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1   |   INTRODUCTION

Estimated incidence of thyroid cancer according to 
GLOBOCAN 2020 is 586,202 new cases in overall 
population.1

In Italy, over 34,000 thyroid operations were performed 
during 2016,2,3 and in the United States, 150,000 thyroid-
ectomies per year are estimated.4

A critical point of thyroid surgery is the potential re-
current laryngeal nerve (RLN) injury, which can result 
in either unilateral or bilateral, temporary or permanent 
vocal cord paresis or paralysis. The British Association 
of Endocrine and Thyroid Surgeons reported the post-
surgical injury rate at 1.8%, and current rates in tertiary 
care centers have been reported as low as 0%–1.1%,5 but 
these data are definitively underestimated.
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Abstract
The most common surgical risk after total thyroidectomy remains the recurrent 
laryngeal nerve (RLN) injury. Nowadays, the use of intraoperative nerve moni-
toring systems (IONM) such as the endotracheal tube-based is recommended to 
prevent RLN palsy. The use of the nerve monitoring is standardized by dedicated 
guidelines on the basis of a normal laryngeal anatomy, but previous head and 
neck surgical procedures may complicate its application. The authors herewith 
present a case of a non-conventional use of endotracheal tube-based IONM in 
a 72-year-old patient who underwent to a second-stage total thyroidectomy for 
metastatic papillary cancer incidentally detected after an open partial horizontal 
laryngectomy (OPHL) extended to one arytenoid (Type IIa + ary left) for squa-
mous cell carcinoma. The use of the endotracheal tube-based IONM in such 
particular case where the function of the only remaining arytenoid had to be ab-
solutely preserved was effective in avoiding the RLN accidental injury. The au-
thors reviewed the non-traditional use of IONM and described the procedure in 
case of thyroidectomy in patients previously treated by OPHL.
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RLN injury is an invalidating complication that affects 
postoperative quality of life: The RLN provides the whole 
innervation of the crico-arytenoid unit, which is key for 
breathing, phonation, and swallowing.6,7 In case of uni-
lateral RLN injuries, the contralateral crico-arytenoid unit 
can initially compensate the dysfunction, especially if the 
adductors tone is preserved, while bilateral lesions have 
major impact on quality of life frequently requiring tra-
cheostomy. Even though less bothersome, lesions of the 
superior laryngeal nerve may cause alterations in mucosal 
sensitivity (in case of lesion of the external branch alone) 
or disfunction of the cricothyroid muscle with consequent 
alteration of high pitches and vocal cord de-tension, which 
can affect more professional vocal users.8 Different strate-
gies have been described as to avoid RLN injury.

Indirect approaches to overcome RLN injuries are rep-
resented by the visualization of the intraoperative vocal 
cord movement or palpation of the crico-arytenoid muscle 
during RLN stimulation.

The first objective evaluation with electrical stimula-
tion was made on animal models by Shedd and Durham 
in 1965 who studied the differential pressures on the 
tube's cuff positioned on the glottis.9 The need for more re-
liable tools led to the development of proper forms of neu-
romonitoring based on electromyography (EMG): direct 
placement of needles in vocalis muscles either endoscop-
ically or intraoperatively or via the use of endotracheal 
tube-based electrodes. The parameters to consider EMG 
monitoring of the RLN during surgery are the shape of the 
waveform, the amplitude, the latency, and the threshold. 
The basic evoked waveform for RLN or Vagus nerve during 
EMG monitoring is typically biphasic or triphasic.10

The benefit of electromyographic endotracheal tube 
monitoring for RLN preservation in standard thyroid sur-
gery has not a statistical evidence,11 probably because of 
the very low frequency of permanent RLN paralysis fol-
lowing primary thyroid resections despite the methods 
of intraoperative RLN identification and monitoring.12 
However, the recommendations of the surgical societies 
for the standardized application of IONM have been es-
tablished and incorporated into guidelines.

The main benefit of IONM remains the possible 
change of resection strategy in case of a “loss of signal” 
(LOS) after resection of one thyroid lobe in patients with 
planned bilateral resection,12,13 reducing the risk of the 
highly invalidating bilateral vocal cord palsy.

In literature, the use of IONM is also recommended 
in patients with anatomical laryngeal alterations because 
of its reliability in high-risk cases during revision surgery 
with the loss of the anatomical landmarks10,11,14–16 but it 
has never been described the use of IONM in case of thy-
roid surgery in patients with a clinical history of partial 
laryngeal resection. In such scenarios, the preservation 

of the remaining RLN after partial laryngectomy is man-
datory because any injury would lead to the loss of the 
laryngeal functions with consequent need of total laryn-
gectomy or permanent tracheostomy and/or gastrostomy.

The authors reviewed the non-traditional use of IONM 
and described the procedure of thyroidectomy in patients 
previously treated by open partial horizontal laryngec-
tomy (OPHL) to help clinicians who face this complex and 
uncommon scenario.

2   |   CASE REPORT

A 72-year-old patient underwent total thyroidectomy for 
metastatic papillary cancer incidentally detected after a 
Type IIa + ary left OPHL according to the classification 
of Succo et al.17 associated with left selective neck dissec-
tion (levels IIa-III-IV) and temporary tracheostomy per-
formed at the Unit of Otorhinolaryngology, Department 
of Surgery, Azienda Ospedaliero-Universitaria di Cagliari, 
University of Cagliari, Italy.

After the OPHL surgery, the patient had a good func-
tional recovery with a compensatory movement of the 
residual crico-arytenoid unit and he was therefore suc-
cessfully decannulated. The histological report was di-
agnostic for squamous cell carcinoma with no evidence 
of locoregional metastases of squamous cell carcinoma 
(pT2N0cM0): Thus, there was no indication for adjuvant 
therapy and the unimodality treatment was achieved. 
Unexpectedly, one 1.8 mm papillary thyroid cancer nodal 
metastasis (Thyroglobulin +, TTF1 +) was detected in the 
level III (pN1b) after neck dissection.

According to the American Thyroid Association (ATA) 
guidelines and Italian consensus, the high-risk features 
of the case mandate for total thyroidectomy with central 
node dissection.18–20

The surgical planning was influenced by the risk of 
losing the only remaining crico-arytenoid unit second-
ary to RLN damage in an already operated area. During 
counseling, the patient was made aware of the high risk 
of tracheostomy, consequent to right RLN damage, due to 
anatomical changes and scarring of the surgical bed.

A baseline computed tomography (CT) scan was 
performed: No focal thyroid lesions were detected nor 
lymphadenopathies.

In our Department, the endotracheal-based neuro-
monitoring device for thyroid surgery is routinely used 
according with International Neural Monitoring Study 
Group guidelines.10

The use of the nerve integrity monitor (NIM 3.0, 
Medtronics, Inc.) was considered essential to overcome 
the anatomical difficulties in the identification and pres-
ervation of the RLN.
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The cooperation and the proactive communication 
during the preoperative briefing with the anesthetic team 
were crucial to achieve the best outcome: No Lidocaine 
gel-based lubricant nor muscle relaxants after the induc-
tion were employed.

The endotracheal tube was placed in the neo-larynx 
under endoscopic view, allowing the precise alignment 
of the right electrode upon the remaining crico-arytenoid 
unit (Figure 1).

The standard recommended algorithm10 for monitor-
ing tube placement was executed:

•	 After intubation, the patient was positioned in head ex-
tension; no shoulder roll was placed in order to avoid 
any tube mispositioning;

•	 The taping of the tube for stabilizing purpose was posi-
tioned adherently to the lips and not further up;

•	 It has been waited for the respiratory variations waves to 
appear in the Medtronic 3.0 NIM monitor;

•	 The tube positioning was once more checked via direct 
visualization;

•	 A “tap test” was performed, even though there are not 
available data about its accuracy;

•	 Monitor settings such as electrode's impedance and the 
event threshold were assessed;

•	 A stimulation on the strap muscles after the raising 
of the flap was performed in order to evaluate a gross 
twitching and to confirm the complete myorelaxants' 
wash-out.

The surgical field was fibrotic and the identification of 
the anatomical landmarks was challenging.

There was no indication for left RLN identification, 
given the previous surgery. The right RLN was more eas-
ily identified at the inferior aspect of the thyroid in the 
untouched tracheoesophageal groove, although before the 
entrance into the larynx at the level of the crico-arytenoid 
unit, the RLN was identified with the aid of the IONM 

system. In addition, the bilateral superior laryngeal nerves 
were not identified during this procedure due to the al-
ready discussed fibrotic changes, although both superior 
laryngeal nerves were anatomically identified during the 
former procedure (OPHL).

After the removal of the thyroid, the nerve appeared to 
be intact and responsive at the stimulation (Figure 2): the 
stimulation was related to an acceptable biphasic wave in 
the monitor with a stimulation of 0.5–1.0 mA (Figure 3).

No LOS from right RLN has been detected during the 
whole operation.

Once awake, the patient was eupneic and he under-
went in-theater laryngoscopy confirming the right hemi-
larynx movement and, consequently, the integrity of the 
right RLN. Therefore, no tracheostomy was required. 
Postoperative swallowing function and speech were eval-
uated, and no differences from the preoperative features 
were noted (Figures 4 and 5).

The patient was discharged 7 days after surgery.
Histology was diagnostic for infiltrative papillary mi-

crocarcinoma, classic variant, multicentric (biggest nod-
ule 4 mm), BRAF-V600E positive in the left lobe. No other 
lymph nodal metastases were detected. Definitive staging 
according to AJCC 2018 was pT1a (m) N1b. Adjuvant ther-
apy with Radioiodine was performed.

No relapses were detected during the follow-up, nei-
ther clinically nor radiologically (9 months post-op).

3   |   DISCUSSION

Incidental finding of differentiated thyroid cancer (DTC) is 
not seldom, occurring in 1%–10% of general population.21 
Nodal metastases from differentiated thyroid cancer are 
rarely detected after neck dissection in patients treated for 
head and neck malignancies, such as squamous cell carci-
noma, occurring approximatively in 0.7%.22,23

Even though the detection of DTC does not affect head 
and neck patients' prognosis, total thyroidectomy with 
central compartment neck dissection is mandatory in 
order to assess a proper staging and a correct therapeutic 
work-up.18,21

In 2015, Farrag and co-workers24 reported a case se-
ries of incidental thyroid findings in patients who un-
derwent laryngectomy. Eight patients out of 67 were 
reported to have incidental thyroid cancer: four of them 
were diagnosed with differentiated thyroid cancer after 
open partial laryngectomy. Key take-home-message of 
the above study is the importance of preoperative assess-
ment of synchronous thyroid tumors in order to avoid a 
second surgery given the challenge and difficulty of re-
operating the central neck compartment. The authors did 
not mention any neuromonitoring and reported one case 

F I G U R E  1   Endoscopic view of endotracheal tube-based 
neuromonitoring position: the right electrode (white band) leans 
on the remnant crico-arytenoid unit (*)
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of metastatic papillary cancer (case 2) undertreated with 
hemi-thyroidectomy alone due to the significant scarring 
and noted difficulty in identifying and preserving the RLN.

The present study shows the efficacy of the tube-based 
IONM in case of anatomical changes of the larynx with 
preservation of a single crico-arytenoid unit. This scenario 
is challenging because of the technical difficulties due to 
the postoperative anatomical aberrations.

In our Department, the current practice regarding RLN 
neuromonitoring is represented by the use of endotracheal 

tube-based electrodes according to NIM guidelines.10,13 An 
important parameter to recognize potential intraoperative 
neural damage is the response amplitude. In standard con-
ditions, the amplitude response during stimulation (mea-
sured from the apex of a positive waveform to the lowest 
point of the next phase of the waveform) ranges between 
100 and 800 μV and may vary within the same patient and 
among patients and it correlates to the number of muscle 
fibers recruited.10 The ranging of the amplitude during 
surgery, within the same patient, may be influenced by 
the amount of blood and fluids in the surgical field, the 
variation of probe-nerve contacts due to the interposition 
of tissues and fascia, the variation of temperature in the 
surgical field, or the misplacement of the surface elec-
trodes mounted to the endotracheal tube.10 In the pres-
ent case, the amplitude after stimulation was 203 μV, in 
range with standard values. Other important parameters 
to consider in the electrophysiologic RNL monitoring set-
ting, as abovementioned, are the threshold, the latency, 
and the shape of the waveform. The threshold value is the 
minimal current that, when applied to the nerve, triggers 
the EMG response. Human RLN and Vagus nerve have 
a threshold of 0.3–0.4 mA when dry and dissected from 
their fascia.10 The stimulation response starts at threshold 
and progressively increases reaching maximum ampli-
tude toward 0.8 mA, pass that point, there is no further 

F I G U R E  2   RLN isolated

F I G U R E  3   Recurrent laryngeal nerve electric response

F I G U R E  4   Post-op endoscopic features of new larynx during 
abduction

F I G U R E  5   Post-op endoscopic features of new larynx during 
adduction
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intensification of response given that all nerve fibers are 
already recruited. This phenomenon supports the use of a 
suprathreshold stimulation current of 1 mA during dissec-
tion, while a 2 mA stimulation is justified only for initial 
mapping of the RLN when there are still tissues overlining 
the nerve.10 Latency is defined as the distance between the 
stimulation spike to the first evoked waveform deflection. 
As a parameter, latency, is still to be well defined in sur-
gical monitoring literature, it is believed to depend on the 
distance of the stimulated point from the ipsilateral sur-
face electrode (vocal cord).10 The mean latencies observed 
in literature are for RLN 3.97 msec, for EBSLN 3.5 msec, 
for right Vagus 5.4 msec, and for left Vagus 8.1 msec.10 Our 
case showed a latency of 1.25 msec. A study enrolling a 
solid number of patients (111) undergoing thyroid surgery 
pointed-out that the mean pre-thyroidectomy latency was 
1.98 ± 0.52 ms (range: 0.9–3.3). These data are consistent 
with our result confirming the integrity of the nerve.25

All these parameters are used intraoperatively to rec-
ognize a true waveform from false-positive waveforms due 
to artifacts. The biphasic shape of the waveform is charac-
teristic enough to differentiate artifacts-related waveforms 
such as those related to cable manipulation, respiratory 
artifacts, thermal effects, non-neural shunt stimulations, 
or striking of two metal instruments within the surgi-
cal field.10 Our resulting waveform was, as already men-
tioned, an acceptable biphasic wave.

Loss of signal is defined as the absence of EMG activ-
ity (electrical silence) or the substantial reduction of EMG 
activity (<100 μV) after stimulation of the Vagus or of the 
RLN. To correctly attribute the LOS to neural damage and 
further proceed with decision-making regarding the treat-
ment of contralateral site, the surgical equipment has to 
exclude that LOS is due to device malfunction or neuro-
muscular blockage. Thus, in case of LOS, an intraoperative 
evaluation algorithm is used and the first step is checking 
the presence or absence of laryngeal twitch differentiating 
stimulation-side problems (which may imply true neural 
damage) to recording-side problems which are generally 
due to endotracheal-tube malposition,10 although in our 
case there was no glottis, the contact with the remaining 
right arytenoid was adequate for a standard recording.

The absence of LOS during all the surgical steps cor-
rectly predicted the anatomical integrity of the right RLN, 
documented post-operatively via laryngoscopy and func-
tional assessment tools, preserving the functional out-
come of the former OPHL.

Different unconventional uses of IONM are mentioned 
in literature. Mushiake et al. reported a case of RLN mon-
itoring during an esophageal cancer operation in a patient 
with double aortic arch Ninomiya et al.15 mentioned the 
usefulness of IONM for the treatment of thoracic esopha-
geal cancer in a patient with a right aortic arch.16 Another 

paradigmatic adaptation of IONM in case of anatomical 
abnormality is reported from Kitigawa et al.: They empha-
sized the effectiveness of intraoperative nerve monitoring 
in case of thoracic esophageal squamous cell carcinoma 
with aberrant subclavian artery.16

The advantages offered by the use of IONM are not 
clearly stated in literature. The main bias of these data can 
be represented by the high surgical experience of several 
centers reporting their own data where there is no statis-
tically significant difference between the intraoperative 
visualization alone versus the IONM in reducing the rate 
of RLN injury.

A meta-analysis published in 2013 by Pisanu et al.26 
showed that the RLN permanent palsy rate was 0.79% 
in the IONM group and 0.92% in the VA (Visualization 
Alone) group. More recently, a meta-analysis conducted 
by Wong et al.27 focused on the high-risk cases only (mul-
tiple surgery cases, thyroidectomies for malignancy, thyro-
toxicosis, and retrosternal goiter), like in the present case. 
Their results seem underline a statistically significant ad-
vantage in the use of IONM for reducing overall, transient 
and permanent palsy in re-operations and thyroidectomy 
for malignancy.27 Even though there is a lack of diriment 
data about the need of IONM, the present case can be 
considered as a high-risk operation, fitting the parameters 
listed on the aforementioned metanalysis.

Despite the fact that IONM guidelines could not be 
strictly followed due to the anatomical changes of the 
larynx where the monitoring tube was positioned, the 
intraoperative EMG patterns were in agreement with the 
standard electrophysiological findings: biphasic wave-
forms after stimulation and absence of LOS.

The tube-based IONM performance enabled a safer 
approach. The precise stimulation response of the right 
RLN gave the reassurance about its integrity avoiding 
tracheostomy.

4   |   CONCLUSIONS

In experienced hands, IONM is not mandatory, but its 
use seems to be helpful even during conventional surgery. 
IONM could offer also a paramount surgical benefit in 
case of unconventional scenarios because it represents a 
safe and reliable indicator for the RLN identification and 
localization when facing with major anatomical changes.
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