
NERVE MONITORING IN HEAD AND NECK SURGERY (C SINCLAIR, SECTION EDITOR)

Continuous Intraoperative Recurrent Laryngeal Nerve Monitoring:
Techniques, Applications, and Controversies

Julia I. Staubitz1 & Thomas J. Musholt1

Accepted: 7 May 2021
# The Author(s) 2021

Abstract
Purpose of Review Purpose of the present review is to illustrate the current state of the art concerning continuous intraoperative
recurrent laryngeal nerve monitoring (cIONM) for thyroid surgery.
Recent Findings cIONM potentially leads to an improved postoperative vocal cord palsy rate, compared to the intermittent
technique. There are currently two main approaches for cIONM: either conventional cIONM based on vagal nerve stimulation
or experimental methods, which do not require the positioning of a vagal nerve electrode. One of these methods is the recently
described technique “LAR-cIONM,” which utilizes the laryngeal adductor reflex.
Summary cIONM represents an advancement of intermittent nerve monitoring, which allows for an immediate reaction to signal
changes. Threshold values and guidelines to prevent recurrent laryngeal nerve palsy were validated for the direct stimulation of
the vagal nerve and require verification for alterative cIONM methods, including LAR-cIONM.
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Introduction

Etiology and Impact of Vocal Cord Palsy in Thyroid
Surgery

In thyroid surgery, the risk of postoperative vocal cord palsy
(VCP) caused by intraoperative recurrent laryngeal nerve
damage is one of the most important complications.
Depending on the expertise of the operating surgeon, transient
and permanent vocal cord palsy (VCP) rates resulting from
thyroid surgery range from 1 to 18.6% [1]. Impairment of
glottic closure, dysphonia, dysphagia, ineffective cough, and
aspiration pneumonia can be the result [2, 3, 4••]. When oc-
curring bilaterally, VCP leads to a mechanically based

respiratory insufficiency, which potentially requires tracheot-
omy (in up to 30%) [2, 3, 4••, 5]. The prevailingmechanism of
injury of the recurrent laryngeal nerve (RLN) during thyroid
surgery is traction [6, 7]. The crucial point, where traction is
immediately translated to the RLN, is during preparation at the
suspensory ligament of the thyroid gland (Berry’s ligament)
[6, 7]. In addition to traction, thermal damage, ligature entrap-
ment, suction-related injury, or even transection can provoke
serious and potentially permanent RLN lesions [6, 7].
Depending on the mechanism of injury, segmental (type 1)
or global (type 2) RLN loss of signal can occur [4••, 8].
Segmental loss of signal was observed to cause early VCP
in 95% of cases, whereas (less severe) global loss was associ-
ated with VCP in 70% [6, 9••]. Additional risk factors associ-
ated with the development of VCP development are
autoinflammatory processes (e.g., Graves’ disease or
Hashimoto’s thyroiditis) [10, 11, 12•], hospital volume
[12–15], previous thyroid surgery of the individual [14, 16],
and thyroid malignancy [14, 15].

Assessment of Vocal Cord Paralysis: Laryngoscopy Is
Indispensable

Laryngoscopy is the gold standard to assess pre- and postop-
erative vocal cord paralysis and is strongly recommended by
the International Neuromonitoring Study Group Guidelines
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(INMSG) and the German association of Endocrine surgeons
(CAEK) [2, 8, 17, 18]. Preoperatively documented VCP,
which can be detected in 0.5 to 1.5% of cases, is a relevant
indicator for the presence of advanced thyroid malignancies
and often associated with the necessity of an extensive oper-
ation including potential RLN resection [2]. Yet, routine pre-
operative laryngoscopy can reveal preexisting VCP also in
benign disease, e.g., for compression syndrome caused by
large nodular goiter. To only rely on the intraoperative initial
stimulation of the vagal nerve may be misleading, since EMG
signals can be present despite vocal cord paresis verified by
laryngoscopy. Therefore, preoperative laryngoscopy is an es-
sential tool to adequately set up the surgical strategy and to
correctly interpret the intraoperative EMG signals.
Postoperative laryngoscopy evaluation, on the other hand, is
necessary for the objective assessment of the operating sur-
geon’s VCP rate. An important reason why intraoperative
nerve monitoring (IONM) cannot replace postoperative laryn-
goscopy is that an intact RLN function is not completely pre-
dictable by a certain electromyogram (EMG) amplitude level
(e.g., 100 μV threshold) [19, 20]. Relative changes of the
amplitude, especially a drop of more than 50% of the initially
recorded EMG signal, are associated with increased risk of
VCP [4••]. Only early postoperative laryngoscopy can deter-
mine the vocal cord function within this “grey zone.”
Similarly, the assessment of patient voice (hoarseness) is not
a reliable predictor of vocal cord function, since up to 50% of
patients with VCP can be clinically asymptomatic. Immediate
postoperative dysphonia may be concealed by edema and ab-
sence of atrophy of the vocal cord muscle, which will occur
later in patients with permanent RLN lesions. Therefore, it is
important to identify these patients using laryngoscopy, and to
refer them to early voice rehabilitation therapy, so that increas-
ing dysphonia in the later course of the disease is avoided.

Intraoperative Vagal Nerve/RLN Monitoring:
Conclusions to Be Drawn from the Intermittent
Technique

The identification of the RLN is essential to preserve its func-
tional integrity during surgery [21, 22]. The use of intermittent
IONM was shown to contribute to the intraoperative localiza-
tion of the RLN [23, 24]. In this sense, the technique can be
used to facilitate safe tissue dissection, as unclear structures
can be assessed with the handheld simulation probe before
transection [25]. Also rare anatomic variants like an inferior
(non-recurrent) laryngeal nerve can be identified by stimulat-
ing along the vagal nerve. Yet, the surgeon must be aware that
fluid collection around the point of stimulation may impair the
flow of electrical current to the nerve and result in failure of
stimulation. Bipolar and monopolar probes create characteris-
tic current patterns resulting in a more precise stimulation for
bipolar probes, or a more widespread stimulation when

monopolar probes are used, which is ideal for IONMmapping
in circumscribed areas. Yet, stimulation in close proximity to
the larynx, esophagus, or trachea may produce signal artifacts
that can only be distinguished from true signals of the vocal
muscle by assessment of the EMG curves. In addition, tech-
nical problems may occur during the operation as, e.g., dis-
connection or breaking of wires. Surgeons should always be
aware of these potential errors and malfunctions. Therefore,
the visual identification of the RLN remains the gold standard.
Most important for the determination of the extent of surgery,
the intermittent technique allows for the information about a
loss of signal after unilateral thyroid resection. For the inter-
mittent technique, a suprathreshold stimulation (1–2 mA) of
the vagal nerve and RLN is performed using a handheld stim-
ulation probe, and compound muscle action potentials of the
laryngeal muscles are registered via surface electrodes on an
endotracheal tube which are positioned at the vocal fold level
(Fig. 1A). An optimal initial signal at stimulation of the vagal
nerve of >500 μV should be aimed for, to adequately assess a
relative signal decrease during the operation [4••]. The sys-
tematic assessment of the vagal and the recurrent laryngeal
nerve signals before and after unilateral thyroid surgery was
strongly recommended by the INMSG [25]. The recommend-
ed standard assessment by intermittent IONM is the prelimi-
nary stimulation of the vagal nerve (“V1”), followed by pre-
liminary assessment of the ipsilateral RLN (“R1”) and the post
resection stimulation of the RLN (“R2”) and the vagal nerve
(“V2”) [25, 26]. The stimulation can eventually be
complemented by the pre- and post resection assessment of
the external branch of the ipsilateral superior laryngeal nerve
(“S,” responsible of tensing the vocal ligaments via the
cricothyroid muscle) resulting in the algorithm “V1-R1-S1-
R2-V2-S2.” After measuring the post resection stimulation
results, ipsilateral tissue preparation should be abstained from.
The INMSG defined a loss of signal (LOS) as the reduction of
the EMG response from an initially satisfying response
>500 μV to <100 μV [25]. The intermittent IONM technique
further allows for the detection of the point of lesion in case of
a LOS [25]. In case of a type 1 (segmental) LOS, stimulation
of the vagal nerve and laryngeal recurrent nerve proximal to
the point of injury will not lead to an EMG signal, whereas by
stimulating the final tract of the recurrent laryngeal nerve,
which is distal to the point of injury, an EMG response will
be registered. In case of a type 2 (global) LOS, neither distal
nor proximal testing of the vagal nerve/RLN axis will lead to
an EMG response [8]. The information about a LOS can be
used by the operating surgeon to determine the resection ex-
tent. In case of benign goiter, a change of the surgical ap-
proach from an intended thyroidectomy to lobectomy should
be considered, thereby avoiding the potential risk of a bilateral
VCP [8]. In case of thyroid malignancy, however, the strate-
gical change to a two-staged procedure must be evaluated
carefully, taking into consideration the oncological risk [2, 8].
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From Intermittent to Continuous IONM: Real-Time
Evaluation of RLN Function During Surgical
Maneuvers

In addition to the advantages of the intermittent technique
(which are RLN “mapping” during tissue dissection, assess-
ment of RLN lesion point/type of LOS, and decision guidance
towards two-staged thyroidectomy), continuous IONM
(cIONM) facilitates a real-time evaluation of the effect of the
surgical maneuvers on RLN function [26–28]. There are differ-
ent approaches to perform cIONM, which primarily differ in
the localization of stimulation. The conventional way of
cIONM makes use of the vagal nerve/RLN axis: repetitive
stimulation is directly exerted on the vagal nerve (Fig. 1A)
using different types of vagal nerve electrodes, and resultant
vocal fold contractions (compound muscle action potentials)
are registered at the vocal fold level, similarly to the intermittent
IONM setup [29–31]. In addition, there are alternative tech-
niques, which abstain from a direct stimulation of the vagal
nerve. In 2016, transcutaneous intraoperative vagal stimulation
was described for cIONM during thyroidectomy and parathy-
roidectomy [32]. To avoid the placement of a vagal stimulation
electrode during endoscopic thyroid surgery, transcutaneous

vagal nerve stimulation was evaluated and considered not fea-
sible in the experimental setup [33]. Moreover, transcranial
motor-evoked potentials of laryngeal muscles were proposed
as a feasible alternative for cIONMduring thyroid surgery [34].
“LAR-cIONM,” a recently described method, which requires
endotracheal surface electrodes for both cIONM signal stimu-
lation and -recognition, stands out from these alternative tech-
niques as a very promising example. The technique takes ad-
vantage of the laryngeal adductor reflex, a primitive brainstem
reflex that protects the tracheobronchial tree from foreign bod-
ies. For LAR-cIONM, the reflex is repetitively elicited by
supraglottic mucosal stimulation, and afferent activity runs in
the internal superior laryngeal nerve to the brainstem. Efferent
activity is transported via the vagal nerve and RLN to laryngeal
adductors, and bilateral vocal fold adduction is registered (Fig.
1B) [35•, 36, 37]. However, these alternative techniques still
hold an experimental status.

Effect of IONM Usage on Postoperative VCP Rate

Recent European studies were able to demonstrate the beneficial
influence of IONM to reduce the risk of transient [12, 38] or
permanent [13] VCP. Of interest is, that continuous IONM

Fig. 1 Scheme of loci for stimulation and signal recording for (A) vagal/
recurrent laryngeal nerve based and (B) laryngeal adductor reflex based
continuous intraoperative nerve monitoring; setup for lobectomy of the
left thyroid lobe. A Stimulation is performed using a vagal nerve
electrode on the side, which is operated on (left thyroid lobe).
Compound action potentials of the laryngeal muscles are registered. B
Stimulation is performed at the supraglottic mucosa contralateral to the
side, which is operated on. The laryngeal adductor reflex elicits bilateral

activity of the vocal fold adductors. The reaction from the left side
surveys the operative activity and stress on the recurrent laryngeal
nerve, whereas the contralateral LAR responses (in unilateral surgeries)
could be used to determine, whether any decreased signal that occurs
perioperatively is related to nerve stress or merely tube displacement.
Currently, endotracheal tubes do not yet allow for simultaneous
recording of bilateral LAR responses. VN, vagal nerve; RLN, recurrent
laryngeal nerve
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techniques were reported to reduce the transient [36] and per-
manent [9••] VCP ratemore effectively than intermittent IONM.
These international results contradict contemporary meta-analy-
ses, which concluded that the use of intraoperative nerve mon-
itoring did not contribute to reduced VCP rates [19–21].

Practical Use of IONM in Europe

A recent analysis of the registry EUROCRINE® showed that
European hospitals with focus on endocrine surgery used
IONM in over 90% of operations, which also underwent post-
operative laryngoscopy control [12•]. In contrast to previous
observations, IONM was applied independent from hospital
volume in the participating centers [4••, 12•]. The current state
of the art in Europe is the use of vagal nerve electrodes.

Current Methods and Application
of Continuous Nerve Monitoring

Vagal Nerve/RLN Based cIONM–Conventional cIONM

As an initial step to any thyroid operation, the placement of the
vagal nerve electrode requires dissection between the com-
mon carotid artery and the internal jugular vein for approxi-
mately 4–5 mm (Fig. 1A). For vagal nerve/RLN stimulation
based cIONM, following the placement of a vagal nerve elec-
trode, the vagal motor fibers are exposed to repetitive stimuli
(1–2 mA, 0.1–0.2 ms duration, 0.6–3 Hz) [9••]. Analogously
to the intermittent IONM setup, compound muscle action po-
tentials are registered at the vocal fold level of the larynx using
endotracheal tube surface electrodes (Fig. 1A) [29–31]. For
the baseline, at least 500 μV should be measured. If the base-
line is lower, the tube’s position should be optimized [4••,
9••]. For vagal nerve/RLN stimulation based cIONM, the si-
multaneous decrease of the EMG amplitude and the increase
in its latency (combined event) indicate imminent impairment
of RLN function or LOS, respectively [4••, 27, 39]. The
INMSG recommended that a “combined event” with a de-
crease of the baseline amplitude of >50%, and an increase of
the baseline latency of >10% should prompt a change in the
surgical maneuver, since a persistence of this signal constel-
lation for ≥40 s was shown to be associated with an increased
risk of postoperative VCP [4••]. Of interest is the reversibility
of this combined event following changes in the surgical ma-
neuver, e.g., pausing the operation [27, 39]. According to a
recent study, after LOS (type 1 or 2), the recuperation of the
RLN baseline amplitude to ≥50% of the initial signal can be
considered a “complete recovery” [9••]. An intact postopera-
tive vocal cord function can be expected in these cases.
Therefore, contralateral lobectomy in the same session—
instead of a two-staged thyroidectomy—is justified [9••].
Finally, it is recommended to document intraoperative EMG

signals according to the algorithm of pre- and postoperative
intermittent IONM assessment (V1-R1(-S1)-V2-R2(-S2))
[4••]. Important to mention is that the V2 signal should be
elicited cranial (proximal) to the localization of the vagal
nerve electrode, to assess potential nerve injury resulting from
electrode positioning and to verify the intact function of the
complete vagal and recurrent laryngeal nerve section within
the operation field.

Experimental LAR-cIONM as a Promising Novel
Approach for cIONM

An alternative method of performing continuous IONM takes
advantage of the laryngeal adductor reflex, which can be trig-
gered by supraglottic laryngeal mucosal stimulation (e.g.,
using 8 mA and 0.1-1 ms duration) [35•, 36, 37]. Afferent
neural impulses are carried by the internal superior laryngeal
nerve (IBSLN) to the brainstem. After a brainstem synapse,
efferent impulses are carried via the vagal nerve and RLN to
the larynx, resulting in bilateral vocal fold adduction that can
be recorded via endotrachal tube surface electrodes (Fig. 1B)
[35•, 36]. The resulting EMG signals are significantly lower
when compared to conventional cIONM (Musholt et al., un-
published results). For a reliable baseline curve in LAR-
cIONM, >200 μV should be measured [35•]. The existing
threshold values for impeding LOS gained from analyses
based on vagal nerve/RLN based cIONM currently require a
verification in the field of LAR-cIONM. In 2018, Sinclair
et al. described in a cohort of 134 nerves at risk that a LAR
response decrease of >50% of the initial baseline values indi-
cated impeding nerve injury and that in case of an irreversible
decrease >60% of the initial baseline values a postoperative
VCP can be expected [35•]. Moreover, reflex hyperexcitabil-
ity was proposed as a potential indicator of permanent VCP,
which, however, needs further validation in large patient co-
horts [35•]. Due to the practical setup of cIONM signal stim-
ulation and recording via the endotracheal tube, the technique
appears particularly suitable for endoscopic approaches for
thyroid surgery, since the additional placement of a vagal
nerve electrode is not necessary.

Anesthesia During IONM

Cooperation with the anesthesiologists involved is essential to
successful vagal nerve/RLN based intraoperative nerve mon-
itoring in thyroid surgery [25]. Intubation using
videolaryngoscopy allows for an optimal electrode position-
ing at the vocal fold level for signal recording (LION study,
M. Kriege et al., unpublished results). Due to improvements
of surface electrodes which includes an enlargement of the
electrode length and an increase in the number from 2 to 4
electrodes with a dynamic change of the recording electrode,
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problems of electrode displacement during the operation were
significantly reduced. Still, adequate fixation of the tube is
important, as post-intubation patient positioning may lead to
changes in the endotracheal tube electrode localization. Short-
acting muscle relaxants should be avoided after the intubation
period, to allow for valid IONM results [25]. For conventional
vagal nerve/RLN based IONM, anesthesiologists have the
freedom to choose the most appropriate anesthetic for the
patient [25]. Typical anesthesia protocols would involve ini-
tial inhalation agents, as e.g., isoflurane or desflurane with or
without nitrous oxide [25]. Also, a total intravenous anesthesia
technique may be used for conventional vagal nerve/RLN
based cIONM [25].

Similarly, for successful LAR-cIONM, direct contact of
the stimulation/recording electrodes with the left and right
laryngeal mucosa is crucial, which is why videolaryngoscopic
intubation was recommended [35•]. If succinylcholine or oth-
er short-acting muscle relaxants are administered for intuba-
tion, 10 to 20 minutes should pass before obtaining a baseline
in LAR-cIONM [35•]. For LAR-cIONM, total intravenous
anesthesia currently presents the standard, since inhalational
agents may abolish the cR1 response [35•]. A typical anesthe-
sia can be induced with propofol and succinylcholine and
maintained using total intravenous anesthesia with propofol
and opioids (remifentanil) [35•].

Controversies and Pitfalls

Which Patients Benefit from cIONM?

Numerous authors recommend cIONM for high-risk opera-
tions, e.g., thyroid cancer, redo surgery, Graves’ disease, and
large goiter. However, as described above, the predominant
mechanism of nerve damage is related to traction injuries. In
most cases, these are the result of the patient-specific anatomic
situation at Berry’s ligament (Fig. 2). Alterations of the RLN
course by crossing vessels, which complicate preparation of
the cricopharyngeal angle, cannot be foreseen. Consequently,
it is not possible to predict before an operation, which patients
may benefit from the use of cIONM. Moreover, the practical
application of cIONM requires constant training and learning
from the method itself [26]. In this sense, the immediate feed-
back from cIONM allows the surgeon to detect technical er-
rors that might otherwise remain undetected. This goal cannot
be achieved by a sporadic use of the method. On the contrary,
the rare use of the technique may unsettle surgeons during
more challenging procedures.

Pitfalls

Generally, the operating surgeon has to take into ac-
count potential equipment malfunction at any time

during the operation. The so-called “laryngeal twitch,”
which describes the palpable contraction of the vocal
fold muscles upon the stimulation of the vagal nerve,
illustrates intact RLN function in absence of EMG sig-
nals and may uncover recording malfunction [8]. For
both vagal nerve/RLN based and LAR-cIONM, the cor-
rect positioning of the endotracheal tube plays a key
role. Therefore, the choice of the correct tube size is
important, to facilitate an ideal contact between tube
electrodes and larynx mucosa. In case of vagal nerve/
RLN based cIONM, impedance between tube electrode
and larynx mucosa was recommended to be <5 kΩ with
a difference between the different sides of <1 kΩ [8].
Moreover, for vagal nerve/RLN based IONM, optimal
baseline amplitude values should initially exceed 500
μV; otherwise, a correction of the endotracheal tube
(and thereby the surface electrodes at the vocal fold
level) by rotation or shifting should be attempted.
Even during the operation, secondary tube dislocation
has to be taken into consideration, when a decrease of
the baseline amplitude (with unaffected signal latency)
is observed. In case of LOS, a standard trouble shooting
algorithm should be followed to differentiate technical
errors from true LOS. After verification of the correct
function of the technical equipment and exclusion of
neuromuscular blockage, laryngeal twitch and/or the
stimulation of the contralateral vagal nerve should be
considered first. Positive EMG signals from the contra-
lateral vagal nerve or circumscribed signal reduction
along the ipsilateral RLN verify a true LOS. Negative
or insufficient EMG signals from the contralateral vagal
nerve may indicate displacement of the tube electrodes
or neuromuscular blockage. During vagal nerve/RLN
based cIONM the surgeon must be aware, that fluid
collection around the vagal nerve electrode may impair
the electrical current to the nerve and result in failure of
stimulation. In case of the anatomic variant of a “non-
recurrent” RLN, positioning of the vagal electrode in a
particularly cranial localization (before the separation
point of the RLN) is necessary.

For LAR-cIONM, in case of an initial baseline of <150
μV, the information cannot be considered reliable [35•].
Analogously, a change of the endotracheal tube position
should be attempted, to improve baseline signals to values
>500 μV. In LAR-cIONM, stimulation of the supraglottic
mucosa leads to bilateral activation of the laryngeal adduc-
tor reflex. So far, bilateral responses cannot simultaneously
be reg i s t e red , due to the cur ren t endo t r achea l
tube/electrode design. Changes in the tube design in the
future may allow for the simultaneous assessment of ipsi-
and contralateral LAR in order to understand, whether sig-
nal changes are caused by tube displacement, and the im-
portance of far-field effects might be studied [35•]. Since
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LAR-cIONM is a novel method, it was recommended to
limit the method to centers with experienced neurophysi-
ologists who support the operating surgeon to ensure that
optimal LAR responses are obtained [35•].

Conclusions

IONM is a useful tool to avoid postoperative (bilateral)
VCP after thyroid surgery. Whereas intermittent IONM
allows for RLN “mapping” during tissue dissection, as-
sessment of RLN lesion point/type of LOS, and deci-
sion guidance towards two-staged thyroidectomy,

continuous IONM facilitates the real-time evaluation of
the effect of a surgical maneuver on RLN function.
Consequently, a more powerful effect on the reduction
of postoperative transient/permanent VCP rate can be
expected when using this “interactive” evolvement of
the merely observatory technique of intermittent
IONM. There are currently two main approaches for
the performance of cIONM: conventional vagal nerve/
RLN based cIONM and experimental methods, which
do not require the positioning of a vagal nerve electrode
for signal stimulation. One of these methods is the re-
cently described technique of LAR-cIONM that utilizes
the laryngeal adductor reflex. For conventional vagal

Fig. 2 Examples of recorded vagal/recurrent laryngeal nerve based
cIONM signals during three different thyroidectomies (A–C). The X-
axis indicates the time of registration (hours to minutes). The Y-axis
illustrates the percentage of amplitude (mV) and latency (ms) with in
relation to the chosen baseline, and the 50% threshold is marked with a
dashed line. Reference points for the individually chosen baselines are
coded as light green dots, which serve as a basis for the relative signal
indication. Artefacts (immediately reversible decrease of the amplitude)
can be distinguished from serious neural stress (dissociation of amplitude
and latency with slow recovery). Waiting periods after signal reduction
(intentionally paused preparation) are characterized by a reduction of
movement artefacts. Results from intermittent stimulation of the vagal
nerve (“V1” and “V2”) are included in the graphs as pink dots,
stimulation of the recurrent laryngeal nerve (“R1” and “R2”) as black
dots, and stimulation of the superior laryngeal nerve (“S1” and “S2”) as
orange dots. Light green dots mark the baseline setting. A Signal
registration during thyroidectomy without significant changes during
cIONM. The postoperative laryngoscopy verified normal vocal cord

function. B Thyroidectomy with a drop of cIONM signal amplitude
below the 50% threshold during left lobectomy and signal recovery due
to pausing of the resection. EMG signals at the end of initial left
lobectomy exceeded 80% of the baseline (> 1 mV). The resection of
the right lobe was consecutively performed without adverse events.
Postoperative laryngoscopy remained without signs of vocal cord palsy.
C Thyroidectomy with unambiguous drop of cIONM signal amplitude
below the 50% threshold during resection of the right lobe, without
sufficient signal recovery despite pausing the resection due to
segmental, traction related injury (V2, 0.26 mV after resection).
Intermittent RLN stimulation at the end of the procedure verified
reduced amplitudes at proximal stimulation and normal signal at distal
stimulation, illustrating the right-sided segmental lesion. (The resection
was continued after a marginal drop of the cIONM signal amplitude
below the 50% threshold after initial left lobectomy since the absolute
signal was > 1 mV, indicating a sufficient response.) A right-sided
transient vocal cord palsy was registered by postoperative laryngoscopy
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nerve/RLN based cIONM, comprehensive analyses of
threshold values and impact of signal changes on post-
operative VCP rates were reported. For the experimental
techniques, e.g., LAR-cIONM, initial results are avail-
able, but further investigation is required.
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