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What is the impact of continuous neuromonitoring on the incidence of injury to the recurrent laryngeal nerve during total thyroidectomy?
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INTRODUCTION

Intraoperative neuromonitoring (IONM) of the vagal nerve permits nerve identification and intraoperative localization using an electrode and allows one to evaluate the function of the VN ( in amplitudes in μV) after its stimulation [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF]. It also facilitates the localization of the recurrent laryngeal nerves (RLN) and may help surgeons to prevent injury to the VN during thyroidectomy [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF][START_REF] Dralle | Risk factors of paralysis and functional outcome after recurrent laryngeal nerve monitoring in thyroid surgery[END_REF][START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF]. The value of IONM versus visual nerve identification for prevention of postoperative RLN palsy , however, remains controversial [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF][START_REF] Yang | Systematic review with metaanalysis of intraoperative neuromonitoring during thyroidectomy[END_REF][START_REF] Yu | Application of Continuous and Intermittent Intraoperative Nerve Monitoring in Thyroid Surgery[END_REF] [START_REF] Chung | Examining national outcomes after thyroidectomy with nerve monitoring[END_REF]. Initially, intermittent IONM (I-IONM) was typically used., however, some authors have advocated the role of continuous monitoring (C-IONM) to assess the nerve function in real time. I-IONM detects lesions when the injury has already happened and does not allow real-time detection of early changes in nerve function to indicate the beginning of RLN injuries. C-IONM allows real-time detection of early changes and discriminates between intraoperative losses of signal (LOS) type 1 indicative of a local injury versus type 2 suggestive of a global injury [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF]. Consequently, C-IONM may facilitate reversal of intraoperative injurious operative maneuvers before irreversible injury in comparison with I-IONM. Because , there is limited experience currently with C-IONM technique in most countries [START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF], data comparing the benefits of both modalities are still needed [START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF]. The aim of this study was to evaluate the impact of routine use of C-IONM on intraoperative injury to the recurrent laryngeal nerve .

METHODS

This observational study of a prospectively maintained database with retrospective analysis was carried out in a tertiary center (University Hospital of Nancy) between August 2013 and August 2019. Open total thyroidectomy was performed under general anesthesia with visual nerve identification and intraoperative neuromonitoring in all included patients [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF]. Inclusion criteria corresponded to all consecutive patients scheduled for a total thyroidectomy by one single surgeon during the study period. The participating surgeon had performed more than 1500 total thyroidectomies at the onset of this study with an annual operation volume of about 180 thyroidectomies. This surgeon was right-handed and switched sides for the contralateral lobe. Exclusion criteria included: patients scheduled for less than total thyroidectomy, patients under Anesthesia was induced and maintained with remifentanil and either desflurane or propofol as decided by the anesthesiologist in charge, and no neuromuscular blocking agent was injected after intubation. A single dose of rocuronium for intubation was used at the anesthesiologist's discretion in less than one third of patients during both study periods [START_REF] De Vendin | Recurrent Laryngeal Nerve Monitoring and Rocuronium: A Selective Sugammadex Reversal Protocol[END_REF]. I-IONMor C-IONM(Medtronic 3.0, Minnesota, USA) was used following recommendations of the International Neural Monitoring Study Group(3). During thyroidectomy, the vagal nerve (VN) was routinely exposed routinely and visualized directly by the surgeon before starting dissection of the thyroid lobe in both groups.

When using the I-IONM, the handheld electrode was positioned on the VNto obtain an intermittent stimulation (1mA, 100μs, 4Hz) and therefore, establishing the amplitude VN1 before dissection of the thyroid lobe and the amplitude VN2 at the end of dissection. In the C-IONM group, the APS electrode (2 or 3 mm) was positioned on the VN(1mA, 100μs, 1Hz) and VN1 baseline values were calibrated automatically. VN2 amplitudes values were determined after dissection of the thyroid lobe. In each group, values of the amplitudes of VN1 and VN2 in μV were collected prospectively on both sides of the thyroid using specific forms. The VN1 signal was considered as positive and adequate if the wave had an amplitude > 100 μV. When the VN1 signal amplitude was < 100 μV, the endotracheal tube was repositioned and/or neuromuscular block was antagonized if necessary. Neuromonitoring dysfunction was defined as VN1 amplitude remaining < 100 uV despite attempts and maneuvers to obtain greater amplitude values. Consequently, all included patients had an initial VN1 baseline value > 100 μV. Patients had their medical charts reviewed retrospectively, and the following data were collected: patient age, BMI, sex, pathology (cancer, thyroiditis including Grave's disease, and all other thyroiditis causes), thyroid volume from pathology (right and left lobes), and surgical procedure details (node dissection).

The primary outcome was defined as the comparison of intraoperative recurrent laryngeal nerve injury between the 2 study periods (I-IONM versus C-IONM). Intraoperative injury of the recurrent laryngeal nerve was evaluated using two intraoperative neuromonitoring criteria: intraoperative adverse EMG event and LOS. Intraoperative adverse EMG event was defined as a 50% or more decrease in amplitude between VN2 and baseline VN1 values. To avoid misleading data (endotracheal tube displacement), this decrease in amplitude should be associated with a 10% or more increase in latency [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Sedlmaier | Continuous versus intermittent intraoperative neuromonitoring in complex benign thyroid surgery: A retrospective analysis and prospective follow-up[END_REF].

LOS was defined as a decrease of the electromyographid signal amplitude with VN2 value less than 100 μV (3). The problem solving algorithm of the guideline statement of the International Neural Monitoring Study Group was employed intraoperatively when needed [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF]. In cases of an intraoperative adverse EMG event and/or LOS, the neuromapping technique (in the I-IONM group) or the continuous data analysis (in the C-IONM group) was used to determine the type of nerve damage (segmental -type I or global -type II) [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF]. The decision to abort bilateral dissection after dissection of the first side of the thyroid to avoid the risk of postoperative, bilateral nerve paralysis was evaluated. The Shewart control chart method is a user-friendly tool for monitoring adverse events over time [START_REF] Duclos | The p-control chart: a tool for care improvement[END_REF]. This control chart method was used to evaluate the variations of the incidence of intraoperative adverse EMG events during the study period and also to assess type 1 or type 2 intraoperative adverse EMG event during the C-IONM period.

Patients with intraoperative LOS underwent routinely a postoperative laryngoscopy. All other patients (with or without intraoperative adverse EMG events) but with postoperative clinical signs such as dysphonia, vocal cord changes, and/or swallowing disorders underwent selectively a postoperative laryngoscopy. Laryngoscopies were performed by ENT physicians within 48 h after thyroidectomy.

Statistical analysis -Patient characteristics were described as numbers and proportions for categorical variables and means +/-standard deviation or median +/-IQR for continuous variables as appropriate. Bivariate analysis was performed between the two groups using the χ2-test or Fisher's exact test for categorical variables and the independent samples t-test (unpaired or paired when adequate) for continuous variables. Logistic regression analysis was performed to identify independent factors associated with intraoperative injury to the recurrent laryngeal nerve. Statistical analyses were performed using Statview ® (version 5.0.1).

RESULTS

During August 2013 and August 2019, 2,035 consecutive patients underwent total thyroidectomy. Among them, 1,432 were excluded, because they underwent total thyroidectomy by another surgeon (n=1380) or had the following causes for exclusion: neuromonitoring dysfunction at baseline defined as V1 < 100 μV (n=17), underwent completion total thyroidectomy after a prior thyroid operation(n=13), unavailable IONM data (n=11), total thyroidectomy with an extra-cervical approach (n=7), preoperative nerve palsy (n=3), and intraoperative RLN resection for oncologic reasons (n=1).

Consequently, 603 consecutive patients undergoing total thyroidectomy by one single surgeon were included. Mean age was 52.8 + 15 years, mean BMI was 27.3 + 6.4 Kg/m 2 , and 466 patients were female (77%). Pathology was benign in 489 patients (81%) and malignant in 114 patients (19%). Among patients with thyroid cancer, 61 (54%) underwent a concomitant neck dissection (53 central and 8 lateral neck dissections). Pathology showed a thyroiditis in 87 patients (Table 1). Among all included patients (n=603), 236 (39%) had a total thyroidectomy using intermittent-IONM (before March 2016) and 367 (61%) using continuous-IONM (after March 2016). No differences were detected regarding patient age, sex, BMI, pathology, and thyroid volume (right and left lobe) between the I-IONM and the C-IONM group (Table 1). Mean amplitudes of the VN at baseline before starting dissection of thyroid lobe (VN1) and after completion of dissection (VN2) are detailed in Table 1.

Among the 603 included patients, an intraoperative adverse EMG event was observed in at least one nerve at risk in 87 patients (14.4%)(Table 2). This rate was greater in the I-IONM group than in the C-IONM group (20.3 % versus 10.6%; p<0.001)(Figure 1). In multivariate analysis, the I-IONM group (OR 2.1; 1.4-3.4; p=0.001) remained an independent risk factor for intraoperative adverse EMG events. Among the 39 patients with an intraoperative adverse EMG event during the C-IONM period, we observed that type 1 (segmental) intraoperative adverse EMG eventsdecreased over time from 6.0 to 2.7%, while type 2 (global) intraoperative adverse EMG events increased from 2.2 to 5.4% (Figure 2). Despite the use of a neuromapping technique in the I-IONM group, there was no clear discrimination between type 1 and type 2 signals in this period,; therefore, this analysis could not be performed in the I-IONM period.

Among the 87 patients with an adverse intraoperative EMG event, 35

(5.8% overall) had an intraoperative LOS in at least one nerve at risk. There was no difference in the rate of LOS between the I-IONM and C-IONM groups (6.8 % versus 5.2%; p=0.411)(Table 2). All patients with an intraoperative LOS had an intraoperative adverse EMG event. An intraoperative adverse EMG event without LOS (with VN2 actual values > 100 μV on both sides of the thyroid) was observed in 52 patients (8.6%). This rate was greater in the I-IONM than in C-IONM group (13.6 % versus 5.4%; p<0.001). Overall, almost all patients had a total thyroidectomy as scheduled preoperatively (n=599); only 4 patients had their total thyroidectomy aborted during the procedure (because of 3 LOS and 1 intraoperative adverse EMG event during C-IONM period) after dissection of the first thyroid lobe to avoid the risk of postoperative bilateral nerve paralysis.

Postoperative laryngoscopy was performed routinely in all patients with intraoperative LOS (n=35). In patients without intraoperative LOS (VN2 value > 100 μV), laryngoscopy was performed selectively in patients who had postoperative clinical signs (n= 43; 31 with and 12 without an intraoperative adverse EMG event)(Table 3). A unilateral RLN palsy was observed at the postoperative laryngoscopy in 36 patients (5.9%). This rate of unilateral RLN palsy was similar in both groups patients (7.6 % versus 4.9 %; p=0.168). No bilateral nerve palsy was observed. In patients with intraoperative LOS (n=35), postoperative RLN palsy rate was 77% without difference between the groups. In patients without intraoperative LOS (VN2 > 100 μV)(n=568), a unilateral RLN palsy was observed at the laryngoscopy in 9 patients (1.6%), all pf whom had an intraoperative adverse EMG event (Table 3).

After exclusion of the 36 patients with postoperative RLN palsy identified at the laryngoscopy to avoid potential bias, 567 patients remained (corresponding to 1,134 nerves at risk) for analysis of variations between VN1 and VN2 amplitudes. Among the 1134 nerves at risk, the mean value of the VN1 amplitude at baseline was 678 + 519 μV. After thyroid lobe dissection, the mean VN2 amplitude decreased to 640 + 623 μV (p=0.027), corresponding to a 93 + 42 % decrease in amplitude (median % + IQR) from VN1 to VN2. Interestingly, we observed that this decrease was somewhat greater in the I-IONM group (from 593 + 432 to 540 + 434 μV; p=0.001); this was not found in the C-IONM group (from 730 + 559 to 702 + 708; p=0.264).

Among the 1,134 nerves at risk, thyroid volume and BMI had no impact on the amplitude decrease from VN1 to VN2 (Table 4).In contrast, pathology with cancer, pathology with thyroiditis, and thyroidectomy with neck dissection were 3 criteria that had a statistically a significant impact on the decrease in amplitude from VN1 to VN2 (Table 4). When we analyzed specifically each thyroid side in all patients without RLN, we observed that the mean amplitude of the VN decreased statistically significantly from VN1 to VN2 when dissecting the left side of the thyroid but not during dissection of the right thyroid side (Table 5). Furthermore, we observed on the left side that the decrease in mean amplitude of the VN from VN1 to VN2 was statistically significant in the I-IONM group but not in the C-IONM group (Table 5).

DISCUSSION

This observational study provides insight into the impact of routine use of C-IONM on intraoperative recurrent nerve injury ( rates of adverse EMG events and LOS) in comparison with I-IONM use in patients undergoing total thyroidectomy. To avoid potential bias and control for surgeon and patient characteristics, we included consecutive patients who underwent total thyroidectomy by one single surgeon. Characteristics of patients in this study were similar to previous reports evaluating intermittent or continuous IONM during thyroid operations [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF][START_REF] Yang | Systematic review with metaanalysis of intraoperative neuromonitoring during thyroidectomy[END_REF][START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Lorenz | What are normal quantitative parameters of intraoperative neuromonitoring (IONM) in thyroid surgery ?[END_REF]. In addition, the observed mean VN1 values in both periods were similar to prior studies with mean VN1 signal amplitudes ranging from 460 to 750 μV [START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Lorenz | What are normal quantitative parameters of intraoperative neuromonitoring (IONM) in thyroid surgery ?[END_REF][START_REF] Lorenz | Results of intraoperative neuromonitoring in thyroid surgery and preoperative vocal cord paralysis[END_REF][START_REF] Dionigi | Surgical anatomy and neurophysiology of the vagus nerve (VN) for standardised intraoperative neuromonitoring (IONM) of the inferior laryngeal nerve (ILN) during thyroidectomy[END_REF]. Because there is a good correlation between rates of immediate and permanent RLN palsy, the focus of this study was put mainly on criteria evaluating intraoperative and immediate postoperative nerve injury [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF][START_REF] Duclos | Development of a charting method to monitor the individual performance of surgeons at the beginning of their career[END_REF][START_REF] Lifante | Can we consider immediate complications after thyroidectomy as a quality metric of operation ?[END_REF].

Intraoperative injury to the recurrent laryngeal nerve is one of the most dreaded complications in thyroid surgery. The rate of immediate postoperative RLN palsy observed in this study was similar to prior large studies [START_REF] Dralle | Risk factors of paralysis and functional outcome after recurrent laryngeal nerve monitoring in thyroid surgery[END_REF][START_REF] Lifante | Can we consider immediate complications after thyroidectomy as a quality metric of operation ?[END_REF][START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Duclos | Influence of experience on performance of individual surgeons in thyroid surgery: prospective cross sectional multicentre study[END_REF].

Numerous studies have evaluated the impact of the use of IONM to facilitate the localization of the nerves in order to prevent their injury (1, 2, 5); however, the value of IONM versus visual nerve identification for the prevention of postoperative RLN palsy remains a controversial issue, and no major organization has current guidelines recommending against IONM [START_REF] Cirocchi | Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Yang | Systematic review with metaanalysis of intraoperative neuromonitoring during thyroidectomy[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Schneider | Impact of continuous intraoperative vagus stimulation on intraoperative decision making in favor of or against bilateral surgery in benign goiter[END_REF]. Despite this, some surveys showed that 35% up to more than 90% of younger surgeons use IONM selectively or routinely [START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Marti | Universal use of intraoperative nerve monitoring by recently fellowship-trained thyroid surgeons is common, associated with higher surgical volume, and impacts intraoperative decision-making[END_REF]. Most of previous studies have evaluated the feasibility of conventional I-IONM, its role in prediction and/or incidence of postoperative RLN, and the impact on the decision to perform one or two-stage thyroidectomy (1-5, 8, 21). Yet, I-IONM is associated with substantial disadvantages. I-IONM only identifies RLN injury after it has already happened and does not provide real time information that could enable the surgeon to release the causative mechanical traction to avoid RLN injury [START_REF] Yu | Application of Continuous and Intermittent Intraoperative Nerve Monitoring in Thyroid Surgery[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Sedlmaier | Continuous versus intermittent intraoperative neuromonitoring in complex benign thyroid surgery: A retrospective analysis and prospective follow-up[END_REF][START_REF] Schneider | Impact of continuous intraoperative vagus stimulation on intraoperative decision making in favor of or against bilateral surgery in benign goiter[END_REF][START_REF] Phelan | Continuous vagal IONM prevents recurrent laryngeal nerve paralysis by revealing initial EMG changes of impending neuropraxic injury: a prospective, multicenter study[END_REF][START_REF] Arteaga | Modification of the Surgical Strategy for the Dissection of the Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve Monitoring[END_REF][START_REF] Lombardi | Efficacy of continuous neuromonitoring in thyroid surgery: preliminary report of a single-center experience[END_REF]. To avoid this shortcoming, C-IONM technique allows real time detection of changes in nerve function with precise intraoperative criteria for signal alterations (combined EMG event sand LOS) (3-5, 8, 14, 15, 20-22). Nonetheless, current experiences with the C-IONM technique are limited, and data comparing I-IONM and C-IONM are scarce [START_REF] Yu | Application of Continuous and Intermittent Intraoperative Nerve Monitoring in Thyroid Surgery[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Sedlmaier | Continuous versus intermittent intraoperative neuromonitoring in complex benign thyroid surgery: A retrospective analysis and prospective follow-up[END_REF][START_REF] Schneider | Impact of continuous intraoperative vagus stimulation on intraoperative decision making in favor of or against bilateral surgery in benign goiter[END_REF][START_REF] Phelan | Continuous vagal IONM prevents recurrent laryngeal nerve paralysis by revealing initial EMG changes of impending neuropraxic injury: a prospective, multicenter study[END_REF][START_REF] Arteaga | Modification of the Surgical Strategy for the Dissection of the Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve Monitoring[END_REF][START_REF] Lombardi | Efficacy of continuous neuromonitoring in thyroid surgery: preliminary report of a single-center experience[END_REF]. Furthermore, available comparative studies have focused on prevention and/or prediction of postoperative RLN palsy and not on intraoperative criteria using VN amplitudes values [START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Sedlmaier | Continuous versus intermittent intraoperative neuromonitoring in complex benign thyroid surgery: A retrospective analysis and prospective follow-up[END_REF][START_REF] Arteaga | Modification of the Surgical Strategy for the Dissection of the Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve Monitoring[END_REF]. This investigation showed that the incidence of intraoperative adverse EMG events was decreased by half after routine implementation of C-IONM.

We acknowledge that the definition for an adverse EMG event used in this study was not strictly similar to the definition of the International Neural Monitoring Study Group for a combined EMG event and corresponded to a non-reversible, combined EMG event [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Schneider | Impact of continuous intraoperative vagus stimulation on intraoperative decision making in favor of or against bilateral surgery in benign goiter[END_REF]; however, the observed incidence of adverse EMG events was similar to prior C-IONM studies that reported an incidence of combined EMG events ranging from 9.8% to 18.8% [START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Arteaga | Modification of the Surgical Strategy for the Dissection of the Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve Monitoring[END_REF]. One focal point in this study was to target objective data with simple use by focusing on VN1 and VN2 values. Furthermore, we believe that by allowing only non-reversible combined EMG events rather than all events, our study may be more relevant to evaluate the severity of intraoperative nerve injury. Indeed, one prior study showed that the number of all combined EMG events (reversible and non-reversible) could range from 0 to 124 times per patient with some difficulty to identify a clear-cut threshold for correlation between the number of combined EMG events and the rate of postoperative RLN palsy [START_REF] Phelan | Continuous vagal IONM prevents recurrent laryngeal nerve paralysis by revealing initial EMG changes of impending neuropraxic injury: a prospective, multicenter study[END_REF]. In accordance with the lesser incidence of adverse EMG events observed in the C-IONM group, this study showed that the difference between VN1 and VN2 mean amplitude values decreased in the I-IONM group, whereas this was no found in C-IONM group patients. Although not addressed by this study design, we believe that this observation emphasizes that the routine use of C-IONM may modify the way surgeons perform thyroid lobe dissection when using real time feedback, because C-IONM allows continuous verification of acceptable EMG values through the entire operation. This hypothesis of C-IONM impacting the actual dissection in real time was also supported by the variations of incidence of type 1 (segmental) and type 2 (global) adverse EMG events observed during the C-IONM period over time. We agree that those issues remain to be evaluated in further studies.

This study showed that the rates of LOS were similar between the two groups. Consequently, the routine use of C-IONM cannot be considered as having an impact on the rate of LOS. The definition of LOS used in this study was strictly similar to the definition of the International Neural Monitoring Study Group [START_REF] Randolph | Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: international standards guideline statement[END_REF][START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF]. The incidence of LOS ranged from 4.36 % to 5.9% in prior C-IONM studies, which was similar to our study [START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF][START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Arteaga | Modification of the Surgical Strategy for the Dissection of the Recurrent Laryngeal Nerve Using Continuous Intraoperative Nerve Monitoring[END_REF]. We observed that the rates of RLN palsy were similar between the two groups. Although postoperative laryngoscopy was performed routinely in all patients with intraoperative LOS, we acknowledge that it was performed only selectively in the rest of patients without LOS (with and without adverse EMG events), leading to a potential underestimation of the actual rate of postoperative RLN palsy [START_REF] Kandil | Continuous vagal monitoring value in prevention of vocal cord paralysis following thyroid surgery[END_REF][START_REF] Lorenz | Results of intraoperative neuromonitoring in thyroid surgery and preoperative vocal cord paralysis[END_REF]. Overall, we believe that this observational study shares the limitations inherent to a clinical study directed at rare events, such as LOS and RLN palsy, and was likely underpowered to show a statistical difference between I-IONM and C-IONM group patients [START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF].

Lastly, this study showed that the amplitude of the signal decreased significantly from VN1 to VN2 in 1,134 nerves at risk (patients without RLN palsy) and identified criteria associated with a greater decrease in amplitude.

Intraoperative variations between the actual values of VN1 and VN2 have been reported rarely in prior studies [START_REF] Dionigi | Surgical anatomy and neurophysiology of the vagus nerve (VN) for standardised intraoperative neuromonitoring (IONM) of the inferior laryngeal nerve (ILN) during thyroidectomy[END_REF]. We believe that this criterion could be a surrogate marker related to the severity of intraoperative injury to the recurrent laryngeal nerve during thyroid dissection, but this conclusion requires further evaluation, because at least two prior studies showed a significant increase in amplitude from VN1 to VN2 (and not a decrease as in out study) [START_REF] Dionigi | Surgical anatomy and neurophysiology of the vagus nerve (VN) for standardised intraoperative neuromonitoring (IONM) of the inferior laryngeal nerve (ILN) during thyroidectomy[END_REF][START_REF] Serpell | Differential recurrent laryngeal nerve palsy rates after thyroidectomy[END_REF]. Amplitudes during IONM may also vary substantially within patient cohorts because of several other factors, including the type of anesthesia, positioning of the endotracheal tube, extensive use of neuromuscular blocking agents for intubation, probe-nerve contact in the technique of I-IONM versus C-IONM, size and need for dissection of the contralateral lobe, the side on which the surgeon stands for ipsilateral or contralateral lobe, right or left hand surgeon preference, and temperature in the environment [START_REF] Dionigi | Surgical anatomy and neurophysiology of the vagus nerve (VN) for standardised intraoperative neuromonitoring (IONM) of the inferior laryngeal nerve (ILN) during thyroidectomy[END_REF][START_REF] Serpell | Differential recurrent laryngeal nerve palsy rates after thyroidectomy[END_REF]. We believe that these criteria should be controlled in further studies. Our study showed that BMI and thyroid volume had no impact on variations in amplitude from VN1 to VN2 which confirmed previous reports showing no difference in terms of the rate of RLN palsy [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF]. We also observed that the decrease in amplitude from VN1 to VN2 was more pronounced on the left side; this observation should be studied further, because very few studies have evaluated differential RLN injury rates between the left and right thyroid sides [START_REF] Serpell | Differential recurrent laryngeal nerve palsy rates after thyroidectomy[END_REF].

There are several limitation of our study. First, this study was observational with potential unaccounted bias. Second, we considered that the learning curve of the participating surgeon for performing total thyroidectomy and for using I-IONM and C-IONM devices were completed at the onset of this study,; however, we could not eliminate any possible bias regarding to the learning curve of total thyroidectomy and of the technique of IONM. Third, preoperative laryngoscopy was not performed routinely and could not eliminate the percentage of patients (less than 15%) with preoperative RLN palsy and positive but lesser VN1 values [START_REF] Lorenz | Results of intraoperative neuromonitoring in thyroid surgery and preoperative vocal cord paralysis[END_REF]. Fourth, the position of the endotracheal tube was not corrected routinely such that maximal VN1 signal amplitudes of 500 μV or greater were obtained [START_REF] Schneider | Prediction of Postoperative Vocal Fold Function After Intraoperative Recovery of Loss of Signal[END_REF][START_REF] Schneider | Postoperative vocal fold palsy in patients undergoing thyroid surgery with continuous or intermittent nerve monitoring[END_REF][START_REF] Schneider | Impact of continuous intraoperative vagus stimulation on intraoperative decision making in favor of or against bilateral surgery in benign goiter[END_REF]. In conclusion, this study showed that the routine use of C-IONM improves the rate of detection of intraoperative adverse electromyography events. Moreover, C-IONM allowed the surgeon to modify the technique in real-time, thereby decreasing variations in EMG signal when compared to I-IONM. Although these changes are subtle and unrelated in this study to clinically important short and long-term outcomes, further studies are warranted to further elucidate the effect of these changes on voice.

  18 years old, preoperative RLN palsy, total thyroidectomy with an extra cervical approach, neuromonitoring dysfunction defined as VN1 < 100 uV despite attempts of repositioning the endotracheal tube, patients with prior neck operations, unavailable data, and intraoperative RLN resection for oncologic reasons. This observational data collection was declared (CNIL N° R2015-22) and registered at clinicaltrials.gov (NCT03410394). Informed consent was obtained for each patient using a specific form (CNIL N° DC2014-2114). The use of I-IOMN in thyroid operations has been the standard of care in the University Hospital of Nancy since 2011. C-IONM was implemented in our institute in 2015. The design of this study was divided into two periods; from August 2013 to March 2016, all consecutive included patients had their thyroidectomies carried out using I-IONM (I-IONM group) and from March 2016 to August 2019 using the C-IONM technique (C-IONM group), respectively. The I-IONM had been implemented for over more than 2 years at the onset of the first study period (corresponding to more than 250 thyroidectomies with I-IONM), and the C-IONM for one year at the onset of the second study period (corresponding to 14 thyroidectomies with C-IONM).

Fourteen

  non-consecutive patients underwent C-IONM during the I-IONM period and were analyzed in the I-IONM group (intention-to-treat analysis); exclusion of those 14 patients does not modify this study conclusions. And lastly, this study was underpowered to evaluate the correlation of adverse intraoperative EMG events with clinically important outcomes. Also, routine voice analysis studies pre and post-surgery may help further elucidate subtle changes that are under-detected in this current study.