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Introduction 

Recurrent laryngeal nerve damage during thyroid surgery 
was considered as an insurmountable barrier while , at 
present, the developments in surgical and anesthetics 
techniques guarantee a complete control of nerve function 
identifying prematurely an alteration of vocal cords 
function during surgical procedures (1-3). Therefore, 
intraoperative neuromonitoring (IONM) technique during 
thyroid surgery could be defined a safe procedure with 
some sporadic complications (4). Recently (5) we discuss 
about the safety of continuous IONM during thyroid 
surgery focusing on the importance to know extensively 
the implications of anaesthetics agents on sympathetic and 
parasympathetic tone disapproving some authors (6) that 
consider continuous IONM a backward step for thyroid 
surgery. The IONM technique in thyroid surgery started 

from electrostimulation applied in the surgical field with 
a direct visualization of muscle movements to, at present, 
advanced monitoring techniques through dedicated 
endotracheal tubes with electrodes on their surface  
(Figure 1).

The laryngeal nerve damage could be due to surgical 
blade, electrosurgical thermal lesion, direct injury 
during nerve isolation, nerve stretching during surgical 
manipulation, and perioperative edema or hematoma. 
Additionally anatomical variations, reoperation and history 
of previous neck irradiation are less common causes (7-9).  
Thomusch et al. (10) showed that an optimal IONM 
signal at the end of surgical procedure is related to normal 
vocal cord function in 99.6% of cases, while 30−45% of 
patients with postoperative vocal cord dysfunction have an 
intraoperative altered signal. According with these data, in 
the era of Evidence Base Medicine, the IONM technique is 
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becoming the standard of care (11). The anesthesiological 
approach has developed through recent years according 
with technical evolution. The use of dedicated endotracheal 
tube has many implications during anesthesia induction; as 
well the rational use of ipnotic agents and the introduction 
of new drugs. Therefore clinicians must be aware of this 
technological development maintaining a cooperation 
approach with the surgeon during intraoperative nerve 
monitoring. In this manuscript we describe the main 
concerns for anesthetists during IONM technique focusing 
on its development during last years.

Continuous IONM (C-IONM) and intermittent 
IONM (I-IONM)

Two type of intraoperative nerve stimulation are described 
in literature: I-IONM and C-IONM. Intermittent 
approach consists on primary vagal stimulation to confirm 
correct endotracheal tube placement, to assess the absence 
of prior defects on vocal cord activity and confounding 
factors (curare, tube dislodgement, device malfunction) 
than an intermittent stimulation to inferior laryngeal 
nerve during thyroid excision. Additionally the recent 

Figure 1 Endotracheal tubes—NIM EMG Endotracheal Tubes Medtronic®, for IONM during thyroid surgery. (A,B) Intubation via use of 
video technology. IONM, intraoperative neuromonitoring.
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dedicated endotracheal tubes permit to assess the superior 
laryngeal nerve as an adjunct to maintain a complete 
integrity of laryngeal innervation. The continuous 
intraoperative stimulation, instead, provides continuous 
vagal nerve stimulation during surgical procedure. 
The continuous approach was developed to transform 
intermittent information (nerve integrity) into continuous  
information (12). Well known are the risk connected 
to this technique due to opening of the carotid sheath, 
circumferential dissection of the vagal nerve , difficulties of 
implanting electrodes and the potential side effects of vagal 
nerve stimulation (13,14). For this reasons some authors 
criticize this approach, point out the possible problems 
occurring with this technique (6). For the anesthesiologists 
is mandatory to well know this procedure. 

During general anaesthesia the balance of autonomic 
nervous system is transformed. The continuous propofol 
perfusion reduces blood pressure and parasympathetic 
tone in direct proportion to the depth of anesthesia, 
while the halogenated drugs have minor effects on 
the parasympathetic tone (15). The neuromonitoring 
devices, such as BiSpectral Index, are essential to 
avoid haemodynamic instability due to inappropriate 
depth of anaesthesia during surgical manipulation 
and to discriminate from further causes. The use of 
continuous supramaximal currents ranged from 0.5 to 
5 mA, pulse width 200 s, pulse rate 2 s does not reveal 
any haemodynamic instability in terms of heart rate and 
pressure variability despite an incremental tone of vagal 
nerve (16). This data points out the importance to maintain 
a proactive anesthesiological intraoperative approach in 
accordance with patient comorbidities. The main molecules 
used for general anesthesia in this specific surgical setting 
have hemodynamic effects not C-IONM related. Likewise 
it‘s important to monitor the anaesthesia depth to avoid 
an alteration, pharmacological mediated, of the autonomic 
nervous system. 

Additionally we would emphasize the anatomical 
implication (17) during IONM with continuous vagal 
stimulation. While the right vagus nerve is closely 
associated with the cardiac atrium, the left vagus nerve 
is associated with the ventricles. The ventricles are less 
densely innervated (vagal innervation) than the atriums, 
therefore the response of continuous right vagal nerve 
stimulation could provoke some undesired rhythm 
disturbances determined by efferent right vagal fibres. 
The main advantage of continuous versus intermittent 
stimulation is that it allows continuous monitoring without 

further intervention of the surgeon or the assistant, it 
offers a good visibility during thyroid surgery avoiding 
accidentally recurrent laryngeal injury.

The anesthesia evolution

The pillar of anaesthesia during IONM technique in 
thyroid surgery is to guarantee the best signal during 
surgical procedures, avoiding all confounding factors. 
The main challenge for the anesthetists is to proceed with 
correct positioning of the dedicated endotracheal tubes with 
electrodes close to vocal cords. In literature it is described 
an incidence of moderate or severe laryngeal damage 
approximatively below 10% during thyroid surgery (18).  
The use of neuromuscular blocking agents (NMBAs) 
facilitates the visualization of the vocal cords during 
laryngoscopy simplifying the tracheal tube insertion. The 
technical specifications of endotracheal tubes for IONM 
point out that the use of NMBA alters the signals. However, 
in our practice, with literature support, we use NMBA 
during induction to ensure a correct insertion of dedicated 
endotracheal tube (19). The faster curare clearance due 
to the wide vascularization of upper airway and the broad 
presence of neuromuscular junction into larynx guarantee 
an adequate signal at the start of surgical procedure. It’s 
recommendable to use lower dosage of curare with some 
adjuvants such as intraoral lidocaine. Lidocaine is a short 
acting local anaesthetic and its use during laryngoscopy 
permits to reduce the sensitive responses to tracheal 
intubation. The topical lidocaine is contraindicated by 
ETTs (Endotracheal tubes) producers but its use doesn’t 
alter NIM intraoperative signal (20). During emergence 
from anaesthesia is important to avoid excessive cough and 
immediate pain; lidocaine with its biphasic peak serum  
level (21) guarantees a good postoperative pain relief 
and a down regulation of cough reflex. Recently (22), 
Sugammadex, the reversal of non-depolarizing blocking 
agents (Rocuronium and Vecuronium) has been adopted 
in a recovery protocol to restore muscular function after 
NMBAs administration in thyroid surgery. This drug 
restores respiratory activity during unanticipated difficult 
airways and it is considered an optimal aid during general 
anesthesia recovery. During thyroid surgery with IONM 
technique, the anesthetists have to contemplate its use to 
optimize the signals after NMBAs use.

The anticipated or unanticipated difficult airway have 
to be managed according with existing guidelines (23). To 
reduce the failure during tracheal intubation with dedicated 
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endotracheal tubes, we have to focus on new devices that 
help during this manoeuvre. The videolaryngoscopy 
is an optimal instrument to visualize vocal cords and 
subsequently to arrange the electrodes closer to vocal cords 
(24,25). As described, the videolaryngoscopy facilitates the 
intubation at first attempt and it is an aid in high degree 
of Cormack-Lehane scale. In addition, all the clinicians 
involved in patient care (surgeon and nurse staff) could 
appreciate a correct tube placement into the operating room 
video (Figure 1). In our centre we developed a simplified 
algorithm to facilitate the decision making process for 
airway management (Figure 2). In according with recent 
guidelines, we encourage the use of video assisted intubation 
devices in case of predicted difficult airway. The anaesthesia 
maintenance during surgery is controversial for IONM 
procedures. The better anaesthetic technique is tailored on 
patient comorbidities but several studies have shown that 
halogenated agents and nitrous oxide depress IONM signals 
than total intravenous anaesthesia (TIVA) (26). Inhaled 
anesthesia isn’t contraindicated during thyroid surgery with 
IONM but the use of TIVA increases the muscle relaxation 
due to propofol pharmacodynamics guarantying a better 

intraoperative signal. The remifentanil continuous infusion 
addicted to propofol reduces cough reflexes and guarantees 
an optimal intraoperative pain management. In addition, 
TIVA use reduces postoperative nausea and vomiting, 
anesthesia side effects that could influence the surgical 
success in term of haematoma onset. 

Medical legal aspects 

The IONM technique during thyroid surgery has increased 
during these years thanks to implementation of clinician 
knowledge and costs reduction. Surgical consent is a 
medical act where the patient has to be aware about all 
surgical alternatives and all intraoperative strategies, 
therefore IONM technique with “pro” and “con” is an 
available option with a consistent literature support. The 
anesthetists during consent achievement have to explain 
to the patients all the risk related to IONM technique and 
have to focus on clinical preoperative signs of alteration 
in nerve integrity. All preventable complications related 
to intubation and nerve stimulation could be assessed and 
discussed with the patient. The clinicians have to proceed 

Figure 2 A simplified algorithm for airway management and endotracheal tube positioning during IONM in thyroid surgery. IONM, 
intraoperative neuromonitoring.
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with a shared decision making process where the patients 
manifest their choice according with the clinical practice 
and the evidence based medicine. Therefore the clinicians 
have to demonstrate the importance of IONM technique 
according with scientific evidence pointing out the benefits 
but also the related complications. According with recent 
manuscript (27) we agree that there are not guaranties to 
preserve nerve function with IONM technique but we can 
observe a reduction of nerve damage, which is currently 
below 2%.

Conclusions

Thyroid surgery evolved through recent years and the use 
of IONM technique represents the main development to 
identify nerves and to assess the real time intraoperative 
nerve integrity. The IONM in thyroid surgery from first 
manuscript in 1969 (28) to recent literature has developed 
according with technical improvement and anesthesia 
challenges are due to maintain an optimal standard of care 
avoiding any disturbances during monitoring process. 
The anesthesiologists, involved into thyroid surgery, have 
to be aware about correct endotracheal tube position 
without any improper use of anaesthetic drugs. In clinical 
practice, we recommend emphasizing the preoperative 
assessment of the patients focusing on airway management 
and, additionally, about preoperative comorbidities, such 
as atrioventricular block, that could be affected by IONM 
technique. In conclusion, we found strong evidence to 
support IONM technique in experienced operating teams 
within appropriate setting. 
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