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ABSTRACT
With an increased use of intraoperative neural monitoring (IONM), an adaptation of 
the resection strategy appears to be necessary in case of an intraoperative loss of signal 
(LOS) of the first operated side with total thyroidectomy planned. The contralateral side 
resection with intact recurrent laryngeal nerve (RLN) function from the surgical point 
of view, basically has 3 options: 1) no contralateral resection in bilateral goiter, Graves' 
disease, or low risk thyroid carcinoma (differentiated and medullary thyroid carcinomas) 
with the aim of 2-stage completion surgery after recovery of nerve function; 2) contralateral 
subtotal resection ventrally of the RLN plane in benign goiter with a safety distance to the 
nerve with the aim of avoiding further surgery; and 3) total thyroidectomy as planned for 
advanced thyroid carcinomas (including undifferentiated thyroid carcinomas) with the aim 
of immediate postoperative radioiodotherapy. The following document provides a synopsis 
of the experiences of the Korean Intraoperative Neural Monitoring Society (KINMoS) for the 
strategy for planned total thyroidectomy and loss of the neuromonitoring signal on the first 
thyroid lobe.
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INTRODUCTION

Tracheotomy due to bilateral vocal cord palsy (BVCP) is one of the most feared complications 
in thyroid surgery (1). Patients with bilateral cord paralysis may develop severe symptoms 
such as breathlessness, stridor and aspiration (2,3). Breathlessness and stridor indicate 
upper airway obstruction (4). Aspiration can be due to alteration in the sensory innervation 
supplying the laryngeal mucosa or ineffective motor innervation to the laryngeal muscles 
during laryngeal closure (1-5).
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Although intraoperative neural monitoring (IONM) has been used as a gold standard for the 
functional control of the recurrent laryngeal nerve (RLN), unexpected intraoperative failures 
of the electromyography (EMG) signal (i.e., loss of signal [LOS]) cannot be avoided (6).

However, the prediction of the early postoperative vocal function is imprecise for the IONM 
due to a predominantly low and very variable positive predictive value of 10%–90% (7,8). 
This lack of diagnostic precision as well as the fundamental possibility of intraoperative 
normalization of the EMG signal as an expression of a recovering RLN function leaves doubts 
about the widely favored strategy change with termination of the surgery on the affected side 
in LOS and intended bilateral procedure (6-8).

The intraoperative resection strategy in planned total thyroidectomy and LOS is to be 
subjected to a critical analysis with the aim of developing a therapy algorithm depending 
on the anticipated early postoperative vocal fold function (9).

The following document provides a review and a synopsis of the experiences of the Korean 
Intraoperative Neural Monitoring Society (KINMoS) for the strategy for planned total 
thyroidectomy and loss of the neuromonitoring signal on the first thyroid lobe.

INTRAOPERATIVE LOS AND ERROR SEARCH

In general, the rare but feared complication of postoperative BVCP and the resulting difficulty of 
achieving statistical significance make very difficult to demonstrate the superiority of the IONM to 
the reduction of postoperative paresis rates in comparison to only visual RLN identification (7,10-15).

Only Barczyński et al. (16) demonstrated a significant superiority of the IONM in a 
prospective randomized study of 1,000 nerves with a reduction of the early postoperative 
nerve palsy rate in high risk procedures (i.e., Graves, re-do surgery, cancer, etc.) compared to 
the sole optical nerve presentation.

Furthermore, the vagal stimulation (V1 and V2) versus the single RLN stimulation (R1 and R2) 
is superior with regard to the prediction of the postoperative RLN function (7,8).

Interestingly, a current German-wide survey of 1,119 surgical clinics demonstrates an 
application of the IONM in over 90% of all thyroidectomies (12). Routine vagal stimulation 
was used in pre-resection (V1) in 50% and post-resection (V2) in 70% of cases (12).

Figures published in the USA and Italy confirm the now widely accepted IONM in thyroid 
surgery (17,18). The IONM is used regularly in more than 80% of all ear, nose, and throat 
(ENT) hospitals surveyed, as well as almost 20% to 50% of all surgical departments (17,18).

In addition to the increase in intraoperative safety and the facilitation of the operative 
procedure, particularly in the case of high-risk interventions, more and more medical legal 
aspects are being considered (9,19).

This results in 2 essential requirements for the surgeon: 1) an experienced handling of 
neuromonitoring technology; and 2) the intraoperative adaptation of the resection strategy 
in the case of an LOS on the first (dominant) operated side (9).
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Although not sufficiently understood the pathophysiological context, 2 different 
electrophysiologically distinct lesions in the anatomically intact RLN have been described 
and discussed in the literature (20,21). In contrast to the global nerve damage (type 2), an 
electrophysiologically altered segment with regular stimulability can be located distal to 
the lesion in segmental injury (type 1) (20,21). The direct, segmental damage mechanism 
in type 1 injuries is caused by mechanical as traction and compressive forces, ligatures or 
thermal lesions near the RLN. The few literature data on the incidence of type 1 or type 2 
injuries vary between 25%–69% or 31%–75% (20,21). In almost 80% of cases, mechanical 
factors (as traction) could be detected, whereas only 7% of the cases were caused by 
bipolar coagulation (20-24). In 15% of the cases, the cause remained unclear (20-24). In 80% 
of the cases, real time examinations with the use of continuous neuromonitoring also show 
traction as the triggering factor of an impending LOS (20). Almost all type 2 lesions were 
traction-induced in this study, but in exceptional cases no cause could be found (9,20). In 
the case of the segmental nerve lesions, damage was caused by traction, also by bipolar 
coagulation, more than 80% in the area of the intersection of the nerve with the inferior 
thyroid artery, or distal to the laryngotracheal nerve entrance (9,20-24). The anatomical 
region of the Berry ligament appears to be a predilection site for a functional disorder of 
the RLN, especially in early extralaryngeal division with markedly increased vulnerability of 
the motoneurons running in the anterior branch (9,20-24).

In the case of an ipsilaterally derivable stimulation signal and EMG of the vagal nerve after 
resection of the thyroid gland, the prediction of an intact postoperative RLN function 
of 92%–100% is very high [7]. In contrast, the positive predictive value is low and ranges 
between 10% and 90% (7). This high proportion of false-positive findings-LOS and regular 
early-postoperative RLN function can be favorably influenced by a comprehensive 
intraoperative error search (7,9).

As recommended by the International Intraoperative Monitoring Study Group, the 
systematic review of the IONM system at LOS is mandatory (6). When the ipsilateral 
laryngeal musculature is triggered by nerve stimulation (“laryngeal twitch”) and in the case 
of a non-stimulable contralateral vagus nerve, a technical disturbance must be found in 
the area of the measuring procedure, i.e., recording site (6). In the absence of the ipsilateral 
“laryngeal twitch,” a technical disturbance in the area of the stimulation process should 
be excluded, i.e., stimulating site (6). The absence of the ipsilateral “laryngeal twitch” 
despite the fact that the contralateral vagus nerve can be stimulated is indicative of a true 
functional disorder of the ipsilateral RLN (6).

INTRAOPERATIVE STRATEGY CHANGE AFTER LOS OF 
THE FIRST OPERATED SIDE
An LOS with anatomically intact RLN does not have an effect on the operative resection 
strategy in the case of a planned 1-sided thyroid procedure. The situation is very different in 
the case of LOS of the initially operated side with planned bilateral thyroidectomy. The IONM 
is indispensable for the elimination of the risk of a BVCP (25).

As previously shown, BVCP was significantly reduced (P=0.017) in case of LOS of the first side 
and termination of surgery without contralateral resection (26). Thus, 94% of the surgeons 
from 1,119 clinics surveyed in Germany would change their resection strategy with regard to 
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the second side after LOS on the first operated side: 85% would definitively end the resection 
with the first page or 9% reduce the resection extent of the contralateral side, only 6% would 
continue to resect both sides as planned (9,12).

An adaptation of the resection strategy appears to be necessary (9,12,26). In the case of 
an intraoperative LOS of the first operated side with total thyroidectomy planned, the 
contralateral side with intact RLN function from the surgical point of view basically has 3 
options, which serve as a therapy algorithm summarized in Fig. 1 (9,12,26).

1. �No contralateral resection in bilateral goiter, Graves' disease, or low risk thyroid carcinoma 
(differentiated and medullary thyroid carcinomas) with the aim of 2-stage completion surgery after 
recovery of nerve function.

2. �Contralateral subtotal resection ventrally of the RLN plane in benign goiter with a safety distance to 
the nerve with the aim of avoiding further surgery.

3. �Total thyroidectomy as planned for advanced thyroid carcinomas (including undifferentiated thyroid 
carcinomas) with the aim of immediate postoperative radioiodotherapy.

A literature review on the operative strategy change in the case of planned total thyroid 
resection and LOS on the first page is presented in Table 1. The analysis of the data reveals the 
two fundamental dilemmas of the intraoperative control of the nervous function:

1. �False negative findings with intact IONM and postoperative vocal cord palsy. Although rare, these 
pathological changes in the vocal fold function cannot be detected by the IONM, as in particular 
the data from Périé et al. (27) with BVCP in 2 patients. It is therefore more important that bilateral 
resection should be minimized.

2. �False-positive findings with LOS and regular postoperative vocal cord function. The recently 
published alternative strategy of waiting for intraoperative signal recovery and contralateral 
continuation of the planned operation is based on a signal recovery in 90% of cases within 20 
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LOS first side

No contralateral resection

For benign struma, Graves’ disease,
low risk carcinoma

Objective: Two-time completion surgery
after recovery of the RLN function

For benign goiter

Objective: Avoiding further surgery

For high-risk carcinoma,
advanced thyroid carcinomas,

undifferentiated thyroid carcinomas

Objective: Immediate postoperative
radioiodotherapy

Contralateral subtotal resection
ventrally of the RLN plane

Contralateral resection

Planned total thyroidectomy

Fig. 1. Surgical options for planned total thyroidectomy and intraoperative signal loss on the first operated side. 
LOS = loss of signal; RLN = recurrent laryngeal nerve.
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minutes (28). However, a share of false-positive results of 85% inevitably raises the question of 
sufficient troubleshooting. An operation abort after completion of the resection on the first operated 
side would then indeed be associated with an excessively high proportion of unnecessary 2-stage 
thyroidectomies. It is also questionable to what extent the time of the LOS and the time up to the 
signal recovery can be predicted with intermittent neuromonitoring. The clarification of these 2 
aspects and the definition of the signal recovery are reserved for further studies on continuous 
neuromonitoring (20).

In a study, more than 80% of the functionally impaired RLNs show a complete function 
recovery within the first 75 days after injury, so that the 2-day completion operation can be 
carried out without risk of a BVCP after 3 months (9). A comparable complete recovery of the 
nervous function after 3 to 12 months is described in the literature (12,13,25,29).

Moreover, a complete contralateral resection and LOS on the initially operated side in 
advanced thyroid carcinomas is technically possible by an experienced surgeon (9). However, 
such a procedure should be discussed in detail with the patient and balanced against the 
possibility of a 2-stage procedure. In agreement with other authors there is also no increased 
morbidity in oncologic view in most thyroid carcinomas, so that the risk of a BVCP can be 
practically excluded.

CONCLUSION

IONM is an essential part of the gold standard for the visualization and functional testing 
of the recurrent nerve during surgery. With increasing attention to medical legal aspects, 
this device requires an experienced handling of the technology as well as an intraoperative 
adaptation of the resection strategy in case of loss of the EMG signal on the initially operated 
side with planned bilateral thyroidectomy. With a LOS, there is an almost 80% risk of early 
postoperative vocal palsy. In this case, the further procedure has to be weighed very precisely 
depending on the underlying thyroid disease of the patient and the surgeon's expertise. 
The therapeutic algorithm developed here opens up 3 surgical options after LOS on the first 
operated side. Since more than 80% of the nervous system disorders completely regress, a 
2-time procedure is absolutely recommended. High false-positive rates should give reason 
to critically review the clinic-internal standards in order to avoid unnecessary double-stage 
thyroidectomy. A possible intraoperative recovery of the EMG signal and its importance 
for the progress of the operation should be the subject of further studies using continuous 
neuromonitoring.
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Table 1. Summary of the intraoperative resection strategy and the postoperative vocal cord function in case of planned total thyroidectomy and signal loss on 
the first operated side
Literature reference Planned  

bilateral 
thyroidectomy

Strategy after LOS  
on the first side

Early postoperative VCP 
on the first side

Early 
postoperative 
bilateral SLP

Completion 
of the second 

sideNo. of  
patients

Contralateral 
hemithyroidectomy

Contralateral 
subtotal 
resection

No 
contralateral 

resection

No. of  
patients

No. of  
false negative 

diagnoses
Goretzki et al. [11] 1,321 36 (2.7) 16 5 15 32 (2.4) 2 3 (0.2) 9
Périé et al. [27] 100 4 (4.0) 0 0 4 6 (6.0) 2 2 (2.0) 3
Sadowski et al. [13] 220 9 (4.1) 0 0 9 7 (3.2) 0 - 8
Sitges-Serra et al. [28] 290 16 (5.5) 14 2 0 10 (3.4) 6 0 (0) -
Schneider et al. [9] 1,049 27 (2.6) 11 4 12 26 (2.5) 5 0 (0) 9
Values are presented as number of patients or number of patients (%).
LOS = loss of signal; VCP = vocal cord paralysis; SLP = speech-language pathologist.
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Exceptional situations in advanced thyroid carcinomas must be discussed extensively with 
the patient before surgery.
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