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The early identification of laryngeal nerves has been 
accepted as the safest technique to reduce recurrent 
morbidity, but the identification of the nerve alone cannot 
ensure the presence of the function, because it is evident 
that the visual and anatomical integrity of the nerve does 
not always correspond to a normal function. 

To confirm this, some studies have revealed that the most 
frequent cause of recurrent laryngeal nerve (RLN) injury 
during thyroid or parathyroid surgery is traction (70–96%), 
whose result is a suffering, often temporary transitory, of 
the RLN associated with complete anatomical integrity (1,2) 
(Figures 1,2). 

Moreover, identification may not be easy, as in cases of 
reoperation, removal of central lymph nodes, thyrotoxicosis 
and in case of retrosternal goiter, thyroiditis or aberrant 

anatomy. Therefore it may be very useful to have an 
instrument that facilitates the safe completion of this 
important surgical step. For this reason, in recent years 
intraoperative neuromonitoring (IONM) has been proposed 
and applied in many centers in thyroid surgery in addition 
to the standard practice of visual identification of RLN, 
with the primary purpose of evaluating its function and 
facilitating its 'identification and dissection. 

This work shows the benefits of the IONM technique 
(Figure 3), while recognizing that this technique cannot 
replace the fundamental elements in the performance of 
thyroidectomy: the usual visual identification of the RLN, 
the knowledge of the anatomical variables, the experience 
and the indispensability of pre- and postoperative 
laryngoscopy. However, before describing these benefits, it 
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is useful to focus on the bibliographic data already existing 
in the literature regarding the scientific validation of this 
technique and on its ability to reduce RLN lesions during 
thyroidectomy.

It  i s  now universa l ly  recognized that  the best 
methodology to demonstrate the validity of one technique 
over another is the use of randomized prospective studies. 
However, with regard to the IONM technique, there are 

“natural” limitations to the implementation of this study 
methodology. The execution of randomized studies on this 
topic is in fact characterized by an important limitation 
in the statistical power, due to the substantial rarity of 
the complication (recurrent paralysis). In fact, it has been 
proven that, in order to validate the use of the IONM 
system, a multicentric experimentation is required with 
numerous and well-defined groups (3). In this respect, 
Dralle et al. said that to demonstrate a reduction in RLN 
paralysis from 2% to 1%, a study group of about 1,000 
patients would be needed (4). Moreover, the conduct 
of these randomized prospective trials with at least two 
groups—IONM system compared with visual identification 
only—does not meet with the consensus of participation 
by the patients and by the surgeons themselves, due to the 
reluctance to participate in the group with the only visual 
identification. Despite these limitations in the literature, 
positive data on the IONM technique seem to emerge. 
In fact, through a prospective randomized study on  
1,000 nerves at risk, Barczynski et al. have demonstrated 
that, using IONM, the prevalence of transient paresis of 
RLN was respectively 2.9% lower in high-risk patients 
(during tumor surgery with removal of paratracheal lymph 
nodes or in case of thyroidectomy for thyrotoxicosis or 
retrosternal goiter or in case of thyroiditis) and 0.9% 
in low-risk patients (non-toxic goiter surgery without 
retrosternal extension) (5).

Thomusch et al., reporting the results on a large 
series (over 5,000 thyroidectomies), concluded that 
the IONM of the RLN in thyroid surgery should be 
recommended because it is associated with a significantly 
lower incidence of transient or permanent palsies of the 
RLN (of 1.4% and of 0.4% respectively), compared to 
conventional visual identification (2.1% and 0.8%) (6). 
Furthermore, multivariate logistic regression analysis 
confirmed that the use of the IONM system significantly 
decrea sed  the  r i s k  o f  t empora ry  o r  pe rmanent 
postoperative palsies of the RLN with a relative risk of 
0.58 and 0.30 respectively.

Figure 1 RLN injury. The nerve appears morphologically intact: only 
a functional evaluation with IONM has appreciated that the nerve 
does not work, also allowing to identify the site of the lesion (arrow). 
Courtesy of Professor FY Chiang (Kaohsiung, Taiwan). RLN, 
recurrent laryngeal nerve; IONM, intraoperative neuromonitoring.

Figure 2 RLN injury. The nerve appears morphologically intact: only 
a functional evaluation with IONM has appreciated that the nerve 
does not work, also allowing to identify the site of the lesion (arrow). 
Courtesy of Professor FY Chiang (Kaohsiung, Taiwan). RLN, 
recurrent laryngeal nerve; IONM, intraoperative neuromonitoring.
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Figure 3 Implications of IONM. IONM, intraoperative neuromonitoring.
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Benefits of the IONM technique 

Aid in identifying the RLN 

The early and definitive identification of the RLN can 
minimize the risk of one of its lesions. The IONM 
technique can facilitate the localization of the RLN 
before its display and this is supported by the publication 
of multiple studies that confirm its effectiveness, with 
percentages very close to 100% (7). The RLN is detected 
in the paratracheal region by probe stimulation and 
subsequently visually identified by direct dissection based 
on the previous neural mapping. The IONM system helps 
to distinguish vessels from the nerves; therefore, once 
the nerve has been identified, further stimulation of the 
adjacent non-neural tissue compared to the nerve can aid in 
tracing both the nerve (positive signal) and the structures 
not as nervous as the vessels (no signal) (8). 

Assistance in surgical dissection 

During a thyroidectomy, a fundamental requirement is to 
obtain the greatest possible clarity of the anatomy of the 
RLN (position and anatomical variants), for the protection 
of the nerve (9). Once the nerve has been identified, further 
stimulation of adjacent non-neural tissue to the nerve may 
help to trace the nerve and all related branches through 
the dissected field, helping to distinguish between motor 
and sensitive branches. Electrical stimulation during 
thyroid surgery provides a functional view to the anatomy 
of the recurrent nerve. Some authors have suggested—
using neural monitoring—two different conditions, from 
the prognostic point of view, of RLN suffering: segmental 
and global lesions. Through the use of the IONM, it has 
also been shown that the terminal ramifications of the 

RLN often have different functions: in particular, the 
anterior fibers are the driving fibers (positive signal) and the 
posterior ones are sensory. Via electrical stimulation, the 
ramifications of the constrictors of pharynx, larynx, trachea 
and cervical esophagus can also be identified (10).

Utility in the intraoperative diagnosis of RLN lesions, 
prognostic evaluation of postoperative neural function and 
identification of lesion site 

Given the frequent bilateral nature of the classical thyroid 
procedure this aspect is remarkably significant for the 
prevention of bilateral paralysis of the vocal cords. The 
electrical examination of the nerve represents a significant 
improvement in the accuracy of the prognostic evaluation 
of the neural function compared to the simple visual 
inspection (11). The causes of injury to the RLN are 
various and most of them derive from accidents related to 
the surgical technique, such as the section of the nerve, 
the entrapment of the RLN by accidental ligation, the 
traction during the medicalization of the thyroid lobe, the 
lesions caused by the clamps , aspiration too close to the 
nerve, compression, contusion, pressure, ischemia due to 
excessive dissection and electrical/thermal injuries from 
instruments for hemostasis and dissection applied too close 
to the laryngeal nerve (12). Numerous studies have shown 
that even very experienced surgeons underestimate the 
actual lesions of the RLN. The percentage of intraoperative 
evidence of RLN lesions (when the surgeon is aware of the 
nerve injury during surgery) was estimated to be between 
7.5% and 15%. Thus approximately 85–90% of recurring 
lesions are not perceived during surgery (13,14) (Table 1).  
The invisible lesions of the RLN (for example the thermal 
ones, from traction, compression, contusion or pressure) 
are not perceived by the surgeon's eyes (15); only a 
functional evaluation of the RLN via the IONM system 
can highlight such offended parts (Figures 1,2). The new 
devices for hemostasis and dissection, which release thermal 
or other energy and are widely used in modern operating 
rooms, can produce invisible collateral/proximal iatrogenic 
thermal lesions of adjacent structures, such as in laryngeal 
nerves (16). The IONM system assists in the intraoperative 
demonstration of functional loss of the RLN even when the 
nerve is visually intact. This intraoperative evaluation of the 
functionality of RLN by IONM during thyroid surgery is 
important for several reasons (17,18):
 It allows intraoperative prediction of postoperative 

RLN functions (prognosis); 

Table 1 Intraoperative evidence of RLN injury without IONM

Authors Injury [%]

Bergenfelz et al., Langenbencks Arch 
Surg 2008

1/10 [10] 

Chiang et al., Surgery 2005 3/40 [7.5]

Lo et al., Arch Surg 2000 5/33 [15]

Patlow et al., Ann Surg 1986 1/10 [10]

Caldarelli et al., Otolaryngol Clin North 
Am 1980

1/10 [10]

RLN, recurrent laryngeal nerve; IONM, intraoperat ive 
neuromonitoring.
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 It can prevent bilateral lesion of RLN by two-stage 
thyroidectomy (stage thyroidectomy); 

 The IONM system accurately identifies the 
position of the interruption in nerve conduction by 
identifying how and when the RLN was injured; 

 It facilitates the early differentiation between the 
alterations of the timbre of the voice whether 
connected or not to the RLN;

 Helping to identify the mechanism of RLN injury, 
it facilitates the surgeon to refine the surgical 
technique, reducing the mechanical trauma and the 
rate of paralysis of the nerves.

Improve the completeness of total thyroidectomy

Much of the difficulty in performing a total thyroidectomy 
occurs when the thyroid tissue is separated into the Berry 
ligament region. This difficulty is a frequent cause of 
accidental injury to the RLN, which is more damaged in 
the last 2 cm of its cervical course. The branching of the 
RLN often occurs less than 0.5 cm from the entrance of 
the larynx near the Berry ligament. The bifurcated RLN is 
also particularly prone to injury near the Berry ligament. At 
this level, the RLN can also have an intracapsular course in 
10% of cases, according to Berlin (19), in 15% of the cases 
according to Armstrong et al. (20) and in 38% according 
to Wafae et al. (21). Therefore, to allow complete and safe  
re-section in a total thyroidectomy procedure during 
dissection at the Berry’s ligament, the surgeon needs a lot 
of attention, excellent exposure and neurophysiological 
confirmation of an intact nerve with the IONM system. 
Also the eventual haemostasis maneuvers of this area are 
better controlled by IONM; the indiscriminate use of 
clamps and electrocautery would most likely cause a nerve 
injury. Furthermore, maneuvers to minimize the risk 
of injury include an active awareness of the degree and 
duration of traction (22). 

Use in endoscopic thyroidectomy 

Laryngeal palpation (tactile sensation) or the use of 
magnifying glasses for the identification of the RLN or of 
the external branch of the superior laryngeal nerve (BENLS) 
is not feasible during endoscopic thyroidectomy because 
of the reduced incision or remote cervical access (breast 
approach and transaxillary thyroidectomy) (23). Endoscopic 
thyroidectomy (endoscopic thyroidectomy, ET) requires 
the surgeon to rely completely on the visual cues of a 

monitor. The magnification of the image provided by the 
new high-definition endoscopes facilitates the identification 
of the laryngeal nerve and the parathyroid glands, allowing 
also a visual discrimination between different tissues and 
depths. The use of the IONM system in ET is not only 
feasible but it is also easy, safe and effective, and helps 
visual identification of the nerves in the different minimal 
accesses of thyroid procedures (24); a standardized IONM 
technique with vagal stimulation was also proposed in the 
ET. The use of the IONM system in the ET does not 
produce an increase in the length of the surgical incision 
nor the operative time. The narrow working space and 
the possible problems related to the size and structure of 
a specific endoscopic instrumentation used to operate the 
neck do not seem to have negative effects on the use of this 
technique. The flexible tip of the monopolar stimulation 
probe provides excellent access to neural structures in areas 
outside the surgeon’s field of vision. The IONM system 
is complementary to video-endoscopic enlargement and 
helps the surgeon to feel more comfortable and confident 
in the initial approach especially to ET procedures. The 
same stimulator is useful to indicate the correct dissection 
plane, since it constantly provides information on the 
functioning of the laryngeal nerve during the operation 
and probably reduces the conversion rate relative to the 
conventional open technique. Furthermore, the IONM 
system has improved the identification of BENLS in the 
ET significantly.

Benefits for the trainee and the less experienced surgeon

Discussions are underway on the appropriateness of the 
use of new equipment, such as IONM, by trainees during 
their training in surgery (25). In fact, monitoring cannot 
be considered a substitute for a detailed knowledge of 
the anatomy of the thyroid gland and the surrounding  
tissue (26). Nevertheless, the IONM system of the 
RLN is a useful educational support for the trainee who 
approaches new devices, the standardized technique of 
thyroidectomy with vagal stimulation, the identification 
of RLN, anatomy, neurophysiology and pathophysiology 
of RLN. Furthermore, knowledge by IONM of the nerve 
injury mechanism during thyroidectomy is very instructive 
for the trainee for future operations. Knowledge of the 
intraoperative mechanism of RLN injury helps the surgeon 
to better refine the surgical technique, thus reducing 
both mechanical trauma and the rate of paralysis of the  
nerves (27). The multitude of research articles on 
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simulation in surgical selection and training and a recent 
Cochrane review highlight the interest and wide application 
of simulated methods that can be utilized. A systematic 
review identified over 30 randomized controlled trials 
looking at surgical simulation. Simulation in surgical 
practice includes both operative and non-operative models 
and may incorporate multi-speciality and multi- disciplinary 
scenarios (28).

 Dralle et al. described the risk factors of paralysis of the 
vocal cords after IONM of the RLN compared to the visual 
recognition and non-identification of the RLN in about 
30,000 RLN at risk of injury: among the less experienced 
surgeons (with lower volume of treatments) the IONM of 
the RLN significantly reduced the frequency of permanent 
paralysis of the RLN (29).

NIM™ SAM-T represents the first IONM simulator for 
thyroid surgery (Figure 4). NIM™ SAM-T is a teaching and 
demonstration tool used to illustrate basic and advanced 
principles of nerve monitoring to medical professionals (30).  
It can be specifically used to: (I) demonstrate proper NIM™ 
set-up, (II) demonstrate different latencies associated with 
VN, RLN, and SLN; (III) simulate surgical effects of 
amplitude and latency to VN with the APS™; (IV) illustrate 
proper placement of EMG tubes; (V) demonstrate technique 
and proper placement of APS™ electrode; (VI) differentiate 
responses of the NIM™ (metal on metal artifact, train 
response below threshold, train response above threshold, 
stimulation artifact, far-field responses); (VII) demonstrate 
new features associated with latest NIM SW™ release V2.1.

The SAM-T system demonstrates the typical responses 
of the NIM™ system to different nerve stimuli encountered 
in the OR. While the experience is life-like, it is a 
simulation based on an extensive library of waveforms 
programmed into the SAM-T system. This unique feature 

allows SAM-T to demonstrate common stimulus responses 
(ex. amplitude change due to stretch of nerve tissue while 
dissecting at Ligament of Berry) by manually adjusting 
latency and amplitude with the turn of the corresponding 
knobs on the SAM-T control box. Trainees are keen to 
emphasize that simulation is only an adjunct to and not a 
replacement for clinical operative training (31).

Medical-legal aspects

There are few data, specifically medico-legal, on the use 
of the IONM system in thyroid surgery. However, the 
introduction of the same IONM system as a complement 
to the thyroidectomy procedure may also have useful 
implications from a medico-legal point of view (32).

Reduction of bilateral paralysis of the RLN

It is considered an important benefit in the modern era of 
thyroid surgery. If a total thyroidectomy has been planned, 
the possibility of knowing intraoperatively whether a nerve 
is injured or not makes it possible to make decisions about 
whether to proceed to the opposite side, then to complete 
thyroidectomy (33). The IONM system allows the surgeon 
to avoid contralateral lobe surgery if the first RLN has been 
diagnosed, thus avoiding the potential bilateral paralysis of 
the vocal cords which causes most of the disputes in thyroid 
surgery (34). 

Documentation 

Modern surgery is also documentation. The IONM 
system transforms muscular activity into recordable 
electromyographic signals that can be printed, archived 
and entered into the medical record. The documentation 
of the normal neurophysiological signals of the RLN at the 
end of the surgical procedure may have a forensic function, 
allowing the differentiation of the change in the tone of 
the voice linked to the RLN or not. The EMG signal is 
used as a test of intact nerve function at the end of the 
procedure. Some authors have stated that nerve monitoring 
during surgical procedures could reduce the medico-legal 
responsibility of surgeons, and also reduce economic losses 
to the health care system and insurance (35).

Difficult cases

It has been extensively demonstrated in prospective 

Figure 4 NIM™ SAM-T.
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randomized studies that the IONM system produces 
significant benefits in difficult cases, such as iterative 
surgery, Graves’ disease, advanced thyroid cancer and 
undersea goiter. Today, therefore, it is difficult to justify the 
non-use of the IONM in difficult cases (36).

Standard of care in thyroid surgery 

The causes of malpractice (especially in the United States) 
derive from the violation of standards of care; if, for 
example, a surgeon offers services below the standards 
to a patient who is damaged, in these cases it is very 
likely that the surgeon loses the cause. The standard of 
care is defined as the minimum cure that another doctor 
would provide in the same area (32,37). The following 
questions are of particular importance: what constitutes 
the standard management of RLN in the modern era of 
thyroid surgery? What is the current prevalence of IONM 
in thyroid surgery? How many surgeons use the IONM 
of the RLN? It has been reported that more than 45% 
of otolaryngologists use the IONM of the RLN and that 
37% of the general surgeons who attended the American 
Association of Endocrine Surgery in 2006 used the IONM 
of the RLN (38) (Figures 5,6); the young surgeons and 
university surgeons with high percentage of cases (which 
probably face even the most difficult cases) used the IONM 
system more frequently. This percentage rose from 7% 
to 37% between 2001 and 2007. In Germany, more than 
85% of thyroidectomies are performed using the IONM 
system, while in Northern Europe this percentage is about 
77% (Table 2, Figure 7). For this reason the IONM system 
could become the standard of cure for thyroidectomy in the 
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Figure 5 Prevalence of thyroidectomy with IONM in the USA. 
IONM, intraoperative neuromonitoring.

Figure 6 Prevalence of thyroidectomy with IONM in Asia-
Oceania. IONM, intraoperative neuromonitoring.

Table 2 Prevalence of thyroidectomy with IONM in Europe

State
Thyroidectomy 

with IONM
Year Reference

Denmark 77% 2007 Goodballe C., ETA Meeting, 
Lisbona

Poland 5% 2010 Barcinsky M., Polish 
Endocrine Surgeons

Germany 87% 2011 Dralle H., Harvard Meeting, 
Boston

France 6,200 2008 Carnaille B, IONM study 
Group

10,000 2010 Carnaille B, IONM study 
Group

Spain 613 2009 Manuel Poveda, Madrid 
2011

1,956 January–
April 2011

Manuel Poveda, Madrid 
2011

IONM, intraoperative neuromonitoring.
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Figure 7 Prevalence of thyroidectomy with IONM in Italy. 
IONM, intraoperative neuromonitoring.
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near future, even if some economic and cost-benefit aspects 
have yet to be assessed in a definitive way. Care standards 
are subject to changes and new technologies have been 
proposed and applied in thyroid surgery. In this modern 
era of surgery, specialists must practice safe surgery and 
document the surgical procedure: all this can be achieved 
thanks to the use of the IONM system.
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