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Intraoperative Nerve Monitoring Improves Junior Surgeon
Detection Rate of Recurrent Laryngeal Nerve
Rohaizak Muhammad1, Zahari Othman2, Suraya Othman3, Nor Faezan A Rashid4, Shahrun Niza A Suhaimi5

A b s t r ac t
Introduction: Recurrent laryngeal nerve (RLN) identification is the gold standard in thyroidectomy. However, due to the anatomical
variation of the RLN, it can be difficult to be identified especially by the less experienced surgeon. Meta-analysis showed that IONM did not
significantly reduce the number of permanent RLN injuries but may be helpful in difficult or more complicated cases. Most of the studies
were performed at the established centre with experienced surgeons. This study aims to find out whether the IONM will be helpful to junior,
less experienced surgeons.
Objective: This study aimed to demonstrate that the IONM system does help a junior surgeon in identifying RLN compared to visualization
alone (VA).
Methodology: A total of 40 nerve-at-risks from 25 patients who underwent thyroidectomies were randomized into IONM and VA group.
Intraoperatively, the IONM system was set according to the guideline set by International Neural Monitoring Study Group, and standard
thyroidectomy was performed. After medial rotation, the junior surgeon will start searching for the RLN with IONM or VA according to patient’s
group within 8 minutes. If the nerve was not found, a senior surgeon will proceed accordingly.
Results: There was no difference in the demographic data (age, gender, ethnicity, and thyroid pathology) within both groups. The junior surgeon
was able to find 90% of RLN using IONM compared to 60% by VA (p = 0.028). There was no RLN injury
Conclusion: Intraoperative nerve monitoring does help junior surgeons to identify RLN compared to VA within the test duration. This can be
used as a teaching tool without compromising the safety of the patient.
Clinical significance: Intraoperative nerve monitoring is a useful tool not only to identify the RLN, hence reducing injury to it but also helps
junior surgeons practicing to identify the nerve. It is more important when dealing with an anatomical variation of the nerve.
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Introduction
Recurrent laryngeal nerve (RLN) identification is the gold standard
of care during a thyroidectomy. Its introduction into our standard
operative principle has made thyroidectomy a safe operation.1 Even
though the risk of RLN palsy is low (0.3–3% of cases for permanent
RLN palsy2,3), it remains the most common cause for litigation in
endocrine surgery.3 Therefore, every surgeon embarking on thyroid
surgery should be adequately trained to search and identify RLN.
Unfortunately, due to the nature of RLN development, there will
be an anatomical variation of its location. Its commonest location is in
the tracheoesophageal groove, but can also be found either anterior
or posterior to the inferior thyroid artery.6 Some patients even have
a non-RLN which makes its identification even more difficult.5 The
consequences of RLN injury can range from mild hoarseness to upper
airway obstruction requiring intubation or tracheostomy. Lahey
and Hooper were the first to show that identification of RLN was
paramount in reducing its injury,1 and it has been the gold standard
ever since. In view of that, several instruments were developed to
aid surgeons in identifying and reducing the rate of RLN injuries.
One such instrument is intraoperative nerve monitoring (IONM).
Recurrent laryngeal nerve identification with the aid of
electrical current was first described in 1966.7 In recent years
the usage of IONM has garnered much attention. A number of
surgeons in both USA and Germany are now routinely using
IONM during their thyroidectomies. 8,9 However, the use of
IONM is still debatable as there is conflicting data regarding
the benefits of IONM. Meta-analysis fails to show a significant
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difference between intermittent IONM and VA in terms of
preventing permanent RLN palsy but selective use during
high-risk thyroidectomy as in re-dopration or cancer cases do
reduce the risk of nerve injury.4,5,10
However, the use of IONM may still be beneficial for junior surgeons
embarking on thyroidectomies. It has been shown that the rate of
RLN injuries dropped significantly once a surgeon does more than
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100 thyroidectomies.11 We postulate that the use of IONM may assist
junior surgeons in identifying the RLN better than visual identification.

M e t h o d o lo g y
This was a prospective, randomized controlled trial, performed
at the Department of Surgery, University Kebangsaan Malaysia
Medical Centre (UKMMC) and approval from the UKMMC Ethical
committee was obtained (Project code: FF–2016–014).
All consecutive patients (18-year-old or above) undergoing
total or hemithyroidectomy within 6 months period of the study
were included. The exclusion criteria were, patients with inoperable
thyroid malignancies, RLN palsies, and previous surgeries to
anterior triangle of the neck (except superficial surgeries that
did not breach the infrahyoid muscles of the neck). Preoperative
laryngoscopy to assess vocal cords for any evidence of RLN palsy
was performed in all patients. Simple randomization using sealed
envelopes were done in operating theatre, dividing them into VA
group or IONM group.
The thyroidectomies were performed by a single junior
surgeon (first-year subspecialty training program) according to
the standard procedures. Regardless of the randomization, IONM
system (NIM–Response 3–0 by Medtronic) was used on all of
our patients as a safety mechanism to avoid RLN injury, and as a
confirmation tool during RLN identification. A consultant endocrine
surgeon was present during the identification process but was
not allowed to interfere unless there was a definite risk of injury
to patient. All patients underwent general anesthesia with or
without neuromuscular blockade. If neuromuscular blockade was
required during induction, an ultrashort-acting agent was given
such as atracurium or rocuronium at 0.5 mg/kg. The patient was
intubated using NIM FLEX EMG endotracheal tube at which the size
was decided by the anesthetist.
Thyroidectomy procedures are standard. Once the thyroid
gland was mobile, it was rotated medially. This was the juncture
where the search of RLN and timing begins. From here to the time
limit of the study (8 minutes or the identification of RLN, whichever
sooner), the supervising consultant was not allowed to interfere. The
only exception was if the supervising consultant surgeon suspected
that the RLN was in immediate danger of being damaged. The
searching methods of the RLN depended on the randomization
group. For both groups, the timing started after the medial rotation
of the thyroid.

VA Group
The junior surgeon searched for the RLN by dissecting the inferior
pole of the thyroid, and exposing the nerve. If the suspected RLN

was found within 8 minutes, the timing was paused. The supervising
surgeon would confirm the nerve by visualization and nerve
stimulator probe (R1) set at 1.0 mA.

IONM Group
In this arm, the probe was used to map the RLN. The probe was
placed onto the suspected path of the RLN, usually near the inferior
thyroid artery, from lateral to medial. After mapping was done,
dissection to expose the RLN began. Once the suspected RLN was
found the stopwatch was paused, and the RLN nerve was confirmed
by the supervising consultant surgeon visually and using a nerve
stimulator probe (R1) set at 1.0 mA.
If the suspected nerve was not the RLN, the search and timing
were resumed. After 8 minutes, if the RLN was not identified, the
timing was stopped and case was recorded as a failure. The search
then fell on to the discretion of the supervising surgeon.
Postoperative laryngoscopy was done between 24 and
48 hours following surgery, and any immobility of the vocal cord
was recorded as RLN injury. Data obtained was analysed using
Chi-square test for categorical data. For continuous data, an
independent t-test was used for normal distribution, and the Mann–
Whitney U test was used if it was not. p value less than 0.05 was
considered significant. Subsequent time is taken to find each RLN
was plotted to compare both groups.

R e s u lts
There were 25 patients included in the study with 40 nerve-at-risks.
Fifteen patients underwent total thyroidectomy and 10 patients
underwent hemithyroidectomy. There were 20 nerve-at-risks
in both arms. The median age of patients were 54.2 (54.1 in VA,
and 54.3 in IONM). The majority of the operations were for benign
goiters (75% in both arms) and only a minority was for malignancy
(25% in both arms) (Table 1).
Intraoperative nerve monitoring successfully identified 90% of
the RLN within less than 8 minutes compared to VA (60%) which is
statistically significant (p = 0.028) (Table 2). It was also noted that
the use of IONM has improved the time taken for the junior surgeon
to identify the RLN, especially in the VA group (Fig. 1). There was
one surgical site infection, six temporary hypocalcemia, and no
RLN injuries recorded during the study period. The surgical site
infection required the patient to undergo bedside wound dressing.

Discussion
Intraoperative nerve monitoring has been gaining popularity over
the past 2 decades, fuelled by the need for a tool to aid surgeons
in RLN identification and reducing the risk of RLN injury during

Table 1: Showing the summary of patients’ demographic data
Demographic data
Gender
Age*
Ethnicity

Thyroid pathology

Female
Male
Malay
Chinese
Indian
Benign
Malignant

VA (n = 20)
17 (85%)
3 (15%)
58 (45–65)
15 (75%)
4 (20%)
1 (5%)
15 (75%)

IONM (n = 20)
16 (80%)
4 (20%)
57 (38–65.75)
12 (60%)
6 (30%)
2 (10%)
15 (75%)

5 (25%)

5 (25%)

*Age presented in median
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Table 2: Showing the successful attempts of our junior surgeon in identifying the RLN within 8 minutes
Study arm

Successful

Failed

Chi-square value

p-value

VA

12 (60%)

8 (40%)

4.8*

0.028

IONM

18 (90%)

2 (10%)

*Pearson Chi-square used

Fig. 1: Showing the relationship between time taken to successfully
identify the RLN in both groups

thyroidectomies.8,9 Various instruments have been produced for
nerve monitoring systems, each with their own advantage and
disadvantage. Several papers proposed hypothesis on how the
system helps to identify the RLN12,13,15–18 by showing the numbers
of RLNs detected by the system before the surgeon can visually
identify them. A study by Barczynski et al. stated that using IONM,
13.7% of the RLN were localized using IONM prior to be visualized.
The rest of the RLN were identified visually first, before confirmation
with IONM were done.13 Meta-analysis by Pisanu et al. also stated
that it was impossible to analyse on how IONM assisted in RLN
identification before visualization.4 A more recent study done by
Barczynski et al. looking at RLN injuries during thyroid re-operations
using IONM vs VA showed that using IONM significantly increased
the identification of ramified RLN and non-RLN when compared
to VA alone.17 However, the study was a retrospective cohort study
and all the operations were performed by experienced endocrine
surgeons. Some studies also showed that the operative time
for IONM is longer compared to VA4,19 Nevertheless, in all those
studies, the operative time was taken starting from skin incision.
Thyroidectomies with IONM need extra preparatory steps to be
done compared to VA, such as electrode placements, checks,
repositioning, and removal which added to the total operative time.
Hence, comparing the total operative time between IONM and VA is
not suitable to show whether IONM does help to hasten the search
of RLN. In this study, the preparatory steps were omitted, and only
the exact time taken to search for the RLN was taken.
A junior surgeon is defined as a surgeon who had done less
than 100 thyroidectomies. The reason for a junior surgeon was
chosen because more experienced surgeons were expected to be
able to identify the RLN and may not benefit them as much.14,20 In
this study, 90% of RLN were successfully identified within 8 minutes
using IONM compared to 60% in VA (p = 0.028). Mapping of the
nerve seems to help the surgeon to focus on the area to identify

the nerve. This study also showed that the experience in finding the
RLN using IONM has helped the surgeon learning curve and is able
to detect RLN faster visually. After only 23 procedures, the junior
surgeon was able to halve the time taken to identify the RLN in both
groups. Even though the graph showed an overall reduction (more
in the VA group compared to IONM), it was statically not significant
(p = 0.148). The study suggested that with IONM, apart from
helping the junior surgeon identify the RLN faster, it also improved
her ability to visually identify the nerve. After only as few as
23 operations (combination of both arms), the junior surgeon’s
ability to identify the RLN without IONM significantly improved. If
this study were to continue with a bigger sample, it is highly likely
that the result may not show any significance between both arms
as the junior surgeon’s ability to identify RLN by VA continues to
improve. A study by Sosa et al. concluded that about 100 cases
or more without IONM were required for a significant drop in
post-thyroidectomy complications.10 This study showed that
with IONM as a training tool, a junior surgeon may need less than
100 cases to achieve that.
There seemed to be no difference in complications between
both techniques, except for hypocalcemia which is not related to
the technique employed. There was no incidence of nerve injury
in both groups.

C o n c lu s i o n
In conclusion, IONM did help junior surgeons in identifying RLN
compared to VA. The experience learned while using IONM helps the
subsequent surgeries where more nerves were identified even with
visualization alone. Therefore, this study showed that IONM can be a
good training tool for junior surgeons embarking on thyroidectomies.

Clinical Significance
Intraoperative nerve monitoring is a useful tool not only to identify
RLN, hence reducing injury to it but also helps junior surgeons
practicing to identify the nerve. It is more important when dealing
with an anatomical variation of the nerve.
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