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Abstract

Literature on intraoperative neuro monitoring (IONM) during endocrine surgery have increased over
recent years. A comprehensive understanding of the role of IONM for prevention of nerve injuries is
critical to maximize safety during surgery of the anterior compartment of the neck. Neuromonitoring
techniques are currently considered safe technique and technology; however, albeit sporadically, have
been reported some complications and related side effects using such methods. The complications
described can be related to the electrodes positioned at the larynx, at the obstruction of the endotracheal
tube, the drugs used for anesthesia and the effects of electrical stimulation on nerve structures and
systemic levels. This review will explore the safety issues of IONM to improve the outcomes among
patients undergoing monitored thyroidectomy.

INTRODUCTION

Laryngeal nerve identification during thyroidectomy is considered the safest method to
avoid alterations of the motility of vocal cords. Since when in 1938, Lahey first proposed
the routine visualization method and dissection of the inferior laryngeal nerve before
and during the beginning of glandular dissection, this strategy has made possible to
achieve a significant reduction in the percentage of recurrent laryngeal nerve (RLN)
damage ( ).

However, the only RLN visualization, exposure and display in many situations it is not
enough to assure a positive, final result with intact vocal cord mobility. In fact, an
anatomical integrity does not always guarantees the functional one, and for this reason in
the last 2 decades various devices for the intraoperative RLN function monitoring have
been proposed, applied and affirmed ( ).
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been proposed, applied and affirmed ( ).

These devices allow to stimulate physiologically and electrically the laryngeal nerves, to
lead an electromyography (EMG) signal to innervated muscles. The consequence muscle
activity is then converted into EMG signals acoustic and electromiographically with
precise, waveform, amplitude, and latency. The documentation of neurophysiological
signals of the RLN can be therefore used for prognostic and forensic purpose ( ).

Various techniques have been described in the literature ( ). EMG can be achieved by
needle electrodes inserted into the vocal cords, or the use of endotracheal surface
electrodes ( ).

The most recent acquisition in RLN monitoring is continuous stimulation of the vagal
nerve, which involves the placement of dedicated electrodes at the level of the vague
nerve. Continue vagal nerve stimulation records and ensure a “real-time”, permanent
monitoring of the effects of surgical manipulations on all the pathway of the RLN during
all steps of intervention ( ).

Neuromonitoring techniques are currently considered safe technique and technology;
however, albeit sporadically, have been reported some complications and related side
effects using such methods.

The complications described can be related to the electrodes positioned at the larynx, at
the obstruction of the endotracheal tube (ETT), the drugs used for anesthesia and the
effects of electrical stimulation on nerve structures and systemic levels.

COMPLICATIONS RELATED TO ELECTRODES

1. Recording electrodes

The positioning of the needle electrodes may be challenging and requires experience;
furthermore, the electrodes can be dislocated during muscle contraction, surgical
maneuvers making unstable the EMG signal.

Instead, for dedicated-prefashioned electrodes integrated into ETTs (Fig. 1) or applied
externally to standard tubes, limits during the operation can depend from the migration
of the endolaryngeal tube, i.e., displacement upward, downward, rotation or from
accidental detachment ( ).

 Fig. 1 
ETT-based surface electrode (Trivantage EMG; Medtronic Xomed
Inc., Jacksonville, FL, USA). Tube is ID available in 5, 6, 7, 8, and 9
size. Is standard, non re-enforced tube. Gray area is the electrode
area that pick-up EMG. Each EMG channel has an electrode
placed anterior above the VF and posterior below the VF. Each
length are; anterior electrode length: 25.4 mm, posterior: 30 mm,
overall working length: 49 mm. Blue area is an intubation marker
only. The tube will work about 5 mm beyond the blue depth
marker. Tube is available in EU, USA, and Canada.

ETT = endotracheal tube; EMG = electromyography; VF = vocal
fold.

Click for larger image

Authors stated that the needle electrodes compared to the superficial ones, while
providing more information and higher amplitudes values, can cause tearing of vocal
cord or laryngeal hematoma, vocal cord laceration, infection, cuff deflation and need for
reintubation, retained fractured needle segment, and accidental needle dislodgement
during surgery ( ).

Needle electrodes do typically result in larger amplitude measures but overall offer no
real advantage as opposed to the surface electrodes ( ).

Needle recording electrodes also only monitor unilaterally and so must be repositioned
for each side ( ).
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In a multicenter study on 8,534 patients, 112 (1.3%) damage was found of the cuff after
insertion of the needle electrodes ( ). According to the authors this complication, which
has not compromised the intervention itself was not associated in any case on
postoperative bleeding, wound infections or increased rate of postoperative pulmonary
morbidity. Damage of the cuff can easily be avoid positioning the ETT more distally ( ).

However, though reusable and economically advantageous, needle electrodes are
definitely used with decreasing frequency, because they represent a more invasive and
more complex method for monitoring (Table 1).

 Table 1 
Endotracheal EMG tube electrodes advantages

Click for larger image Click for full table Download as Excel

file

Surgeon must notice that under EMG endotracheal surface electrodes, it is difficult to tell
whether the change of EMG amplitude is caused by the change of contact situation
between the electrodes and vocal cords or by true nerve injury. In addition, EMG signal
by a continuous intraoperative neuro monitoring (C-IONM) application might be limited
by the type of anesthesia, manipulation on the trachea and the vagal nerve electrode
dislocation (acute signal loss=electrode dislocation).

2. Ground and return stimuli electrodes

Are usually placed in a deltoid or in presternal region (Fig. 2). The authors are unaware of
local or systemic complications by electrode placement. Skin disinfection is
recommended. There are rarely small subcutaneous hematomas. There are no reports of
skin irritation. There is an unknown level of risk when placing electrodes over an
infection (possible spreading due to muscle contractions), but cross contamination with
the electrodes themselves is of greater concern. The surgeon should remember to remove
the electrodes at the end of the surgery and disinfect the region again.

 Fig. 2 
Ground and return electrodes are usually placed in a deltoid or in
presternal region.

Click for larger image

ETT COMPLICATIONS

Oysu and Demir ( ) have described 2 cases of obstruction of an EMG-ETT. The authors
presented 2 cases with complication of herniation of a specially designed ETT cuff (NIM
EMG-ETT; Medtronic Xomed Inc., Jacksonville, FL, USA) used for laryngeal nerve
monitoring during thyroid surgery. Abrupt and total blockage of ventilation has occurred
at 35th and 40th minutes of general anesthesia.

In an animal trachea, the same authors showed that overinflated cuff may herniate and
block ETT tip easily ( ). A 25-mm upward movement of the ETT was found as a
contributing factor to cuff herniation. After overinflation, the EMG-ETT showed evidence
of asymmetric cuff expansion.

In the Food and Drug Administration medical device database for all other ETTs reveals 7
cases of cuff herniation. This finding cannot support the hypothesis that EMG-ETTs are
more prone to cuff herniation than any other ETT.

The awareness of the possibility of EMG reinforced ETT herniation is of paramount
importance for patient health, as for any other tube adopting. In patients intubated, any
event suggesting sudden ventilation blockage should be managed initially by prompt
deflation of the cuff. The cuff should be inflated at the minimal necessary volume, and it
should be kept in mind that the pilot balloon is not a reliable indicator of cuff pressure.
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should be kept in mind that the pilot balloon is not a reliable indicator of cuff pressure.
The staff should pay maximum attention to the stability of endotracheal and breathing
tubes (Table 2).

 Table 2 
Monitoring tube suggested procedures for intubation

Click for larger image Click for full table Download as Excel

file

The manufacturer did develop appropriate structural modifications to prevent such
occurrences (Figs. 1 and 3).

 Fig. 3 
The awareness of the possibility of EMG reinforced ETT
herniation is of paramount importance for patient health, as for
any other tube adopting. In patients intubated, any event
suggesting sudden ventilation blockage should be managed
initially by prompt deflation of the cuff. The cuff should be
inflated at the minimal necessary volume, and it should be kept
in mind that the pilot balloon is not a reliable indicator of cuff
pressure. The staff should pay maximum attention to the stability
of endotracheal and breathing tubes.

EMG = electromyography; ETT = endotracheal tube.

Click for larger image

COMPLICATIONS RELATED TO THE TYPE OF ANESTHETIC DRUGS

An interesting aspect of possible complications of intraoperative neuromonitoring is the
type of medication to be used for the induction anesthesia.

The use of drugs that produce a neuromuscular block (neuromuscular blocking agents
[NMBAs]) to facilitate endotracheal intubation can compromise the proper functioning of
methodical, i.e., an EMG (Fig. 4).

 Fig. 4 
EMG profile with amplitude (green), latency (red), and duration
(blue) values definition. The EMG waveform is biphasic. The
graphic represents pre-dissectional right vagal nerve stimulation
(V1), with amplitude value of 676 mcV. Vocal cord depolarization
amplitudes are about 100–800 μV during normal awake volitional
speech (Blitzer et al. Otolaryngol Head Neck Surg 2009).

EMG = electromyography; RLN = recurrent laryngeal nerve.

Click for larger image

For that reason, the use of such drugs is not recommended during neuromonitoring.

It is essential to have full muscular activity return as soon as possible subsequent to
intubation ( ). Therefore, succinyl choline at 2 to 2.5 mg per kilogram or a small dose of a
nondepolarizing muscle relaxant (e.g., rocuronium and atracurium at 0.5 mg/kg) may be
used at intubation to allow for normal return of spontaneous respiration and resumption
of normal muscle twitch activity within several minutes ( ). It is important to keep in
mind that a preoperatively unknown pseudocholinesterase deficiency will lead to
prolonged paralysis after a depolarizing muscle relaxant such as succinyl choline and will
invalidate an EMG monitoring system ( ).

However, the maneuvers of intubation and extubation can in itself cause vocal cord
damage ( ) (Tables 3 and 4).

 Table 3 
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 Table 3 
Incidence of laryngeal morbidity due to intubation/extubation

Click for larger image Click for full table Download as Excel

file

 Table 4 
Risk factors for laryngeal morbidity due to intubation/extubation

Click for larger image Click for full table Download as Excel

file

Some studies argue that failure to administer of NMBA to facilitate intubation in the
patient adult associates a high incidence of local effects and laryngeal lesions ( ).

However, in pediatric patients' intubation without the use of these drugs is widespread
practice ( ).

Actually, associating doses appropriate to propofol to an opioid, they succeed to obtain
laryngeal relaxation and suppression of sufficient reflexes to get an intubation easy and
without complications ( ).

In a recent retrospective study, Birkholz et al. ( ) compared laryngeal morbidity after
thyroid surgery associated with neuromonitoring in intubated patients with or without
using NMBA, without highlighting differences statistically significant between the 2
groups of patients.

For these reasons, it is usually recommended anesthesiological induction with the use of
NMBA short-lived, short-acting, capable of performing function only in the initial stages
of intubation and so be disposed of during the central phase of the intervention when it
comes instead used monitoring ( ) (Table 5).

 Table 5 
Induction anesthesia drugs

Click for larger image Click for full table Download as Excel

file

INTRAOPERATIVE NEURO MONITORING (IONM) MONITOR SYSTEMS

In this safety review analysis, we believe it is important to point out that it is preferable to
use modern IONM monitors with both audio and qualitative, qualitative information on
intraoperative EMG.

Current neural monitoring equipment can be divided into audio-only systems and
systems that provide both audio and visual waveform information regarding evoked
waveform ( ). Audio-only systems provide substantially less information such as
waveform morphology, amplitude, threshold, and latency that may provide for basic
understanding of amplitude variation in normal ( ). Current neural monitoring
equipment can be broadly divided into audio-only systems and systems that provide both
audio and visual waveform information regarding evoked waveform ( ). Audio-only
systems provide substantially less information such as waveform morphology, amplitude,
threshold, and latency that may provide for basic understanding of amplitude variation
in normal and pathologic conditions; this information may be important in surgical
deliberations ( ). Exact determination of loss of signal (LOS) as well as differentiation
between signal and artifact may be challenging if not impossible with audio-only systems.
Audio-only systems are problematic in that the EMG response to RLN stimulation cannot
be quantified. and pathologic conditions; this information may be important in surgical
deliberations. Exact determination of LOS as well as differentiation between signal and
artifact may be challenging if not impossible with audio-only systems. Audio-only systems
are problematic in that the EMG response to RLN stimulation cannot be quantified ( ).

STIMULATING COMPLICATIONS ON NERVE STRUCTURES
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In the literature, there is discussion about the safety of direct nerve electric stimulation
and which is the optimal intensity, frequency, and amplitude (Table 6, Fig. 5).

 Table 6 
Factors which determine possible nerve injury

Click for larger image Click for full table Download as Excel

file

 Fig. 5 
Single use, incrementing prass stimulating probe, monopolar,
standard flexible and ball tip (product No.8225490; Medtronic
Xomed Inc., Jacksonville, FL, USA). Ball tip design is atraumatic
for anatomical structures.

Click for larger image

With the stimulation of the laryngeal nerves or the vagal nerve you achieve a biphasic
wave; in the language normal the wave amplitude ranges from 100 to 800 μV, while
amplitude obtained during monitored surgery vary by presence in the operative field of
fluids or blood, of structures that cover the nerve, due to inappropriate probe-nerve
contact, because of the ambient temperature or the position of the electrodes ( ).

By threshold is meant the minimum electrical stimulus that can produce an EMG
response. The vague nerve and larynx nerve are activated approximately at 0.3 and 0.4
mA when the nerve is dry and adequately exposed.

The maximum pacing of all fibers is obtained at 0.8 mA; beyond this threshold, the
greatest stimulation does not match a greater response to EMG. Therefore the threshold
of stimulus to evaluate the function of the nerve is 1 mA in many cases, while 2 mA
stimuli are sometimes used to map the area, for research and recurrent nerve
identification ( ).

A recent study by Choby et al. ( ) aimed to identify the minimum threshold RLN stimulus
before and after thyroidectomy, using for neuromonitoring surface contact electrodes.
The results show that the average of the minimum intensity necessary to stimulate the
inferior laryngeal nerve was 0.50 mA before thyroidectomy, while was 0.47 mA after
removing the gland thyroid, with a mean difference between the first and the after the
intervention of 0.03 mA. None of these values correlated in a statistically significant way
with postoperative cordial paralysis ( ).

This difference in stimulation thresholds, also confirmed in other studies is explainable
theoretically with the reduction of pressure on the nerve, which can then be stimulated
with lower current intensity ( ).

In this regard, Wu et al. ( ) developed an experimental study on pigs with vague nerve
and inferior laryngeal were stimulated with currents from 0.1 to 1.0 mA (with increments
of 0.1 mA) and later with 1.5, 2.0, 2.5, and 3.0 mA stimuli. The stimulus lasted 10 μs and
was repeated 4 Hz for 10 minutes, with a 2 second interval every minute to record the
EMG signal.

After 10 minutes signal amplitude to EMG not was significantly lower than that recorded
at the beginning and the maximum amplitude was obtained with stimuli <1 mA, both for
the nerve recurrent to the vague nerve ( ).

The authors have therefore concluded that minimum currents (about 1 mA) are sufficient
to generate the maximum response EMG and can be used to reduce the risks of nerve
damage and the effects cardiopulmonary side effects (Fig. 6).
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 Fig. 6 
EMG curve profile from Wu et al.'s study ( ).

ENG = electromyography; RLN = recurrent laryngeal nerve.

Click for larger image

Tables 7 and 8 summarize safety studies on recurrent laryngeal, vagal nerve stimulation
and stimulation in pediatric population.

 Table 7 
Safety of nerve stimulation: literature references

Click for larger image Click for full table Download as Excel

file

 Table 8 
Safety of I-IONM during thyroid surgery in childhood: literature
references

Click for larger image Click for full table Download as Excel

file

SYSTEMIC Side Effects OF STIMULATION

C-IONM via vagus nerve (VN) stimulation is a promising technique in thyroid surgery
because it potentially avoids injury to the RLN.

The systemic side effects of stimulation aroused great interest, especially since the
continuous vagal nerve monitoring was introduced (Fig. 7).

 Fig. 7 
Vagal nerve branches.

SLN = superior laryngeal nerve; VN = vagus nerve; RLN =
recurrent laryngeal nerve.

Click for larger image

For years, vagal nerve stimulation has been used for treatment of depression and
refractory epilepsy. The first application of a vagal nerve stimulation electrode for
refractory epilepsy was in 1990, with more than 80,000 implants till now and a decrease
rate in seizure frequency of 24%–31% ( ).

While long-term stimuli (weeks or months) seem to cause alterations to voice and cough,
short-term ones are not usually related to significant complications ( ).

Though therapeutic vagal stimulation is generally considered a safe treatment, however,
cases were described in which it determined cardiac arrhythmias and haemodynamic
abnormalities ( ).

In the 2004 publication from Ali et al. ( ), the authors have described 3 cases of cardiac
arrest in patients with refractory epilepsy subjected to vagal stimulator, during the
perioperative period, during the initial test of electrode application. For 6–15 seconds
these patients had a complete block of the atrioventricular node, spontaneously resolved
and compatible with stimulation of the vagal nerve (Fig. 8) ( ). Overall, according to
specific letterature of vagal nerve stimulation electrodes for refractory epilepsy
treatment, the rate of bradyarrhythmias is about 0.1%, usually transient and self-limiting
( ). Authors have suggested also that sequele were due to technical
malfunction of the device/probe or induction anaesthesia.

 Fig. 8 
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 Fig. 8 
Ventricular asystolia at the initial stimulus test in a patient with
epilepsy. It is modified by Ali et al. ( ).

Click for larger image

It has been hypothesized that the causes of this phenomenon may have been represented
by the direct centrifugal activation of the parasympathetic system with an inhibitory
effect on the atrioventricular node, or centripetal activation of afferent portions of the
vague nerve (left in this cases), with effect on other central systems that in turn affect the
heart rhythm.

To evaluate the safety of stimulation vagal during neuromonitoring, Friedrich et al. ( )
have recently conducted a study, prospective, non-randomized. They were analyzed on 22
patients the rhythm variations cardiac and immunomodulatory effects induced by vagal
nerve stimulation. In this experience, despite an important increase in vagal nerve tone,
no hemodynamic alterations have been observed nor have they been reduced plasma
cytokine or tumor necrosis factor-α levels. Again, there were no alterations of cardiac
rhythm, frequency and alteration of blood pressure. Relative parasympathetic activity
increased during C-IONM via VN stimulation ( ).

Moreover, the VN has essential regulatory roles in the gastric acid secretion and gastrin
release. One study have investigated changes in gastric acid secretion and gastrin release
during C-IONM ( ). The prospective study of 58 thyroid surgery patients compared
gastric acid and serum gastrin at 5 time points: 1) before skin incision, 2) after baseline
calibration of C-IONM probe, 3) +20 minutes from baseline, 4) before probe removal, and
5) after extubation. Patients were excluded if they had any history of using tobacco, acid
suppression medications, or drugs that affect gastric motility. Patients were also excluded
if they had any history of gastroesophageal reflux symptoms, gastroesophageal reflux
disease, peptic ulcer disease, helicobacter pylori infection, or chronic kidney disease ( ).
Non-significant differences in mean gastric pH values were observed at all time points,
i.e., 1) before skin incision (2.2±0.2; P=0.50), 2) after baseline calibration of C-IONM probe
(2.0±0.8; P=0.62), 3) +20 minutes from baseline (2.5±0.5; P=0.24), 4) before probe removal
(2.9±0.9; P=0.52), and 5) after extubation (2.6±1.0; P=0.60). Comparisons of pH monitoring
parameters revealed no significant differences in age, gender, side of C-IONM (left vs.
right), sequence of C-IONM, or duration of C-IONM. Gastrin values were normal in
sequential determinations and did not significantly differ at any time points. The authors,
concluded that C-IONM performed via VN stimulation during total thyroidectomy in
healthy patients does not influence gastrin secretion and gastric pH ( ).

In conclusion intraoperative neuromonitoring of the laryngeal nerves, even with
stimulation of the vagal nerve, can be considered a method safe with regard to ad
complications it correlates ( ).

SAFETY OF C-IONM ELECTRODES

The stimulating C-IONM electrodes must be configured in a manner that is protecting
against dislocation and changes in their distance from the nerve during surgical
manipulation within the surgical site (Fig. 9).

 Fig. 9 
Vagal nerve dissection for intermitted and continuous
monitoring.

VN = vagus nerve; I-IONM = intermitted intraoperative neural
monitoring; C-IONM = continuous intraoperative neuro
monitoring.

Click for larger image

The ideal vagal electrode should meet some requirements as electrode geometry,
applicability, easy removal, low stimulation current, signal stability.

Current research is in favor of closed or partially closed geometry/design C-IONM
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Current research is in favor of closed or partially closed geometry/design C-IONM
electrodes because of 1) safer implantation & extraction mode and times, 2) reduced
displacement rate, 3) lower stimulation currents, 4) higher EMG amplitudes, 5) stable
signal, i.e., signal stability with is a fundamental requirement for C-IONM.

One study evaluated the safety of vagal nerve dissection and analyzed the technical issues
to achieve improved vagal nerve critical view of safety dissection, stimulation, and C-
IONM probe placement ( ). Four hundred vagal nerve dissections were analyzed
considering vagal nerve diameter, mean time effort for C-IONM probe positioning, and
electrode dislocation rate ( ). A significant superior dislocation rate in case of: 1) when a
3-mm automatic periodic stimulating (APS) electrode size was used in a vagal nerve
diameter <2 mm, 2) anterior access, and 3) vagal nerve A subtype in relation (P<0.05). No
related additional local or systemic morbidity was registered in this series. There was a
statistically significant positive relationship between increased diameter of vagal nerve
and increased EMG amplitude (P=0.03). There was also a significant increase of amplitude
between initial and final vagal nerve stimulation in uneventful cases (P=0.02).

Furthermore, one study aimed at evaluating the feasibility and safety of C-IONM in
patients with second- or third-degree atrioventricular block ( ). A total of 6 patients (12
nerves at risk), accounting for 0.3% of all 1,800 patients (3,049 nerves at risk) who
underwent thyroid surgery during the study period, were found to have second- or third-
degree atrioventricular block. All these patients maintained normal systolic and diastolic
blood pressures; heart rate; and peripheral arterial oxygen saturation before, during, and
after C-IONM. No clinically relevant changes in heart rate or blood pressure, cardiac
arrhythmia, or other hemodynamically important events were noted despite careful
monitoring of these patients. There was no interference between the biphasic waveform
of the vocal muscle electromyogram and the spikes generated by the implanted cardiac
pacemakers. Outcomes were uneventful with normal vocal fold and parathyroid gland
function. Within the limitations of this series and considering experimental, animal, and
human data, C-IONM of the VN at ≤2 Hz seems to be reasonably safe ( ). Additional
research is warranted to confirm these results in larger groups of patients with advanced
atrioventricular block.

Finally, surgeon should be have perfect knowledge of the VN surgical anatomy that is the
medial location of the common carotid artery (CCA) and anterolateral or lateral location
of the internal jugular vein (IJV) are the most common configurations ( ). Thera are few
cases of medial IJV position ( ). Tortuosity, kinking, or coiling of the carotid arteries are
frequent with advancing age. Aplasia or agenesis of the carotid artery appears in less
than 0.01% of the population ( ).

CONCLUSION

There is consensus that intermitted intraoperative neural monitoring (I-IONM) is safe, at
1 mA stimulation intensity set.

Sopramaximal stimulation (2–3 mA) should only be used to localize the laryngeal nerves
and vagal nerve.

The surgeons and anesthesiologist should verify appropriate electrode materials and
stimulation protocols, standardized settlements before and during the monitored
procedure.

Excellent endotracheal intubating conditions are associated with less laryngeal morbidity
and these can be achieved with short-acting depolarizing NMBA or succinylcholine.

Further research is needed to investigate the local and systemic safety of C-IONM via
vagal stimulation, even the current published data denied the chance to do harm. We
recommend; 1) caution when dissection the vagal nerve and C-IONM probe placement
(Figs. 10, 11, 12), 2) close supervision by anesthetist, and especially in 3) patients with
cardiopulmonary co-morbidity.

 Fig. 10 
Vagal nerve identification, dissection and subsequent C-IONM
probe positioning. We recommend caution when dissection the
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probe positioning. We recommend caution when dissection the
vagal nerve and C-IONM probe placement. Energy based devices
should not be used near the vagal nerve for possible thermal
spread injury.

C-IONM = continuous intraoperative neuro monitoring.

Click for larger image

 Fig. 11 
Positioning of C-IONM electrode. Open design electrode, requires
partial VN dissection, tripolar mode of stimulation, size 54×8×0.8
mm (Dr. Langer Medical, GmbH, Waldkirch, Germany).

C-IONM = continuous intraoperative neuro monitoring; VN =
vagus nerve.

Click for larger image

 Fig. 12 
Positioning of C-IONM electrode. Closed design electrode, requires
360° VN dissection, monopolar mode of stimulation, 2 size 2 and 3
mm APS (Medtronic Xomed Inc., Jacksonville, FL, USA).

C-IONM = continuous intraoperative neuro monitoring; VN =
vagus nerve.

Click for larger image

Effect on learning curve must be considered when assessing the impact of IONM and C-
IONM on patient safety.
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