

There were 12 male pigs, mean weight 19.7 + 1.3 (range
18-21 kg), mean age 54.8 + 1.6 (range 52-57 days), pro-
viding 24 RLNs (12 left, 12 right) and 24 VNs (12 left,
12 right). TOETVAs were successfully performed with

no occurrence of complications. Laryngeal and vagus
nerves were exposed and monitored. Mean operating time
43.4+6.05 (range 35-53 min).

Quantitative EMG thresholds
VN stimulation

Mean VN stimulation thresholds were: group I 0.28 mA
(range 0.2-0.3 mA), Group II 0.56 mA (0.4-0.6 mA) and
Group IIT 0.58 mA (0.4-0.6 mA) (P1=0.00, P2=0.00,
P3=0.11) (Table 2). EMG amplitudes signals at different
nerve stimulation locations are shown in Table 3. There was
a positive correlation between the stimulus current and the
resultant laryngeal EMG amplitude (Fig. 7A) (Video S1).
With the increase of stimulation current, the EMG ampli-
tude in each group reached a platform. The minimal stimu-
lus current to evoked maximal response was for Group I
0.65 mA, Group II 1.07 mA and Group III 1.14 mA (Table 2
and Fig. 7A) (P1=0.00, P2=0.00, P3=0.48). VN latencies
were: left 9.89 ms and right were 6.93 ms.
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Table2 Mean stimulus current
of thresholds and minimal

stimulus current to evoked
maximal response

Group I Group II Group III Pl P2 P3
VN
Mean stimulation thresholds (mA) 0.28 0.56 0.58 0.00 0.00 0.11
Minimal stimulus current to evoked  0.65 1.07 1.14 0.00 0.00 0.48
maximal response (mA)
RLN
Mean stimulation thresholds (mA) 0.27 0.54 0.55 0.00 0.00 0.75
Minimal stimulus current to evoked 0.6 0.95 1.05 0.00 0.00 0.31

maximal response (mA)

VN vagus nerve, RLN recurrent laryngeal nerve, P/ comparisons of groups I and groups II, P2 compari-
sons of groups I and groups III, P3 comparisons of groups II and groups III

Table 3 EMG amplitude response of VN by different stimulus level

Stimulus Group I Group II Group III
level, mA - - -

No. of EMG amplitude, uV No. of EMG amplitude, uV No. of EMG amplitude, uV

response p response 7 response m

Mean + SD % Mean + SD % Mean + SD %

0.1 0 0 0 0 0 0 0 0 0
0.2 4 223+63 19.6 0 0 0 0 0 0
0.3 24 288 +136 254 0 0 0 0 0 0
04 24 535+152 47.1 2 128 +41 11.3 0 0 0
0.5 24 828 + 180 72.9 8 451+193 39.7 4 424 +57 37.8
0.6 24 921+ 141 81.1 24 688 +175 60.5 24 595+216 52.9
0.7 24 1030+169 90.7 24 857+ 166 75.4 24 839+ 191 74.7
0.8 24 1062+17 93.5 24 962 + 142 84.6 24 922 +183 82.1
0.9 24 1101 £ 162 96.9 24 985+ 135 86.6 24 995+163 88.6
1.0 24 1107 +£160 97.4 24 1010157 88.8 24 997 +207 88.8
1.5 24 1141 £172 100.4 24 1137+178 100 24 1112+215 99.1
2.0 24 1121+ 148 98.7 24 1111 +£154 97.7 24 1125+196 100.2
2.5 24 1139+179 100.3 24 1108 +181 97.4 24 1130+233 100.6
3.0 24 1130+ 167 99.5 24 1109+ 185 97.5 24 1108 +215 98.7
35 24 1133 £ 166 99.7 24 1101 +165 96.8 24 1111+203 98.9
5.0 24 1136 +175 Reference 24 1137+ 146 Reference 24 1123+216 Reference
5.0% - - - 24 1073 +166 94.4 - - -

EMG electromyography, VN vagus nerve

#Mean percentage of response using amplitude from 5.0-mA stimulation as reference

* After repetitive stimulus

RLN monitoring

Mean RLN stimulation thresholds were: Group I 0.27 mA
(range 0.2-0.3 mA), Group II 0.54 mA (0.3-0.6 mA) and
Group IIT 0.55 mA (0.3-0.6 mA) (P1=0.00, P2=0.00,
P3=0.75) (Table 2). EMG amplitudes at different nerve
stimulation sites are shown in Table 4. There was a positive
correlation between the stimulus current and the resultant
laryngeal EMG amplitude (Fig. 7B). With the increase of
stimulation current, the amplitude of EMG in each group
reached a platform. The minimal stimulus current that could
evoke a maximal response was Group I 0.6 mA, Group II

@ Springer

0.95 mA and Group III 1.05 mA (Table 2 and Fig. 7B)
(P1=0.00, P2=0.00, P3=0.31). The EMG signal was
elicited by shunt stimulation when the tips of endoscopic
device ran closer to the RLN (Video S2). With this method,
we are able to map and recognize the exact RLN position.
RLN latencies of the left and the right RLNs were 4.12 and
4.17 ms, respectively.

Repetitive VN and RLN stimulation

After continuous, supra-maximal (>5 mA) VN stimu-
lation by the tip-end of the endoscopic dissecting
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Fig. 7 Positive correlation between the stimulus current and the resultant laryngeal EMG amplitude. The minimal stimulus current that evoked a
maximal response was lesser for Group I. A vagal nerve; B recurrent laryngeal nerve

Table 4 EMG amplitude response of RLN by different stimulus level

Stimulus Group I Group II Group III
level, mA - - -

No. of EMG amplitude, uV No. of EMG amplitude, uV No. of EMG amplitude, uV

response 7 response - response m

Mean + SD % Mean + SD % Mean + SD %

0.1 0 0 0 0 0 0 0 0 0
0.2 8 228 +70 17.6 0 0 0 0 0 0
0.3 24 458 177 354 2 34017 26.1 2 17027 13.1
04 24 727+188 56.2 2 588+50 45.1 2 360+12 27.8
0.5 24 1019179 78.7 10 650+131 49.8 8 501+159 38.6
0.6 24 1078 £171 83.3 24 876 +207 67.1 24 761157 58.7
0.7 24 1184 £217 91.5 24 1066 +176 81.6 24 1008 +162 71.7
0.8 24 1205 +203 93.1 24 1131+138 86.6 24 1088 +147 83.9
0.9 24 1230202 95.1 24 1181+138 90.4 24 1165+ 146 89.8
1.0 24 1233 +230 95.3 24 1182+197 90.5 24 1155+189 89.1
1.5 24 1292 +227 99.8 24 1339+198 102.5 24 1313+199 101.2
2.0 24 1271 +231 98.2 24 1307 £202 100.1 24 1289 +208 99.4
2.5 24 1285 +264 99.3 24 1283 +249 98.2 24 1258 +243 96.9
3.0 24 1267 +240 97.9 24 1261 +231 96.6 24 12404225 95.6
35 24 1255+237 96.9 24 1264 +221 96.8 24 12524226 96.5
5.0 24 1294 +230 Reference 24 1306 +207 Reference 24 1297 +216 Reference
5.0" - - - 24 1237 +225 94.7 - - -

EMG electromyography, RLN recurrent laryngeal nerve
#Mean percentage of response using amplitude from 5.0-mA stimulation as reference

* After repetitive stimulus

instruments for > 10 min, the VN EMG amplitudes = RLN EMG amplitudes recorded were 1.237 +225 uV, i.e.
recorded were 1.073 + 166 uV, i.e. 94.4% baseline ampli- 94.7% baseline amplitudes (Table 4) (P > 0.05; Fig. 8).
tudes (Table 3) (P> 0.05; Fig. 8). After repetitive supra-  EMG latency were constant throughout the entire period
maximal (>5 mA) RLN stimulation by the tip-end of = of monitoring.

the endoscopic dissecting instruments for > 10 min, the
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Unexpected outcomes

No adverse or non-anticipated experimental potential out-
comes affecting the animals were recorded.

Discussion

This work evaluates the feasibility, reliability, safety and
effectiveness of an endoscopic forceps for standardized
functional electrical stimulation of the RLN and VN in
TOETVA.

To our knowledge, this study provides the first experi-
mental IONM test using an adapted endoscopic dissecting
instrument.

The electrode is a Maryland dissector, 330 mm length,
5 mm diameter, with 18 mm tips long and > 50° opening
angle with integrated 360° rotation (Fig. 1A, C). The device
is commonly applied as a dissecting, coagulation and needle
holder instrument in endoscopic thyroidectomy [7]. Active
stimulation electrode is located on its tip, in a 2 mm exposed
area.

The goals of the study were to (i) demonstrate that stimu-
lation using the device results in EMG signal waveform; and
(i1) compare the performance of the device with that of a
traditional hand probe electrode.

Direct stimulation was applied and evaluated at two sites,
one at the 24 RLNs and the other at the 24 VNs, and allowed
IONM of these two structures with no electrical artifacts. De
facto, the EMG signals obtained for the endoscopic instru-
ment were stable and reliable at both VN and RLN sites.

To ensure safety, the stimulation intensity of the endo-
scopic electrical impulses were increased to >5 mA with
repetitive impulses (> 10 min). No electrocardiographic
arteiacts occur, neither any change in blood pressure values.
Both RLN and VN EMG signals remained stable.

@ Springer
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Interestingly, overall low-level electrical currents
(~ 1.5 mA) were sufficient to elicit supra-maximal responses
at the RLN and VN in both groups. In this experimental
study, the endoscopic device (both tip-end and lateral-end)
required a higher stimulating current than the hand probe
accessory to achieve and EMG signal. The electrical field
generated by the endoscopic instrument is concentrated on
its tip and low-intensity currents are needed in comparison
with lateral stimulation. The amount of energy delivered by
the hand stimulation was less than the endoscopic electrode.

Furthermore, the EMG signal was elicited by shunt stim-
ulation when the tips of endoscopic device ran closer to the
RLN [8]. With this method, we are able to map and recog-
nize the exact RLN position during TOETVA [8].

Advantages of using the endoscopic device in TOETVA
are listed below: (a) the device is valuable when pre-dissec-
tioning the thyroid testing the VN; (b) the device takes up
less hindrance in the operating field and no additional acces-
sories are needed; (c) no risk of inadvertent needle-electrode
displacement; (d) RLN EMG responses can be monitored
continuously throughout the surgical procedure, particularly
during the crucial thyroid gland dissection phases; (¢) no
percutaneous electrode insertion, the device is inserted by
trocars; (f) there may be a need for high stimulation intensi-
ties, but have no adverse physiological effects; (g) the instru-
ment provide the surgeon with a simple and convenient way
to dissect the structure and, in the meantime, to confirm
RLN or conversely to exclude the possibility that the struc-
ture contains RLN; (h) allows concomitant dissecting and
monitoring both of the RLN and VN [9].

The most common drawbacks of this study are indicated
below: (a) the endoscopic instrument only provided inter-
mittent stimulation; (b) a study is needed to evaluate if the
endoscopic instrument is able to detect the adverse EMG
change as a warning criterion of RLN stress; (c) the instru-
ment used in this study is a prototype; (d) extremely careful
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in translating these results from an experimental animal
model to clinical situation. The clinical situation in thyroid
surgery may be different for the number of dissecting, stimu-
lating and coagulation applications of the instrument. (e)
There was no follow-up on pigs, neither by laryngoscopy or
nerves histological evaluation.

With the development of endoscopic dissecting and
stimulating device, we would expect that in the near future,
the use of a hand-held or long stimulating probe may be no
longer necessary, and the inconvenience that results from
shifting of the dissecting forceps and stimulating probe can
also be completely avoided [5, 10].
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