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Abstract

Recurrent laryngeal nerve (RLN) palsy is one of the feared complications following thyroid surgery. Intraoperative neu-
romonitoring (IONM) has been used as an adjunct to reduce this complication. In the present study, we attempted to evaluate
the IONM parameters such as latency, current requirement, and baseline amplitude that could predict temporary RLN palsy
along with factors that could influence these parameters during thyroid surgery. This was a retrospective study of patients
who underwent hemi, total, or completion thyroidectomy for cancer at our institute between June 1, 2017 to May 31, 2019 in
whom IONM was used during surgery. The study consisted of 84 consecutive patients with 138 nerves at risk. The RLN palsy
rate in our study was 5% (n=7). Patients with low baseline amplitude and/or requiring higher current to maintain normal
baseline amplitude were often associated with temporary RLN palsy. In the multivariate analysis, age > 40 years (p =0.001,
OR =4.14) influenced the baseline EMG amplitude the most. The intraoperative current management was influenced by
advanced pT stage (p=0.001, OR=2.87), and structural nerve injury (»p=0.001, OR =3.15). Patients with low baseline
amplitude and/or requiring higher current to maintain normal baseline amplitude were often associated with temporary RLN
palsy. Factors such as age, pT stage, and structural nerve injury influenced the IONM stimulation and recording parameters.
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Introduction

Recurrent laryngeal nerve palsy (RLNP) is one of the com-
mon and devastating complications following thyroid sur-
gery which significantly influences the patient’s quality of
life. The purpose of IONM was to reduce this complication
by assisting the surgeon to identify the recurrent laryngeal
nerve (RLN) and assure its functional integrity. [1] The
benefits of the application of IONM in thyroid surgery are
not just in the identification of RLN but also in the exter-
nal branch of the superior laryngeal nerve (EBSLN) with
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a significantly improved identification rate and a reduced
risk of injury. [2, 3] IONM can also help clinicians predict
vocal cord dysfunction and assist in intraoperative decision-
making and planning subsequent treatment in the event of
nerve palsy being identified or anticipated intraoperatively.
[1, 4] Studies have been conducted to investigate the role
of IONM in reducing early clinical RLNP. [5] In general,
IONM can indicate non-dissociative damage such as trans-
action, clamping, traction, electrocautery injury, ligature
entrapment, or ischemia, which cannot be recognized and
judged visually. [6-8] The negative predictive value for
identifying the postoperative nerve function is between 92
and 100% and a low positive predictive value between 10
and 90%. [9] Previous studies have suggested certain factors
such as malignant histology, central compartment dissection,
and previous thyroid surgery as strong predictors for RLNP
among others. [10, 11] However, the usefulness of IONM
parameters such as current requirement, latency, and ampli-
tude changes in predicting temporary RLNP is not known.
We did this retrospective study with the aim to evaluate the


http://orcid.org/0000-0003-1957-3338
http://crossmark.crossref.org/dialog/?doi=10.1007/s13193-021-01490-7&domain=pdf

Indian Journal of Surgical Oncology (March 2022) 13(1):218-224

219

IONM parameters predicting temporary postoperative RLNP
and factors influencing these IONM parameters in patients
who underwent surgery for thyroid malignancy.

Methodology

This retrospective study was done on prospectively collected
data of patients who underwent thyroid surgery between
June 1, 2017 and May 31, 2019 for malignancy with IONM
in a single unit of a tertiary head and neck cancer center.
All clinical, radiological, and histopathology details were
retrieved from the electronic medical records and the depart-
mental database. As per our institute policy, all patients
underwent an examination of the vocal cord status with 90°
Hopkins rigid endoscope and/or fiber optic laryngoscopy
examination preoperatively and postoperatively (before dis-
charge). This procedure was performed by one of the mem-
bers of the operating team. After discharge, the vocal cord
status is recorded at every follow-up visit. The temporary
RLNP was defined as vocal cord palsy when present in the
postoperative period, i.e., before discharge and subsequently
during follow-up until 6 months from surgery. [12, 13].
Intraoperative neuromonitoring (IONM) was done using
standard reinforced electromyography (EMG) endotracheal
tubes with a size of 7.0, 7.5, or 8.0 mm (Medtronic Xomed,
Jacksonville, FL, USA) for intubation. The tube was placed
(3 cm of the surface electrodes) in good contact with the
vocal cords (vocalis muscle) under direct video laryngos-
copy. [14] A prass monopolar stimulator probe (Medtronic
Xomed) was used with a current delivery of 0.5-2.5 mA
(supramaximal stimulation) at the rate of 4 Hz/s with 100 ps
pulse width to monitor the integrity of the nerve. The
EMG activity was recorded on a NIM-response 3.0 moni-
tor (Medtronic Xomed). The monitoring system-generated
stimuli with a time window of 25 ms and an amplitude scale
were set to 500 uV/division. The event threshold on the NIM
was set to 100 uV, and impedance differences were recorded
to be less than 1.0 m€ on each channel (left and right RLN).
No muscle relaxants were used till the end of IONM use.
The neuromonitoring device was used in various phases dur-
ing surgery. Specifically, before draping the patient, mechan-
ical stimulation was applied by gently tapping the trachea at
a level corresponding to vocalis muscles to ensure that the
monitoring system was working; later, stimulation was then
applied to the structure believed to be the RLN (Fig. 1a, d).
After thyroid removal and complete hemostasis within the
surgical field, stimulation was reapplied to the vagus nerve
(indirect stimulation) and the RLN (direct stimulation) for
predicting the postoperative outcome. [15] It is well known
that IONM EMG amplitudes may vary significantly within
a patient and among patients and is yet to be systematically
standardized. In general, a relatively higher (> 1500 uV)

or lower (<400 pV) RLN baseline amplitude would be
involved in the prediction of laryngeal mobility outcome.
[16] In our clinical setup, we have considered > 300 pV to
be the normal baseline amplitude and have used this cutoff
for postoperative voice outcome analysis. Also, baseline
EMG (vocalis) amplitude reduction by >50% was consid-
ered abnormal. The latency in the range between 1.2 and
1.5 ms was considered normal in the study and an increase
by > 10% was considered abnormal responses. Also, the
requirement of current> 1.0 mA to maintain baseline ampli-
tude (~300 puV) was considered abnormal [17]. All these
parameters were documented and analyzed to understand
whether they could predict temporary RLN palsy.

Statistical Analysis

The statistical analysis was performed using SPSS version
24 (IBM Corp, Armonk, USA). The occurrence of palsy
in the immediate postoperative period (days 1 to 7) was
defined as the event. Based on the available evidence in
the literature and our experience, multiple factors like age,
gender, pathological T stage (early vs. advance), tracheoe-
sophageal groove (TEG) involvement, central compartment
lymph nodes (CCLN) positivity, intraoperative events, and
injury were considered for analysis among others. Univari-
ate analysis was done using the Chi-square test to check for
the associations of these factors on the current requirement
and amplitude. Multivariate analysis was done subsequently
using binomial logistic regression (forward stepwise selec-
tion). A p-value of <0.05 was considered significant. The
risk preference for each factor was generated. The sensitive
risk factors were measured with the odds ratio.

Results

A total of 255 patients underwent thyroid surgeries dur-
ing the abovementioned time period. All cases in which
the final histopathology was benign (n=27), and in those
cases where the IONM was not used (n=144) were
excluded. A total of 84 patients satisfied the eligibility cri-
teria and were included in the study. The majority of them
were differentiated thyroid carcinoma, papillary thyroid
carcinoma being the most common variety within (n =74,
88%), followed by poorly differentiated thyroid carcinoma
(n=5,5.9%), medullary thyroid carcinoma (n=4, 4.7%),
and anaplastic thyroid carcinoma (n=1.1.4%). The details
of the surgical procedures are given in Table 1. Based on
the procedure performed on each patient, two RLN were at
risk with total thyroidectomy, while a unilateral procedure
put one nerve at risk (NAR). Hence, 138 nerves at risk of
developing RLN palsy were studied. The decision to use
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Table 1 Surgery details

Primary surgery

Hemithyroidectomy 9 (NARY9)
Total thyroidectomy 50 (NAR 100)
Completion thyroidectomy 25 (NAR 29)
Central compartment clearance
Bilateral CC procedures 40 (NAR 80)
Unilateral CC procedures 34 (NAR 41)
No CC procedure 10 (NAR 17)
Lateral neck dissection
Ipsilateral 60
Contralateral 46
Duration of surgery*
<4h 39
>4h 38

“The duration of surgery had no influence on the development of
RLN palsy or the IONM parameters

@ Springer

IONM was taken on a case to case basis by the operating
surgeon based on one or more of the following factors:
revision surgery (completion thyroidectomy), ETE on
imaging, TEG involvement on imaging, advanced T stage,
and when CC lymph nodes were expected to be positive
or as seen in imaging (CECT). The overall postoperative
(temporary) RLN palsy rate was 5% (7 out of 138 NAR) in
our series. None of the patients developed bilateral vocal
cord palsies. In our analysis, there were no issues pertain-
ing to vocalis muscle latency.

Out of the 138 NAR, 84 NAR displayed normal base-
line amplitude (=300 uV) (Fig. 2). One NAR out of this
84 developed temporary RLNP subsequently. Fifty-four
NAR displayed lower baseline amplitude (<300 pV), out
of which 3 NAR developed temporary RLNP subsequently.
All these three NAR were in patients who underwent com-
pletion thyroidectomy. Eighty-three NAR required normal
current (< 1.0 mA) to elicit a response, out of which 2 NAR
developed temporary RLNP. Fifty-five NAR required a
higher current (> 1.0 mA) to elicit a response, out of which



Indian Journal of Surgical Oncology (March 2022) 13(1):218-224 221
Fig.2 Total number of nerves
at risk (NAR), the current 138 NAR
requirement, and the baseline
amplitude of the patients along
with those who developed tem- l
porary RLN palsy l l
. . Current
Baseline Amplitude Requirement
Normal Baseline Lower Baseline Normal Current Higher Current
Amplitude (2300uV) Amplitude(<300uV) Requirement (< 1.0mA) Requirement (>1.0mA)
(NAR=84) (NAR=54) (NAR=83) (NAR=55)
Temporary RLN Temporary RLN Temporary RLN Temporary RLN
Palsy Palsy Palsy Palsy
(n=1) (n=3) (n=2) (n=1)

*NAR — Nerves at risk, RLN-Reccurent Laryngeal nerve

one NAR developed a temporary RLNP. Interestingly, this
patient also underwent a completion thyroidectomy (Fig. 2).

Factors Influencing (RLN) Baseline EMG Amplitudes
(Table 2, Fig. 1b)

The median age of the patients was 40 years in our study
(range 12-80 years). The effect of different preoperative
and intraoperative factors on EMG amplitudes and current
is summarized in Table 2. In our study, age was the only pre-
operative factor that had an influence on the baseline EMG
amplitudes on both univariate and multivariate analyses. We
got lesser baseline EMG amplitudes (mean 212+ 72 pV)
in patients aged > 40 years (p <0.01, OR=4.14) as com-
pared to patients <40 years of age (mean 812+39 uV).
Certain factors like intraoperative blood loss and when
central compartment dissection was performed were found
to influence the baseline EMG amplitude only in univari-
ate analysis. Intraoperative blood loss of > 500 ml (mean
325+48 uV) was associated with lower baseline EMG
amplitude (p <0.05) as compared to patients with blood
loss <500 ml (mean 651 +27 uV). Also, when bilateral
central compartment node dissection was done, it was asso-
ciated with reduced baseline EMG amplitudes (p <0.05),
and this was more frequent on the right side (p < 0.05) than
on the left side.

Factors Influencing the Current Requirement
(Table 2, Fig. 1¢)

The pT stages (T3-T4) and intraoperative structural injury to
the nerve influenced the current required to elicit a response
on both univariate and multivariate analyses. Patients with

early pT-staged tumors required normal current to elicit a
baseline EMG amplitude. In contrast, a higher current (mean
2.4+0.3 mA) was required to get a normal baseline ampli-
tude in patients with advanced T stage, and on certain occa-
sions, the amplitude remained lower despite increasing the
current. This was significant on both univariate (p =0.047)
and multivariate analysis (p=0.001; OR =2.87). Similarly,
patients with involvement of the TEG (n=8) required higher
current (mean 1.8 +0.6 mA) (p <0.05) to elicit stable base-
line EMG amplitudes as compared to those patients where
the TEG was uninvolved (mean 0.8 +0.3 mA). Intraopera-
tive nerve structural injury was associated with a higher
current required to maintain the baseline EMG amplitude.
The intraoperative structural injury tends to significantly
increase the current requirement (mean 2.2 +0.3 mA from
0.7+0.3 mA) (p<0.01, OR=3.15) as compared to patients
with no injury (mean 1.0+0.1 mA from 0.8 +0.3 mA) to
obtain baseline EMG amplitude.

Discussion

Our study suggests that patients with low baseline ampli-
tude and/or those requiring higher current to maintain
normal baseline amplitude were often associated with
temporary RLN palsy in the postoperative period. Patients
aged > 40 years had a negative influence on the baseline
EMG amplitude, and those patients with advanced pT stage
and intraoperative nerve injury necessitated higher current
to obtain a baseline EMG amplitude.

There are many preoperative and intraoperative risk
factors for RLN injury including older age, pathologi-
cal T stage, TEG involvement, previous thyroidectomy,
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Table 2 Univariate and multivariate analysis of factors influencing IONM parameters

Variable Number of Univariate p-value Univariate odds ratio Multivariate Multivariate odds ratio
patients (%) p-value
Amplitude
Age
<40 years 53 (31) 0.01 5.31(1.87,11.82) 0.001 4.14 (1.04, 12.52)
> 40 years 63 (37)
Gender
Male 34 (51) 0.59 0.63 (0.13,3.17) - -
Female 40 (60)
Blood loss
<500 ml 66 (18) 0.025 2.63 (0.12, 8.17) - -
>500 ml 79 (21)
Total combined CC positive N
Yes 38 (46) <0.001 2.12 (045, 6.91) - -
No 45 (55)
Right side CC positive N
Yes 54 (30) <0.02 3.46 (0.59, 8.17) - -
No 64 (36)
Current
pT stage
T1, T2 33(51) 0.001 1.82 (1.72, 8.96) 0.001 2.87 (0.92,11.71)
T3, T4 39 (41)
pN stage
N+ 31(53) 0.504 1.59 (0.63, 6.57) - -
NO 37 (53)
Intraoperative TE groove involvement
Yes 8 (76) <0.01 2.31(0.46, 4.23) - -
No 10 (90)
Intraoperative nerve structural injury
Yes 10 (74) <0.01 2.12 (0.21,7.54) 0.001 3.15(0.82, 8.33)
No 12 (88)

intraoperative bleeding, side of resection among others.
[18-21] IONM has rarely been shown to be significantly
superior to visual identification in terms of RLN palsy rate
following thyroid surgery by many studies. [3, 9, 22] How-
ever, it is useful for assessing nerve integrity, as a visually
intact nerve is not necessarily functional and is of prognostic
value when palsy occurs. [9] The American Academy of
Head and Neck Surgery recommends IONM to be included
for the identification of recurrent laryngeal nerves to reduce
transient RLN palsy, and also to remove the risk of bilateral
RLN palsy. [18, 23]

Factors Influencing IONM Parameters

Baseline EMG Amplitude

Lorenz et al. have suggested that baseline EMG amplitude
was better in patients with <40 years than in the higher age

group; however, no difference in latency and duration was
reported. [24] Similarly, in our study, too, age influenced
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the baseline EMG amplitude the most, and latency did not
give any information. It is well known that aging results in a
decrease in nerve tissue mass, neuronal density, and concen-
tration of neurotransmitters [25] along with pathology that
may cause less excitation input to the corresponding muscles
with electrical stimulation. This could be one of the rea-
sons that we obtained lower baseline EMG amplitudes from
the vocalis muscle with >40 years of age than the younger
patients in our study. On the other hand, aging with preop-
erative comorbidities like diabetes would have an influence
on the baseline RLN latencies and amplitudes in thyroidec-
tomy patients. [26] However, we did not find any significant
(p=0.3) influence of this factor on RLN latency and ampli-
tudes in our study. Also, there were no differences in anes-
thetic drug maintenance between the two age groups in this
study. Other factors that showed to have some influence on
the baseline EMG were intraoperative blood loss of > 500 ml
and central compartment dissection. Patients with > 500 ml
blood loss were mostly associated with advanced disease
necessitating extensive surgery. Another surgery-related risk
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factor for RLN injury is central compartment dissection. [20,
27, 28] A study by Ling et al. suggested that IONM is highly
recommended for patients with a high positive rate of lymph
node metastasis requiring central and lateral cervical lymph
node dissection. [29] A higher ratio of positive central lymph
nodes was associated with a greater risk of RLN injury due
to direct invasion of the nerves by the nodes and/or due to
the extensive central compartment dissection, and this was
frequent on the right side. [29, 30] These findings were also
seen in our study and bilateral central compartment node
positivity was likely to reduce the EMG amplitude. This
probably suggests that IONM might be pre-emptively used
to reduce the risk of RLN injury in patients with central
lymph node metastasis requiring extensive nodal dissection
bilaterally.

Current Requirement for Stimulation

Advanced stage (T3-T4) thyroid malignancy is often associ-
ated with the risk of RLN injury as compared to the early
stage (T1-T2). [29, 30] In our study, the advanced malig-
nancy influenced determining the baseline current require-
ment to elicit stable EMG amplitudes by more than 2 times
as compared to earlier stage malignancy. This could be due
to pathology-induced deranged neuronal cells excitation,
necessitating higher current to elicit stable EMG responses
from the vocalis muscles. Generally, RLN is a physiologi-
cally very sensitive structure and can easily be injured by
different intraoperative actions such as clamping, stretch-
ing, compressing, and heating and retraction of the thyroid
gland. [31] These intraoperative actions can lead to absent
or reduced EMG amplitude followed by direct vagus or RLN
stimulation. The neurobiological explanation for reduced
EMG amplitude is due to a lower number of axons trans-
mitting the electrical signals after the injury, resulting in
lesser depolarization of the monitored muscle. [32] This was
reflected in our study that structural nerve injury (stretching/
traction, compression, thermal injury) necessitated 3 times
more current to maintain stable EMG responses intraopera-
tively. Another factor that showed some influence on the
current requirement was the involvement of the TEG by the
disease. During thyroid surgery, TEG is a valuable landmark
for identifying the RLN. However, TEG involvement is one
of the high-risk factors for RLN injury due to its handling
during surgery. [20] In our study, patients with TEG involve-
ment required higher current to elicit EMG responses as
compared to those in whom TEG was not involved. This
could be due to the compression of the nerve and/or its
handling.

Some of the limitations of our study are its small sample
size and its retrospective nature and hence it bears all its
inherent weaknesses. The follow-up for a significant number
of patients (n=16.19%) in this study was less than 1 year,

thus permanent RLN palsy rates could not be reported. In
the future, we would like to validate these findings in a larger
cohort of patients and also find additional risk factors, if any,
influencing the IONM parameters to predict postoperative
RLN palsy in thyroid surgery for malignancy. However, this
is one of the few studies that have looked into the influence
of the IONM parameters in predicting temporary RLN palsy
and factors influencing these parameters.

Conclusion

In our study, temporary RLN palsy was associated with
low baseline amplitude and/or requirement of higher cur-
rent to maintain normal baseline amplitude during IONM
for thyroid malignancy surgery. These could be utilized as
surrogate indicators to predict temporary RLN palsy. Age,
advanced pT stages (T3-T4), and intraoperative nerve struc-
tural injury significantly influenced the IONM parameters.
Keeping in mind the limitations of the study, our study will
potentially help us identify patients who may develop tem-
porary RLNP following thyroid surgery.
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