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Introduction

Thyroid surgery is among the most common cervical 
surgeries. Due to the close proximity of the laryngeal nerves 
to the surgical field, nerve injury is a common complication 
of these surgeries. Unilateral paralysis of the recurrent 
laryngeal nerve (RLN) can cause dysphagia, hoarseness of 
voice, or respiratory complications due to aspiration (1). The 
consequences are more severe in bilateral paralysis, which can 
jeopardize the airway and may necessitate tracheostomy (1).  
As the external branch of the superior laryngeal nerve 
(EBSLN) supplies only the cricothyroid muscle, its paralysis 
is less devastating and can affect the voice variably. 

RLN injury is the most common cause of medicolegal 
litigation after thyroid surgery (2). In cases of bilateral vocal 

cords paralysis, plaintiffs can be awarded up to 2.5 million 
dollars (1).

Rates of RLN injury are reported to be as high as 
10% (3). Regarding the EBSLN, the reported injury rate 
varies widely (0-58%) due to difficulty of assessment (4).  
The published rates of RLN injury are thought to be 
underestimated, as the less satisfactory results are less 
commonly reported, and reported RLN injuries are usually 
from high-volume practices (5,6). Complications related 
to thyroid surgery, including laryngeal nerve palsy, are 
reported to be higher in low-volume surgeons (7,8). 

Revision neck surgery may be especially challenging due 
to postoperative changes and scarring. The risk of RLN 
injury increases threefold for repeat thyroid surgery when 
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compared to the initial operations (9).
Intraoperative visual identification has been the 

gold standard for securing the laryngeal nerves during 
thyroid surgery (10-12). However, an anatomically intact 
nerve identified by gross visualization does not confirm 
a functional nerve. Consequently, electrophysiologic 
intraoperative nerve monitoring (IONM) of the nerves 
was introduced by Shedd and Durham in 1965 as a novel 
technique which lowers the risk of RLN injury compared to 
the traditional visual identification (13).

IONM has been gaining popularity since its introduction. 
Studies have shown that over 50% of otolaryngologists and 
general surgeons use it in all or some of their cases (14,15). 
Neuromonitoring was reported to be more beneficial 
in video-assisted surgery as it makes the surgeon more 
comfortable during nerve dissection (5). Keeping detailed 
records of perioperative visits, including fundamental 
discussions, is essential. RLN injury should be emphasized 
as a potential complication and clear documentation in the 
informed consent is crucial. Nerve stimulating current, 
response amplitude and latency should be recorded in the 
operative report during and by the end of surgery.

The aim of our review is to review the literature 
addressing IONM to assess it safety, feasibility in thyroid 
surgery. Herein, we are also discussing anatomy of laryngeal 
nerves and aspects of its injury; and concise description of 
the basics of neuromonitoring.

Surgical anatomy of the laryngeal nerves

Recurrent laryngeal nerve (RLN)

The RLN is a branch of the vagus nerve. The right RLN 

originates at the level of the right subclavian artery and 
loops around it; then ascends in the tracheo-esophageal 
groove to the larynx. On the left side, it originates in the 
superior mediastinum at the level of the aortic arch, curves 
around it, runs superiorly through the thoracic outlet, and 
travels in the tracheo-esophageal groove near the branches 
of the inferior thyroid artery. It gives sensory branches 
to the esophagus and trachea before entering the larynx. 
Extralaryngeal branching of the RLN into anterior and 
posterior branches was reported to occur in around 40% 
of patients (16,17) (Figure 1). The motor fibers are usually 
located in the anterior branch; however they may run in 
the posterior branch that mostly carries sensory fibers (18). 
Extralaryngeal branching should be identified to avoid 
missing any unidentified anterior branch which may lead to 
postoperative nerve injury (16).

There are four important landmarks to aid mapping the 
RLN in thyroid surgery (2,19):

(I) The tracheo-esophageal groove, taking into 
consideration that the course of the RLN near or 
in the groove varies between individuals, especially 
on the right side;

(II) The inferior thyroid artery, another variable 
landmark of the RLN. The relationship of the 
nerve to the vessel is not constant and is a common 
site of RLN injury;

(III) The inferior thyroid cartilage cornu, which is 
palpable manually;

(IV) The entry to the larynx, believed to be the most 
reliable RLN landmark and the most common site 
of injury. It is more vulnerable at this point due to 
close proximity of the nerve to Berry’s ligament and 
the thyroid capsule (2).

External branch of the superior laryngeal nerve (EBSLN)

The EBSLN is a branch of the superior laryngeal nerve, which 
originates at the C2 spinal level from the vagus nerve and 
divides into internal and external branches. It then descends 
behind the carotid sheath and the superior thyroid artery 
towards the superior pole of the thyroid. The nerve can be 
located at the laryngeal head of the sternothyroid muscle.

In cases with large goiters or upper pole masses, the 
upper edge of this muscle could be transected, applying 
traction to the upper thyroid pole and dissecting the 
sternohyoid-laryngeal triangle to facilitate EBSLN 
exposure. The EBSLN runs close to the superior thyroid 
vessels, a location which makes it vulnerable to injury during 

AB

PB

Trunk

Figure 1 Branching of the main trunk of the RLN into anterior 
and posterior branches. Trunk, main trunk of RLN; AB, anterior 
branch; PB, posterior branch; RLN, recurrent laryngeal nerve.
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their ligation. Due to the variability of the EBSLN course, 
classifications were suggested to identify the relationship of 
the EBSLN to the upper thyroid pole and superior thyroid 
vessels (20,21). Cernea et al. classified EBSLN into type 
1 which crosses the superior thyroid vessels more than  
1 cm above the upper thyroid pole, type 2A that crosses 
the vessels less than 1 cm from the upper pole, and type 
2B that crosses the vessels below the upper pole (20). In 
68-90% of cases, the EBSLN was reported to share with 
the RLN in innervating the anterior thyroid muscle as the 
communicating branch (22). 

Nerve injury

Laryngeal nerves are mainly injured by traction, suture 
entrapment, transection or thermal injury. Thermal injury 
is caused by energy-generating devices that can cause 
collateral damage to nearby structures. The International 
Neural Monitoring Study Group classified nerve injury 
into two categories: segmental, which involves a lesion to 
a clear-cut segment of the RLN, and global, where all the 
RLN and vagus are nonconductive which may indicate an 
intralaryngeal focus of injury (23). The segmental injury 
may be potentially correctable in case of a suture or clip 
entrapping the nerve that can be removed to prevent 
permanent nerve injury. 

Revision neck surgery and surgery after radiotherapy 
have a higher risk of nerve injury due to tissue scarring. 

In large goiters, Graves’ disease and thyroiditis, enlarged 
glands put nerves under tension, making them more 
vulnerable to injury. The right non-recurrent inferior 
laryngeal nerve which is associated with arteria lusoria 
(aberrant right subclavian artery) carries a higher risk of 
injury due to its unusual course. Because dissection is more 
difficult in extralaryngeal branches of the RLN, they are at 
increased risk of injury compared to single nerves. 

IONM technique (Figure 2)

Cooperation between the surgeon and the anesthesiologist 
is essential for successful neuromonitoring. The use of 
neuromuscular blockers should be carefully considered 
and avoided if possible, as they reduce response amplitude 
from the vagus, RLN and EBSLN which may hinder injury 
detection. 

In IONM, an endotracheal tube (ETT) tube equipped 
with a pair of recording electrodes of suitable size to make 
direct contact with the vocal cords is used. Due to its 
safety and simplicity, it is superior to other modalities as 
glottic observation, laryngeal palpation, postcricoid surface 
electrodes and intramuscular electrodes (23).

A stimulator probe is used to deliver the electrical current 
to structures suspected to be neural tissue. For identification 
and mapping of the RLN and EBSLN, a probe is used to 
deliver intermittent current when needed. A 2 mA current 
is used initially for nerve identification and mapping when 

Interpretation and documentation of the waveform

Final stimulation of the RLN and Vagus after completion of surgery and before closure

Identification and mapping of the RLN

Initial vagal stimulation

Applying ground electrodesand setting up monitoring equipment circuit

Endotracheal tube fixation after obtaining basal waveform

Placing the patient in neck extension position

Intubation with minimum or without muscle relaxant

Figure 2 RLN monitoring steps, showing the main standard steps for intraoperative neuromonitoring of RLN. RLN, recurrent laryngeal 
nerve.
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overlaid by other tissue. A current of 1 mA can be used to 
map the nerve once identified and exposed. An automatic 
periodic stimulation (APS) probe is placed over the vagus 
nerve for real-time continuous monitoring. The nerve is 
exposed by dissecting the carotid sheath for 1 cm. It works 
by delivering a continuous low level stimulation to the vagus 
to obtain a basic nerve function. It gives a real time feedback 
by monitoring EMG responses. Continuous IONM 
(C-IONM) can detect early change in nerve function which 
may be a warning of impending nerve injury.

The stimulating and recording equipment are connected 
to an interface connector box, which is connected to 
grounding electrodes. Both the stimulatory and recording 
grounding electrodes are placed on the shoulder or on the 
sternum. The interface box is connected to a monitoring 
device. Waveform monitors are superior to audio systems 
with alarms indicating signal abnormality, as visual 
waveform displays amplitude, threshold and latency data 
which can differentiate true signals from artifacts. 

Respiratory movement EMG waveform is used as proof 
of correct positioning and contact between recording 
electrodes and vocal cords. Baseline amplitude of 30-70 mV  
indicates proper positioning of the ETT (24). Proper 
positioning of the ETT can be verified by other methods 
as: fiberoptic laryngoscopic examination, tap test on the 
larynx or translaryngeal stimulation. The RLN is searched 
for in the tracheoesophageal groove near the inferior 
thyroid artery. To localize the EBSLN, the probe can be 
placed between the laryngeal head of the sternothyroid 
muscle and the superior thyroid pole (4,25). Visualization 
of the EBSLN is more challenging than RLN; in a previous 
study for our group the rate of visualization was about 
53% (25). EBSLN visualization was more challenging in 
obese patients with two-fold chance to visualize it in non-
obese patients (25). While RLN response is evaluated by 
the EMG waveform displayed on the monitor, EBSLN 
response is evaluated by monitoring cricothyroid muscle 
twitch.

Feasibility and safety of IONM and medico-legal 
implications

IONM is considered a feasible and safe addition to 
traditional visualization in identifying nerves (26,27). It was 
reported that IONM can reduce the rate of transient RLN 
injury in thyroid surgery (11,28,29). Interestingly, one study 
notes the conspicuous absence of IONM use in cases of 
bilateral RLN injury related to thyroid surgery (30). Another 

study has shown that users of IONM are less frequently 
named in lawsuits involving RLN injury, compared with 
non-users (14). The major motivations for neuromonitoring 
that surgeons cite are enhanced confidence during operative 
nerve dissection and diminished medicolegal liability (15). 

However, there is no clear consensus in the literature to 
indicate that IONM decreases RLN injury. This is most 
probably due in part to the low incidence of injury in hands 
of high volume surgeons. Other studies showed that IONM 
did not reduce the prevalence of RLN palsy (31,32). Due 
to the low rate of RLN palsy, Dralle et al. reported that 
running a statistically powerful study would require millions 
of patients (11). 

Recent guidelines from the American Academy of 
Otolaryngology-Head and Neck Surgery recommend 
IONM use in thyroid surgery to ensure voice protection (33). 
The German Association of Endocrine Surgeons practice 
guidelines and the International Neural Monitoring Study 
Group guidelines both support using IONM in all thyroid 
surgeries (23,34), while the American Head and Neck Society 
endorses its utilization in thyroid cancer cases, particularly 
patients with RLN palsy.

IONM was reported to decrease operative time when 
compared to visual identification alone as it decreases the 
time needed to identify the RLN (35). Final monitoring 
signal can prognosticate postoperative nerve function with 
high reliability. In the case of non-reduced signal, the 
negative predictive value of IONM can be as high as 97%, 
while the positive predictive value when signal is lost is only 
33-37.8% (11,28). 

Preoperative laryngoscopy is proposed to be significant 
in all patients when counseling and planning extent of 
surgery (36,37). However, it is believed by others to be 
more essential in patients with persistent hoarseness of 
voice, suspicious for cancer or with prior thyroid surgery 
(33,38). Detection of any preoperative baseline abnormality 
is essential, as preoperative paralysis of the vocal cords may 
be an indicator of locally advanced cancer (36). Nonetheless, 
Kamani et al. found that 60% of invaded nerves retained 
near-normal EMG activity amplitude and normal function 
of vocal cords preoperatively (39). 

Routine postoperative laryngoscopy is recommended, as 
hoarseness does not necessarily indicate abnormal glottic 
function (36). Patients with intact nerves may experience 
hoarseness, while others with a paralyzed cord can be 
asymptomatic. Laryngoscopy is necessary to differentiate 
between vocal cord paralysis and intubation-induced causes 
of hoarseness such as vocal cord polyps.
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IONM can determine the mechanism of injury by 
tracking surgical maneuvers after which the signal was lost. 
Compared to visual identification which detects only 10% 
of nerve injuries, IONM can predict postoperative vocal 
cord function (2). Postoperative hemi-laryngeal edema can 
cause vocal cord immobility with normal signal; once the 
edema subsides, mobility will be regained. 

Initial amplitude of 100 mV is essential to ensure the 
system is functional and any subsequent loss of signal 
(LOS) is not due to equipment malfunction (Figure 3 shows 
stepwise approach for LOS). IONM can diagnose non-
RLN which has shorter latency time compared to the 
recurrent nerve (11). Prolonged latency time can be used 
in combination with decreased amplitude or complete LOS 
as an indicator of nerve injury (23,40). Post-dissection 
amplitude off 200 µV was used as a cutoff to predict RLN 
injury and showed an accuracy of 99.1% in prognosticating 
postoperative RLN function (40).

IONM may help in avoiding bilateral RLN injury with 
its devastating effects on airway which may necessitate 
tracheostomy. In bilateral surgery, when nerve injury is 
detected by IONM on the initial side, the procedure could 
be staged by postponing operation on the other side until 
vocal cord function can be verified (41,42).

Repetitive nerve stimulation in IONM is safe and does 
not affect the functional integrity of nerves; there was no 
decline in amplitude after repetitive stimulation (1,43). 
Although a current of 1-2 mA is advisable to minimize the 
potential for false results of high current shunting and is 
enough for a maximum EMG response, a higher current 
can be tolerated (44).

Despite IONM is considered safe,  i t  has some 
limitations. EMG signal can be affected by anesthesia 
and manipulation of the trachea. In addition, it is difficult 
to differentiate between nerve injury and loss of contact 
between the recording electrodes and the vocal cords in 
case of EMG amplitude or LOS. Intermittent IONM is 
limited to the short intervals of stimulation, so it usually 
detects nerve injury after it has occurred. Moreover, it can 
miss injury proximal to the point of stimulation as it only 
examines the nerve distal to the point of stimulation.

These limitations of intermittent IONM which can 
expose the laryngeal nerves to injury proximal to the site 
of stimulation or the interval gap between two intermittent 
stimulations are overcome by C-IONM (45). C-IONM 
is a modality of neuromonitoring that uses a stimulator 
clip applied to the vagus nerve and delivers interrupted 
periodic stimulation. It examines the whole course of 

Figure 3 Steps for trouble shooting in case LOS encountered. All equipment problems should be fixed accordingly. In case of bilateral 
surgery and unilateral confirmed LOS, staging the surgery should be considered. LOS, loss of signal; ETT, endotracheal tube.
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RLN by continuous stimulation of the vagus nerve to 
detect proximal injuries that can be missed by intermittent 
stimulation distal to the injury. It gives feedback about 
nerve function at short intervals. If EMG signal decreased 
or became weak indicating imminent nerve injury, an 
adverse condition may be reversed before nerve damage 
is persistent. This is achievable in reversible nerve injury 
as neuropraxia, in contrast to significant disruption as 
complete transection of nerves (46). Furthermore, it can 
detect the most proximal RLN or EBSLN injuries (23). 
The vagus nerve has varied relation to the carotid artery and 
the internal jugular vein, so the electrode used in C-IONM 
should be flexible (46). The procedure was considered safe 
in a German study of 30 nerves at risk in 24 patients (47). 
Although continuous monitoring is an improvement in 
laryngeal nerves monitoring, an intermittent stimulator 
is still important in mapping the nerves in combination 
with continuous monitoring. In a prospective multicenter 
study that included 102 thyroidectomies; C-IONM showed 
safety and predictability of vocal cord palsy in case of LOS 
or combined event of decreased amplitude and increased 
latency (48). Combined events were found to be reversible 
when the surgical maneuver is stopped or modified saving 
the nerve from permanent injury (48). Other studies 
supported its accuracy and reliability in detecting impending 
nerve injury that can be reversed to save the nerve (49-51).

Conclusions

Although there is no consensus that IONM decreases 
laryngeal  nerve  in jury  when compared to  v i sua l 
identification, it has many advantages over traditional nerve 
visualization alone. IONM may help prevent bilateral 
RLN injury by allowing surgeons to stage the surgery 
when the signal is lost on the initial side, thus avoiding the 
need for tracheostomy. In addition, IONM can properly 
prognosticate postoperative nerve function, which is 
difficult to detect by visual identification, as most of 
injured nerves appear intact. Neuromonitoring can detect 
anatomical variation and abnormal courses of the nerves 
which are at higher risk of injury if not detected. Higher 
risk patients, including cancer patients, patients with 
prior surgery and scarring, and patients with large goiters, 
may benefit most from IONM. C-IONM is an advanced 
modality of neuromonitoring that can prevent potential 
nerve injury by detecting signal changes indicating an 
adverse condition, such as a suture compressing the nerve. 
C-IONM is also able to detect the most proximal injuries, 

which may be missed by intermittent monitoring. More 
large studies are needed to further clarify the benefits of 
these of these approaches.
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