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ABSTRACT
Introduction: Injury to the recurrent laryngeal nerve (RLN) 
remains a significant morbidity during thyroid and parathyroid 
surgery. The aim of this study is to elucidate normative RLN 
electromyographic (EMG) parameters.

Materials and methods: This is a retrospective cohort study of 
patients who underwent Intraoperative neuromonitoring during 
thyroid and parathyroid surgery from February 2014 to March 
2015. The inomed C2 NerveMonitor was used. We recorded the 
stimulation current, amplitude, and latency of the RLN before 
and after nerve dissection. We also observed the number of 
patients who had hoarse voice after surgery.

Results: A total of 46 patients (14 male, 32 female) averaging 
51 years old in age (20−77 years) were analyzed. The most 
commonly performed surgical procedure was total thyroidec-
tomy (53.2%).

The median stimulation current for both the right and left 
RLN was 0.500 mA. The median amplitude for the left RLN was 
1.060 mV and greater than that for the right RLN (0.930 mV) 
(p = 0.30). The median latency for the right RLN and left RLN 
was 2.40 ms with no difference between the sides. (p = 0.58).

Post dissection, the right RLN amplitude remained identical 
whereasthe left RLN amplitude decreased. Latencies of both 
RLNs decreased although the difference was not significant. 
Nature of pathology and site of surgery did not influence RLN 
latency and amplitude. No patients had hoarse voice.

Conclusion: This study highlights the normative EMG para- 
meters for bilateral RLN nerve stimulation in an Asian population. 
No significant difference was noted in both pre- and post-
dissection RLN EMG parameters.
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INTRODUCTION

Injury to the recurrent laryngeal nerve (RLN) remains 
a significant morbidity during thyroid, parathyroid and 
head and neck surgery. The use of intraoperative neuro 
monitoring is a useful adjunct to reduce or prevent RLN 
injury but requires experience in the appropriate use and 
interpretation of its signals to ensure uniform results it is 
application during surgery. It is possible to differentiate 
between the RLN, vagus nerve and external branch of the 
superior laryngeal nerve from latency information found 
on the neuromonitor trace and thence permits the identifi-
cation of anatomical variants of these nerves. Furthermore, 
alterations in  neuro monitoring traces throughout surgery 
is appropriate within limits, and understanding this allows 
the operator to determine the tolerances of nerve dissection 
during surgery.  The aim of this study is to elucidate norma-
tive RLN electromyographic (EMG) parameters during the 
use of the neuromonitor in head and neck surgery.

Anatomy of the Recurrent Laryngeal Nerve

The thyroid gland is composed of two lobes connected 
by an isthmus that lies on the trachea at the level of the 
second tracheal ring. The right recurrent laryngeal nerve 
(RLN) arises from the vagus nerve, loops around the right 
subclavian artery and enters the larynx behind the crico-
thyroid muscle. It innervates all the intrinsic laryngeal 
muscles except the cricothyroid. The left RLN originates 
from the left vagus nerve, loops around the arch of the 
aorta, and ascends in the trachea-esophageal groove. It 
innervates similar muscles as the right RLN.1,2 Damage 
to the RLNs causes difficulty in breathing and phonation. 
Injury to RLN during neck dissection remains a significant 
cause of morbidity during neck dissection. Injury rates are 
estimated to be 2-5%.3,4 Recurrent laryngeal nerve injury 
is also a leading cause of litigation for thyroid surgeons.5,6

ROLE OF INTRAOPERATIVE NEUROMONITORING

Intraoperative neuromonitoring (IONM) is widely used 
as an adjunct during thyroid surgery, aiming to help 
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surgeons identify the RLN and dissect it.7-13 Intraop-
erative neuromonitoring can also help to predict and 
prognosticate the degree of RLN nerve injury.14-17 Previ-
ous studies of normative EMG data have been done in 
American and European populations.18-20 Hopefully, by 
defining the normative RLN monitoring parameters, we 
can predict the degree of nerve injury following which 
nerve monitoring signals may be altered or lost.21-23 Our 
study aims to establish the normal RLN EMG data in an 
Asian population.

MATERIALS AND METHODS

This is a retrospective cohort study of 46 patients who 
underwent thyroid or parathyroid surgery at a tertiary 
referral center between 2014 and 2015. Patients with  
preexisting vocal cord palsy were excluded. Intraopera-
tive neuromonitoring was applied accordingly to a strict 
study protocol applying a standardized setup using the 
inomed C2 NerveMonitorn® (inomed Medizintechnik 
GmbH, Emmendingen, Germany) and a noninvasive 
endotracheal tube surface electrode monitoring the 
thyroid arytenoid muscle. This was adapted from the pro-
tocol recommended by Poveda et al.24,25 Vocal cord mobil-
ity was visualized and recorded at the time of tracheal 
intubation. Anesthesia was induced using only short 
acting nondepolarizing paralytic agents (succinylcholine 
at 2−2.5 mg/kg), which wore off within 10 minutes and 
thus did not affect subsequent neuromuscular function.

Events Studied

Qualitative parameters, such as hoarseness of voice were 
observed at the following time points: Immediately 
post operation, at postoperative day 1, and at 2 weeks 
follow-up. Intraoperative neuromonitoring quantitative 
parameters of the RLN assessed were stimulation current, 
latency and amplitude. Both the pre and post-dissection 
values were recorded.

The definitions of nerve latency and amplitude are 
stated in Table 1, with reference to Phelan et al’s defini-
tions.18

The stimulation current was set at the range of  
0.50 mA, after taking into account the manufacturers’ 
recommendations and later modulated through direct 

stimulation of the nerve and nonnerve structures. In 
addition, Faden et al26 has found that 0.50 mA of stimu-
lation current optimizes sensitivity and specificity of 
nerve monitoring.

Discrimination between stimulation artifacts and 
evoked responses was established by observing at the 
EMG wave configurations. Stimulation artifact had a 
sharp and early spike whereas neural EMG activity 
resulted in broader and later deformation of baseline with 
a typical biphasic course (Graph 1).19 The protocol for 
nerve stimulation mandates the RLN to be stimulated at 
where it exits the thoracic cavity and at the tracheoesopha-
geal groove where it crosses the inferior thyroid artery. 
Stimulation of the nerve was done 4cm prior to its entry 
point into the larynx behind the cricothyroid muscle.

The results of RLN amplitudes and latency were com-
pared between the right and left sides, before and after 
dissection, males and, females and in cases of benign 
vs malignant disease. The magnitude difference in the 
amplitude/latency is defined as post-dissection ampli-
tude/latency minus pre-dissection amplitude/latency.

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) (version 19.0, 
SPSS Inc., Chicago, Illinois). Pre- and post-dissection 
stimulation current, amplitude, and latency were com-
pared using Wilcoxon signed rank test. Mann-Whitney 
U test was done to test the null hypothesis against the 
various alternative hypotheses. Two-tailed p < 0.05 was 
considered statistically significant.

RESULTS

The mean age of the patients was 51 years old (20−77 years).  
Fourteen of the patients were male and 32 female.  
There were 25 cases of total thyroidectomy (55%), 13 

Table 1: Definitions of quantitative parameters of the RLN 
latency and amplitude assessed during IONM

Parameter Units Definition

Latency Milliseconds (ms) Time between the stimulation 
artifact and onset of EMG 
activity

Amplitude Millivolts (mV) Maximum deflection from the 
baseline of the EMG wave

Graph 1: Stimulation artifact. Reproduced with permission from 
The Laryngoscope journal: “Intraoperative monitoring: Normative 
range associated with normal postoperative glottis function” by 
Caragacianu et al
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hemithyroidectomies (28%), 7 parathyroidectomies (15%), 
and 1 neck re-exploration (2%). The mean operation dura-
tion was 80.9 minutes.

Baseline IONM stimulation values and nerve monitor-
ing parameters were similar between the right and left 
RLN (Table 2).

Intraoperative neuromonitoring Parameters 
before and after Dissection

The right median RLN amplitude remained identical 
before and after dissection whereas the left median RLN 
amplitude decreased by 150 μV. Both the right and left 
median RLN latency decreased after dissection (Table 3).

Intraoperative neuromonitoring Parameters 
according to Gender

For the right RLN, females had higher pre-dissection 
median amplitude (Table 4). However, females had lower 
right RLN post-dissection median amplitudes. For the left 
RLN, females had lower pre- and post-dissection median 
amplitudes. None of the comparisons between male and 
female median amplitudes was statistically significant.

Females had a lower median RLN latency for both the 
right and left RLN. All the comparisons were not statisti-
cally significant except for the comparison between males 
and females for the left pre-dissection median latency. 
Females had a statistically significant (p = 0.04) lower 
pre-dissection median latency than males.

Intraoperative neuromonitoring Parameters 
according to the Nature of Disease: Benign/
Malignant

In general, benign lesions had lower median RLN ampli-
tudes compared to malignant lesions. Between benign vs 
malignant lesions, the amplitudes were not significantly 
different between both the pre- and post-dissection 
median amplitude bilaterally (Table 5). This was irrespec-
tive of the size of the lesion, the presence of a concomitant 
neck dissection and stage of the thyroid cancer.

For the right RLN, benign lesions had a higher median 
latency compared to malignant lesions. For the left RLN, 
malignant lesions had higher median latency than benign 
lesions. Between benign vs malignant lesions, the laten-
cies were not significantly different between both the 
pre- and post-dissection median latencies bilaterally.

The magnitude difference between pre- and post-
dissection amplitude is 0.05 mV for the right and left 
RLN. The difference between the magnitude differences 

Table 2: Comparing the right and left RLN pre-dissection 
stimulation current, amplitude, and latency

Right 
RLN

Left 
RLN p-value

Median pre-dissection stimulation 
current/mA

0.500 0.500 NS

Median pre-dissection amplitude/μV 930 1060 NS
Median pre-dissection latency/ms 2.40 2.40 NS
NS: Not significant

Table 3: Comparing RLN amplitude and latency pre- and  
post-dissection on the left and right side

Amplitude

p-value
Right RLN  
amplitude/mV

Left RLN  
amplitude/mV

Before dissection 0.93 (0.17-3.27) 1.06 (0.44-3.23) NS
After dissection 0.93 (0.2-3.53) 0.91 (0.29-4.15) NS

Latency
Right RLN 
latency/ms

Left RLN  
latency/ms

Before dissection 2.4 (1.60−5.40) 2.4 (1.35−3.30)
After dissection 2.2 (1.4−5.15) 2.35 (1.35−3.90)
NS: Not significant

Table 4: Comparing the quantitative IONM parameters between female and male patients

Right RLN Left RLN
Male Female p-value Male Female p-value

Pre-dissection median amplitude/μV 900 940 NS 1190 990 NS
Post-dissection median amplitude/μV 930 920 NS 1070 795 NS
Pre-dissection median latency/ms 2.400 2.300 NS 2.600 2.250 0.04
Post-dissection median latency/ms 2.500 2.100 NS 2.450 2.275 NS
NS: Not significant

Table 5: Comparing the quantitative parameters of the benign vs malignant lesions

Right RLN Left RLN
Malignant Benign p-value Malignant Benign p-value

Pre-dissection median amplitude/μV 950 915 NS 1140 880 NS
Post-dissection median amplitude/μV 1020 875 NS 1020 835 NS
Pre-dissection median latency/ms 2.200 2.400 NS 2.425 2.400 NS
Post- dissection median latency/ms 2.150 2.350 NS 2.450 2.250 NS
NS: Not significant
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for each side is not statistically significant. The magni-
tude difference between pre- and post-dissection latency  
is −0.1 ms for the right RLN and 0.02 ms for the left RLN. 
The difference between the magnitude differences for 
each side is not statistically significant.

None of the patients developed hoarseness of voice 
postoperatively.

DISCUSSION

This is the first study that examines the EMG charac-
teristics of RLNs before and after dissection in an Asian 
population. We hypothesized that there could be a 
difference in the EMG data between the right and left 
RLNs, between benign and malignant thyroid disease 
and between male and female patients.

The results showed that there was no significant dif-
ference between pre- and post-dissection amplitude and 
latency in all categories of comparison: Male vs female, 
benign vs malignant disease, and side of surgery. This is 
consistent with published studies by Lorenz et al,19 Phelan 
et al18, and Caragacianu et al20 (Table 6).

There are, however, some differences between our 
study and the other three studies. First, our study found 
that there was a small significant difference in the left-
sided pre-dissection latency between males and females. 
This is unlikely to be clinically significant. Second, Lorenz 
et al 19 found that females had a higher median RLN 
amplitude than males for both the RLNs. In our study, 
females had lower median amplitude on the left RLN 
but higher median amplitudes on the right RLN. Third, 
Lorenz et al19 found a significant difference of median 
RLN amplitude between males and females (p < 0.05) but 
our study did not observe the same difference and this 
is consistent with the study by Phelan et al18 (Table 7).

The differences seen in this study compared with 
others are probably due to technical differences in the 
IONM systems; variation of amplitude measurement 
due to factors, such as contact pressure, obscuration of 
the nerve by blood or other fluids and amount of overly-
ing tissue between the stimulator probe and the nerve.

In our study, we observed that the amplitude change 
before and after dissection remained the same on the 
right RLN and decreased on the left RLN. This is contrary 
to the finding by Phelan et al,18 Caragacianu et al20 who 
reported an increase in RLN amplitude bilaterally pre- 
and post-dissection. This could be due to physiological 
differences between Asian and Caucasian populations 
and different techniques of nerve stimulation.

We initially hypothesized that the nature of the lesion 
would affect the risk of injury and hence, the conduc-
tion characteristics of the RLN pre- and post-dissection. 
However, with regards to the nature of the lesion 
(benign/malignant) on quantitative IONM parameters, 
there is no statistical difference in RLN amplitude/
latency when comparing benign with malignant lesions. 
Lorenz et al19 also concluded that benign/malignant 
thyroid disease did not affect IONM parameters.

Lastly, we hypothesized that the pre-dissection ampli-
tude and latency of the right recurrently laryngeal nerve 
would change more after dissection as the course of the 
right RLN is more oblique and is hence, more prone to 
injury during surgery. However, our data demonstrated 
no statistically significant difference in magnitude of 
change of pre-dissection RLN amplitude/latency when 
comparing the right and left RLN.

Our study is limited and it is a retrospective study 
with possible selection biases. In addition, the sample 
size was small with 46 patients, hence we do not have 
any EMG data on any damaged nerves. However, in this 

Table 6: Comparing the median amplitude and latency of all four studies of RLN monitoring data on human subjects

Lorenz et al19 Phelan et al18

Caragacianu et al20
Our study

Right Left Right Left Right Left
Median amplitude/μV 623 719 783b 604b 898b,c 930 1060
Median latency/ms 2.73 2.73 3.10 4.25 – 2.40 2.40
bMean amplitude was stated in the study by Phelan et al18 and Caragacianu et al20; cCaragacianu et al20 did not quantify the amplitude 
of the left and right RLN separately

Table 7: Comparing the median RLN amplitude and latency of male and female patients in all three studies

Median RLN amplitude/μV Median RLN latency/ms
Male    Female    p-value Male Female p-value

Lorenz et al19 Right 478    837 <0.05 2.73 2.73 NS
Left 501    772 <0.05 2.73 2.73 NS

Phelan et al18 – 581a    739a    NS – – –
Our study Right 900    940    NS 2.40 2.30 NS

Left 1190    990    NS 2.60 2.25 0.04
NS: Not significant; aMean amplitude was stated in the study by Phelan et al18
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aspect, Caragacianu et al,20 who had studied 125 consecu-
tive thyroid surgeries with 167 RLNs at risk, found that 
the two injured RLNs had a statistically significant lower 
final mean amplitude (final mean amplitude of 97.5 μV) 
compared to their initial mean amplitude of 378 μV. This 
suggests that RLN nerve injury causes nerve amplitude 
to decrease. Finally, differences in technique of nerve 
stimulation and type of nerve monitoring systems may 
limit the generalizability of our results.

CONCLUSION

In this study of normative Asian EMG parameters for 
bilateral RLN stimulation, there was no significant dif-
ference between pre- and post- dissection RLN EMG 
parameters as well as between gender, nature of pathol-
ogy and site of nerve. A prospective study needs to be 
carried out to investigate the effect of nerve injury on 
amplitude and latency.
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