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investigations3-5. Thus, this study aims to investigate the 

morbidity associated with vagal nerve dissection and 

stimulation during thyroidectomy. 

 

MATERIAL & METHOD 

 

This is a prospective observational study on continuous 

intraoperative neuromonitoring (cIONM) in 20 patients 

who underwent thyroid surgery for different diagnoses. 

The surgery was performed by a single surgeon at an 

established teaching hospital and included benign and 

malignant cases. Patients with previous nerve palsy as 

documented by laryngoscopy was excluded. The 

cIONM was performed following standard guidelines 
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INTRODUCTION 

 

Thyroidectomy either in the form of lobectomy, subtotal 

thyroidectomy, or total thyroidectomy is still one of the 

most common procedures performed by a general 

surgeon, head and neck, or endocrine surgeon. Each of 

the procedures carries a different risk to the recurrent 

laryngeal which but is very low when performed by an 

experienced surgeon at a dedicated centre. The 

introduction of either intermittent or continuous intra-

operative nerve monitoring  in uncomplicated cases 

does not show significant improvement in the risk of 

injury to the nerve as the risk is already very low1 but 

becomes significant in more complicated cases.2 The 

complication of vagal nerve dissection and stimulation 

during  surgery has been documented as needing further 
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using a commercially available nerve monitoring system, 

the NIM_ 3.0 Nerve Integrity Monitoring System, and 

the APS (Automatic periodic stimulation) Electrode by 

Medtronic, Minneapolis, MN.  

 

The patients were intubated following standard 

procedure, using an ultra-short acting muscle relaxant 

on induction. NIM EMG tube by Medtronic was used 

and the size of the tube was decided by the anaesthetist. 

No muscle relaxant was given throughout the surgery 

and the general anaesthesia was maintained either by 

total intravenous anaesthesia using remifentanil and 

propofol or inhalational agent isoflurane or sevoflurane. 

 

APS Electrode placement 

 

The initial step in the placement of the electrode was 

done through the Lateral Approach. The medial border 

of the sternocleidomastoid muscle was dissected and 

retracted laterally. This was followed by dissection of 

the inferior border of the superior belly of the 

omohyoid muscle, which was retracted superiorly. This 

exposes the internal jugular vein (IJV) and the ansa-

cervicalis nerve. Dissection was continued using a 

scissor to expose the carotid sheath on the medial part 

of the IJV, lateral to the common carotid artery. Vagus 

nerve was identified and confirmed with stimulation of 

1.0 mA using the nerve probe (V1). Further dissection 

of around 1 cm length of the vagus nerve was made for 

the application of the APS electrode. A tonsil square or 

small gauze was inserted to prevent dislodgement of the 

electrode. The cIONM was observed by applying 

1.0mA through the APS electrode, set at 1/s. A baseline 

of more than 400 µV was required and manipulation of 

the tube was made to achieve the targeted level. 

 

Stimulation of the vagus nerve at 1.0 mA was 

performed before dissecting the vagus nerve (V1), and 

after completion of surgery below the point of APS 

electrode (V2) and above the point (V3) (Figure 1). 

Demographic data were collected and outcome 

variables including amplitudes of vagus stimulation (V1-

V3), laryngoscope findings pre-and post-op, intra-op 

blood pressure, and pulse rate were documented. 

 

RESULTS 

20 patients were recruited but two patients were 

excluded because the vagus stimulation did not reach 

the acceptable amplitude in all the measurements. In 

total 18 patients were included with 11 total 

thyroidectomies and 7 lobectomies, giving rise to 29 

nerves at risk. One was excluded due to non-

documentation of V3. Laryngoscopies performed pre 

and post-operation did not show any evidence of vocal 

cord palsy. In 14 (50%) nerves at risk,  drop in the 

amplitude between 18 to 217 mA with an average of 

67.7 mA were noted although no evidence of vocal cord 

paresis was seen on laryngoscopy. The biggest 

percentage of drop was 43.5% although no evidence of 

vocal cord palsy on laryngoscopy was seen. The 

remaining nerves did not show a drop in amplitude and 

even gave higher amplitude than V2 in some of the 

dissected vagus nerves (Figure 2). Fluctuations of mean 

arterial pressure throughout the surgery was noted  but 

these were not significant enough to stop the procedure 

(Figure 3). Similarly, fluctuations of the minimum pulse 

rate  with the biggest drop of 20 beats/minute did not 

warrant stopping the operation (Figure 4). 

 

 

DISCUSSION 

 

Continuous intraoperative neuromonitoring is becoming 

more frequent especially in complicated thyroid 

Figure 1. The point of stimulation before and after thyroidectomy. 

Figure 2. The percentage of amplitude drop/gain following dissection and 

application of APS at the vagus nerve (V3-V2). 
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surgeries. It uses the principle of automated periodic 

electrical stimulation of the vagus nerve to allow real 

monitoring of the recurrent laryngeal nerve function 

during thyroidectomy. Impending injury will be 

manifested by an increase in the latency of more than 

10% and also by the drop of amplitude by more than 

50% (double events).6-8 The damage becomes irreversible 

once  the amplitude drops  to less than 100µV (Loss of 

signal),. cIONM has the advantage over visual 

identification or intermittent nerve monitoring as in 

latter, injury to the nerve could happen in between 

stimulation or due to stretching of the nerve.9 Various 

large prospective cohort studies have demonstrated the 

safety of vagal stimulation although there were a few 

reports on its complications, mainly vagus nerve injury 

and cardiac complications.3-5  

 

Terris et al reported on a case series of 9 patients with 

12 nerves at risk where the APS electrodes were 

dislodged 11 times which might have contributed to the 

injury to the vagus nerve.4  In our study, the lateral 

approach was used where the carotid sheath was opened 

after dissecting the anterior border of 

sternocleidomastoid muscle laterally. By doing so, the 

APS wire can easily be secured by sticky tape to the 

lateral end of the wound. A small gauze or tonsil square 

was used to pack the APS electrode to prevent 

dislodgement. Only 1 cm of the vagus nerve was 

dissected using sharp dissection to reduce ischaemic 

Figure 3. Fluctuation of mean arterial pressure throughout the placement of 

APS. 

Figure 4. Fluctuation of pulse rate throughout the placement of APS. 

injury caused by damage to the vasa nervorum. The 

application of the APS electrode was done meticulously 

according to the standard practice7, preventing traction 

injury to the vagus nerve.  

 

We measured the amplitude proximal (V3) and distal 

(V2) to the placement of APS electrode after surgery 

and found that, in 50% of the nerve at risk, there was 

reduction in the amplitude with the highest drop of 

43.5% compared to V2. But this drop in the amplitude 

did not result in vocal cord palsy. The drop in the 

amplitude could be contributed by the damage of the 

nerve during the dissection, placement of the clamp, or 

due to repeated stimulation of the vagus nerve. Phelan 

et al demonstrated similar findings in their study, where 

V2 or post-op vagal stimulation performed proximal to 

the segment occupied by the electrode after its removal 

did not show any adverse effects from either vagal 

dissection or vagal electrode placement in any of their 

patient.7 In the other 50% of the nerve at risk, the V3 

was surprisingly higher than V2. This could be due to 

improper placement of the nerve stimulator or 

inadequate dissection of the tissue around the vagus 

nerve, which provides impedances and reduces 

conductivity.  

 

Various studies in the past had shown that Automated 

Periodic Stimulation was not associated with significant 

adverse neural, cardiac, pulmonary, or gastrointestinal 

vagal side effects.10-15 The strength of stimulation used 

was 1.0 mA which was shown in a previous study to 

not cause any harmful vagal effect.7  In our study, the 

blood pressure and pulse rate were analysed at the 

interval of 30 minutes to demonstrate the trend of the 

fluctuation throughout the surgery. Both the mean 

arterial pressure and pulse rate showed minimal 

fluctuation during the surgery and  no incidence where 

anaesthetic intervention were recorded. 

 

CONCLUSION 

 

cIONM is becoming popular among head and neck 

surgeons to preserve the function of the recurrent 

laryngeal nerve during thyroidectomy, especially in 

complicated cases. Stimulation of the vagus nerve at 1.0 

mA is safe and does not cause unwanted physiological 

effects. Damage during dissection of the vagus nerve 

depends very much on the technique employed as well 
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as meticulous dissection, lateral approach to the nerve, 

and the use of gauze-pack to prevent accidental 

dislodgement of the APS clamp. 
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