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Abstract
Purpose of Review We primarily describe technical tips, and attempt to demonstrate the value of using intermitted neural
monitoring (IONM) during transoral endoscopic thyroidectomy vestibular approach (TOETVA), with emphasis and respect
given to nerve monitoring standards described by the International Neural Monitoring Study Group (INMSG).
Recent Findings Any modifications to the established operative technique for TOETVA should result in similar or improved
patient outcomes with lower rates of complications. TOETVA is a new technique that demands full protection of RLN function
during the cranial to caudal thyroid and RLN dissection. Standardized IONM is feasible and safe in TOETVA. IONM is
complementary to the video-endoscopic identification of the RLN.
Summary The role of IONM in transoral thyroid surgery continues to be defined. It may be that as one starts performing this
surgery, intermittent IONMmay provide value in confirming and preserving the neurophysiologic integrity of the RLN. Further
studies are needed to evaluate this.
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Introduction

With numerous Institutions beginning to perform transoral
endoscopic thyroidectomy vestibular approach (TOETVA),
there is an increased interest in new devices that may facilitate
training and the surgical procedure, in order to reduce morbid-
ity and conversion rate [1–14, 13••, 14–16]. As a surgeon
starts a new procedure, they should use the visual identifica-
tion of the RLN as well as intermittent intraoperative nerve
monitoring to evaluate neurophysiologic integrity to best pro-
tect it. The surgeon should endeavor to know the effects of the
performance of the new surgical technique on nerve function
[3, 17]. The surgeon should always consider applying at a
minimum the same safety principles to TOETVA as applied
to conventional surgery [17]. Many surgeons introduced in-
traoperative nerve monitoring (IONM) during TOETVA to
guide RLN identification and functional assessment [18–22].
The purpose of this review is primarily to describe technical
tips, and the value of using IONM during TOETVA, with
respect given to nerve monitoring standards described by the
International Neural Monitoring Study Group (INMSG) [23].

Monitoring Procedure

IONM should be performed according to standards of equip-
ment setup, induction and maintenance of anesthesia, correct
tube positioning verification tests, and EMG definitions de-
scribed by the INMSG [23, 24].

Team

The use of IONM in TOETVA requires specialized training
[24]. Both the surgeon and anesthesiologist should be familiar
with neural monitoring standards, necessary equipment, trou-
bleshooting algorithms, and IONM limits and failures. It is
unwise to use monitoring for the first time during TOETVA,
without any prior IONM experience [25, 26, 27••, 28•, 29,
30•, 32, 33].

Preoperative Care

Pre- (L1) and postoperative (L2) laryngeal examination
should be routinely performed in all TOETVA patients candi-
dates [23–25]. L1 and L2 exams are recommended in all cases
of TOETVA to truly understand the rates of vocal fold motion
impairment form this relatively new operation. Furthermore, if
you intend to use IONM, L1 is a reference for RLN pre-
dissection stimulation (R1). L2 is a reference for RLN post-
dissection stimulation (R2) [23–25].

Operating Room Setup

The IONMmonitor is placed in an area where it can be easily
visualized by the operating room team (Fig. 1). This setup
allows for an easy, continuous, and simultaneously display
of EMG data together with the endoscopic intraoperative sur-
gical view, without any distraction for the surgeon [20–26,
27••, 28•, 29, 30•, 31–33].

Patient Information About IONM

IONM is mentioned in the preoperative informed consent for
TOETVA. The possibility to stage the procedure in case of an
EMG loss of signal (LOS) on the initially operated dominant
side may be specified in the preoperative informed consent
[23, 24]. As for any technology when used, the possibility of
failure of IONM technology (malfunction, accuracy, etc.)
should be detailed to the patient [24].

Induction and Maintenance of Anesthesia

Generally, about 30 min are required to create the working
space from the mouth into the neck, the medial mobilization
of the thyroid lobe, and thus the safe access to the vagal nerve
(VN) [22–26, 27••, 28•, 29, 30•, 31–33]. It is essential to have
full muscular activity return as soon as the dissection achieves
the VN for V1 stimulation (i.e., pre-dissection VN stimulation).
A single dose of a non-depolarizing muscle relaxant (e.g.,
rocuronium and atracurium at 0.3 mg/kg) or succinylcholine
at 2 to 2.5 mg/kg may be used at intubation to allow for the
normal return of spontaneous respiration and resumption of
normal muscle twitch activity within several minutes [23, 24].

EMG Recording Site

Nerve-monitoring formats other than via an endotracheal tube
with electrodes for vocal fold monitoring are difficult to use in
any endoscopic thyroid procedure [21–24]. Thus, for safety,
utility, and simplicity, systems that rely on endotracheal tube-
based surface electrodes have become the preferred monitor-
ing equipment for TOETVA [25, 26, 27••, 28•, 29, 30•,
31–33].

Oro-tracheal vs. Naso-tracheal Intubation

TOETVA is performed under general anesthesia with naso- or
oro-tracheal intubation [27••, 28•, 29, 30•, 31–33, 34••, 35••,
36••]. There are no contraindications to the oro-tracheal intu-
bation for TOETVA [33]. The endotracheal tube although in
the oral area, is secured to the upper lip and, therefore does not
interfere with the surgical maneuvers during TOETVA [33]. It
is always useful to verify and ensure the correct position of the
endotracheal tube and then to secure its position [33]. The
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TOETVA surgeon must always consider (a) current unknown
prevalence of EMG tube displacement in TOETVA, both for
oral- and naso-tracheal intubation. (b) Teamwork with the
anesthesiologist should help to develop a standardized tube
placement algorithm. (c) It is important that the correct posi-
tion of the EMG tube has been verified by laryngoscopy and if
possible after final positioning of the patient head [33].

Stimulating Probes

Four different tools can be applied (Fig. 2): (A) single use,
230-mmball tip long stimulation probe, monopolar; (B) single
use, incrementing prass stimulating probe, monopolar, stan-
dard flexible tip; (C) single use, single electrode needle flex-
ible wire, 13 mm× 27 ga, 230 cm length; (D) curved bipolar
Maryland dissector forceps, 5 mm× 42 cm, insulated metal
with adapter to the IONM connecting box [33]. There is in-
sufficient data in the current literature to comment as to which
a stimulating electrode type is preferable for endoscopic thy-
roidectomy, and in particular for TOETVA [27••, 28•, 29, 30•,
31–33, 34••, 35••, 36••]. It is important to use a long sterile,
covered stimulating probe that from the oral cavity reaches the

neck for both the right and left RLN and VN determinations.
The ideal length of the stimulator should be 300 mm long with
a connection cable. The stimulating probe may also be con-
figured with an atraumatic tip on the dissecting instruments
[27••, 28•, 29, 30•, 31–33, 34••, 35••, 36••]. The ideal stimu-
lating probe should be sterile, covered, thin in diameter (<
5 mm), not bulky, wireless, malleable, atraumatic tip (ball
tip), easy to grip, and safe. Commonly, the right 5-mm port
is used for a stimulating probe positioning (Fig. 3).

Standardized Procedure

According to literature, standardized IONM procedure can be
accomplished with V1, R1, V2, and R2 determinations [27••,
28•, 29, 30•, 31–33, 34••, 35••, 36••]. The standard technique
is to stimulate both the VN and the RLN before and after
thyroid resection [23]. V1 is for reference to the thyroid dis-
section and for RLN identification. V1 determination should
proceed with the thyroid dissection. A negative EMG re-
sponse indicates a non-nerve structure or altered function of
the RLN. IONM provides important prognostic information
regarding ipsilateral vocal cord function at the completion of

Fig. 2 Stimulating probes with
four different tools

Fig. 1 An area where the IONM
monitor can be easily visualized
by the operating room team
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the initial side of the TOETVA surgery. Direct RLN stimula-
tion (both R1 and R2) is performed with a 1-mA setting. V1
and V2 were performed without opening the carotid sheet, just
increasing to 2–3 mA the probe stimulation intensity, and
applying the probe gently, on the carotid sheet without
dissection.

Troubleshooting Algorithm: Limits in TOETVA

Given the potential impact that loss of signal (LOS) may have
on the surgical plan (i.e., aborting the second side surgery), it
is critical that the surgeon who uses IONM is perfectly expe-
rienced in LOS troubleshooting algorithms [23]. The
International IONM study group recommends adding either
laryngeal twitch or contralateral vagal nerve stimulation as-
sessments to the noted EMG data [23]. A significant limit for
applying the proposed troubleshooting algorithm tomonitored
transoral surgery is determined by the (a) inability to appreci-
ate the laryngeal twitch by digital palpation and (b) the diffi-
culty in stimulating the contralateral vagal nerve without fur-
ther surgical dissection. EMG tube malposition is the most
frequent cause of IONM malfunction (Fig. 4).

Documentation

Especially, at this early stage of TOETVA adoption, EMG
data recording is crucial so that we may precisely understand
the effect on the RLN and voice outcomes. EMG signals can
be easily recorded and printed out to be filed for future refer-
ence [21–24]. The INMSG suggests the recording of timed
EMG waveforms including measures of amplitude, latency,
waveform morphology, and magnitude of stimulating current
at the beginning and completion of surgery for ipsilateral RLN
and VN [23].

Essay

Intermittent IONM

There are few technical reports of TOETVA with the use
of IONM [13••, 27••, 34••, 35••, 36••]. Authors agreed
IONM serves as an adjunct to the endoscopic identifica-
tion of RLN [13••, 27••, 34••, 35••, 36••]. Witzel and
Benhidjeb first tested the feasibility of the transoral access
for thyroid resection including intermittent monitoring for
the RLN in 10 living pigs in 2009 [34••]. Ten endoscopic
sublingual transoral thyroidectomies were performed
using a neuromonitoring system with a long stimulating
probe. The RLNs were identified visually and then con-
firmed with the neuromonitoring system at the beginning
(R1) and at the end of the bilateral procedures (R2) [34••].
Inabnet WB et al. provide a step-by-step video overview
of TOETVA for a right toxic 4-cm thyroid nodule and
demonstrate how to set up and utilize intraoperative nerve
monitoring [13••]. The case included naso-tracheal intu-
bation with an EMG tube, the use of a laparoscopic
Maryland dissecting forceps as the stimulating probe, R1
and R2 determinations with amplitude signal above
500 μV [13••]. Wang et al. first proposed a detailed de-
scription of a standardized technique for identification and
assessing the function of laryngeal nerves with IONM
during TOETVA: the RLN (R1 and R2) and vagus nerve
(V1 and V2) were both stimulated before and after thyroid
resection to prove RLN integrity [35••]. Wang report in-
cluded 10 patients with thyroid carcinoma who received
monitored TOETVA and central node dissection [35••].
IONM was implemented by oral-tracheal intubation, per-
cutaneous stimulating probe and standardized technique
with V1, R1, R2, and V2 stimulations [35••]. Again, it
is important to emphasize that the authors suggest using
a reinforced oro-endotracheal tube that permits nerve
monitoring and that stimulation of the vagus and RLN’s
can be done through one of the working ports.

Fig. 3 The ideal stimulating probe should be sterile, covered, thin in
diameter, not bulky, wireless, malleable, atraumatic tip (ball tip), easy to
grip, and safe. The right 5-mm port is used for a stimulating probe
positioning
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Continuous IONM

Zhang et al. first evaluated the feasibility of continuous intra-
operative neural monitoring (C-IONM) in TOETVA in an ex-
perimental model [27••]. Duroc-Landrace pigs were orally
intubated with the EMG endotracheal tube. The automatic pe-
riodic stimulation (APS) electrode was placed in the operative
field through the 5-mm ports [27••]. APS electrode was then
positioned on the VN with 2 different approaches: (a) median,
that is, between sternothyroid and thyroid gland; and (b) lateral,
that is, between the sternocleidomastoid and sternothyroid. The
VN was stimulated proximally and distally to the APS location
to verify whether the dissection and/or placement resulted in
VN injury. Assembled APS accessory resulted feasible in ani-
mal models with dimension of the head comparable to humans
(large-brained animals) [27••]. Baseline amplitude values ob-
tained were > 1000 μV, bilaterally. The author concluded that
C-IONM was feasible in TOETVA in porcine models, but a
simplification of the electrode design and the application pro-
cess is needed [27••]. Chen et al. first reported on the use of C-
IONM in TOETVA, using a dedicated monitor (monitor C2)
and delta stimulating electrode in a clinical setting [36••]. The
stimulating electrode was transorally inserted, with its cable line
lying outside the trocar [36••]. The VN was gently dissected,
looped, and then enveloped by the electrode cuff in 28 nerves at
risk [36••]. All C-IONMprocedures were successfully complet-
ed. In all patients, the stimulationwas set at 0.7-milliamps every
1 s, and C-IONM use was not associated with any untoward
neural, cardiovascular, or gastrointestinal sequelae. On average,
the ipsilateral C-IONM procedure required 10.33 ± 2.57 min to
complete. This time it fits, during the procedure, in the period
between contralateral retraction of the thyroid gland and com-
plete placement of the delta electrode on the vagal nerve.

Except for one instance, no significant problems occurred
with electrode displacement. In one patient, a combined EMG
event occurred, which improved after releasing the thyroid

retractor, and the patient had no vocal cord paralysis postop-
eratively [36••].

Conclusion

IONM implemented in TOETVA is feasible and helpful in
identifying and confirming the neurophysiologic status of
the RLN.With transoral access, the identification of the recur-
rent laryngeal nerve is at its entrance into the larynx
(cricothyroid insertion point); thus, the surgical dissection of
the laryngeal nerve is cranial to caudal. IONM may be espe-
cially helpful for new adopters of TOETVA since this ap-
proach to finding the RLN may not be common during open
thyroid surgery novel. IONM enables testing the RLN func-
tion (i.e., monitoring) and corrective action at three stages of
surgery: (a) during blunt dissection, (b) using energy-based
devices, and (c) while there is thyroid gland or tracheal retrac-
tion. IONM also provides a helpful evaluation of RLN func-
tion on the first side of a planned total thyroidectomy before
proceeding to the contralateral lobe.
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