
ORIGINAL ARTICLE

Recurrent laryngeal nerve management in thyroid surgery:
consequences of routine visualization, application of intermittent,
standardized and continuous nerve monitoring

Angkoon Anuwong1 • Matteo Lavazza2 • Hoon Yub Kim3,4
• Che-Wei Wu5 •

Stefano Rausei2 • Vincenzo Pappalardo2 • Cesare Carlo Ferrari2 • Davide Inversini2 •

Andrea Leotta2 • Antonio Biondi6 • Feng-Yu Chiang5 • Gianlorenzo Dionigi2

Received: 24 March 2016 / Accepted: 11 August 2016 / Published online: 20 September 2016

� Italian Society of Surgery (SIC) 2016

Abstract The objective is to compare the consequences of

routine visualization (RV) and the application of intermitted

(I-IONM), standardized (S-IONM), and continuous moni-

toring (C-IONM) of recurrent laryngeal nerve (RLN) man-

agement. RV includes that 698 RLNs managed solely with

visual identification. In a second period 777, RLNs were

handled by the I-IONM. The third period 768 RLNs moni-

toringwas performed according to the standards. C-IONMvia

VN stimulation included 626 RLNs. The following issues

were analyzed and compared per each period study: RLN

identification rate, branching detection, assessment of NRLN,

intraoperative recognizable nerve damage, stage thyroidec-

tomy rate, transient or definitive lesions, bilateral nerve palsy,

and recovery time. Significance for nerve identification rate

was achieved (p = 0.03) when the statistical analysis was

applied between RV vs. S-IONM and C-IONM. Extralaryn-

geal bifurcation was identified in 21, 44, 43, and 46 of RLN

dissected, respectively, per period (p = 0.005). The incidence

of paralysis in identified and unidentified RLN was 3.8 %

(107/2806) and 82 % (52/63), respectively. Rates of tempo-

rary/permanent RLNP were 16.7/1.7, 5/1.1, 4.5/1, and 3.1/

0 % per period study, respectively (p = 0.07). Recognizable

intraoperatively nerve damage was, respectively, 15, 45, 100,

and 100 % for period study (p = 0.03). The recovery of

injured nerves was significantly faster in C-IONM group.

S-IONM and C-IONM cumulate 40-stage procedures. The

standardized technique, guidelines adherences, and C-IONM

allowed to (1) increase RLN identification; (2) reduce the

severity of injuries in terms of (a) reset bilateral RLNP,

(b) faster recovery time, and (c) lower definitive RLNP; (3)

gather detection of branching and NRLN; (4) recognize nerve

stress; and (5) cumulate stage procedures.

Keywords Thyroid surgery � Intraoperative
neuromonitoring � Morbidity � Nerve injury � Stage
thyroidectomy

Introduction

The management of the recurrent laryngeal nerve (RLN) in

thyroid surgery has undergone to revision and modifica-

tions [1, 2]. Procedures to reduce the rate of RLN palsy

(RLNP) have been the subject of investigation [3–21].

Between 1960 and 1980, the authors advocated that the

RLN should not be foresee [3–5]. Bergamaschi, Wagner,

and Wade indicated that the temporary and permanent

RLNP rates were not statistically different whether or not

the RLN had been exposed [3–5].
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In 1984, Karlan et al. reported 1000 operations with

nerve dissection without the occurrence of permanent

RLNP [6]. Mattig et al. demonstrated the decreased per-

manent RLNP rates (from 6 to 0.8 %) after methodical

nerve identification [7]. Subsequently, routine meticulous

anatomic localization and exposal of RLN have been rec-

ommended as the standard of care [8–19].

In the late 1990s, intraoperative neuromonitoring

(IONM) has been proposed as an adjunct to the prime

visual identification of laryngeal nerves [20, 21]. IONM

has been applied for the early functional confirmation of

the RLN, assists dissection in the case of intertwining

between the branches of the inferior thyroid artery (ITA) or

distorted RLN, nerve branching detection, and non-RLN

(NRLN) assessment, assists in the completeness of total

thyroidectomy, and detects and elucidates the mechanism

of nerve injury [22].

Furthermore, the IONM technology and technique have

been the subject of adjustment. A standardized technique

was introduced, which includes vagal nerve (VN) stimu-

lation before (V1) and after (V2) resection [23, 24]. Cur-

rently, the technology allows the permanent monitoring of

the RLN by the continuous VN stimulation [25].

Hence, five period phases may be outlined for RLN

management: (1) thyroidectomies without RLN identifica-

tion; (2) routine nerve exposure; (3) application of inter-

mitted intraoperative neuromonitoring (I-IONM); (4)

appositeness of the standardized IONM (S-IONM); and (5)

continuous IONM (C-IONM).

A descriptive audit on the consequences of four different

periods of RLN management is the objective of this study.

The comparison included the following conducts: (1) thy-

roidectomy with routine visualization (RV) of RLN, (2)

I-IONM, (3) S-IONM, and (4) C-IONM.

Materials and methods

From January 2002 to December 2014, 4143 patients

underwent thyroidectomy at the first Division of Surgery,

Department of Surgical Sciences and Human Morphology,

and University of Insubria (Varese—Como, Italy) for the

treatment of various thyroid diseases. The study was con-

fined to 1521 patients treated by the same surgeon (GD),

including 318 men and 1203 women, whose ages ranged

from 5 to 91 years (mean, 42 years). Exclusion criteria

from the statistics were the history of preoperative injury to

laryngeal nerves (n.49), intentional resection of the RLN

(n.13), laryngeal or tracheal resection (n.9), and pre- or

postoperative laryngeal examination not complete (n.26).

Exclusion criteria were also the procedures included in the

learning curve of devices applied (n.152 for I-IONM, n.25

for S-IONM, and n.50 for C-IONM) and/or IONM

accessories failures (n.7) and patients lost in follow-

up (n.38) [26]. There were 1348 total thyroidectomies

and 173 lobectomies providing 2869 nerves at risk

(NAR) for examination (1401 right sided and 1468 left

sided).

The study was approved by the local institutional review

board, and written informed consent was obtained from

each patient before surgery. No financial association exists

between the authors and the commercial companies, whose

nerve-monitoring systems are presented.

Surgical technique

Period 1. RV Routine identification of the RLN was per-

formed since 1995 in this Division. This period 1 study

includes years from 2001 to 2004 when the RLN was

identified solely with the visual identification. The opera-

tive procedure for nerve identification was similar to that

described in 1986 by Harness et al. [27]. The RLN was not

identified early in the operative procedure. When dissection

proceeded to the area of Berry’s ligament, the inferior

laryngeal nerve was identified, where it coursed through

the ligament or close to it. The nerve was always identified

according to anatomical landmarks. When a large sub-

sternal goiter was encountered, the RLN was identified and

traced from the recurrent nerve triangle as advocated by

Lore [28].

Period 2. Application of I-IONM The routine use of

I-IONM begins in 2005. The period 2 includes years

2006–2008. The technique of I-IONM has been described

previously [24, 26, 29]. The RLN was identified early as

the first step in the operative procedure. Laryngeal nerves

were located, mapped, and stimulated in the surgical field

by the application of a sterile single-use pulse-generated

monopolar stimulator probe (n.8,225,101, Medtronic

Xomed) [24, 26, 29]. The probe delivers an electric current

that ranged from 3 mA (for nerve identification), 1 mA

(confirmation and monitoring), and 0.5 mA (dissection and

branching identification) [24, 26, 29]. The identity of an

intact nerve is confirmed through a series of audible

acoustic signals generated by the machine [24, 26, 29]. In

particular, we used the stimulator both prior (identification)

and during (monitoring) the neural dissection. Efforts have

been used to trace the whole cervical course of the RLN.

The ITA was routinely visualized but not sealed until the

nerve was exposed and isolated. The surgical procedure

provided a caudal to cranial approach. Monitor (NIM2.0,

Medtronic, Jacksonville, Florida, USA) was set with a

reduced response threshold to identify a small response at

150 lV, stimulation rejection artifact at 2.6 ms, and pul-

satile stimulus 100 ls duration at 4 Hz. Endotracheal EMG

tube-based surface electrodes systems were applied. Size

5–8.5 internal diameter (ID) endotracheal tubes were used.
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Period 3. S-IONM Starting end 2009, we modified the

IONM technique, by introducing the standardized moni-

toring technique. The period includes years from 2010 to

2013. The S-IONM technique includes: (1) VN stimulation

before thyroid dissection (V1); (2) RLN stimulation at the

initial identification (R1); (3) RLN stimulation at the end of

thyroid resection and complete haemostasis (R2); and (4)

VN stimulation after complete thyroidectomy and

haemostasis (V2) [23]. S-IONM was performed according

to the standards of equipment setup, induction, and main-

tenance anesthesia, and corrected tube-positioning verifi-

cation tests and EMG definitions described by the

International Neurmonitoring Study Group (INMSG)

Guidelines [24]. IONM equipment with an audio and gra-

phic monitor documentation was used for the current study

(NIM-Response 2.0 or 3.0 System, Medtronic, Jack-

sonville, Florida, USA). Proper endotracheal EMG tube-

based surface electrode systems were verified by direct

visualization after neck extension before operation and

intraoperatively obtaining the first V1 stimulation value

[500 lV [24]. The surgical dissection is always controlled

by the early VN stimulation, i.e., V1 is for reference for

dissection and RLN identification. Only in the absence of

R1 EMG signal, we proceed to dissection. RLN research

and confirmation are guided by V1 and R1 EMG signals.

At an early stage of operation, VN was routinely stimu-

lated at the level of inferior thyroid pole to ensure normal

path of RLN. If there is a negative response from lower

position but positive response from upper VN stimulation,

it indicates the occurrence of a NRLN, and we localize its

separation point and path [30–35]. We always test the RLN

with a stimulation level of 1 mA. In the case, two struc-

tures run close together (anterior and posterior branches of

the RLN, or a small artery and RLN), a false EMG signal

can be induced by a shunt stimulus, and we lower the

stimulation level to 0.5 mA. From the application of

S-IONM, we implemented a strict standard operative pro-

cedure and modified our operative procedure according

ulteriorly to INMSG Guidelines [24]. In all patients

undergoing bilateral operation, we begin with the largest or

with the cancerous-suspicious side without dissecting the

contralateral side [24, 36, 37]. If the V2 IONM signal is

lost at the end of the first side, we stop the procedure after

the unilateral lobectomy, even if the RLN and VN are

anatomically intact and regardless of malignancy

[24, 36, 37].

Period 4. C-IONM C-IONM via VN stimulation was rou-

tinely introduced in 2013. This period study includes

2014 year. The technique of C-IONM has been described

[38]. The Automatic Periodic Stimulating (APS, Medtronic,

Jacksonville, Florida, USA) was used. After connecting the

APS electrode with IONM system, baselines for the latency

and amplitude of the evoked response were calibrated

automatically to serve as control data. Stimulation frequency

for C-IONM was set for every second, thus evaluating the

RLN and VN constantly. The initial baseline responses

should be greater than 500 lV [38–41]. An upper limit

threshold for the latency (?10 %) and a lower limit threshold

for amplitude (-50 %)were depicted as separate alarm lines

[38–41]. Standardized intraoperative management for those

NAR that experienced EMG changes (decrease amplitude

and increate latency combined) was routinely applied and

summarized in Fig. 1. The length of surgical standby was

dictated until documented progressive latency reduction, and

the amplitude increases up to the initial baseline normative

data value obtained at the beginning of surgery.

As for dissection techniques, the exclusive of IONM of

these alternating changed over the 12 year study period

with both ultrasonic and ligasure uses of energy device

change.

Indication of surgery

Operative procedures for thyroid cancer, Graves’ disease,

and recurrent goiter have higher RLNP rates in many

reports [3, 42–45]. Therefore, for each study period, four

groups of patients that had been classified according to the

underlying diseases were studied: (1) primary benign thy-

roid disease (overall n = 941); (2) thyroid cancer

(n = 293); (3) Graves’ disease (n = 189); or (4) reopera-

tion (n = 98). Patients undergoing a first operation for

nodular goiter, adenoma were included in the primary

benign thyroid disease category. Individuals diagnosed

with thyroid carcinoma from the final histopathology or

those who underwent completion thyroidectomy for cancer

were grouped with the thyroid cancer cases. Graves’ dis-

ease patient with thyroid cancer at the final histology was

included in cancer group. Patients who had thyrotoxicosis,

thyroiditis were included in the category Graves’ disease.

Patients who had previously undergone a thyroid operation

were included in the reoperation group.

Outcomes

The following issues were analyzed and compared per each

period study:

• RLN identification rate (measured as the proportion of

positive identification of nerve vs. failure of identify);

• RLN-branching detection (definite as the identification

of any branching of the exposed RLN);

• assessment of NRLN;

• intraoperative recognizable nerve damage (ratio

between the nerve lesions found and those not

highlighted during surgery and positive postoperative

laryngoscopy);
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• stage thyroidectomy rate (measured as the proportion of

surgical procedures completed only on the first side due

to V2 EMG signal lost at the end of the first side,

although patient was planned for a total bilateral

thyroidectomy);

• transient or definitive RLN lesions (see below);

• bilateral nerve palsy rate (per patient population);

• RLNP recovery time (time interval from postoperative

VCP to vocal function recovery during follow-up, in

days).

Pre- and post-operative follow-up included for all

patients directly laryngoscopy to check vocal cord mobility

performed at 24 to 48 h before and within the second day

postoperative after the surgical procedure by an indepen-

dent laryngologist [46]. Any reduction in the movement of

the cord was recorded as postoperative cord paralysis. For

those patients with documented postoperative cord palsy,

the repeated examinations were performed periodically,

weekly, initially, and every 3–4 weeks thereafter until the

recovery was achieved after the operation until full

recovery of vocal cord function had been confirmed usually

after speech therapy. RLN palsy was defined as permanent

when there was no evidence of recovery within 12 months

of surgery [46]. Hospital discharge was proposed if no

signs of complications were present.

Statistical analysis

The measurement of the rate of RLNP is based on the NAR

[47]. All patients’ data were collected in a prospective

manner with a dedicated electronic Microsoft Office

Access Data Base (Microsoft Corp, Redmond, Wash). Data

are collected daily until the day of discharge, and then,

there was a regular contact between the study coordinator

and the participating specialist (laryngologist, endocrinol-

ogist, etc.). The data base is part of our Division’s quality-

improvement program. The use of this database for clinical

research has been approved by our Institutional review

board. Outcome measures were: RLN identification rate;

RLN-branching detection; assessment of NRLN; intraop-

erative recognizable nerve damage ratio; number of stage

thyroidectomy; transient or definitive RLN lesions; uni- or

bilateral; and RLNP recovery time. The statistical analysis

was computed with SPSS, release 15.0 for Windows (SPSS

Inc, Chicago-Ill, USA). The level of significance was set at

p less than 0.05. All the efforts were made to avoid the

sources of bias, such as the loss of individuals to follow-up

during the study. The Chi-square test was used for the

statistical analysis.

Results

There were no statistical difference between the four period

groups study for the distribution of epidemiological char-

acteristics, thyroid pathology, types of operations, the

proportion of bilateral procedures, side, mean weight of the

thyroid, mean size of dominant nodules, and NAR. A trend

to an increased number of procedures per year and tumors

is appreciable (not significant, data not shown). The mean

hospital stay decreased: period 1 mean 4.3 ± 0.9 days vs.

period 4 is 1.5 ± 0.7 days (p\ 0.05). The mean operative

time decreased: period 1 98.7 ± 29 min vs. period 4 is

71 ± 25 min (p\ 0.05). Table 1 summarized the follow-

ing findings.

Identification of RLN and its anatomical variations

The overall RLN identification rate was 97.8 %, i.e., 63

RLN were not identified during surgery in all the period

study. There were no differences in statistics for RLN

identification rate for any epidemiological characteristics,

body mass index, side, types of operations, the proportion

of bilateral procedures, mean weight of the thyroid, and

mean size of dominant nodules (data not shown). The

stratification of RLN identification rate for thyroid

pathology was 99.4 % for primary benign thyroid disease,

97.9 % thyroid cancer, 97.6 % Graves’ disease, and

92.2 % reoperation (p = 0.04 primary benign thyroid dis-

ease vs. reoperation). In the first period study, RLN was

identified in 93.2 % NAR. In the I-IONM group, the nerve

was identified in the 97.9 %cases. In the S-IONM and

C-IONM groups, the vagus nerve and the RLN were cor-

rectly localized and monitored in all the cases (100 %).

The significance for nerve identification rate was achieved

(p = 0.03) when the statistical analysis was applied

between RV vs. S-IONM and RV vs. C-IONM.

The overall incidence of NRLN was 1.7 % (25/1401) of

the right-sided nerves without a preoperative recognition.

Combination with ipsilateral RLN and other non-recur-

rent types was not observed. Overall, the travelling pat-

terns of the NRLNs could be classified as type 1 (45 %)

bFig. 1 a Standardized intraoperative management for those NAR that

experienced EMG changes (decrease amplitude and increate latency

combined) was routinely applied in C-IONM period. Surgical

maneuvers were modified when adverse electrophysiologic findings

were noted. Intraoperative corticosteroids injection indeed. Length of

surgical standby was dictated until documented progressive latency

reduction, and the amplitude increases up to the initial baseline

normative data value obtained at the beginning of surgery (mean

20 min ± 9, range 5–45 min). Six degrees of nerve at risk of injury

are described, including type of EMG changes, potential mechanism,

and surgical action proposed, and can be summarized in three phases:

green (grade 0–1), yellow (2–3), and red (4–6) depending on RLNP

prognosis 0, 0, and 7–100 %. b Example of C-IONM with critical

RLN traction which developed RLNP
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and type 2 (55 %). There were no differences in statistics

for NRLN identification rate for any characteristics. A

trend of increase detection of NRLN is appreciated per

period study: visual 0.8, I-IONM 1.9, S-IONM 2.2, and

C-IONM 2.1 %.

An extralaryngeal RLN bifurcation was identified in

39 % overall. At least one extralaryngeal RLN bifurcation

was identified in 21, 44, 43, and 46 % of RLN dissected,

respectively, per period (p = 0.005). There were no dif-

ferences in statistics for RLN-branching identification rate

for any other characteristics.

RLN lesions

Table 1 summarized the following findings. The identifi-

cation and preservation of RLN were achieved in 96 %

(2699/2806) NAR. The incidence of paralysis in identified

and unidentified RLN was 3.8 % (107/2806) and 82 % (52/

63), respectively. By excluding patients planned for uni-

lateral procedure, 0.26 % (4/1348) patients developed

bilateral cord paralysis. No mortality was observed. Bilat-

eral paralysis developed in patients treated both for benign

thyroid disease (n.1), thyroid cancer (n.1), Graves’ disease

(n.1), and reoperation groups (n.1). Bilateral cord paralysis

occurred in period 1 (n.3) and 2 (n.1). No bilateral vocal

cord paralysis occurred during periods 3 and 4. Extensive

follow-up revealed temporary bilateral paralysis in two

patients, permanent bilateral n.1 patient, and permanent

unilateral n.1. One bilateral paralysis required treatment

with tracheostomy (period 1), maintained for 2 months,

and followed by vocal cord surgery. Others required only

conservative treatment with re-intubation for 48 h and

subsequent protected extubation with high doses of

cortisone.

The overall incidence of RLNP was 5.9 % of NAR,

respectively. Because of insufficient numbers of permanent

RLN palsies, a statistically significant result was not

achieved in any variable analyzed. The temporary RLNP

rate was significantly increased for reoperation group

compared with the benign thyroid disease (p = 0.02). No

permanent RLN injury occurred in C-IONM period. In

detail, the overall rates of temporary/permanent RLNP

were 16.7/1.7, 5/1.1, 4.5/1, and 3.1/0 % per period study,

respectively.

Postoperative laryngoscopy revealed transient palsy in

2/25 (8 %) NRLN. RLNP was more frequently associated

with branched than non-branched RLN (13.9 vs. 7.1 %;

p = 0.02).

Recognizable nerve damage determined intraoperatively

was, respectively, 15, 45, 100, and 100 % for period study.

There were no differences in statistics for recognizable

nerve damage for any epidemiological characteristics, body

Table 1 RLN management outcomes summary stratified per the period analysis

Overall (2869

NAR)

Visual (698

NAR)

I-IONM (777

NAR)

S-IONM (768

NAR)

C-IONM (626

NAR)

p

RLN identification rate 97.8 % (2806/

2869)

93.2 % (651/

698)

97.9 % (761/

777)

100 % (768/768) 100 % (626/626) 0.03

NRLN assessmenta 1.7 % (25/1401) 0.8 % (3/350) 1.9 % (7/371) 2.2 % (8/350) 2.1 % (7/330) 0.07

RLN-branching detection 39 % (1123/

2869)

21.6 % (151/

698)

44.6 % (347/

777)

43.7 % (336/

768)

46 % (289/626) 0.005

RLNP overall 5.9 % 8.4 % 6.1 % 5.5 % 3.1 % 0.07

RLNP transient 4.9 % (141/

2869)

6.7 % (47/698) 5 % (39/777) 4.5 % (35/768) 3.1 % (20/626) 0.07

RLNP definitive 1 % (29/2869) 1.7 % (12/698) 1.1 % (9/777) 1 % (8/768) 0 % 0.6

Bilateral nerve palsyb 0.29 % (4/1348) 0.76 % (3/394) 0.26 % (1/380) – – –

Intraoperative recognizable nerve

damage ratio

55 % (170/94) 15 % (9/59)c 45 % (22/48)d 100 % (43/43)e 100 % (20/20) 0.03

Stage thyroidectomy ratef 2.9 % (40/1348) 0 0 6.8 % (24/349)g 5.2 % (16/307)g –

a Measured on the right-sided RLNs
b The measurement of the bilateral palsy is based on patients and planned for bilateral total thyroidectomies
c All definitive RLNP
d 9 Definitive RLNP, 13 transient RLNP
e 8 Definitive RLNP, 35 transient RLNP
f The measurement of the stage thyroidectomy is based on planned bilateral total thyroidectomies
g All stage thyroidectomies were completed within 6 months from the first surgery
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mass index, thyroid pathology, side, types of operations,

the proportion of bilateral procedures, mean weight of the

thyroid, and mean size of dominant nodules (data not

shown).

Figure 2 describes the type of EMG changes, potential

mechanism, surgical action, and RLNP prognosis accord-

ing to the established standardized schema proposed for

C-IONM.

The complete recovery of vocal cord function was

documented in 141 of 170 NAR (82 %). The recovery time

for RLNP stratified per studies period is depicted in Fig. 2

and ranged from 7 days to 9 months (mean, 35.2 days).

The recovery of injured nerves was significantly faster in

C-IONM group (p\ 0.001). The recovery of RLN took up

more than 6 months in two RLNP.

No patient in periods 1 and 2 underwent to stage

thyroidectomy procedure. In periods 3 and 4, the identity

of the 24 and 16 first-side-injured nerves, respectively,

were confirmed through a negative EMG signal gener-

ated by the IONM machine by stimulating both the RLN

and the vagus nerve (V2 post-thyroid resection stimu-

lation). These patients were scheduled for a total thy-

roidectomy. The procedures were stopped after the first

dominant side lobectomy to avoid the potential for

bilateral vocal cord paralysis. Laryngoscopy performed

at 48 h post.op confirmed RLNP in 39/40 nerves

(97.5 %). All patients underwent completion thyroidec-

tomies within 6 months from the first operation without

sequel.

Discussion

The management of the RLN has renovated over time.

Definitely is more methodical in both the pre-, intra-, and

postoperative phase of surgery. Perfect conscience of nerve

anatomy, surgeon training, experience, and high-volume

activity in nerve dissection is prerequisite [1, 2, 48]. The

importance of the recognition of VC movement by means

of routine pre- and postoperative laryngeal examination has

been widely accepted [49]. Yet, the treatment of voice

changes has been confirmed to be beneficial as well [50].

The intraoperative management of RLN was been posi-

tively revised from its non-identification, routine recogni-

tion, and exposure, to the application of devices which

have the task of confirm its relation with function [19].

Standards of care did change over time, and new approa-

ches and innovations have been applied in thyroid surgery.

We are in transition period from the era of visualization to

the era of RLN neurophysiology and pathology. As a

result, the current modern standards for RLN management

consist of an extensive knowledge of dissection, surgeon

maturity, routine visual identification and exposition of

RLN, and pre- and postoperative laryngoscopy as well as

possible intraoperative nerve functional verification. With

the current technology, today, it is feasible to monitor

intraoperatively (not longer postoperatively) the RLN

function.

This descriptive audit evaluates the consequences of

different RLN managements. Our hypothesis was that the

introduction of new patterns of RLN care has resulted in

new and different clinical consequences. Certainly, it is

intricate to define the extent of these phase changes due to

learning curve and technological changes. Thus, we have

deliberately not considered periods of transition between

different phases in the current audit. The collection of NAR

data was perspective, and all NAR were subjected to

methodical follow-up, excepting that the analysis was ret-

rospective, and thus, the results should be interpreted with

caution. It is certainly impractical to perform a prospective

analysis of different approaches or technologies applied,

due to the low patient and surgeon acceptance and the

compliance of randomization and the high number of NAR

demanded to achieve significance [47].

Therefore, the purpose of this descriptive analysis was to

depict ordinarily the consequences of RLN management.

Standardization is useful for the application of a new

technique and technology, to verify its accuracy, interop-

erability, safety, ratification, and repeatability, for training

and education, to maintain or obtain better results [51, 52].

According to the present study, the application of a stan-

dardized, regulated, uniform technique, the proposed

application of methodical VN stimulation, the pertinent

Fig. 2 Recovery time for RLNP stratified per studies period is

depicted. Recovery of injured nerves was significantly faster in

C-IONM group (p\ 0.001). This result should be interpreted with

caution. Possible hypothesis is a reduced severity of injuries of RLN

in C-IONM group in terms of lower definitive RLNP, early

intraoperative injection of corticosteroids, and no further damage to

the nerve already stressed
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proposition and adherence to published INMSG guidelines

on use and interpretation of IONM, and the introduction of

C-IONM to recognize impending RLN stress allowed to (1)

increase the RLN identification rate; (2) reduce the severity

of injuries of RLN in terms of (a) reset the bilateral VC

paralysis, (b) faster recovery time, and (c) lower definitive

RLNP; (3) gather detection of RLN branching and NRLN;

(4) recognize intraoperatively nerve damage or stress; and

(5) cumulate stage procedures (Table 1; Figs. 1, 2).

The routine application in monitored thyroidectomy of

V1 was decisive [23, 24, 47]. V1 is reference for definite

nerve identification, confirmation, and dissection, to pre-

vent visual misidentification. De facto, the RLN identifi-

cation rate was 100 % in S-IONM and C-IONM

significantly higher than without VN stimulation (I-IONM

and non-IONM). With the reference of V1 signal, Surgeon

can identify and confirm the RLN. De facto, IONM, can be

performed even if the recurrent laryngeal nerve is not

identified by means of V1 as the reference of dissection and

RLN identification. The result of this study seems to

indicate that standardized IONM either by S-IONM or

C-IONM is capable of increasing nerve identification

rate. On the right side, V1 must be routinely stimulated at

the level of inferior thyroid pole to ensure normal path

of RLN [31–35]. The absence of a V1 EMG signal at the

early stage is considered suggestive of the presence of a

NRLN [31–35]. If there is a negative response from lower

position but positive response from upper vagal stimula-

tion, it indicates the occurrence of an NRLN.

It can be presumed that RLN-branching detection is

much more a problem of anatomical knowledge rather than

of IONM use. According to the present study, a standard-

ized IONM technique significantly enhances the surgeon’s

ability to identify branched RLN [53, 54]. Extralaryngeal

RLN bifurcation was identified in 45 vs. 21 % of NAR

operated with vs. without IONM (p = 0.005). Chiang

extensively described the standardized IONM technique of

how to identify and handle the anatomical variations of

the RLN with the application of IONM [53]. RLN is tested

with a stimulation level of 1 mA. In the case, two struc-

tures run close and a false EMG signal can be induced by a

shunt stimulus [53]. In this context, it seems to be rea-

sonable and adequate to lower the stimulation to 0.5 mA if

one wants to differentiate a motor branch from a sensory

branch, or a small artery from the RLN [53].

The datum that RLN palsy occurred in 85 % of non-

recognized nerves is obvious, but this should simply not

happen in thyroid surgery. It is no surprise that the

unidentified RLN was at greater risk of damage than a

nerve clearly seen, but nevertheless, the reduction in nerve

damage rate, as a result of monitoring, was not significantly

lower than when identification was purely visual and

unaided electronically. However, the increase in

recognizable intraoperative nerve damage consequent upon

monitoring is potentially valuable and has clinical signifi-

cance. V2 is essential for recognizing any RLN lesions and

predicting nerve postoperative function [24]. Indeed, we

attain a significant increase intraoperative identification of

lesions not visible. Furthermore, INMSG guidelines [24]

suggest if the V2 signal is lost at the end of the first side, to

stop the procedure after the unilateral lobectomy, even if

the RLN and VN are anatomically intact and regardless of

indication of planned total thyroid resection. Several

authors demonstrated that a failed V2 stimulation after

resection of the first thyroid lobe is specific enough to

reconsider the surgical strategy in patients with bilateral

thyroid disease to surely prevent bilateral RLN palsy

[36, 37]. Failed V2 stimulation in S-IONM and C-IONM

period predicts the outcome of VC function during the

operation which helped with intraoperative decision mak-

ing as to whether to consider bilateral thyroid surgery.

With this option, we did to reset the bilateral VC paralysis

in S- and C-IONM periods. The reset of bilateral paralysis

resulted in an increase of the procedures in two times (stage

thyroidectomy) that form 0 to almost 7 % of planned total

thyroidectomies.

The consistent standardization process is indeed

enhanced by the introduction of C-IONM via continuous

VN stimulation. C-IONM has utility in identifying real-

time adverse concordant amplitude and latency changes

(combined events), which can prompt the modification of

the associated surgical maneuver and prevent RLN paral-

ysis during thyroidectomy [39–41]. The authors report

electrophysiologic parameters as waveform, amplitude

decreased, and latency increases combined changes and

relates these parameters to intraoperative surgical maneu-

vers that delineate nascent adverse but reversible electro-

physiologic parameters to prevent nerve injury [39–41]. A

dedicated scheme for RLN management in adverse situa-

tions according to EMG changes was applied during

C-IONM thyroid surgery (Fig. 1). Surgical maneuvers

were modified when adverse electrophysiologic findings

were noted. Intraoperative corticosteroids injection indeed.

Wang revealed that a dose of intraoperative corticosteroids

did shorten the recovery time for patients suffering from

temporary RLN palsy [55]. Six degrees of nerve at risk of

injury are described, including type of EMG changes,

potential mechanism, and surgical action proposed, and can

be summarized in three phases: green (grade 0–1), yellow

(2–3), and red (4–6) depending on RLNP prognosis 0, 0,

and 7–100 %. According to our analysis, C-IONM reduced

the severity of injuries of RLN in terms of faster recovery

time, reset definitive RLNP, and lower RLNP (Table 1;

Fig. 2). Different kinds of nerve injury have very different

possibility of recovery [47]. For traction injury, it has the

highest possibility of recovery. C-IONM can detect traction
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injury earlier than I-IONM [39–41]. Thus, the severity of

nerve injury in C-IONM group will be less than that of

I-IONM group. As to thermal injury or clamping injury, the

possibility of RLN recovery is highly variable. No matter

they were detected by I-IONM or C-IONM, and the

severity of nerve injury will be the same. For future study,

the comparison of RLNP recovery time between I-ION-

M and C-IONM should be stratified to the groups of trac-

tion injury, thermal injury, or clamping injury.

While the study does demonstrate some potential

advantages to improvements in IONM, it has significant

limitations.

Likely, most of the improved results in different periods

in the study depend more upon the increased experience

rather than upon use of IONM; this should also be accepted

and induce to less assertive conclusions. The study may

just represents the surgeon’ sequential experience and

would have more weight if it included the experience of the

other surgeons at his institution. It is difficult to separate

enhanced single surgeon results that come from continued

operative experience and improved results that stem from

technical advancements with IONM. The IONM results are

all significantly better compared to the initial poor 16.7 %

RLN injury rate with visual identification only. Historical

control always implies a time bias which is difficult to

overcome. There seems to be a significant time bias in the

present study spanning over such a long period of time. In

particular, outcome from the first period (visualization

alone) does skew the statistical analysis and makes com-

parison with the neuromonitoring periods very

arguable. Moreover, some years that were not included in

the study are related to ‘‘learning curves’’ with the IONM

hardware.

A major problem with the study is that it is completely

uncontrolled and, therefore, subjects to many biases that

could impact the results. The major limitation of the study

is of being retrospective with comparisons made between

different consecutive time periods. This design is inevi-

tably prone to bias in terms of surgeon experience,

changing clinical practice and improved technology and

surgical techniques. These weaknesses can only be

resolved by a prospective randomized study. One issue is

that this study involves the experience of a single surgeon.

Most surgeons get better with experience. As such, the

outcomes over time might have improved slightly, because

the surgeon gained more experience and essentially

became a better surgeon. The fact that 7 % of RLN were

not visually identified during the first period illustrates that

the surgeon was probably less experienced during that

time. In addition, a large number of these unidentified

nerves were injured. This is clearly a matter of experience,

since many studies have shown that the incidence of RLN

injury is no different based on IONM usage.

Moreover, the study involved 1521 patients operated on

by the same surgeon over a 12-year period. Approximately

225 patients were excluded from the analysis, because they

were apparently during the ‘‘learning curves’’ for the var-

ious techniques. We excluded 152 patients for intermittent

IONM, 25 patients for the standard IONM, and 50 patients

for continuous IONM as ‘‘learning curve.’’ The number of

patients chosen for ‘‘learning curve’’ inclusion was not

arbitrary but related to the validity of the previous results

[26]. This is a problem, since we are talking about an

experienced thyroid surgeon. If the RLN injury rates were

higher during a learning period (for an experienced thyroid

surgeon), this would be an important outcome to factor into

the equation and might impact the risk/benefit analysis for

the various surgical approaches.

One of the main or perhaps only purported advantages

of IONM is that the surgeon can identify a loss of RLN

signal and terminate the operation, thus avoiding the

potential need for a tracheostomy. In this series, there was

only one tracheostomy needed (that is 1 out of approxi-

mately 1400 cases) in period 1. One must then assess the

risk/benefit associated with potentially preventing one tra-

cheostomy with the added risk and cost associated with the

IONM approach and the extra operations in all the patients

who had their total thyroidectomy procedures aborted due

to loss of signal. This analysis was not performed in the

current study. The authors have already commented on the

costs of the various IONM approaches [56]. These costs

should also be factored, as one analyzes the efficacy of

utilizing a new technology.

97.5 % of laringoscopy confirmation of the loss of signal is

higher and not concordant with other study and may be related

again with the consistent standardization process [57].

The hospital stay decreased from 4.3 to 1.5 days during

the study period. The decrease in hospital stay for the study

may be a significant improvement for Authors Institution,

but it is difficult to attribute this to change in RLN moni-

toring techniques. Other institutions at the same time have

reported very good results with just 23 h observation

periods or even with same-day surgery discharge involving

no hospital stay. This decrease in hospital stay illustrates

the advances in thyroid surgery and peri-operative care that

occurred during the study period. These advances were

independent of IONM and, therefore, highlight the issue

that improvements in outcomes with the RLN may also

have occurred independent of the IONM [58, 59].

Finally, it would be interesting to perform a prospective

randomized trial, involving surgeons experienced with

each of the approaches.
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Conclusion

The study reports outcomes in regard to the rates of RLN

identification, injury, and recovery in four different time

frames in which the surgical practice evolved from just

visualization to the use of IONM to eventual C-IONM. The

authors conclude that the application of a standardized

technique with C-IONM led to an increase in RLN iden-

tification rates, a reduction in severity of RLN injuries, and

faster recovery times for RLN function. It also led to an

increase in the number of staged procedures.
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