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Intraoperative neurophysiological monitoring of the recurrent laryngeal nerve and
the external branch of the superior laryngeal nerve during thyroid surgery
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ABSTRACT

Thyroidectomy is a pivotal surgical intervention for managing malignant thyroid conditions and selected benign diseases that cause significant
symptoms. However, the procedure is associated with complications, including injuries to the recurrent laryngeal nerve (RLN) and the external
branch of the superior laryngeal nerve (EBSLN), which can result in vocal cord paralysis and severely impact patient outcomes and quality
of life. Intraoperative neuromonitoring (IONM) has emerged as a valuable technique to mitigate these risks by enabling precise nerve mapping,
identification of anatomical variations, and functional assessment of critical nerves. This study comprehensively reviews the principles and
methodologies of IONM in thyroidectomy, highlighting its utility in RLN and EBSLN preservation through standardized protocols. Furthermore,
it examines recent advancements in monitoring technologies, including the application of needle and transcutaneous electrodes and the
integration of the laryngeal adductor reflex. Despite the increasing adoption of IONM, challenges such as variability in implementation, cost,
and limited accessibility persist. Continued research and technological refinement are essential to enhance the efficacy and accessibility of
IONM and further improve surgical outcomes in thyroidectomy.
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Fig. 1. Basic IONM equipment used in thyroid surgery. IONM: intraoperative neuromonitoring.
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Table 1. The standard procedures of IONM
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Stage Course

L1 Preoperative laryngoscopic examination

A4 Obtaining vagus nerve signal before thyroid dissection

S1 Obtaining EBSLN signal before superior pole dissection

S2 Obtaining EBSLN signal after superior pole dissection

R1 Obtaining RLN signal at initial identification

R2 Obtaining RLN signal after thyroid dissection and complete hemostasis
V2 Obtaining vagus nerve signal after complete thyroidectomy and hemostasis
L2 Postoperative laryngoscopic examination

IONM: intraoperative neuromonitoring; EBSLN: external branch of superior laryngeal nerve; RLN: recurrent laryngeal nerve.
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Table 2. The international Neuromonitoring Study Group EMG key nomenclature

EMG key nomeclature

Definition

[ ] mitial EMG

I EMG WHITE twitch baseline assessment

- Normative EMG
G-EMG GREEN

Post patient position initial baseline V1 > 500 ¢V with appropriate latency with good laryngeal

Stable intraoperative normative EMG relative to initial baseline with absolute amplitude no less than
50% and latency increase of no more than 10% of initial baseline values. Isolated non-concordant

amplitude or latency changes (ex. amplitude changes without latency or latency changes without
amplitude) suggest recording side anomaly requiring troubleshooting algorithm and likely tube
repositioning. No risk of vocal cord paralysis.

\:I Impending adverse EMG Amplitude decrease of > 50% of initial baseline (with absolute amplitude > 100 V) and latency

IA EMG YELLOW

increase of > 10% of initial baseline. It should be understood that risk of vocal cord paralysis

increases as amplitude decreases and latency increases as a bio-continuum. Significant risk
escalation occurs at > 70% amplitude decrease and > 10% latency increase (if persistent for
approximately 40 to 60 seconds or more with PPV 33%, NPV 97%) though with rates of
intraoperative recovery of ~70%-80% with inciting surgical maneuver modification

A warning cut off prior to this initial adverse EMG event signaling the nerve is approaching EMG
data consistent with impending neuropraxia.

- Adverse EMG
A EMG RED

- Final EMG
F EMG BLACK

Amplitude decrease to < 100 pV, typically associated with latency increase of > 10% of initial
baseline suggesting high risk of neuropraxia (PPV 83%, NPV 98%) with reduced potential for

intraoperative recovery of ~17%-25%.

Subsequent to IA EMG or A EMG -20 minute intraoperative EMG recovery period should be given.
Amplitude recovery of > 50% of initial baseline and with absolute amplitude > 250 xV suggests

extremely low risk of vocal cord paralysis. Recovery of less than this degree of amplitude is
consistent with high risk of vocal cord paralysis and staged surgery recommend (~PPV 75%, NPV
99%). Laryngeal twitch is an adjunctive assessment of maintenance of significant neural function.

EMG: electromyography; NPV: negative predictive value; PPV: positive predictive value.
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Loss of
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Stimulation contralateral
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Fig. 2. Troubleshooting algorithm.
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Fig. 3. Laryngeal adductor reflex in IONM. NA: nucleus ambiguus;
NTS: nucleus tractus solitarius; VN: vagus nerve; iSLN: internal
branch of superior laryngeal nerve; RLN: recurrent laryngeal
nerve.
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