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Abstract

The use of intraoperative neuromonitoring (IONM) is getting more common in thyroidectomy. The data obtained by the usage of
IONM regarding the laryngeal nerves’ anatomy and function have provided important contributions for improving the standards
of the thyroidectomy. These evidences obtained through IONM increase the rate of detection and visual identification of recurrent
laryngeal nerve (RLN) as well as the detection rate of extralaryngeal branches which are the most common anatomic variations of
RLN. IONM helps early identification and preservation of the non-recurrent laryngeal nerve. Crucial knowledge has been acquired
regarding the complex innervation pattern of the larynx. Extralaryngeal branches of the RLN may contribute to the motor innerva-
tion of the cricothyroid muscle (CTM). Anterior branch of the extralaryngeal branching RLN has always motor function and gives
motor branches both to the abductor and adductor muscles. In addition, up to 18% of posterior branches may have adductor and/
or abductor motor fibers. In 70-80% of cases, external branch of superior laryngeal nerve (EBSLN) provides motor innervation to
the anterior 1/3 of the thyroarytenoid muscle which is the main adductor of the vocal cord through the human communicating
nerve. Furthermore, approximately 1/3 of the cases, EBSLN may contribute to the innervation of posterior cricoarytenoid muscle
which is the main abductor of ipsilateral vocal cord. RLN and/or EBSLN together with pharyngeal plexus usually contribute to the
motor innervation of cricopharyngeal muscle that is the main component of upper esophageal sphincter. Traction trauma is the
most common reason of RLN injuries and constitutes of 67-93% of cases. More than 50% of EBSLN injuries are caused by nerve
transection. A specific point of injury on RLN can be detected in Type 1 (segmental) injury, however, Type 2 (global) injury is the loss
of signal (LOS) throughout ipsilateral vagus-RLN axis and there is no electrophysiologically detectable point of injury. Vocal cord
paralysis (VCP) develops in 70-80% of cases when LOS persists or incomplete recovery of signal occurs after waiting for 20 min.
In case of complete recovery of signal, VCP is not expected. VCP is temporary in patients with incomplete recovery of signal and
permanent VCP is not anticipated. Visual changes may be seen in only 15% of RLN injuries, on the other hand, IONM detects 100%
of RLN injuries. IONM can prevent bilateral VCP. Continuous IONM (C-IONM) is a method in which functional integrity of vagus-RLN
axis is evaluated in real time and C-IONM is superior to intermittent IONM (I-IONM). During upper pole dissection, IONM makes
significant contributions to the visual and functional identification of EBSLN. Routine use of IONM may minimalize the risk of nerve
injury. Reduction of amplitude more than 50% on CTM is related with poor voice outcome.
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Voice changes are the most frequent complications of
thyroid surgery and these are multifactorial. Main
neural causes of post-operative vocal changes are injuries
of recurrent laryngeal nerve (RLN) or external branch of the
superior laryngeal nerve (EBSLN), however, this condition
can be minimalized in case of preservation of these two
neural structures.”?

Routine dissection and direct visualization of RLN, which
was first described by Lahey in 1938 for the preservation
of RLN in thyroidectomy, are still the gold standard tech-
niques.® Nevertheless, anatomical integrity of a nerve does
not warrant a preserved function for that nerve.

Intraoperative neuromonitorization (IONM) is a comple-
mentary technique which is based on the functional as-
sessment of nerves in addition to the visual identification.”

History of IONM in Thyroid Surgery

First techniques for identification with electrical stimulation
of RLN and EBSLN in thyroid surgery using endolaryngeal
balloon spirography were described in 1966 in an experi-
mental study. In the same study, it has been reported that
pressure changes were recorded on endolaryngeal balloon
after RLN stimulation in two human subjects.”

In 1970, Riddell mentioned in a study that during RLN stim-
ulation vocal cord function can be assessed by intraopera-
tive laryngoscopy, however, if laryngoscopy was not avail-
able, laryngeal palpation technique can be applied.” After
this publication, to evaluate RLN stimulation, techniques
of laryngeal palpation, glottic observation, glottic pressure
monitorization, endoscopically implanted intramuscular
electrodes, intramuscular electrodes implanted through
cricothyroid membrane, endotracheal tube-based surface
electrodes, and post-cricoid surface electrodes were de-
scribed.”

XOMED NIM-2 electromyogram (EMG) endotracheal tube
with surface electrodes which was industrially manufac-
tured by Eisele for IONM was tested in 10 patients and ap-
proved by Food and Drug Administration. Eisele applied
IONM with this endotracheal tube in 31 patients in 1996
and reported similar sensitivity compared with the intra-
muscular laryngeal electrodes for (ONM."!

IONM using endotracheal tube-based surface electrodes
has been popularized for its ease of use and installation,
suitability for purpose, convenience, being non-invasive,
and capacity for larger areas of contact with target muscles.
Thus, endotracheal tube-based surface electrodes have be-
come most commonly used standard technique for IONM
(Fig. 1).148

First continuous IONM (C-IONM) system was described by
Lamade et al. based on double balloon endotracheal tube

Figure 1. Schematic view of intermittent intraoperative neuromoni-
torization. According to suggestions of the International Neural Mon-
itoring Study Group guidelines, intraoperative stimulations must
acquire from vagus (V1) and RLN (R1) before thyroidectomy and
RLN(R2) and vagus nerve (V2) after thyroidectomy. (Ep: Epiglottis,
VC: Vocal cord, ET: Endotracheal tube, R. Side: Right side, HB: Hyoid
bone, JV: Internal jugular vein, CC: Common carotid artery, RLN: Re-
current laryngeal nerve, 1a: Stimulation of vagus nerve between two
vascular structure without opening carotid sheath, 1b: Stimulation of
vagus nerve by direct probe under direct visualization after carotid
sheath is opened, 2: Stimulation of RLN by probe close to thyroid,
Right upper arrow: Transverse section of larynx at the level of vocal
cords and the position of surface electrode-based endotracheal tube
placed between vocal cords.)

with stimulation and EMG recording electrodes.®? Unfor-
tunately, this system was not able to be used in routine
practice due to the technical and economical reasons. C-
IONM performed with a probe applied to the vagus nerve
was first described by Lamade." After that, various probes
for vagus nerve were produced and used in C-IONM.['

In 2006, the International Neural Monitoring Study Group
(INMSG) was established for neuromonitoring of the laryn-
geal nerves in thyroid and parathyroid surgery.'? Study
group published a guideline for standardization of RLN
monitorization in 2011 and another guideline for stan-
dardization of EBSLN monitorization in 2013.%'3 Study
group published two more guidelines in 2018 after evalu-
ating IONM data from literature. One of these guidelines
was related with staged thyroidectomy in one sided loss of
signal (LOS) during bilateral thyroidectomy and the other
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guideline was about optimal RLN management in invasive
thyroid cancer using surgical, laryngeal, and electroneuro-
physiologic data.l"*'!

As the debate continues whether IONM decreases the in-
cidence of vocal cord paralysis (VCP) or not, data obtained
from studies of IONM demonstrated that it has made im-
portant contributions for improving the standards of thy-
roidectomy.

Evidences Related with the Visual Identification
of RLN

Despite the fact that visual identification is the gold stan-
dard for preserving RLN in thyroidectomy, it can be difficult
to visualize the nerve in case of the presence of etiological
factors such as anatomical variations of RLN, recurrent goi-
ter, enlarged substernal goiter or locally advanced thyroid
cancer. IONM even helps early localization and identifica-
tion of difficultly identifiable RLN which constitute almost
26% of all cases.®

Even in experienced centers, IONM has been shown to in-
crease the nerve identification rate from 93% to 100% in
primary thyroidectomies.'” Especially in secondary cases,
the course of the nerve change in 80% of cases and ap-
proximately 60% of the nerves passes through the scar or
fibrotic tissue left by the first surgeries. The rate of visual
identification of RLN is 45% that can be increased to 91%
with IONM, and after getting experience with IONM, 100%
of RLNs can be identified.['®

Evidences Related with Anatomical Variations of RLN

Anatomical variations of RLN may increase the risk of VCP
and cannot be predicted preoperatively. Extralaryngeal
branching is the most common variation of RLN with an
approximate rate of 73.3% (95 % Cl 61.0-84.0) in cadav-
eric studies. In clinical studies, the rate of extralaryngeal
branching is lower than that of the cadaveric studies, be-
cause some of the branches are not able to be detected.
Anuwong et al."”! reported that extralaryngeal branching
can be detected visually in 21% of cases, furthermore, de-
tection rate increases to 45% using IONM.

On top of being a rare variation of RLN, nonrecurrent RLN
(non-RLN) is an important factor that increases risk of RLN
injury. Mostly, it is originated from the right side and 85% of
all cases are related with aberrant subclavian artery. Non-
RLN originates from the vagus nerve above the laryngo-
tracheal junction with a rate of 58% and below the laryn-
gotracheal junction with a rate of 42%.2% Using standard
V1 stimulation in IONM, non-RLN can be identified before
starting the dissection and this technique helps protecting
the nerve’s function and integrity.®"

If the latency of the amplitude obtained through V1 stimu-
lation is lower than 3.5 ms; sensitivity is 100%, specificity is
94%, positive predictive value is 100%, negative predictive
value is 97%, and accuracy is 98% for the detection of the
non-RLN.1

Evidences Related with Motor Innervation of the
Larynx

As a traditional knowledge, motor innervation of both ad-
ductor and abductor intrinsic laryngeal muscles is supplied
by the RLN except the cricothyroid muscle (CTM). Innerva-
tion of CTM, which is the tensor muscle of the vocal cord,
is provided by EBSLN. Besides that, internal branch of the
superior laryngeal nerve (IBSLN) has sensorial function.??!

In addition, laryngeal innervation has been shown to
be more complex and variable than classical anatomical
descriptions and neural connections have been dem-
onstrated between EBSLN and RLN, IBSLN and RLN, and
EBSLN and IBSLN in recent anatomical studies.?**! The
motor functions of both RLN and EBSLN can be evaluated
intraoperatively using IONM. The function of the thyro-
arytenoid muscle which is the main adductor muscle of
the vocal cord can be assessed with IONM and surface
electrode-based endotracheal tube. CTM function can be
evaluated by visualization of the CTM twitch.”*'3! More-
over, the functions of the other laryngeal and adjacent
muscles can be monitored with the use of multichannel
IONM. [

The evidence regarding the motor function of the extrala-
ryngeal branches of RLN is not clear in anatomical studies.
In extralaryngeal branching nerves, anterior branch has
been reported to have a motor function in all cases and
giving branches to both adductor and abductor muscles in
IONM studies.””?8 In addition to the motor function of the
anterior branch, posterior branches may contain adductor
and/or abductor motor fibers with a rate up to 18.5%.2927

Although the EBSLN has been reported to be the sole mo-
tor nerve of CTM, RLN or its extralaryngeal branches have
been demonstrated to contribute to the motor innervation
of the CTM.B'32 After EBSLN innervating the CTM, distal
branches of the EBSLN penetrate the larynx and reach the
1/3 anterior portion of the thyroarytenoid muscle and make
a connection with RLN. This connection has been named
as human communicating nerve and shown in 41-85% of
cases in anatomical studies.®*** Related with the human
communicating nerve, in addition to the CTM contraction
by EBSLN stimulation, electromyographical data regarding
the adductor function of the vocal cord can be obtained
through endotracheal surface electrodes in 70-80% of
cases.’>* The EBSLN also contributes to the ipsilateral in-
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nervation of the posterior cricoarytenoid muscle which is
the main abductor muscle of vocal cord, in 1/3 of all cases,
in addition to its contribution to the adductor function of
the vocal cord .

Occasionally, pharyngeal plexus may contribute to the in-
nervation of the vocal cord.*" Motor innervation of crico-
pharyngeal muscle which is the major component of up-
per esophageal sphincter may be provided by RLN and/or
EBSLN in addition to the pharyngeal plexus.?® In patients
with preoperative VCP, electrophysiologic activity can be
detected from the vocal cords with the stimulation of RLN
in 15-50% of all cases when RLN is anatomically intact.
42431 |t is claimed that despite the insufficient function of
the nerve, there might be a residual function preserved
which may be an important factor for preventing vocal
cord atrophy.®

Pre-operative unilateral VCP may be asymptomatic in
30-40% of cases. In this situation, presence of the residual
motor innervation for the vocal cords may be the potent
factor. If an electrophysiologic activity was detected in a
paralyzed RLN, anatomical integrity of the nerve should be
preserved ipsilaterally to maintain neural tonus and pre-
vent vocal cord atrophy.>4!

The complex motor innervation pattern of the larynx which
has been demonstrated also functionally with studies of
IONM, explains that voice, respiration, and swallowing
changes after RLN and/or EBSLN injury in thyroidectomy
may be variable and unpredictable.

Etiology of RLN Injury

In addition to recognition of RLN injury, IONM helps to find
the etiology and point of the injury. Before the invention
of IONM, transection or clamping injuries were presumed
as the most frequent etiological factors for RLN injury. With
the invention of IONM, traction trauma was demonstrated
as the most common etiological factor for RLN injury and
its incidence is ranging between 67% and 93% in all RLN
injuries.47-49)

In a study by Dionigi et al., the etiological factors of inju-
ry were analyzed for 281 RLNs out of 3143 patients (6093
nerves under risk of injury) who underwent thyroidectomy.
The most common etiological factor was traction trauma
(71%), followed by thermal injury (17%), compression inju-
ry (4.2%), clamping injury (3.4%), ligature (1.6%), aspiration
(1.4%), and transection (1.4%). Most of the traction traumas
resulted with transient VCP and the rate of permanent VCP
was only 1.4%. In addition, the rate of permanent VCP was
28% for thermal, 50% for clamping, and 100% for transec-
tion injuries.®® Contrary to RLN, more than 50% of EBSLN
injuries were caused by transection.k

Electrophysiologic Evidences Related with RLN
Paralysis

LOS was described as obtaining an amplitude of <100 uV
with stimulation of the vagus with a current over vagal
threshold (1-2 mA), when the baseline amplitude was
>500 pV.“

Type 1 LOS: During stimulation of RLN, signal cannot be
achieved proximal to a specific point over RLN. These inju-
ries were known as Type 1 segmental injuries and a signal
can be achieved distal to the point of injury.

Type 2 LOS: It is named as Type 2 global injury. There is no
point of injury determined electrophysiologically and a sig-
nal cannot be achieved along the ipsilateral vagus nerve-
RLN axis."

After the maneuver leading to LOS is terminated, LOS may
persist or recover. At the end of the surgery, if the amplitude
increases over 100 pV and is lower than 50% of the baseline
amplitude, it is defined as incomplete recovery. If the am-
plitude is over 100 pV but greater than 50% of the baseline
amplitude, then it is defined as complete recovery.>

Type 1 LOS results with a more serious injury and is more
frequent in female population. Both in type 1 and type 2
LOS, major cause of injury is the traction trauma. When LOS
persists, 95% of type 1 injuries and 70% of type 2 injuries
result with post-operative VCP. Two-thirds of Type 1 LOS are
superior to the crossing point of RLN and inferior thyroid
artery (ITA). In both types of LOS, 90% of VCP recover in 6
months.B

In patients with intraoperative incomplete recovery of
LOS, post-operative VCP was occurred in 95% of type 1
LOS and 48% of type 2 LOS. Complete recovery of LOS
resulted with no post-operative VCP both in type 1 and
type 2 LOS.BI Wu et al.*¥ demonstrated that amplitude
loss more than 60% at the proximal region below the
point of LOS compared to the amplitude at the distal re-
gion above the point of LOS is associated with VCP. After
LOS, complete recovery occurs by 7-8 min in Type 1 LOS
and 13-16 min in Type 2 LOS.*2531 LOS caused by traction
trauma may recover intraoperatively in 20 min in 70% of
injured nerves, if the traction is released.*™ At the end of
20 min of waiting period after LOS, if an incomplete sig-
nal recovery occurs and amplitude still remains below the
50% of baseline amplitude, the risk of post-operative VCP
is 70-80%.°2>3 VCP is transient in patients with complete
recovery of signal and no permanent VCP is seen in these
patients.”® Median recovery time for VCP is 62 days for
type 1 LOS and 27 days for type 2 LOS.B2

The INMSG recommends that when evaluating signal re-
covery absolute amplitude level must be considered to-
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gether with an increase of more than 50% of baseline
amplitude. With an amplitude level >250 uV possibility of
post-operative normal vocal cord function is high, howev-
er, with an amplitude level <250 uV, there is still a possibil-
ity for post-operative VCP. As a result, having an absolute
amplitude level >250 uV together with a final amplitude,
more than 50% of baseline amplitude were recommended
for assessment of signal recovery.'

Evidence Related with Traction Trauma

Traction trauma which is the most common cause of RLN
injury in thyroid surgery appears gradually in a certain
amount of time. At the first phase of traction injury, am-
plitude is decreasing due to the decrease in the number
of nerve fibers transmitting the action potential. With con-
tinuation of traction, amplitude keeps on decreasing and
the increase of latency becomes evident due to the loss of
myelin sheath.5®

Related with traction trauma, a decrease of amplitude
>50% together with an increase of latency >10% is defined
as combined event. These events can be followed simulta-
neously using C-IONM in a proper way. Combined events
are critical EMG changes that can be reversible in 80% of
cases when the action leading to the traction trauma is ter-
minated. If the nerve is not released, LOS develops and the
chance of recovery is less. EMG changes in only amplitude
or latency are mostly related with the endotracheal tube
malrotation or problems with equipment and do not pre-
dict VCP. Possible VCP can be prevented when the traction
trauma developing LOS on RLN is terminated in a favorable
time.[11'57'58]

Intraoperative Detection of RLN Injury

Only 15% of RLN injuries can be detected by visible physical
changes.*8>% In approximately 85% of RLN injuries, nerves
are visually intact and injury site can be localized function-
ally using IONM. Whether RLN injury is visible or not is re-
lated to prognosis of VCP. While the rate of permanent VCP
is 56% in RLN injury with physical changes, permanent VCP
is very low (1.2%) in RLNs without physical changes.5”

Mapping of RLN with IONM and intraoperative detection
of RLN injury make an important contribution to the RLN-
related surgical strategy. If RLN was ligated with a clip or
suture or compressed by a fibrous tissue, risk of permanent
paralysis can be prevented by the surgeon after elimina-
tion of underlying condition. Furthermore, IONM helps
finding the distal part of the RLN, if the nerve is transected
unintentionally. In addition, it is also useful to find the mo-
tor branch or branches of branching RLNs for an anasto-
mosis.1 !

Prediction of Post-Operative Vocal Cord Function
by Intermittent IONM (I-IONM)

Approximately 7000 nerves were evaluated in a meta-
analysis and sensitivity was 83.76%, specificity was 90.24%,
positive predictive value was 61.3%, and negative predic-
tive value was 99.15% for [-IONM.®%

In another study, standard vagal stimulation was applied
in compliance with the International Neuromonitoring
Guideline statements and sensitivity increased to 92%,
specificity increased to 99.3, positive predictive value in-
creased to 76.7%, and negative predictive value increased
t0 99.8%.11

Prevention of Bilateral VCP

Bilateral VCP is one of the life-threatening and most feared
complications of thyroidectomy. One of the most impor-
tant evidence about IONM is its ability to prevent bilateral
VCPB5ZWhen LOS developed at the first side of intervention
in a patient planned for total thyroidectomy, bilateral VCP
is not going to occur with a surgical plan of staged thyroid-
ectomy.®?83 However, without noticing LOS or continuing
to the contralateral side of the neck despite LOS, the proce-
dure may conclude with bilateral VCP in 16-17% of cases.
164651 Qver 99% of negative predictive value of IONM is an
indicator of eliminating the possibility of bilateral VCP if no
LOS develops after resection of the first side and a normal
EMG signal is obtained.’*"

Positive predictive value of IONM is about 60-75%. When
LOS develops on the first side of the intervention, postop-
eratively, normal vocal cord function may be seen due to
the false positivity. Thus, this value may be accepted as a ra-
tional for staged thyroidectomy to prevent bilateral VCP.6"

Limitations of I-IONM

Even though I-IONM is an effective method for finding of
RLN, mapping its anatomical course, showing type and
localization of LOS, and preventing bilateral VCP, this tech-
nique has limitations.

I-IONM does not provide a simultaneous functional moni-
torization throughout RLN and only gives information
about function at the moment of stimulation. Current sys-
tems do not allow surgeon to dissect and stimulate at the
same time. IlONM does not give information about out-
comes of surgical manipulations between two stimulation.
If an injury was occurred by surgical manipulation, I-IONM
has no impact on preventing this injury and stimulation
after surgical manipulation only shows that an injury was
occurred. I-IONM informs about function of distal part of
the nerve to the point of stimulation and cannot determine
if there is a Type 1 injury proximal to the point of stimula-
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tion in RLN-vagus nerve axis. This injury can be detected by
stimulating proximally to the point of injury.=>6c¢!

C-IONM

C-IONM is a technique based on following the changes in
amplitude and latency of EMG signals through periodical
stimulations of vocal cords by applying a probe to the va-
gus nerve at the level of middle zone of thyroid gland and
evaluating functional integrity of vagus nerve-RLN axis si-
multaneously (Fig. 2).167

Traction trauma which is the most common cause of RLN
injury is progressive and a certain time passes until LOS
develops. During that timeline, EMG amplitude changes of
RLN synchronously alert the surgeon and enable the sur-
geon to correct surgical manipulations. EMG findings may
recover after waiting for an adequate time and terminating
the maneuver leading to the traction trauma. As combined
events (more than 50% decrease in the baseline amplitude
and more than 10% increase of latency) or LOS are emerged
after traction trauma, surgical manipulation should be ter-
minated and wait for 20 min.['

When amplitude values are lower than 50% of baseline am-
plitude, the possibility of VCP is 100% for Type 1 and 67%
for Type 2 LOS and these numbers are closer to the rates
of persistent LOS (100% and 75%, respectively). In patients
with a plan of total thyroidectomy, staged thyroidectomy

Vagus probe

Figure 2. Schematic view of continuous intraoperative neuromon-
itorization by vagus (Ep: Epiglottis, VC: Vocal cord, ET: Endotracheal
tube, R. Side: Right side, HB: Hyoid bone, TC: thyroid cartilage, CC: cri-
coid cartilage, JV: Internal jugular vein, CC: Common carotid artery,
RLN: Recurrent laryngeal nerve, T: Thyroid, Tr: Trachea, Right upper
arrow: Transverse section of larynx at the level of vocal cords and the
position of surface electrode-based endotracheal tube placed be-
tween vocal cords, Right lower arrow: Schematic view of application
of semi-closed vagus probe after dissection of vagus).

should be planned if this happens on the first side of in-
tervention. When complete signal recovery (an increase of
amplitude to the level more than 50% of baseline ampli-
tude) is observed, this situation is related with normal vocal
cord function and operation can be continued on contra-
lateral side.l"52

The other etiological factors of RLN injury such as cauter-
ization, clamping, ligature, transection occur with sudden
actions and these actions may not be prevented by C-
IONM (635!

According to the registry of the German Society of Gen-
eral and Visceral Surgery in which IONM is used widely in
thyroidectomy, only 17.4% of surgeons perform thyroidec-
tomy using C-IONM."7%!

In a study comparing I-IONM and C-IONM including more
than 6000 patients and 10,200 RLNs, C-IONM was found
superior for preventing VCP. In C-IONM group, early VCP
was 1.7 times lower than I-IONM group (1.5% vs. 2.5%, re-
spectively) and permanent VCP was 30 times lower than I-
IONM group (0.02% vs. 0.6%, respectively). When C-IONM
compared to I-IONM in multivariable logistic regression
analysis, the use of C-IONM was detected as an indepen-
dent factor for decreasing early VCP 1.8-fold (OR:0.56) and
decreasing permanent VCP 29.4-fold (OR:0.034). With the
use of C-IONM, only one out of 75 early VCP was observed
as permanent VCP and with the use of I-IONM, one out of
4.2 early VCP was observed as permanent VCP. The possibil-
ity of developing permanent VCP after early VCP was found
17.9-fold lower in C-IONM group.”"

For the prediction of both early post-operative and per-
manent VCP, C-IONM was detected to be better than I-
IONM in a broad study by Schneider et al. In C-IONM and
I-IONM, for the prediction of early post-operative VCP, the
sensitivity was 88.5% versus 52.4%, specificity was 99.6%
versus 99.2%, positive predictive value was 79.3% versus
61.9%, negative predictive value was 99.8% versus 98.8%,
and accuracy was 99.5% versus 98.0%, respectively. In C-
IONM and I-IONM,; for the prediction of permanent VCP; the
sensitivity was 100.0% versus 51.7%, specificity was 98.3%
versus 98.2%, negative predictive value was 100.0% versus
99.7%, and accuracy was 98.3% versus 97.9%, respectively.
However, positive predictive value was lower in C-IONM
compared to I-IONM (1.1% vs. 14.3%, respectively, one per-
manent VCP related with C-IONM).I""

Even C-IONM has some limitations. First of all, further dis-
section is applied and additional time is spent for place-
ment of C-IONM probe to the vagus nerve. Another limita-
tion of C-IONM may be related with lack of standardization.
There is a great variety among the criteria of alarm thresh-
olds in the literature. Even though there is an increase in
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centers and surgeons who use this technique, a standard
method is not formed yet. When well-known advantages
of C-IONM are taken into account, sufficient training to per-
form a safe operation with C-IONM is still resuming as the
gold standard. There are no data regarding the learning
curve of the technique to be used in C-IONM./2

Monitorization of External Branch of the Superior
Laryngeal Nerve

Despite visual identification is the gold standard technique
for preservation of RLN, the best method is still on debate
among various proposed techniques for preservation of
EBSLN.I"™! At present, many surgeons perform dissections
without searching for EBSLN considering that searching for
itis invasive and dangerous.”* However, upper pole dissec-
tion with IONM is increasing but still fewer than its use in
RLN.[74,75]

Main principle for preservation of a peripheral nerve is me-
ticulous dissection and visualization of the nerve. Since EB-
SLN is thinner than RLN and may be under or among the
fibers of inferior pharyngeal constrictor muscle, it may not
be identified or non-neural muscle fibers may be presumed
as EBSLN.677)

IONM makes a significant contribution to the visual and
functional identification of EBSLN during the upper pole
dissection. Uludag et al.’® reported that IONM increased
the visual detection rate of EBSLN from 36.9% to 70% and
25.2% of nerves were functionally detected even though
nerves were not visualized.

EBSLN is closely related to the upper pole vessels and most
popular categorization to describe this relationship is Cer-
nea classification./””!

Upper pole vessels are in a relationship with EBSLN which is
categorized as; Cernea type 1, 24-31% of thyroidectomies
(EBSLN crosses upper pole vessels at a point more than 1
cm superior to upper pole), Cernea type 2a, 60-68% of thy-
roidectomies (EBSLN crosses upper pole vessels at a point
<1 cm superior to upper pole), and Cernea type 2b, 7-9% of
thyroidectomies (EBSLN crosses upper pole vessels below
the upper pole superior border). Practically, during the up-
per pole dissection, approximately 75% of EBSLNs are close
to upper pole <1 cm (Cernea type 2a+2b) and under poten-
tial risk of injury.B397880

In a prospective study, Cernea classification is found to be
associated with the stress on EBSLN during the upper pole
dissection. Ratio of nerves with a reduction of amplitude at
the end of the upper pole dissection was more than 25% of
amplitude of stimulation at identification which were 4.9%
in Cernea type 1, 11.2% in Cernea type 2a, and 18% in Cer-
nea type 2b and LOS ratio was 0%, 2.8%, and 3%, respec-

tively. Furthermore, authors suggested that stimulation of
the EBSLN when nerve is identified should be defined as S1
and stimulation of EBSLN proximally to the point of vessel
transection at the end of the dissection should be defined
as S2 similar to the standardization of RLN.["

Significant reduction of EBSLN injury with the use of IONM
during upper pole dissection has been demonstrated in
various randomized prospective studies. Cernea evalu-
ated EBSLN injury using post-operative EMG of CTM in his
randomized prospective studies. EBSLN injury rate was
28% when surgery residents operate the patient without
searching for EBSLN, 12% when experienced attending sur-
geon operate without searching for EBSLN and there was
no injury when experienced attending surgeon search for
the nerve with a nerve stimulator.®

Barczynski et al. evaluated voice performances with post-
operative videostrobolaryngoscopy and vocal tests in
randomized prospective studies. During the upper pole
dissection, total EBSLN injury rate was higher in the group
in which nerves were searched with visual inspection than
the group in which nerves were searched with IONM (6%
vs. 1.5%, p=0.02), and more than 10% of reduction in pho-
nation parameters were detected.*%

In another prospective study, EBSLN injury was evaluated
with intraoperative EMG of CTM and the number of injured
EBSLNs in the group in which IONM was used during up-
per pole dissection was found to be lower than number of
nerves atrisk of injury in the group in which nerves were not
searched during the dissection (0.9% vs. 8.6%, p=0.010).%

Routine use of IONM for identification of EBSLN during thy-
roidectomy can minimize the risk of injury. More than 50%
decrease in at least one of the EBSLN amplitude response
in the EMG of CTM performed by needle electrodes is re-
lated with poor vocal outcome.® True positivity of EBSLN
stimulation in IONM is described as observing a twitch on
CTM and/or recording an endotracheal glottic waveform
by endotracheal tube electrodes.™

One of the main limitations of EBSLN monitorization is the
lack of continuous monitorization due to the fact that EB-
SLN is branching from vagus nerve at a very short distance
from cranial base. Although a glottic response is taken in
majority of patients through the human communicating
nerve, at least in 20% of patients, a quantitative response
cannot be achieved. The correlation between magnitude
of EMG amplitude achieved from the vocal cords and the
function of EBSLN is yet not known.!"
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