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Abstract A variety of electromyography (EMG) recording methods were reported during intrao-
perative neural monitoring (IONM) of recurrent laryngeal nerve (RLN) in thyroid surgery. This
study compared two surface recording methods that were obtained by electrodes on endotra-
cheal tube (ET) and thyroid cartilage (TC). This study analyzed 205 RLNs at risk in 110 patients
undergoing monitored thyroidectomy. Each patient was intubated with an EMG ET during general
anesthesia. A pair of single needle electrode was inserted obliquely into the TC lamina on each
eclare no conflicts of interest.
of Otolaryngology-Head and Neck Surgery, Kaohsiung Medical University Hospital, Kaohsiung Medical
iung, 807, Taiwan.
.tw, kmuent@yahoo.com.tw (C.-W. Wu).

7.06.014
ng Medical University. Published by Elsevier Taiwan LLC. This is an open access article under the
commons.org/licenses/by-nc-nd/4.0/).

mailto:cwwu@kmu.edu.tw
mailto:kmuent@yahoo.com.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.kjms.2017.06.014&domain=pdf
http://dx.doi.org/10.1016/j.kjms.2017.06.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/1607551X
http://www.elsevier.com/locate/kjms
http://dx.doi.org/10.1016/j.kjms.2017.06.014
http://dx.doi.org/10.1016/j.kjms.2017.06.014


504 F.-Y. Chiang et al.
Recurrent laryngeal
nerve;
Vocal cord paralysis;
Thyroid surgery
side. Standard IONM procedure was routinely followed, and EMG signals recorded by the ET and
TC electrodes at each step were compared. In all nerves, evoked laryngeal EMG signals were reli-
ably recorded by the ET and TC electrodes, and showed the same typical waveform and latency.
The EMG signals recorded by the TC electrodes showed significantly higher amplitudes and sta-
bility compared to those by the ET electrodes. Both recording methods accurately detected 7
partial loss of signal (LOS) and 2 complete LOS events caused by traction stress, but only the
ET electrodes falsely detected 3 LOS events caused by ET displacement during surgical manipu-
lation. Two patients with true complete LOS experienced temporary RLN palsy postoperatively.
Neither permanent RLN palsy, nor complications from ET or TC electrodes were encountered in
this study. Both electrodes are effective and reliable for recording laryngeal EMG signals during
monitored thyroidectomy. Compared to ETelectrodes, TC electrodes obtain higher and more sta-
ble EMG signals as well as fewer false EMG results during IONM.
Copyright ª 2017, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Intraoperative neural monitoring (IONM) has been widely
used to verify the functional integrity of recurrent laryn-
geal nerve (RLN) during thyroid surgery. Various electrodes
placements for recording electromyography (EMG) during
monitored thyroidectomy have been reported in the liter-
ature, including intramuscular placements (e.g., intra-
muscular vocal cord electrodes placed endoscopically or
through the cricothyroid membrane), and surface place-
ments (e.g., laryngeal electrodes placed at the post-cricoid
area or attached to an endotracheal tube (ET)) [1]. In
recent years, ET-based surface electrodes have gained
more popularity because of the essential advantages of
their ease of setup and use, noninvasive nature, and ca-
pacity to derive larger areas of the target muscle [1].
However, limitations encountered during clinical use of ET-
based surface electrodes, including the followings:

1. Contact between electrodes and vocal cords must be
maintained for a high-quality recording. Because of the
large size of the ET, however, pressure must be applied on
the glottis to maintain optimal contact during surgery.
Additionally, if the selected EMG ET is too large for intu-
bation, it must be replaced with a smaller one. Conversely,
a smaller EMG ET may not provide sufficient contact be-
tween the surface electrodes and vocal cords. In this sit-
uation, the initial EMG amplitude will be very low [1].

2. Verification of proper electrodes-cords position after
neck positioning is necessary with direct laryngoscopy,
laryngofiberoscopy or Glidescope. However, reposition-
ing an EMG ET is troublesome and time-consuming for
anesthesiologists [2,3].

3. Rotation, upward displacement or downward displace-
ment of the EMG ET during surgical manipulation may
cause an unstable signal due to insufficient contact be-
tween electrodes and vocal folds [4]. Extreme
displacement of the EMG ET can substantially decrease
the EMG amplitude or cause a false loss of signal (LOS)
owing to poor electrodes-cords contact [5]. Monitor
dysfunction rates reportedly range from 3.8% to 23%, and
the main cause of dysfunction is a malpositioned EMG ET
[3,6e10]. In a study by Dionigi et al. [10], 10% of thyroid
surgery patients required intraoperative adjustment of
the ET due to poor electrodes-vocal cords contact. In our
previous study [3], intraoperative monitor dysfunction
caused by a malpositioned EMG ET occurred in 6% of
thyroidectomy patients, even though the proper elec-
trodes position was routinely verified by laryngofibero-
scopic examination after neck positioning.

4. The EMG ET may not be applicable in patients who have
had tracheostomy or in patients who require tracheos-
tomy for general anesthesia. Additionally, the EMG ET
may be inapplicable in the rare case of a trachea
severely compressed by a huge goiter.

5. If the EMG ET is not routinely used, replacing a standard
ET with an EMG ET may be difficult in case IONM is un-
expectedly required during surgery.

Anatomically, the thyroarytenoid (TA) muscles are
attached to the anterior part of the inner surface of the
thyroid cartilage (TC). Therefore, electrodes on the TC are
an alternative means to assess the function of TA muscle
and RLN. Additionally, recording systems that use TC
electrodes are theoretically more stable than those that
use ET electrodes because the anatomic relationship be-
tween the TC electrodes and TA muscles is unaffected by
surgical manipulation. Recently, Van Slycke et al. [11] re-
ported their preliminary experience in the placement of
acquisition electrodes on TC for IONM of RLN during thy-
roidectomy. However, the clinical value of using TC elec-
trodes for IONM has not been investigated comprehensively,
and their advantages and disadvantages in comparison with
ET electrodes have not been reported. Therefore, this
study compared surface EMG recordings between methods
that use ET electrodes and those that use TC electrodes.

Methods

Patients

This study analyzed 110 surgical procedures (13 unilateral
total lobectomies and 97 total thyroidectomies) performed
for various thyroid diseases (57 benign and 53 malignant).
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All procedures were performed by the same surgeon
(Chiang, FY) in 110 patients (22 men and 88 women; age
range, 23e78 years; mean age, 52 years) from January to
December, 2016. Two nerves were excluded from analysis
due to preoperative vocal cord palsy. Thus, 205 nerves at
risk were enrolled in this study.

The standard procedures for equipment setup and
anesthesia were performed by the IONM team of Kaohsiung
Medical University Hospital [12]. All patients were intu-
bated with a Nerve Integrity Monitor Standard Reinforced
Electromyography Endotracheal Tube (ID, 6.0 mm for
women and 7.0 mm for men) (Metronic Xomed, Jackson-
ville, FL, USA). The proper position of endotracheal surface
electrodes was routinely verified by laryngofiberoscopy
after neck positioning (Fig. 1A). During surgery, a single
needle electrode (Metronic Xomed, Jacksonville, FL, USA)
was obliquely inserted into each side of the lateral TC after
completion of the standard procedure for thyroid pyramidal
lobe dissection (Video). The wires of needle electrodes
were fixed on pre-laryngeal soft tissue and surgical drape
with sutures (Fig. 1B). The resultant EMG signals detected
Figure 1. Placement of endotracheal tube (ET) and thyroid cart
recordings. (A) An NIM� Standard Reinforced EMG ET (ID, 6.0 mm
inserted for general anesthesia. The EMG ET was fixed after confirm
contact with the vocal folds. The outline of thyroid tumor was mark
a pair of subdermal needle electrodes (length, 12.0 mm; diameter,
perichondrium of the lateral TC. The electrode wires were then fixe
nerve and (D) left recurrent laryngeal nerve (RLN) stimulation, the
channel 1 and 2 of the monitoring screen, and those detected by T
both showed typical vagal or RLN evoked laryngeal EMG waveform
by ET electrodes appeared on the channel 1 and 2 of
monitoring screen, and those detected by TC electrodes
appeared on the channel 3 during stimulation of the vagus
nerve (VN) (Fig. 1C) or RLN (Fig. 1D).

Supplementary video related to this article can be found
at http://dx.doi.org/10.1016/j.kjms.2017.06.014.

In all cases, standard IONM procedures were strictly
followed, and EMG signals with the largest amplitudes (V1-
R1-R2-V2) were obtained and registered at each step [8,12].
In addition to the conventional intraoperative four-step
procedure, the exposed RLN was routinely tested at the
lowest proximal end (R2p signal) and at the most distal end
near the laryngeal entry point (R2d signal) with a supra-
maximal stimulation level after complete dissection of the
RLN to detect partial nerve injury with incomplete LOS
[13,14]. If the R2p/R2d reduction (% difference in amplitude
between proximal and distal RLN stimulation) reached
>20%, the exposed RLN was carefully checked to pinpoint
the injured area of the nerve. The EMG signals detected by
ET and TC electrodes were compared at each step. Data
ilage (TC) electrodes and their electromyography (EMG) signal
/7.0 mm for women/men, Medtronic, Jacksonville, FL) was
ing that the exposed electrodes (blue segment) were in good

ed with red color line. (B) After resection of the pyramidal lobe,
0.4 mm; Medtronic, Jacksonville, FL) was inserted into the sub-
d on pre-laryngeal soft tissue with sutures. (C) After left vagus
resultant EMG signals detected by ET electrodes appeared on

C electrodes appeared on channel 3. The ET and TC electrodes
s.
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collection included EMG waveform, amplitude and latency,
and signal change after RLN injury.

In all patients, vocal cord mobility was video-recorded
pre- and postoperatively with a flexible laryngofibroscopy.
Patients who revealed vocal cord dysfunction were fol-
lowed up 2 weeks later and then every 4 weeks thereafter
until recovery. Dysfunction that persisted for 6 months
after surgery was considered permanent.

Results

Both the ET and TC electrodes reliably recorded evoked
laryngeal EMG signals. The two electrode types typically
obtained similar EMG waveforms and latencies for the 205
nerves in this study (Fig. 1C and D). At baseline, however,
the TC electrodes obtained significantly higher EMG am-
plitudes. The mean pre-dissection EMG amplitudes recor-
ded from TC and ET electrodes were 1652 � 848 mV versus
724 � 558 mV (p < 0.001) for V1 signal, and 2225 � 1106 mV
versus 960 � 677 mV (p < 0.001) for R1 signal, respectively.
Additionally, the TC electrodes obtained an initial V1 signal
amplitude <500 mV in only 2 (1%) nerves, whereas the ET
electrodes obtained an initial V1 signal amplitude <500 mV
in 74 (36%) nerves.

After RLN dissection, a weak or disrupted point of nerve
conduction was detected at the region of ligament of Berry
(LOB) in 9 nerves. Both electrode types showed similar
amplitude reductions (R2p/R2d ratio) (Fig. 2, and
Fig. 3AeC). Among these 9 nerves, 7 nerves with partial LOS
(R2p > 100 mV) all showed free postoperative vocal cord
mobility (Fig. 2); the remaining 2 nerves with complete LOS
(R2p < 100 mV) before wound closure developed temporary
vocal palsy postoperatively. Neither permanent RLN palsy,
nor complications from the use ET or TC electrodes were
observed in this study.
Figure 2. Comparison of the final EMG signal (V2) and initial EMG
and without evidence of injury. In the nine nerves with evidence of
and 203), both electrodes correctly detected the adverse EMG chan
and 193 showed no recovery, but the remaining 7 nerves showed rec
the EMG signals obtained by TC electrodes were more stable and m
In the 196 nerves without evidence of injury (no weak
point of nerve conduction on the exposed RLN and normal
postoperative vocal cord mobility), the mean post-
dissection EMG amplitudes recorded from the TC and ET
electrodes were 2379 � 1099 mV versus 1008 � 853 mV
(p < 0.001) for R2 signal, and 1685 � 800 mV versus
735 � 639 mV (p < 0.001) for V2 signal, respectively.
Overall, EMG amplitudes detected from TC electrodes
showed significantly higher than those detected from ET
electrodes at each step (V1-R1-R2-V2).

Further comparisons of the final and initial signals (V2/
V1) in the 196 nerves without evidence of injury revealed
the following three patterns:

(1) Signals were unchanged (defined as V2/V1 from 80% to
120%) in 161 (82%) nerves monitored by TC elec-
trodes, whereas signals were unchanged in only 98
(50%) nerves monitored by ET electrodes;

(2) Signals were increased (defined as V2/V1 > 120%) in
50 (26%) nerves monitored by ET electrodes, whereas
signals were increased in only 33 (17%) nerves moni-
tored by TC electrodes;

(3) Signals were decreased (defined as V2/V1 < 80%) in 48
nerves (24%) nerves monitored by ET electrodes,
whereas signals were decreased in only two (1%)
nerves monitored by TC electrodes.

Overall, the EMG signals detected by TC electrodes were
more stable than those detected by ET electrodes (Fig. 2).
Substantial amplitude decreases (defined as >50%)
occurred in 20 (10.2%) nerves monitored by ET electrodes,
but in none of the nerves monitored by TC electrodes
(Fig. 2). Notably, false LOS (EMG < 100 mV) events occurred
in 3 of the 20 nerves with substantial amplitude decrease
monitored by ET electrodes. All false LOS events resulted
signal (V1) recorded by ET and TC electrodes in 205 RLNs with
RLN traction injury (Nerve No. 2, 8, 82, 103, 107, 127, 193, 201
ge and showed similar V2/V1 EMG signal results (Nerve No. 103
overy). In the remaining 196 nerves without evidence of injury,
ore consistent than those obtained by ET electrodes.



Figure 3. Comparison of changes in EMG recordings obtained by ET electrodes and TC electrodes after RLN traction injury (AeC)
and after ET displacement (DeF). (A) After left RLN traction injury occurs at region of ligament of Berry, and (B) the ET and TC
electrodes both recorded amplitude loss of approximately 50% after stimulation of the proximal RLN (Rp*) in comparison with (C)
EMG evoked from the distal RLN (Rdþ). (D) Upward displacement of the ET and loose contact between the right vocal cord (#) and
ET electrodes occurred during surgical manipulation, and (E) the post-dissection EMG recorded by the right ET electrodes showed a
loss of signal (channel 2 Z 57 mV, <100 mV). However, the post-dissection EMG signal recorded by the TC electrodes (channel
3 Z 1618 mV) did not differ from the baseline EMG signal (F, channel 3 Z 1713 mV).
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from ET displacement during the surgical manipulation
(Fig. 3DeF).
Discussion

RLN injury remains a major cause of morbidity after thyroid
surgery and can substantially affect quality of life. A major
change in thyroid surgery in the past decade is the wide-
spread use of IONM as adjunct to the standard practice of
visually identifying the RLN [1]. This study compared sur-
face EMG recordings obtained by ET electrodes (Fig. 1A)
and by TC electrodes (Fig. 1B). The comparisons showed
that both electrode types reliably recorded evoked laryn-
geal EMG signals, and obtained similar waveforms and la-
tencies in all nerves (Fig. 1C and D). In the nine nerve
injuries caused by traction stress at the region of LOB, the
two electrode types reliably recorded similar EMG ampli-
tude reductions (R2p/R2d ratio) (Fig. 2 and Fig. 3AeC). That
is, for performing IONM, TC electrodes were as reliable as
conventional ET electrodes.

Studies of ET-based IONM systems usually report a high
negative predictive value of 92e100% but a low and highly
variable positive predictive value of 10e90% [15]. There-
fore, patients with an intact EMG signal after thyroid
resection are generally expected to have normal vocal
function. Conversely, a substantial decrease or loss of
signal has extremely unpredictable outcomes, ranging from
normal vocal mobility to temporary or permanent cord
palsy. Possible explanations for this high variability include
EMG ET movement and changes in the contact between the
ET electrodes and vocal cords during surgical manipulation
[5]. Therefore, maintaining good contact between ET
electrodes and vocal cords is essential for eliciting high and
stable EMG amplitudes during IONM. According to the In-
ternational Standards Guideline Statement, the larynx
should be intubated with the largest EMG endotracheal
tube considered safe, as this will optimize electrode con-
tact with the vocal cords [1]. However, selecting a proper
size of EMG tube for each patient can be difficult. For
example, one male patient in this study required a smaller
size 6.0 EMG tube after a failed intubation with a size 7.0
EMG tube.

Our experience in this study showed that, in contrast
with the troublesome and time-consuming procedures for
adjusting ET electrodes and verifying their proper position,
the setup procedure for TC electrodes can be performed
quickly and easily (Video 1). Although it was not an
outcome measure in this study, setup time was around
2 min in all cases. The electrodes were not easily dislodged
during surgery and could be directly visualized at all time,
which provided further confirmation of their location. The



Figure 4. High and stable EMG signals recorded by TC electrodes are a useful early indicator of adverse EMG change caused by
RLN traction stress. (A) Baseline EMG from TC electrodes (channel 3 of the monitoring screen) was 1661 mV. (B) Adverse EMG change
(>50% amplitude decrease) caused by traction stress on the RLN was noted during surgical dissection. Therefore, surgical traction
maneuver was stopped immediately at that moment (*). (CeE) After the moment (*) of traction maneuver stopped, the EMG
amplitude show gradual and progressive recovery. (F) The EMG signal recovered to the baseline level within 18 min. In contrast, the
ET electrodes obtained a relatively less robust signal (channel 2 of the monitoring screen) and were less effective for detecting
adverse EMG change.
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procedure also proved to be safe because the needles were
only inserted into the sub-perichondrium and did not
penetrate the TC. No laryngeal hematomas, lacerations,
infections, or ruptured endotracheal cuffs occurred. How-
ever, using TC electrodes in this recording method reveled
two limitations: 1) the procedure needs to expose the TC
and therefore it will be difficult to be applied in procedures
with small skin incision or procedures that involve endos-
copy, and 2) inserting the electrodes into the sub-
perichondrium may be difficult in elderly patients who
have severely calcified thyroid cartilage. Therefore, we
redesigned the TC electrodes to address these limitations.
Our modified electrodes are currently under evaluation in
ongoing animal experiments.

The initial EMG signals recorded by the TC electrodes
were significantly higher than those recorded by the ET
electrodes (V1 signal: 1652 mV versus 724 mV, respectively;
p < 0.001). A high initial EMG amplitude during IONM
reportedly helps to achieve early RLN localization and
identification [16], especially in thyroid operations
complicated by anatomic RLN variations [17]. In this study,
we found the initial high EMG amplitude from TC recording
electrodes is helpful to early alarm the adverse EMG change
caused by RLN traction stress (Fig. 4). In our previous
experimental study [18], we observed a gradual and pro-
gressive decrease of EMG amplitude when the RLN was
under traction stress. Notably, almost complete recovery of
EMG signal could be achieved when traction stress was early
relieved by detecting 50% of amplitude reduction. There-
fore, the initial R1 signals were used as reference data, and
a 50% amplitude decrease was considered a warning sign
during lateral RLN dissection in this study. In three nerves
that showed substantial amplitude decreases intra-
operatively, the EMG amplitude gradually recovered to
baseline after release of thyroid traction (Fig. 4).

Stable intraoperative EMG signals during monitored
thyroidectomy are also needed for accurate prediction of
vocal cord function after surgery. A final EMG signal that is
unchanged or increased at the end of surgery generally
indicates normal postoperative vocal cord function.
Conversely, a large amplitude decrease of the final signal
may indicate postoperative cord palsy [5,12]. In the current
study, unchanged or increased final EMG signals were
detected by 99% of TC electrodes but by only 76% of ET
electrodes among the 196 nerves without evidence of
injury. Additionally, substantial amplitude decrease (over
50%) occurred in 20 nerves (10%) monitored with ET elec-
trodes, but in none of the nerves monitored with TC elec-
trodes (Fig. 2). Of these, false LOS (EMG < 100 mV) events
occurred in three nerves, all of which resulted from severe
ET displacement during the surgical manipulation (Fig. 3D
and E). These data indicate that EMG signals detected by TC
electrodes are more stable than those detected by ET
electrodes.
Conclusions

Both the conventional ET and new TC recording methods
are useful and reliable for recording laryngeal EMG signals
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during IONM. Compared to ET electrodes, however, TC
electrodes obtain higher and more stable EMG signals as
well as fewer false EMG signals during IONM. Thus, TC
recording method is a useful, simple, and inexpensive
alternative method of monitoring RLN function during thy-
roid surgery.
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