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Background: As an auxiliary tool, intraoperative neuromonitoring (IONM) has played an active role in 
the protection of nerve function in thyroid and parathyroid surgeries. This study aimed to help clinicians 
understand, standardize and reasonably apply IONM techniques in laryngeal nerves function protecting.
Methods: Hundreds of Chinese experts in the field of IONM participated in this work. All efforts have 
been made to ensure that these new guidelines are practical, systematic, and based on well-recognized 
cutting-edge evidence. Using the three previous guidelines as well as new preclinical and clinical evidence 
from China and other countries, the expert panel summarized the current accepted or near-accepted 
opinions as the recommendations. In addition, the recommendation grades and evidence levels are presented 
in accordance with the Grading of Recommendations Assessment, Development and Evaluation (GRADE). 
The first draft was completed by the writing team and then revised after several rounds of discussions via 
email or meetings.
Results: The finalized version of this guideline includes 42 recommendations, which may inform and 
guide our peers in their clinical practice, including all types of open, endoscopic, and robotic thyroid and 
parathyroid surgeries.
Conclusions: This edition is currently the most comprehensive, and clinically significant guide for IONM 
of thyroid and parathyroid surgery in China.
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Introduction

Protecting the laryngeal nerves has long been a priority 
and challenge in thyroid and parathyroid surgeries. As an 
auxiliary tool, intraoperative neuromonitoring (IONM) has 
played an active role in the protection of nerve function. 

In order to help clinicians understand, standardize and 
reasonably apply IONM techniques, the Chinese Thyroid 
Association, College of Surgeons, Chinese Medical Doctor 
Association, and the Chinese Research Hospital Association 
Thyroid Disease Committee, with the joint efforts of some 
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several other societies and experts, published the “Clinical 
guidelines on intraoperative neuromonitoring in thyroid and 
parathyroid surgeries (Chinese edition)”, “Expert consensus on 
protection and monitoring of the external branch of the superior 
laryngeal nerve during thyroid and parathyroid surgeries 
(2017 version)”, and “Expert consensus on neurophysiological 
monitoring in robotic thyroid and parathyroid surgeries (2019 
version)” in 2013, 2017, and 2019, respectively (1-3), 
which received wide attention and recognition from the 
medical community. We present this article in accordance 
with the RIGHT reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-284/rc).

Methods

All efforts have been made to ensure that these new 
guidelines are practical, systematic, and based on well-
recognized cutting-edge evidence. Using the three 
previous guidelines as well as new preclinical and clinical 
evidence from China and other countries, the expert 
panel summarized the current accepted or near-accepted 
opinions as the recommendations. In addition, the 
recommendation grades and evidence levels are presented 
in accordance with the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 

(Table 1) (4). The first draft was completed by the writing 
team and then revised after several rounds of discussions 
via email or meetings. The finalized version includes 42 
recommendations, which may inform and guide our peers 
in their clinical practice. These guidelines apply to all types 
of open, endoscopic, and robotic thyroid and parathyroid 
surgeries.

IONM: advances and applications

Over the past half-century, rapid advances have been made 
in IONM for thyroid surgeries in terms of techniques, 
application ideas and methods, monitoring systems and 
equipment, and clinical application scenarios. More 
specifically, the monitoring parameters have evolved 
from non-electromyographic (non-EMG) to EMG 
forms, facilitating the visualization and quantification of 
neurological function and making functional assessment 
more accurate. The monitoring methods have also evolved 
from intermittent-IONM (I-IONM), which involves use 
of a handheld probe that offers intraoperative current 
stimulation on demand, to continuous-IONM (C-IONM), 
which involves use of implanted electrodes to allow the 
periodic release of current stimulation and thus real-time 
neurological function monitoring throughout the operation. 
The nerves monitored have expanded from the recurrent 
laryngeal nerve (RLN) and vagus nerve (VN) to the external 
branch of the superior laryngeal nerve (EBSLN) and other 
motor nerves in the neck. Finally, the application scenarios 
have also included endoscopic and robotic surgeries, as 
well as conventional open surgeries. In combining both 
functional and anatomic techniques, IONM not only 
promotes the transition of intraoperative nerve function 
protection from the “experience-based” to the “precision” 
concept, but also helps to improve the quality and efficiency 
of thyroid surgeries, thus promoting the rapid development 
of thyroid surgery.

The clinical application of IONM in thyroid surgery 
is valuable as it can (I) efficiently locate and identify nerve 
courses, identify nerve branches, anatomical variants and 
indistinguishable tissues, and avoid excessive anatomical 
dissection or mobilization (5); (II) provide real-time 
intraoperative feedback on neurophysiological function 
to alert surgeons of the potential risks of nerve injury 
or high-risk operations and thus improve surgical safety 
and thoroughness (6); and (III) assist in the mechanism 
analysis and severity assessment of nerve injury and enable 
the prompt removal of the cause of injury to correct any 

Highlight box

Key recommendations
•	 Setting appropriate event thresholds can help improve the 

effectiveness of early warning for nerve injury.
•	 Thyroid cartilage needle electrodes can also be used as the 

recording electrodes.
•	 The monitoring point comparison method can be used to indicate 

the presence of an NRLN.
•	 Stimulating electrodes can be placed in the innervation areas, thus 

locating, identifying, and protecting these motor nerves.

What was recommended and what is new?
•	 In previous version of Chinese guidelines on IONM in thyroid 

and parathyroid surgery, only point comparison method was 
recommended as the way to recognize NRLN.

•	 In this version, the monitoring point comparison method and 
latency assessment method can both recognize NRLN.

What is the implication, and what should change now?
•	 Standardized solutions for various troubleshooting are included in 

the guidelines.
•	 The new recommendations in the guidelines are more favorable 

for the clinical application of IONM.
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reversible damage (7). IONM can guide the development 
of individualized surgical strategies to remove the risk of 
serious postoperative complications caused by simultaneous 
bilateral nerve injury (7,8). Since IONM has multiple 
advantages in nerve identification, functional protection, 
and injury prevention and control, in theory, it can feasibly 
help protect the motor nerves in all types of thyroid and 
parathyroid surgeries, especially in surgeries with high risk 
of nerve injury; in endoscopic- or robotic-assisted surgeries 
with relatively small operating space; and in cases where the 
patients have high requirements for voice preservation (9).

Despite its technical advantages, IONM for thyroid 
surgery also has some limitations. The accuracy of 
intraoperative EMG loss of signal (LOS) in predicting 
postoperative vocal cord paralysis (VCP) is highly variable 
(10% to 90%) (10), and the frequency of equipment-
related problems is approximately 4% to 23% during the 
monitoring (11).

Recommendation 1. IONM in thyroid and parathyroid 
surgeries enables both functional and anatomic monitoring and is 
an effective adjunct for intraoperative nerve protection. (Grade of 
recommendation: A; level of evidence: A).

Recommendation 2. IONM techniques assisting in neurological 
function protection are feasible for procedures with a higher risk 
of nerve injury, for endoscopic- or robotic-assisted surgeries with 
relatively small operating space, and in cases where the patients 
have high voice requirements. (Grade of recommendation: A; 
level of evidence: B).

IONM principles, parameters, and equipment

Basic principles of IONM

The principle of IONM is as follows: a stimulating electrode 
releases electric current to the nerve; the motor nerves can 
form nerve impulses and transmit them to the innervated 
muscle, inducing muscle contraction and generating EMG 
signals, which can be received by the recording electrodes 
in the muscle and transmitted back to the nerve monitor 
for amplification and processing, forming EMG signals and 
cueing sound, which can indicate the functional status of 
the nerve (12).

Recommendation 3. IONM should be used in the form of EMG 
to reflect nerve function objectively, accurately, and quantitatively. 
(Grade of recommendation: A; level of evidence: B).

Interpretation of EMG parameters

The measurement, analysis, and recording of EMG signals 
are clinically important for assessing neurological function. 
The main EMG parameters include amplitude, latency, area 
under the waveform (AUW), and term (or period).

Amplitude: amplitude, measured in μV, refers to the 
difference between the peak voltage and trough voltage 
of an EMG waveform. The amplitude represents the sum 
of motor unit action potential (MUAP) of muscles and 
is related to the number of muscle fibers involved in the 
concurrent depolarization. The changes in intraoperative 

Table 1 GRADE grading standards

Category Definition Notes

Grade of 
recommendation

A (strong 
recommendation)

Recommendations, for or against a particular management approach, are usually applicable 
to most patients

Benefits clearly outweigh the risk and burdens, or vice versa

B (weak 
recommendations)

Recommendations, for or against a particular management approach, may be conditional 
upon patients’ conditions and preferences

The relationship between benefits and risks/burdens is more balanced or uncertain

C (no recommendation) There is insufficient evidence to recommend for or against a particular management approach

Level of evidence A (high quality) Evidence at a low risk of bias (e.g., consistent results from high-quality randomized trials) that 
can be applied directly to recommendations

B (intermediate quality) Study limitations, inconsistent results, and indirect evidence

C (low quality) Case analysis or nonsystematic clinical observations, with inadequate evidence

GRADE, Grading of Recommendations Assessment, Development and Evaluation.
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amplitude directly indicate the change in nerve function. 
Thus, the amplitude is the most important indicator of 
nerve function (13).

Latency: latency, measured in ms, refers to the time 
delay between the initiation of electrical stimulation and 
the moment when the first waveform begins to leave the 
baseline. The length of latency is related to the rate at which 
nerve depolarization occurs after electrical stimulation, and 
the distance between the stimulation site and the effector 
muscle directly determines the latency value. Therefore, 
latency variation can assist in discriminating nerves, 
especially in the determination of nonrecurrent laryngeal 
nerves (NRLNs) versus RLNs (13).

AUW: AUW, measured in pt, refers to the area of a 
closed figure enclosed by the EMG waveform and the 
baseline. AUW is related to the number of muscle fibers 
involved in muscle action potentials and is a more sensitive 
feature indicator of changes in motor nerve function. It is 
suitable for monitoring nerves (such as the EBSLN) with 
low amplitude and short latency and term (14).

Term: term, measured in ms, refers to the time taken 
by the EMG waveform to leave and return to the baseline. 
Term reflects the depolarization time of the effector muscle 
and is related to the degree of synchronous excitation of 
nerve fibers. It can be used to distinguish the different types 
of effector muscles and is mostly applied in EMG signal 
analysis (13).

Recommendation 4. The amplitude and latency of EMG are 
important indicators of nerve function and should be carefully 
observed during surgery. (Grade of recommendation: A; level of 
evidence: A).

Operating room layout for IONM

A typical IONM system includes a host, stimulation end 
device, recording end device, and connection components.

Host
The host is a core piece of equipment in the IONM system 
and has multiple functions, including release of electrical 
stimulation, EMG signal processing, information storage, 
and display. Some of the parameters that need to be 
configured in its interface during use are described below.

Event threshold: the event threshold refers to the lowest 
amplitude value that can induce a response from the system. 
The initial event thresholds may differ and are typically 
low in different monitor models, which are designed only 
to shield against interferences. They can be configured 

according to the actual needs during surgery so as to increase 
their performance in alerting nerve injury events (15).

Stimulation current intensity: stimulation current 
intensity refers to the intensity of the current released 
at the stimulation end that acts on the nerve. Threshold 
stimulus refers to a current intensity that triggers the 
smallest recognizable EMG activity to occur in a nerve. As 
the suprathreshold stimulus is increased to the maximum 
intensity, all nerve fibers are depolarized and the maximum 
amplitude value of EMG evoked. Further increasing the 
current intensity does not result in higher amplitudes but 
may depolarize more tissues around the stimulation probe. 
Therefore, high current intensities can be used to increase 
sensitivity when the initial localization/identification 
of nerves is performed; in contrast, lower current 
intensities can be used to increase specificity when the fine 
manipulation of nerves is performed (13).

Stimulation current frequency: stimulation current 
frequency refers to the frequency of stimulation current 
released in a pulsatile manner. Usually, the current 
frequency system of I-IONM is preset to 4 Hz, which 
means that the current is released 4 times every 1 second. 
Therefore, constant probe-to-tissue contact should be 
maintained when the tissue is being probed.

Recommendation 5. All monitors have their preset event 
thresholds. Setting appropriate event thresholds can help improve 
the effectiveness of early warning for nerve injury. (Grade of 
recommendation: A; level of evidence: B).

Stimulation end devices
Stimulation end devices are mainly the stimulation 
electrodes that release current, and they can be classified 
as unipolar, bipolar, or multipolar electrodes. Unipolar 
electrodes have diffuse current distribution and are more 
commonly used in clinical setting to locate nerve courses 
through the adjustment of current intensities. Bipolar or 
multipolar electrodes have more concentrated current 
distribution and higher precision and are therefore more 
suitable for precise nerve localization than they are for 
nerve mapping (16).

Currently, the commonly used stimulation electrodes 
include probe electrodes, integrated electrodes, and 
continuous monitoring electrodes.

Unipolar ball-tipped probes are more commonly used 
in I-IONM, as they cause less tissue damage than flat-
tipped probes. Hook- and clip-type probes are also optional 
for endoscopic- and robotic-assisted surgeries, as they can 
increase the surgical convenience and stability (3).
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Integrated electrodes are stimulation electrodes that 
have been integrated into surgical instruments or energy 
instruments (e.g., probing forceps and probing scissors 
with functions of both electrical stimulation and anatomical 
dissection) (17). Alternately, the stimulation end can be 
connected to the corresponding surgical instruments (e.g., 
separation forceps, bipolar electrocoagulation device, 
and unipolar electrocoagulation device) to synchronize 
surgical operations with nerve mapping. At present, these 
instruments are more frequently used in endoscopic- and 
robotic-assisted surgeries (3,18).

During C-IONM, various types of VN continuous 
monitoring electrodes are used, each with its own 
characteristics and advantages in terms of shape, size, 
electrode type, and contact form with the VN trunk. These 
devices can be selected in accordance to the demands of 
the situation to ensure that the electrodes are not easily 
dislodged or stuck on the nerve.

Recommendation 6. Although unipolar probes are more 
commonly used in I-IONM, other electrodes can also be used as 

appropriate. (Grade of recommendation: A; level of evidence: B).
Recommendation 7. During C-IONM, the proper types of 

continuous VN stimulation electrodes should be used to avoid 
nerve injury caused by electrode dislodgement or compression. 
(Grade of recommendation: A; level of evidence: B).

Recommendation 8. Integrated stimulation electrodes 
can be used in endoscopic- and robotic-assisted surgeries to 
synchronize surgical operations with nerve mapping. (Grade of 
recommendation: B; level of evidence: C).

Recording end devices
Currently, the commonly used recording end devices are 
mainly monitoring catheter surface electrodes and thyroid 
cartilage needle electrodes.

Monitoring catheter surface electrodes record EMG 
signals generated by vocal folds through direct contact 
between surface electrodes and vocal folds. These devices 
can be roughly divided into two types: monitoring catheters 
with surface electrodes and patch electrodes that can 
be attached to the surface of conventional monitoring 
catheters. This type of monitoring catheter is simple and 
safe and is most commonly used in clinical practice (19). 
However, good contact between the surface electrodes 
and the bilateral vocal cords is required; in addition, the 
monitoring performance may be impacted if the monitoring 
catheter is rotated or if the placement is too deep or too 
shallow (Figure 1).

Thyroid cartilage needle electrodes can obtain EMG 
signals more directly by placing the needle recording 
electrodes in the lower middle area of the anterior horn of the 
thyroid cartilage plate, with a penetration depth of <2.0 mm  
in the thyroid cartilage plate (Figure 2), proper thyroid 
cartilage exposure is needed. The trend of EMG change 
is basically the same as that detected by the monitoring 

Endotracheal tube cuff Vocal cord

Position of surface electrodes

Figure 1 Sites for the placement of monitoring catheter surface electrodes.

Location 
of needle 
electrodes

Figure 2 Sites for the placement of thyroid cartilage needle 
electrodes.



Sun et al. Guidelines on IONM1036

© Gland Surgery. All rights reserved.   Gland Surg 2023;12(8):1031-1049 | https://dx.doi.org/10.21037/gs-23-284

catheter surface electrodes (20) and is relatively unaffected 
by anesthesia, which is advantageous in procedures in 
which monitoring catheters cannot be used or in unplanned 
reoperations. However, it is important to note that these 
electrodes may be dislodged intraoperatively or may 
interfere with the surgical operation (21,22).

Recommendation 9. The typical recording electrodes used are 
monitoring catheter surface electrodes, and good contact between 
the surface electrodes and the bilateral vocal cords is required 
during their placement. (Grade of recommendation: A; level of 
evidence: C).

Recommendation 10. Thyroid cartilage needle electrodes can 
also be used as the recording electrodes. They can be placed in the 
lower-middle region of the anterior horn of the thyroid cartilage. 
(Grade of recommendation: B; level of evidence: C).

Other equipment and devices
Other equipment and devices of an IONM system include 
wire connection devices or interface boxes; anti-interference 
devices; and printers, keyboards, and storage devices. The 
anti-interference devices can shield the interference of 
unipolar electrosurgical equipment on the IONM system 
signals and prevent the formation of current loops that can 
lead to damage to the IONM system equipment.

Recommendation 11. Anti-interference devices should be 
connected to the unipolar electrosurgical equipment to shield 
against the interference of the unipolar electrosurgical equipment 
on the IONM system signals and prevent the system from short 
circuiting. (Grade of recommendation: A; level of evidence: C).

Establishment of an IONM system

Anesthesia management

Standardized anesthesia management is essential for 
ensuring the performance of monitoring, the steps for 
administering anesthesia could be performed by a nurse 
anesthetist or an anesthesiologist. Muscle relaxants can relax 
the laryngeal muscles and open the glottis and therefore are 
routinely used for tracheal intubation. However, improper 
use of muscle relaxants can weaken or destabilize EMG 
signals and thus affect the neuromonitoring performance. 
The type and dose of a muscle relaxant selected should 
meet the needs of tracheal intubation and simultaneously 
ensure that high-quality EMG signals can be obtained 
intraoperatively (1,13,19). During anesthesia induction, 
therefore, a short- to medium-acting nondepolarizing 
muscle relaxant should be selected, with a 1× 95% effective 

dose (ED95) typically being sufficient for routine surgeries, 
although the dosage can be appropriately increased for 
procedures with a longer duration and greater scope. 
During the maintenance phase of anesthesia, additional 
doses are generally not required, or the muscle relaxant 
can be added only in small amounts if necessary, and the 
principle of minimum dose should be followed (23,24). 
If the use of a muscle relaxant has a large impact on 
IONM, specific antagonists can be used to attenuate the 
myorelaxation. In addition, anticholinergic drugs can be 
used to suppress glandular secretion and prevent poor 
contact between recording electrodes and vocal cords due 
to excessive intraoperative secretions.

Recommendat i on  12 .  A  shor t -  t o  med ium-ac t ing 
nondepolarizing muscle relaxant should be selected. During the 
maintenance phase of anesthesia, a 1× ED95 is often given, and 
the dose may be increased appropriately. During the surgery, 
additional doses are generally not required, or the muscle relaxant 
can be added only in small amounts. If necessary, antagonists can 
be used to attenuate the myorelaxation so as to avoid any effects 
of the muscle relaxant on IONM. (Grade of recommendation: A; 
level of evidence: A).

Recommendation 13. For the purpose of  anesthesia 
management, anticholinergic drugs can be used to suppress 
glandular secretion so as to maintain the good contact between the 
surface electrodes and vocal cords. (Grade of recommendation: B; 
level of evidence: C).

Placement of monitoring catheters

The appropriate type of monitoring catheters should be 
selected according to the patient’s gender, age, and body 
size. After induction of general anesthesia, the monitoring 
catheter should be placed under a video laryngoscope. The 
use of gel or oily lubricant to coat the catheter surface and 
the application of laryngeal spray for surface anesthesia 
should be avoided. The depth (21–22 cm for men and 
20–21 cm for women) and angle of the catheter should be 
properly adjusted (25). Good contact between the surface 
electrodes and the vocal cords should be ensured. After 
placement, the catheter needs to be properly fixed. To 
prevent displacement of the recording electrodes following 
body position adjustment, the patient can also be placed 
in a surgical position before the monitoring catheter is 
indwelled.

Recommendation 14. Placing the monitoring catheter 
under video laryngoscope is advised. The use of catheter surface 
lubricants or laryngeal spray should be avoided. Attention should 
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be paid to the angle and depth of the indwelling catheter, and good 
contact between the surface electrodes and the vocal cords should be 
ensured. (Grade of recommendation: A; level of evidence: C).

Connection of the monitoring circuit

The loop electrode at the stimulation end and the ground 
electrode at the recording end need to be placed in different 
areas (e.g., under the xiphoid process, the deltoid muscle, 
and the muscle groups of four extremities) according to 
typical procedures (3). Patch electrodes or subcutaneous 
needle electrodes can be selected, spaced about 1.0 cm 
apart, and properly fixed. The grounding electrode should 
be placed between the loop electrode and the operative area 
to avoid current overload and false-positive stimulation due 
to the intraoperative use of electrosurgical equipment.

Furthermore, the stimulation probe is placed in the 
sterile surgical area. The terminals of the stimulation probe 
and monitoring catheter are plugged into the appropriate 
interfaces on the connecting devices. After this, the anti-
interference device can be connected.

Host parameter settings

The host can be turned on after all the devices are 
connected. First, the impedance of recording electrodes 
should be checked. Abnormal impedance values on the 
system indicates that the recording electrode has poor contact 
with the vocal cord or that the ground electrode is poorly 
connected, and appropriate adjustment is required (13). 
Subsequently, monitoring interface should be used to set 
the event threshold, stimulation current intensity, and other 
parameters as needed. Patient information and monitoring 
time can also be entered to facilitate information storage.

After the cutaneous flap is mobilized, the anterior 
cervical muscle tissue is probed using a stimulation current 
of 1.0 mA. It is important to ensure that the probe can 
effectively release current. After the surgical area is exposed, 
the carotid sheath area is probe with a stimulation current 
of 3.0 mA to obtain the EMG signal of the VN, which 
indicates the successful establishment of the monitoring 
system.

Recommendation 15. After the device connection is 
completed, the circuit connectivity should be tested to ensure 
that the monitoring system is successfully established. (Grade of 
recommendation: B; level of evidence: C).

Standard operating procedures of IONM

Pre- and postoperative laryngeal examination

Preoperative laryngeal examination (L1) is crucial to 
assessing and recording vocal fold function, which help 
guide the development of surgical strategies and provide a 
reference for postoperative changes in vocal fold function. 
At present, the vocal fold movement is mainly observed 
under a fiberoptic laryngoscope although ultrasound and 
other examination methods can also be used to assist in the 
assessment. Postoperative laryngeal examination (L2) can 
be applied optionally to compare the changes in vocal fold 
function, detect the occurrence of other complications, and 
formulate appropriate treatment plans (26).

Recommendation 16. Assessing vocal fold function using 
laryngoscopy or other examinations is recommended before 
surgery; after surgery, these examinations are optional. (Grade of 
recommendation: A; level of evidence: B).

Monitoring of laryngeal nerves

Monitoring of cervical VN
The cervical VN is the upstream nerve of the laryngeal 
nerve and needs to be routinely monitored intraoperatively. 
Obtaining a good VN signal is critical because it not only 
largely signals the successful establishment of the IONM 
system but also serves a baseline reference for subsequent 
changes in the laryngeal nerve signal. It can also be used 
to verify the integrity of the laryngeal nerve conduction 
function. In particular, when abnormal changes in the EMG 
signal occur intraoperatively, the VN signal can be used 
as a key decision-making input in the cause analysis (27). 
Therefore, bilateral VN monitoring is recommended.

Before the start of operation in the operative field, a  
3.0-mA current is used to probe the EMG signal of the VN 
in the carotid sheath at the level of the inferior pole of the 
thyroid (defined as the V1 signal). If a VN signal cannot 
be obtained, the possibility of monitoring system-related 
problems, nerve degeneration, or nerve injury should be 
explored. If the amplitude of the VN signal is low, the 
sensitivity of nerve function assessment is weakened, and its 
causes should also be investigated. The surgical operation 
should not be performed before a higher amplitude is 
obtained. Upon the completion of the procedures in the 
operative field, a 3.0-mA current should be applied for 
remeasuring the EMG signal obtained at the VN (defined 
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as the V2 signal).
When the VN is  mapped during I-IONM, VN 

dissection or mobilization is usually not required. The 
EMG signal can be obtained by probing in the area between 
the common carotid artery and the internal jugular vein 
or in the adjacent areas. If the signal is not detected, VN 
dissection or a higher stimulation of current intensity may 
be performed or applied as appropriate. The VN inside the 
carotid sheath most often travels on the deep side between 
the arteries and veins (73%), although it may also travel on 
the deep side of the common carotid artery (15%), the deep 
side of the internal jugular vein (8%), and the superficial 
side between the arteries and veins (4%) (Figure 3) (28).

During C-IONM, dissection and mobilization of the 
VN is required for the placement of the VN continuous 
monitoring electrodes, which should be performed with 
care and caution. It is advisable to place the electrodes to 

the proximal position of the VN above the thyroid surgery 
area, which can reduce the influence of the electrodes on 
the thyroid surgery area.

Recommendation 17. During I-IONM, dissection of the carotid 
sheath is often not required for monitoring of the VN, and the 
EMG signal can be obtained merely by probing in the area between 
the common carotid artery and the internal jugular vein or in the 
adjacent areas. (Grade of recommendation: A; level of evidence: B).

Recommendation 18. Before the start of operation in the 
operative field, a 3.0-mA current should be used to probe the 
EMG signal of the VN in the carotid sheath at the level of the 
inferior pole of the thyroid (defined as the V1 signal). Upon the 
completion of the procedures at the operative field, a 3.0-mA 
current can be applied for remeasuring the EMG signal obtained 
at the VN (defined as the V2 signal). (Grade of recommendation: 
A; level of evidence: A).

Recommendation 19. During C-IONM, dissection and 
mobilization of VN is required, which must be performed 
with care and caution to avoid iatrogenic injury. (Grade of 
recommendation: B; level of evidence: C).

Monitoring of the RLN
The RLN originates from the thoracic segment of the 
VN. With a relatively high origination site, the right RLN 
loops under the right subclavian artery and moves back up 
through the neck. The left RLN arises at a lower position 
and loops around the aortic arch to the neck and then 
enters the larynx posterior to the cricothyroid articulation, 
innervating all laryngeal muscles except the cricothyroid 
muscle (CTM).

Most RLNs travel upward in the tracheoesophageal 
groove. Therefore, a 3.0-mA current can be applied to 
initially locate the RLN before anatomical exposure. A 
crossover method can be used; that is, the initial mapping 
can be performed below the lower pole of the thyroid gland 
perpendicular to the trachea to identify the site with the 
maximum signal strength. Subsequently, mapping along this 
site in a direction parallel to the direction of the trachea is 
performed; thus, the RLN can be roughly mapped through 
two crossover probing paths near the tracheoesophageal 
groove (Figure 4) (1). After the initial localization, a 1.0-mA 
current is applied for precise localization, and the obtained 
EMG signal is defined as the R1 signal. If the RLN is 
covered by thick tissues that interfere with the mapping, it 
can be appropriately exposed.

Up to 30% of RLNs have extralaryngeal branches (29), 
which can easily cause confusion and injury during surgery. 
A low-current monitoring method can be applied to 
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Figure 3 Anatomical relationships of the left cervical VN (yellow) 
with the common carotid artery and the internal jugular vein. VN, 
vagus nerve.

Figure 4 Locating the RLN with the crossover method. RLN, 
recurrent laryngeal nerve.
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distinguish the motor branches. That is, if the original 
stimulation current is not able to distinguish these 
branches, the current stimulation intensity can be lowered 
appropriately to reduce the current dispersion and improve 
the specificity of tiny nerve identification (for example, 
nerves with myoelectric signals are the motor branches) 
(30-32), thus enabling the more precise protection of the 
RLN trunk and its major branches.

During surgical operations in areas at high risk of 
RLN injury (e.g., the Berry ligament, areas invaded by 
tumors, and adhesions/scars), the RLN proximal point 
(Rp) monitoring method can be used, which involves the 
real-time stimulation of the RLN Rp during the dissection 
and the comparison of the Rp signal with the R1 signal (to 
determine whether the Rp signal is attenuated); this can 
provide the timely detection of any changes in amplitude 
and alert the surgeons to any risky operations (33,34). The 
RLN function can also be assessed indirectly by detecting 
the VN if the Rp is difficult to expose due to a large tumor 
or massive lymph node metastases in the central region. 
Upon the completion of the procedures at the operative 
field, a 1.0-mA current is applied for measuring the EMG 
signal (defined as the R2 signal) obtained at the nearest end 
of the exposed RLN.

Recommendation 20. A 3.0-mA current can be applied to 
initially locate the RLN below the lower pole of the thyroid gland by 
using a “crossover method” before anatomical exposure. (Grade of 
recommendation: A; level of evidence: B).

Recommendation 21. After the initial localization, a 1.0-mA  
current is applied for precise localization and appropriate exposure 
of the RLN, and the obtained EMG signal is defined as the R1 

signal. Upon the completion of the procedures at the operative 
field, a 1.0-mA current is applied to measure the EMG signal 
(defined as the R2 signal) obtained at the nearest end of the 
exposed RLN. (Grade of recommendation: A; level of evidence: B).

Recommendation 22. For RLNs with extralaryngeal branches, 
a low-current monitoring method can be applied to distinguish the 
motor branches, thus enabling the more precise protection of the 
RLN trunk and its major branches. (Grade of recommendation: A; 
level of evidence: A).

Recommendation 23. During surgical operations in areas at 
high risk of RLN injury, the Rp monitoring method can be used 
to achieve the real-time monitoring at the nearest end of the 
exposed RLN. (Grade of recommendation: A; level of evidence: B).

Monitoring of the external branch of the EBSLN
The superior laryngeal nerve (SLN) arises from the cervical 
segment of the VN and is usually divided into an external 
and an internal branch at the level of the greater horn of the 
hyoid bone. The EBSLN is slender and highly variable. It 
usually travels with the superior thyroid artery, penetrating 
the inferior pharyngeal constrictor muscle or descending 
along its surface to innervate the CTM (30,31,35,36). The 
location of EBSLN is relatively fixed at the sternothyroid-
larynx triangle, which has the sternothyroid as its lateral 
border, the inferior constrictor of the pharynx and CTM 
as the medial borders, and the superior pole of the thyroid 
gland as the lower border. Thus, it may be used as an 
anatomical landmark for the intraoperative localization of 
the EBLSN (Figure 5) (2,36).

Factors including high location of superior pole of the 
thyroid, oversized tumor mass, short and thick neck, large 
ratio of longitudinal thyroid diameter to neck length, 
heavy inflammatory adhesions, and reoperation can 
lead to an increased risk of EBSLN injury. Preoperative 
assessment can inform intraoperative identification 
and protection of the EBSLN (2). In some alternative 
anterior cervical approaches to the thyroid gland [e.g., the 
sternocleidomastoid intermuscular approach (37)], the use 
of IONM is more helpful in the visualization and protection 
of the EBSLN.

When the EBSLN is monitored with the surface 
electrodes of a monitoring catheter, its innervation areas 
can be mapped. Normally, while a CTM twitch is induced 
in all cases, EMG signals can be obtained in only a small 
proportion of patients, and these signals are characterized 
by low amplitude, short latency, and high waveform 
variability. Therefore, EBSLN monitoring should be 
performed with a CTM twitch as the primary indicator and 

Sternothyroid-laryngeal 
triangle

Figure 5 Anatomy of the sternothyroid-larynx triangle.
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an EMG signal as a secondary indicator (2,36).
Before the handling of vessels at the superior pole of 

the thyroid, a 1.0-mA current should be applied to the 
sternothyroid-larynx triangle for the initial localization 
of the EBSLN, which will induce a CTM twitch with or 
without an EMG signal (defined as the S1 signal). During 
dissection of the vessels at the superior pole of the thyroid, 
the innervation areas of the EBSLN should be mapped 
in a real-time manner. It is important to identify if the 
EMG signal is weakened (compared with the S1 signal). 
In cases whether the CTM twitch is absent, areas adjacent 
to the EBSLN should be promptly probed for any pulling, 
clamping, or misligation to avoid persistent injury. After 
ligation of the vessels at the superior pole of the thyroid, a 
1.0-mA current should be applied in the innervation areas 
of the EBSLN to induce a CTM twitch, which can occur 
with or without an EMG signal (defined as the S2 signal).

Recommendation 24. The sternothyroid-larynx triangle 
may be used as an anatomical landmark for the intraoperative 
localization of the EBLSN. (Grade of recommendation: A; level 
of evidence: C).

Recommendation 25. Preoperative consideration of thyroid 
size, location of the superior pole, tumor size and location, and 
patient neck circumference/neck length can help assess the risk 
of EBSLN injury and inform intraoperative identification and 
protection of the EBSLN. (Grade of recommendation: A; level of 
evidence: B).

Recommendation 26. EBSLN monitoring and functional 
assessment should be performed with a CTM twitch as the primary 
indicator and EMG signal as the secondary indicator. (Grade of 
recommendation: A; level of evidence: A).

Recommendation 27. Before and after the handling of vessels 

at the superior pole of the thyroid, a 1.0-mA current should be 
applied to map the possible innervation areas of the EBSLN in 
the sternothyroid-larynx triangle, which will induce a CTM 
twitch with or without an EMG signal (defined as the S1 and 
S2 signals, respectively, before and after the handling). (Grade of 
recommendation: A; level of evidence: B).

Identification of NRLNs
In contrast to RLNs, NRLN is a condition in which the 
cervical VN reaches the larynx directly without looping 
around the great vessels. NRLN is a rare anatomical variant 
that occurs mostly on the right side (with an incidence 
of 0.6–0.9%) and may also be seen in the left side (about 
0.04%). NRLN injury can easily occur if this variant is not 
identified and protected in timely fashion. Preoperative 
computed tomography can suggest the possibility of an 
NRLN, and the monitoring point comparison method 
and latency assessment method can be used to identify and 
protect the NRLN intraoperatively (38-40).

The monitoring point comparison method is used to 
predict the presence of an NRLN by comparing the EMG 
signals between the distal (inferior pole of the thyroid) and 
proximal (superior pole of the thyroid) monitoring points 
of the VN inside the carotid sheath (Figure 6). The latency 
assessment method relies on the varying length of nerve 
courses, resulting in different latencies of EMG signals. 
Since the course of the NRLN is dramatically shorter than 
that of normal RLN, the latency will be shorter (typically 
below 2.5 ms) for an NRLN after VN stimulation; in 
contrast, the latencies for a normal RLN are 5.0–7.0 and 
3.1–4.7 ms, respectively, after the left and right VN are 
stimulated. Assessment of the latency duration can indicate 

EMG (+)

EMG (+)

EMG (+)

EMG (−)

Recurrent 
laryngeal nerve

Non-recurrent 
laryngeal nerve

Figure 6 Identifying an NRLN using the monitoring point comparison method. EMG, electromyographic; NRLN, nonrecurrent laryngeal 
nerve.
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the presence or absence of NRLNs (Figure 7) (39).
Recommendation 28. The monitoring point comparison method 

can be used to indicate the presence of an NRLN by comparing 
the EMG signals between the distal and proximal ends of the VN 
inside the carotid sheath. (Grade of recommendation: B; level of 
evidence: B).

Recommendation 29. The latency assessment method can 
identify the nerve types by assessing the length of latency. A VN 
latency below 2.5 ms may indicate the presence of an NRLN. 
(Grade of recommendation: B; level of evidence: B).

Standardized operating procedures of IONM
To ensure the effectiveness of the IONM technique and 
to better protect nerve function, standardized operating 
procedures of IONM should be followed, which include 
the preoperative and postoperative laryngeal examinations 
and the core “six-step” intraoperative procedure (Table 2) 
(1-3,19,36). The comparisons of R1 and R2 as well those of 
S1 and S2 with V1 and V2 signals can inform the changes 
in nerve function, assess the prognosis, and assist in the 
development of subsequent treatment plans.

Recommendation 30. To ensure the effectiveness of the IONM 
technique and to better protect the nerve function, standardized 
operating procedures of IONM should be followed. (Grade of 
recommendation: A; level of evidence: A).

Monitoring of other cervical motor nerves

Other cervical motor nerves involved in thyroid and 
parathyroid surgeries include the accessory nerve, phrenic 
nerve, brachial plexus, hypoglossal nerve, and marginal 
mandibular branch of the facial nerve (41). During the 
monitoring of these nerves, stimulating electrodes are 
placed in the innervation areas to observe the contraction 
of the effector muscles, thus locating, identifying, and 
protecting these motor nerves (42,43).

Accessory nerve
The accessory nerve travels through neck levels II and V 
in the neck and is at risk of injury during cervical lymph 
node dissection. If the accessory nerve is difficult to 
expose, a 3.0- or 4.0-mA current can be applied to map it 
in its innervation areas, and the nerve can be located and 
identified if the contraction of the trapezius is observed. 
For procedures with a high risk of accessory nerve injury, 
adhesive electrodes or subcutaneous needle electrodes can 
also be placed on the trapezius to obtain the EMG signals of 
the trapezius, which can more accurately monitor changes 
in accessory nerve function (42-44).

Phrenic nerve
The phrenic nerve passes through neck level IV. The 
protection of the phrenic nerve is a priority during cervical 
lymphadenectomy, especially in reoperated cases or case in 
which the nerve is compressed by a huge mass or has severe 
deep cervical fascial adhesions. A 1.0- or 2.0-mA current can 
be applied in the anterior scalene muscle, and the nerve can 
be located and protected if the spasmodic contraction of the 
diaphragm (or hiccup) is observed. In addition, recording 
electrodes can also be placed at the xiphoid process or costal 
margin so that the changes in phrenic nerve function can be 
assessed with diaphragmatic EMG (42,43,45).

Brachial plexus
The brachial plexus is at risk of injury during thyroid 
surgery or cervical lymphadenectomy involving the 
supraclavicular fossa and during endoscopic- or robotic-
assisted surgeries via axillary incisions. A 1.0- or 2.0-mA 
current can be applied to map the brachial plexus and its 
neighboring areas. The anatomic course and depth of the 
brachial plexus can be identified when the contraction of 
muscles in the upper arm and forearm is observed. In some 

V1 EMG of 
non-RLN 

V1 EMG of 
RLN 

Shorter 
latency
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Figure 7 Identifying an NRLN using the latency assessment 
method. EMG, electromyographic; RLN, recurrent laryngeal 
nerve; NRLN, nonrecurrent laryngeal nerve.
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other studies, somatosensory- and motor-evoked potential 
monitoring can be applied to monitor changes in brachial 
plexus function, which enables the real-time adjustment of 
upper limb position and thus the protection of the brachial 
plexus function (42,43,46).

Hypoglossal nerve
The hypoglossal nerve should be carefully protected during 
neck level II dissection. In particular, blind clamping 
in patients with lingual vein bleeding may injure the 
hypoglossal nerve. A 1.0- or 2.0-mA current can be applied 
to map the nerve at the deep posterior ventral surface of the 
digastric. The induced tongue tremor may help to locate 
and identify the hypoglossal nerve. Alternatively, in some 
studies, needle electrodes have been placed on both sides of 
the tongue to monitor the hypoglossal nerve function with 
an average current of 0.8 mA (42,43,47).

Marginal mandibular branch of the facial nerve
During cervical lymphadenectomy, injury to the marginal 
mandibular branch of the facial nerve may occur if the flaps 
are mobilized too highly or when a hook is used to assist in 
pulling the mandible and the posterior belly of the digastric 
upward. A 1.0-mA current can be applied to map the 

submandibular triangle, and marginal mandibular branch of 
the facial nerve may travel in this area if muscle contraction 
is observed around the mouth and the mandible (42,43,48).

Recommendation 31. For other cervical motor nerves, 
stimulating electrodes can be placed in the innervation areas of 
these nerves to observe the contraction of the effector muscles, thus 
locating, identifying, and protecting these motor nerves. (Grade of 
recommendation: A; level of evidence: B).

IONM in endoscopic- and robotic-assisted surgeries

The surgical space is closed during endoscopic- and 
robotic-assisted surgeries, and therefore the use of 
stimulation probes is quite different from that in an open 
surgery. Thus, both “direct” and “indirect” IONM methods 
can be applied. The direct method, or the percutaneous 
puncture method, involves inserting the stimulation probe 
into the space of the thyroid surgery area for monitoring. 
In this method, the puncture site should be selected to open 
the anterior midline of the affected side of the neck 2.0 cm 
outward, the bilateral clavicle line should be translated up 
2.0 cm to the center of the circle with a radius of 0.5 cm, 
the anterior cervical blood vessels should be avoided, and 
a 16-G needle should be used to poke the hole (Figure 8). 

Table 2 Standardized operating procedures of IONM

Abbreviations Specific procedure
Current 

intensity (mA)
Mapping site

L1 Examine the larynx preoperatively to assess the basic 
condition of vocal fold function

– –

V1 Map the VN before the start of procedures at the operative 
field

3.0 Distal end of the nerve (at the level of the 
inferior pole of the thyroid)

R1 Map the RLN after it is precisely located or initial exposed 1.0 Proximal end of the nerve (in the 
tracheoesophageal groove)

S1 Map the EBSLN before the handling of vessels at the superior 
pole of the thyroid

1.0 The sternothyroid-larynx triangle

S2 Map the EBSLN after the ligation of vessels at the superior 
pole of the thyroid

1.0 Innervation area

R2 Map the RLN upon the completion of procedures at the 
operative field

1.0 Proximal end of the exposed nerve

V2 Map the VN upon the completion of procedures at the 
operative field

3.0 Distal end of the nerve (at the level of the 
inferior pole of the thyroid)

L2 Examine the larynx postoperatively, as appropriate – –

IONM, intraoperative neuromonitoring; VN, vagus nerve; RLN, recurrent laryngeal nerve; EBSLN, external branch of the superior laryngeal 
nerve.
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The indirect method involves the application of different 
types of integrated stimulation electrodes for synchronized 
surgical operation and nerve mapping (3,49,50).

Analysis and management of abnormal EMG 
signals

Algorithm for assessment of abnormal EMG signals

EMG signal abnormality refers to the significant decrease 
in the amplitude of the intraoperative EMG signal provided 
that a satisfactory initial EMG signal has been obtained. 
LOS occurs when the amplitude decreases to below 100 μV 
(1,19,51).

If the initial EMG signal is normal but there is an 
abnormal intraoperative change, the ipsilateral VN 
should be stimulated to observe if there is any laryngeal 
muscle twitch. To accomplish this, a finger is placed on 
the posterior plate of the cricoid cartilage for palpation 
to determine if there is any contraction of the posterior 
cricoarytenoid. The presence of a laryngeal muscle twitch 
is confirmation that the stimulation end of the monitoring 
system is working properly, and the signal abnormality 
may thus originate from the recording end. If there is no 
laryngeal muscle twitch induced, the stimulation current 
intensity may not be sufficiently high. A 1.0- to 2.0-mA 
current can be applied to stimulate the sternocleidomastoid 
muscle; if there is contractile response, the contralateral 
VN should be further stimulated. If there is an EMG signal 
in the contralateral VN, ipsilateral nerve injury can be 
considered; if there is no EMG signal in the contralateral 

VN, a problem with the monitoring system is highly 
possible and needs to be addressed (7,13,27).

Recommendation 32. When an abnormal EMG signal occurs 
intraoperatively, prompt analysis to determine whether there is 
a monitoring system problem or nerve injury should be applied. 
(Grade of recommendation: A; level of evidence: A).

Common problems of the monitoring system and their 
management

If the signals are significantly weakened or cannot be 
measured when stimulating the proximal end of the 
exposed RLN and the contralateral VN, the monitoring 
system may have a problem, which should be analyzed and 
managed item by item according to the monitoring system 
troubleshooting algorithm (Figure 9).

Anesthesia-related problems
If there is a poor EMG signal at the start of the procedure 
or an abnormal EMG signal during the procedure, the 
anesthetist should be queried about the timing and dose of 
muscle relaxant administration and whether additional doses 
have been given intraoperatively. If there is no contractile 
response to CTM stimulation but the return current is 
normal, an overdose of muscle relaxant can be considered. 
In such cases, the surgical operation at the involved nerve 
region may be suspended or a specific muscle relaxant 
antagonist may be administered intravenously, and the 
procedure may be resumed after the muscle relaxation effect 
has diminished (13,52). In addition, difficult or repeated 
intubation may cause dislocation of the cricoarytenoid joint, 
resulting in abnormal changes in the EMG signal, although 
this happens rarely.

Recommendation 33. In case of overdose with muscle relaxant, 
the surgical operation at the involved nerve region may be 
suspended or a specific muscle relaxant antagonist may be 
administered, and the procedure may be resumed after the muscle 
relaxation effect has diminished. (Grade of recommendation: A; 
level of evidence: A).

Stimulation end-related problems
Stimulation end-related problems are conditions in which 
the stimulation current cannot be delivered to the nerve, 
resulting in failure to measure the EMG signal. The 
common causes have been previously noted and are outlined 
below (13,27,53).
Coverage of the operative field by fluids
Blood or other fluids on the nerve surface can cause the 

2 cm

2 cm

Figure 8 Sites for stimulation probe placement in endoscopic- and 
robotic-assisted thyroid surgeries.
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dispersion of stimulation current in all directions, and 
the actual current received by the nerve can thus decrease 
in strength. As a result, the current fails to reach the 
stimulation threshold to induce nerve depolarization, 
leading to a false negative stimulus, which can be confirmed 
by a contractile response to CTM stimulation and a normal 
return current. In such cases, fluids in the surgical field 
should be wiped off or the intensity of the stimulation 
current increased as appropriate.
Damaged or improperly connected stimulation probes
Damaged or loose insulation of the stimulation probe, loose 
connection between needle body and needle handle, and/or 
incorrect connection of the probe guidewire can cause the 
actual output of the stimulation current to be lower than 
the configured intensity, resulting in ineffective stimulation. 
In such cases, the probes should be checked or replaced.
Improperly configured or incorrectly connected stimulation 
channels in the system
Some neuromonitors have multiple stimulation channels, 
and the wire connection devices also have multiple 
stimulation channel interfaces. If a stimulation channel is 
incorrectly configured or connected, a closed loop cannot 
be formed, resulting in invalid stimulation. In such cases, 
the configuration of the host and the wire connections 
should be checked.

Blown fuse
If a stimulation probe is used to simultaneously excite 
unipolar electrosurgical devices, the high current generated 
can blow a fuse at the stimulation end, resulting in an 
interruption of the stimulation loop and invalid stimulation, 
as indicated by a lack of contractile response to CTM 
stimulation and a current output of 0. In such cases, the 
fuse in a connector or interface box should be checked and 
replaced.

Recommendation 34. Coverage of the nerve surface by blood 
or other fluids during monitoring should be avoided, as this may 
cause dispersion of the stimulation current and thus result in a 
poor signal. (Grade of recommendation: B; level of evidence: C).

Recommendation 35. Simultaneous excitation of unipolar 
electrosurgical devices should be avoided when using stimulation 
probes, as this may blow fuses and thus cause interruption of 
the stimulation circuit. (Grade of recommendation: B; level of 
evidence: C).

Recording end-related problems
The primary device on the recording end is the monitoring 
catheter. Close contact between the monitoring catheter 
surface electrodes and the bilateral vocal cords is a prerequisite 
for obtaining high-quality EMG signals. The common causes 
of problems at the recording end include (13,27,53,54).

Issues Analysis Solution

Muscle twitching absence 
current return normal

Ground electrode dislocation

Muscle twitching exists & 
current return normal

Muscle twitching absence 
no current return 

Lateral impedance raises

Impedance normal artifacts 
on trachea

Bilateral impedance raises

Severe interference

Muscle relaxant 
overdose 

Excessively 
moisturized op field

Stimulation malfunction

Wrong stimulation 
channel/socket

Blown fuse

ET tube rotates

Exceeding ET tube depth

Inadequate ET tube depth

Bad recording 
electrodes contact

Bad grounding

Wait for EMG recovery or 
apply antagonist

Keep op field dry

Replace probe

Adjust stimulation 
settings/check sockets

Replace fuse

Double channel

Adjust ET tube

Change ET tube size 
avoid using lubrication

Check grounding

Replace AC socket

Anesthesia

Stimulation site

Recording site

Circuit

Figure 9 Algorithm of monitoring system troubleshooting. EMG, electromyographic; op, operation; ET, endotracheal tube; AC, alternating 
current.
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Deflection of the monitoring catheter
A common cause of problems at the recording end is the 
deflection of the monitoring catheter, which occurs when 
one side of the recording electrode is detached from the 
vocal cord, resulting in a significant increase in electrode 
impedance on the corresponding side and a subsequent 
decrease in EMG signals. In such cases, the electrode-
crossing method, in which one of the vocal fold electrodes 
on the left and right sides of the monitoring catheter is 
exchanged on the interface box, can be applied to increase 
the potential difference after a crossed electrode is formed 
and thus effectively improve the strength of the EMG 
signals (Figure 10). Therefore, when a problem at the 
recording end is suspected, the electrode-crossing method 
can be applied first to find the cause and improve the poor 
signals caused by the deflection of the monitoring catheter.
Improper depth of the monitoring catheter
When the monitoring catheter is too deep, the recording 
electrodes will be in direct contact with the laryngeal 
tissue below vocal cords and with the tracheal wall. Each 
recording electrode may reveal normal impedance; however, 
when the tracheal surface is stimulated, a nonnormal 
EMG waveform will be generated and the monitoring 
system will emit a unique tone, which can easily cause the 
operator to misjudge the neurological function. When the 
monitoring catheter is too shallow, the recording electrodes 
are suspended on both sides, and the impedance of the 
recording electrode will be too high or undetectable. When 
the nerve is stimulated, laryngeal muscle twitch will be 
visible, but the EMG signal cannot be detected or may be 
accompanied by obvious noisy signals.

If the monitoring catheter is deflected or at an 
inappropriate depth, the surgeon should work with the 
anesthetist to adjust the position of the monitoring catheter 
when stimulating the VN. The surgical operation can 

be resumed after the EMG signal is improved and the 
monitoring catheter is properly fixed.
Poor surface electrode contact
If a small monitoring catheter is used, poor contact between 
the surface electrodes and the vocal folds can lead to low-
quality EMG signals. In addition, excessive secretions 
accumulating between the surface electrodes and the vocal 
cords can cause signal interference on the monitoring 
system. The use of gel or oil-based lubricants for coating 
the monitoring catheter may insulate the surface electrodes. 
Local anesthesia using a laryngeal spray can cause current 
dispersion. All of these conditions can undermine the 
monitoring results and require special attention in the 
preoperative placement of the monitoring catheter.

Recommendation 36. When a problem at the recording end is 
suspected, the electrode-crossing method can be applied first to find 
the cause and improve the poor signals caused by the deflection of 
the monitoring catheter. (Grade of recommendation: A; level of 
evidence: C).

Recommendation 37. If the monitoring catheter is considered 
to be deflected or at an inappropriate depth, the surgeon should 
work with the anesthetist to adjust the position of the monitoring 
catheter when mapping the VN. The surgical operation can 
be resumed after the EMG signal is improved. (Grade of 
recommendation: A; level of evidence: B).

Problems related to wire connections
Severe interfering waveforms appear on the monitor when a 
loop electrode or a ground electrode is accidentally dislodged 
during the surgery. Furthermore, severe interfering 
waveforms may also occur if the host is not connected to 
a well-grounded 3-phase alternating current (AC) power 
socket. In such cases, repositioning the electrode(s) or 
replacing the power socket can solve these problems.

Recommendation 38. For severe interfering waveforms 

Before double channel After double channel

EMG: weak EMG: enhanced

Figure 10 Principle of the electrode-crossing method. EMG, electromyographic.
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encountered intraoperatively, the loop electrodes and ground 
electrodes should be first checked to see if they are dislodged. (Grade 
of recommendation: B; level of evidence: C).

Recommendation 39. The host should be connected to a well-
grounded 3-phase AC power socket to avoid interference from the 
electric circuit. (Grade of recommendation: B; level of evidence: C).

Causes of nerve injury and their intraoperative 
management

Causes of RLN injury
The possibility of RLN injury should be considered after 
the monitoring system-related problems are ruled out item 
by item. If an EMG signal is detected after stimulation of 
the RLN entry point into the larynx but no EMG signal 
is detected after stimulation of the ipsilateral VN, type I 
RLN injury (i.e., segmental or localized RLN injury) is 
highly possible, and the injury site can be located along 
the nerve course from the entry point into the larynx to 
the nearest end. Type I injuries are most commonly caused 
by overstretching, pressure, clamping, or thermal injuries 
of the nerve, with overstretching being the leading cause 
(55,56). If there is no EMG signal detected throughout the 
stimulation of the RLN and ipsilateral VN but the EMG 
signal is detected after the stimulation of the contralateral 
VN, type II injury (or a global injury) is indicated. Type 
II injuries have no clear point of injury or well-defined 
pathogenic mechanism; however, they may be caused by 
injury to the intralaryngeal RLN branches (13,27).

Recommendation 40. When an RLN injury is suspected, the 
RLN course from the entry point into the larynx to the nearest 
end and the bilateral VN can be mapped for any abnormal 
signals so as to identify the type and cause of the injury. (Grade of 
recommendation: A; level of evidence: A).

Intraoperative management of RLN injury
Injuries to the RLN are most commonly associated with 
nerve overstretching, during which the EMG signal often 
gradually decreases in a manner correlating with the 
degree of stretching. The EMG signal may return normal 
if the overstretching is detected and managed in timely 
fashion. Therefore, 50% of the R1 signal amplitude is set 
as the adverse event threshold for RLN injury, and a drop 
of intraoperative EMG signal amplitude below the 50% 
threshold can serve as an early alert for the occurrence of 
nerve injury (6,13,15,27).

In such cases, the surgical operation should be suspended. 

A period of 20 to 30 minutes should be reserved to observe 
signal recovery and analyze the possible causes. After the 
EMG signal is fully or partially recovered, the procedure 
can be continued, and improper maneuvers should be 
corrected to avoid superimposed injuries. A persisting LOS 
often suggests a high risk of postoperative VCP. In this 
case, adjustments to the surgical plan or the scheduling 
of a staged surgery should be considered according to the 
diagnosis and treatment needs (7,57,58).

Recommendation 41. A drop to 50% of the R1 signal 
amplitude should be set as the adverse event threshold for RLN 
injury, which can serve as an early alert for the occurrence of 
RLN injury. (Grade of recommendation: A; level of evidence: B).

Recommendation 42. When there is a drop of intraoperative 
EMG signal amplitude below the 50% threshold, the surgical 
operation should be suspended, and the possible cause should be 
analyzed and treated accordingly. (Grade of recommendation: A; 
level of evidence: B).

Conclusions

Laryngeal/cervical nerve protection in thyroid related 
surgery is systematic, involving a variety of comprehensive 
management, and has a great dependence on the surgical 
skills and clinical experience of the surgeon. Preoperative 
comprehensive risk assessment, meticulous operation of 
capsule anatomy, reasonable application of advanced energy 
instruments, and improvement of protection and prevention 
awareness are the preconditions for effective prevention 
of nerve injury. As an auxiliary tool, IONM technology 
plays a positive role in the protection of intraoperative 
nerve function. The standardized application of IONM 
technology is the key to ensure the benefits. In practice, 
it is necessary to consolidate the theoretical knowledge 
and skills in basic principles, parameter interpretation, 
system establishment, standard operation, cause analysis 
and treatment of abnormal electromyography signals, 
and rationally apply it according to the actual operation 
situation.
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