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ABSTRACT

Background

Recurrent laryngeal nerve (RLN) injury represents the most significant neurological complication in thyroid surgery,
occurring in 0.4-2% of cases despite visual identification. Permanent RLN injury causes irreversible vocal cord
paralysis, affecting quality of life with hoarseness, voice fatigue, and aspiration risk. Intraoperative nerve monitoring
(IONM) provides real-time electrophysiological assessment to prevent injury, yet controversy persists regarding its
universal necessity.

Methods

A prospective observational study was conducted on 47 consecutive patients undergoing total thyroidectomy with
bilateral recurrent laryngeal nerve dissection. All patients underwent intermittent IONM using NMS 450X
Neurostimulator with standardized 1.0-2.0 mA transcutaneous stimulation at four anatomical checkpoints (R1: nerve
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identification; R2: post-dissection; pre-laryngeal entry; terminal assessment). Postoperative vocal cord function was
assessed by direct laryngoscopy at 24 hours, 1 week, 3 weeks, 6 weeks, and 3 months.

Results

All 47 patients demonstrated intact intraoperative RLN responses (100%, 95% CI: 92.3-100.0%) across 78 total
nerve units. Zero signal loss events occurred throughout the operative course. Postoperatively, 47/47 patients (100%)
achieved bilateral vocal cord mobility with normal function. Five patients (10.6%, 95% CI: 3.5-23.1%) experienced
transient RLN neuropraxia with complete spontaneous recovery by six weeks, requiring no intervention. Zero
permanent RLN injury was documented (0%, 95% CI: 0.0-7.7%), with 89.4% achieving completely uncomplicated
postoperative courses.

Conclusions

IONM with NMS 450X Neurostimulator successfully prevents permanent RLN injury in complex bilateral
thyroidectomy, achieving zero permanent injury while accepting expected minor transient morbidity. This validates
IONM as essential protective technology in high-complexity thyroid surgery, particularly for bilateral procedures
and malignancy cases.

Keywords: Intraoperative nerve monitoring, IONM, recurrent laryngeal nerve, RLN injury, thyroidectomy, NMS
450X neurostimulator, vocal cord paralysis, nerve preservation, bilateral thyroidectomy, electromyography,
laryngeal function, postoperative outcomes, surgical safety, voice preservation, permanent vocal cord paralysis
prevention
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INTRODUCTION

Thyroid surgery represents one of the most frequently
performed endocrine surgical procedures globally, with
approximately 20 million thyroidectomies conducted
annually across diverse clinical settings. Despite
improvements in surgical technique and anesthetic
management, recurrent laryngeal nerve injury remains the
most significant neurological complication, occurring in
0.4% to 2% of cases depending on procedural complexity
and surgeon experience. The recurrent laryngeal nerve, a
branch of the vagus nerve, innervates all intrinsic
laryngeal muscles except the cricothyroid muscle, making
its preservation critical for maintaining vocal function,
voice quality, and airway protection[1-3].

Unilateral recurrent laryngeal nerve injury results in
permanent vocal cord paralysis characterized by
hoarseness, voice fatigue, and potential aspiration-related
complications affecting long-term quality of life. Bilateral
recurrent laryngeal nerve injury, though rare, represents a
surgical emergency requiring emergency tracheostomy to
prevent life-threatening airway obstruction[4]. Beyond
the immediate physiological consequences, recurrent
laryngeal nerve injury carries substantial medicolegal
implications, being the second most common cause of
surgical litigation in thyroid surgery. Traditional operative
approaches have relied exclusively on visual anatomical
identification of the recurrent laryngeal nerve, yet
anatomical variations including non-recurrent laryngeal

nerve configuration (present in approximately 1% of the
population) and bifurcating nerve patterns can escape
visual recognition[5].

Intraoperative nerve monitoring technology has emerged
as an adjunctive safety measure enabling real-time
electrophysiological assessment of recurrent laryngeal
nerve function throughout the operative course. The
technique utilizes transcutaneous electrical stimulation of
nerve tissue combined with electromyographic signal
recording from vocal cord muscles, providing
instantaneous feedback regarding nerve conduction
integrity. Recent meta-analytic evidence analyzing data
from over 59,000 monitored nerve units has demonstrated
statistically significant reduction in both transient and
permanent recurrent laryngeal nerve injury rates when
IONM was systematically applied, particularly in high-
risk scenarios including bilateral procedures, malignancy
cases, and reoperative surgeries[6,7].

The NMS 450X  Neurostimulator  represents
contemporary IONM equipment utilizing standardized
stimulation parameters and signal detection algorithms.
The device enables sequential nerve stimulation at
defined anatomical checkpoints throughout thyroid
dissection, with signal preservation indicating intact
neural conduction and signal loss alerting surgeons to
potential nerve compromise. The implementation of
IONM protocols has fundamentally altered intraoperative
surgical decision-making, enabling staged thyroidectomy
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procedures when unilateral signal loss occurs, thereby
preventing catastrophic bilateral nerve injury(8,9].

Despite compelling evidence supporting IONM's
protective benefit, controversy persists regarding its
universal necessity and cost-effectiveness. The present
prospective study evaluates the protective efficacy of
intermittent intraoperative nerve monitoring in a cohort of
47 consecutive patients undergoing total thyroidectomy
with bilateral recurrent laryngeal nerve monitoring. This

investigation examines the concordance between
intraoperative  electrophysiological ~ findings  and
postoperative  laryngoscopic  vocal cord function

assessment, determining whether IONM-guided surgical
decision-making  successfully prevents permanent
recurrent laryngeal nerve injury while maintaining
acceptable rates of transient postoperative complications.

MATERIALS AND METHODS

Study Design and Setting

A prospective observational cohort analysis was
conducted at the Department of General Surgery,
spanning a defined recruitment period. Patient enrollment
followed a structured protocol with standardized
inclusion and exclusion criteria to ensure methodological
rigor and population homogeneity. The research protocol
received ethical clearance from the institutional ethics
committee prior to patient enrollment, and informed
consent was obtained from all participating subjects
before study procedures commenced.

Study Population and Sample Characteristics

The investigation included consecutive adult patients
presenting for elective thyroid surgical intervention.
Participants were between 30 and 70 years of age, with
documented normal preoperative laryngeal function
confirmed through indirect flexible laryngoscopy
performed in the outpatient setting. All patients
underwent planned total thyroidectomy with bilateral
gland  dissection, ensuring uniform  procedural
methodology across the cohort. Patients demonstrated no
preoperative evidence of vocal cord paresis, paralysis, or
structural laryngeal abnormality.

Exclusion criteria encompassed patients with preoperative
laryngeal dysfunction, those with prior neck or thyroid
surgery, individuals requiring emergency procedures, and
patients with significant comorbidities precluding general
anesthesia. Pregnant women, pediatric patients, and those
unable to provide informed consent were also excluded.
Additionally, patients with documented anatomical
variations or those requiring adjunctive procedures
(parathyroid surgery, neck lymphadenectomy) were
excluded to maintain procedural consistency.

Operative and Nerve

Protocol

Methodology Monitoring

All procedures employed standardized intermittent
intraoperative nerve monitoring methodology. Following
general anesthesia induction and endotracheal intubation,
a specialized monitoring endotracheal tube was
positioned with surface electrodes positioned at the glottal
level for continuous electromyographic signal detection.
Manual monopolar nerve stimulation was performed
using a hand-held sterile probe with standardized
stimulation parameters.

The NMS 450X Neurostimulator device delivered
transcutaneous electrical stimulation using a consistent
current amplitude of 1.0 to 2.0 milliamperes throughout
the operative course. Nerve stimulation occurred at four
distinct timepoints: (R1) following initial recurrent
laryngeal nerve identification at the tracheoesophageal
groove; (R2) following complete nerve dissection; final
verification = immediately = preceding  cricothyroid
membrane penetration; and terminal assessment before
operative completion. Stimulation response amplitudes
exceeding 100 microvolts were considered appropriate
neural function.

Signal loss was defined as failure to generate
electromyographic ~ response  exceeding  baseline
amplitude threshold when maximal stimulation was
applied at anatomically appropriate locations. Loss of R1
signal prompted immediate operative field re-
examination, while loss of R2 signal suggested potential
intraoperative nerve injury requiring surgical strategy
modification, including potential staged thyroidectomy.

During dissection, muscle relaxant medications were
rigorously avoided to  prevent  false-negative
electromyographic signals. All anesthetic protocols were
standardized across cases, with no long-acting
neuromuscular blockade agents administered. The
surgical team maintained visual identification of the
recurrent laryngeal nerve throughout dissection, with
nerve monitoring serving as an adjunctive confirmatory
modality rather than sole navigation technique.

Surgical Technique and Anatomical Preservation

Total thyroidectomy followed conventional open
transcervical approach using a transverse collar incision.
Sequential dissection involved superior pole vessel
ligation, meticulous inferior thyroid artery branch
division, and careful identification of parathyroid glands
with vascular pedicle preservation. The recurrent
laryngeal nerve was identified in the tracheoesophageal
groove using anatomical landmarks including the inferior
thyroid artery branches, Zuckerkandl tubercle, and
inferior parathyroid gland location.

Dissection proceeded using blunt and sharp technique
with minimal electrocautery application near neural
structures. The ligament of Berry was divided with
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careful attention to prevent tracheal injury. Bilateral
thyroidectomy was completed in single operative session
when operative signals remained intact and anatomical
dissection confirmed satisfactory nerve
preservation[10,11].

Postoperative Assessment Protocol

All patients underwent direct laryngoscopic examination
within 24 hours postoperatively to document vocal cord
position and mobility. A standardized laryngoscopic
grading system was employed classifying vocal cord
position as normal mobile, paretic with partial mobility,
or paralyzed with fixed position. Examinations were
performed by an otolaryngologist blinded to
intraoperative IONM results.

Vocal cord function was reassessed at postoperative
intervals of one week, three weeks, six weeks, and three
months. Photographic documentation was obtained for
objective comparison. Patients demonstrating transient
vocal cord paresis underwent serial follow-up until
complete functional recovery or documentation of
persistent dysfunction occurred. Recovery was defined as
achievement of normal bilateral vocal cord mobility with
symmetrical midline positioning.

Data Collection and Variables

Demographic data collected included age, gender, thyroid
diagnosis based on pathological examination, and
operative procedure type. Clinical variables encompassed
intraoperative IONM parameters, stimulation response
amplitudes, signal presence/absence at each timepoint,
and operative duration. Postoperative variables included
vocal cord mobility status at each assessment interval,
time to complete recovery, and requirement for voice
intervention procedures.

All data were systematically recorded on standardized
case report forms and entered into a password-protected
database. Missing data were managed through patient
contact for follow-up examination when necessary.

Statistical Methodology

Data were analyzed utilizing SPSS statistical software.
Continuous variables were expressed as mean values with
standard deviation notation. Categorical variables were
presented as frequency counts with corresponding
percentages. Descriptive statistics characterized the
patient population and operative outcomes. No inferential
statistical testing was performed given the prospective
observational design and absence of control comparison
group.

RESULTS

Recurrent laryngeal nerve (RLN) injury remains the most
common neurological complication of thyroid surgery.
This study evaluates outcomes in 47 patients undergoing
thyroidectomy with standardized intraoperative nerve
monitoring, assessing RLN identification efficacy and
postoperative laryngeal function across benign and
malignant thyroid pathologies.

BASELINE DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS

The demographic analysis demonstrates a middle-aged
cohort with strong female predominance (8.4:1 F:M
ratio). Peak incidence at 51-60 years indicates this decade
represents the critical period for thyroid disease
presentation shown in table 1 and figure 1 . The 95%
confidence intervals provide precision estimates for
population parameters.

Table 1: Population Demographics, Age Distribution, and Gender Analysis

Variable Category Number | Percentage Cumulative CI Mean | Statistical
(n) (%) Y% 95% | £SD Notes
Total Cohort Study 47 100.0 100.0 — — All  underwent
Population IONM
Age 30-40 years | 10 21.3 21.3 10.6- | — Younger adults
Stratification 35.6
41-50 years | 12 25.5 46.8 13.8- | — Early middle-
40.1 age
51-60 years | 17 36.2 83.0 22.3- | — Peak incidence
52.3
>60 years 8 17.0 100.0 7.5- — Senior
31.0 population
Age Distribution | Mean Age — — — — ~52 + | Estimated from
8.5 distribution
Median Age | 51-60 — 83.0 — — 72.3% aged 41-
Group 60
Mode 51-60 36.2 — — — Largest single
group

1JDDT, Volume 16 Issue 54s, 2026

Page 1240



Intraoperative Nerve Monitoring With NMS 450X Neurostimulator: Perfect Recurrent Laryngeal Nerve Preservation in 47
Consecutive Bilateral Thyroidectomies-A Prospective Study Demonstrating Zero Permanent Injury and Predictive Accuracy in
High-Complexity Surgery

Gender Female 42 89.4 89.4 76.9- Strong
Distribution 96.5 predominance
Male 5 10.6 100.0 3.5- Minority
23.1 representation
Gender Ratio | F:M Ratio 8.4:1 — — — Female:Male
Analysis proportion
Female 89.4% — — 76.9- | — 95% CI for
proportion 96.5 proportion
Male 10.6% — — 3.5- — 95% CI for
proportion 23.1 proportion

Table 2: Clinical Diagnosis Distribution and Pathological Analysis

Benign pathology dominates (82.9%), with MNG representing >50% of all cases. The 95% confidence intervals for
malignancy rate (7.5-31.4%) reflect diagnostic diversity suitable for testing IONM efficacy across spectrum(table 2).

Diagnosis Count | Percentage | 95% | Benign/Malignant | Surgical Indication Frequency
(n) (%) CI Rank

Benign — — — — — —
Pathologies
Multinodular 24 51.1 36.6- | Benign Obstructive/symptomatic Ist  (Most
Goitre (MNGQG) 65.4 common)
Colloid Goitre 9 19.1 9.3- Benign Simple nodular disease 2nd

32.6
SNG - Left 5 10.6 3.5- Benign Unilateral nodule 3rd

23.1
SNG - Right 1 2.1 0.1- Benign Unilateral nodule Sth

11.3
Malignant — — — — — —
Pathologies
Papillary 6 12.8 4.9- Malignant Cancer resection 2nd (Most
Carcinoma 25.7 common

overall)

Follicular 2 43 0.5- Malignant Cancer resection 4th
Carcinoma 14.5
Pathology — — — — — —
Classification
Benign 39 82.9 68.6- | Benign Symptomatic management | —
Conditions 92.5
Malignant 8 17.1 7.5- Malignant Oncologic resection —
Conditions 31.4
Total Cohort 47 100.0 — Mixed Diverse indications —

Table 3: Surgical Procedures and Operative Complexity Classification

Nearly three-quarters of procedures (72.3%) required bilateral RLN dissection, creating high-complexity operative
environment. A total of 78 individual RLN units required identification and monitoring across the cohort(table 3).

Procedure Type Count | Percentage 95% | Complexity Bilateral Technical Nerve
(n) (%) CI Level RLN Risk Units at
Exposure Risk
Bilateral Procedures
Total Thyroidectomy 31 66.0 50.7- | High Yes (both | High 62 nerves
79.4 RLNs)
Subtotal Thyroidectomy | 3 6.4 1.4- High- Yes (both | Moderate- | 6 nerves
17.4 | Moderate RLNs) High
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Subtotal: Bilateral 34 72.3 57.9- | High Yes High 68
83.9 overall nerves
(87.2%)
Unilateral Procedures
Left 7 14.9 6.2- Moderate Left RLN | Moderate 7 nerves
Hemithyroidectomy 27.8 only
Right 5 10.6 3.5- Moderate Right RLN | Moderate 5 nerves
Hemithyroidectomy 23.1 only
Left Partial | 1 2.1 0.1- Moderate- Left RLN | Low- 1 nerve
Thyroidectomy 11.3 | Low only Moderate
Subtotal: Unilateral 13 27.7 16.1- | Moderate Unilateral | Moderate | 10
42.1 nerves
(12.8%)
Total Cohort 47 100.0 — Mixed 34 bilateral, | Overall 78 total
13 moderate- RLN
unilateral high units
FIGURE 1: Demographic Profile and Clinical Characteristics
- Mean age = 52 years (from ape-group distrfbution)
* Female:Male = 42:5 (8.4:1)
st P L
%0 85.0%
E

30-40

Bars

with counts and

41-50

51-60

Age group (years)

>60

: grouped sections separated by dashed lines.

Female

Sex

Male

Benign

Malignant

Pathology class

Figure 1 showing age distribution, gender breakdown across age groups, and benign vs malignant disease

distribution

INTRAOPERATIVE NERVE MONITORING TECHNICAL EFFICACY

Table 4: Intraoperative Nerve Monitoring Results - Signal Integrity and Functional Assessment

Perfect preservation across all 78 RLN units (100%, 95% CI: 95.4-100.0%) exceeded historical benchmarks(table
4). Zero intraoperative signal loss events in bilateral procedure cohort (72.3%) represents exceptional achievement.

IONM Parameter | Success Failure Success 95% Failure Clinical Study
(n) (n) Rate (%) | CI Rate Interpretation Benchmark
(%)
Baseline Monitoring
ION  Stimulation | 47 | 0 1000  [923- [0.0 | RLN successfully | Perfect
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Response (R1) 100.0 activated identification
R1 Signal | 47 0 100.0 92.3- 0.0 Baseline Normal
Amplitude 100.0 conduction intact | baseline status
Adequate
Intraoperative Monitoring
Continuous Signal | 47 0 100.0 92.3- 0.0 No signal decay | Prevention of
Preservation 100.0 during dissection | progressive
injury
Intraoperative 0 47 0.0 0.0- 100.0 Zero acute nerve | Perfect
Signal Loss 7.7 compromise operative
Events monitoring
Signal Recovery | 0 N/A — — — No loss requiring | Outcome of
Events recovery perfect
protection
Completion Monitoring
R2 Signal Intact at | 47 0 100.0 92.3- 0.0 Sustained Operative
Closure 100.0 function through | success
procedure confirmation
R2 Signal | 47 0 100.0 92.3- 0.0 No amplitude | Functional
Amplitude 100.0 deterioration preservation
Preserved
Vocal Cord Correlation
Bilateral Vocal | 47 0 100.0 92.3- 0.0 Normal cord | Laryngeal
Cord Mobility 100.0 movement function intact
(L1BL) baseline
Bilateral Vocal | 47 0 100.0 92.3- 0.0 Normal cord | Sustained
Cord Mobility 100.0 movement at | laryngeal
(L2BL) closure function
Permanent Injury Outcome
Permanent Vocal | 0 47 0.0 0.0- 100.0 Zero permanent | Exceptional
Cord Paralysis 7.7 nerve injury safety
achievement
Aggregate Analysis
Total RLN Units | 78 0 100.0 95.4- 0.0 47 unilateral + 62 | Complete
Monitored 100.0 bilateral monitoring
coverage
RLN Units | 78 0 100.0 95.4- 0.0 All nerve wunits | Perfect
Successfully 100.0 intact aggregate
Preserved outcome
Comparative Benchmarking
Literature — — 0.5-1.0 — 0.5-1.0 Historical Study exceeded
Permanent Injury standard for | benchmark
Rate experienced
surgeons
Literature  Signal | — — 1-5 — 1-5 Expected Study achieved
Loss Rate intraoperative loss | zero loss
incidence

Table 5: Postoperative Laryngeal Function and Clinical Outcomes Assessment

Perfect postoperative function achieved in 100% of patients (95% CI: 92.3-100.0%). Zero permanent vocal cord
injury in bilateral procedure cohort represents exceptional safety profile exceeding literature benchmarks of 0.5-
1.0% permanent injury rates.

Outcome
Category

Normal

()

Abnormal

(n)

Success
Rate

95%
CI

Failure
Rate

Severity Level

Intervention
Required
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| (%) | [ |
Vocal Cord Mechanics
Bilateral Vocal | 47 0 100.0 92.3- 0.0 Normal None
Cord Mobility 100.0
Unilateral Vocal | 0 0 — — 0.0 N/A (absent) N/A
Cord Paresis
Unilateral ~ Vocal | 0 0 — — 0.0 N/A (absent) N/A
Cord Paralysis
Bilateral Vocal | 0 0 — — 0.0 N/A (absent) N/A
Cord Paralysis
Voice and Communication
Normal voice | 47 0 100.0 92.3- 0.0 Normal None
quality 100.0
Voice fatigue with | 0 0 — — 0.0 N/A (absent) N/A
exertion
Persistent 0 0 — — 0.0 N/A (absent) None required
hoarseness
Abnormal  pitch | 0 0 — — 0.0 N/A (absent) N/A
control
Swallowing Function
Normal 47 0 100.0 92.3- 0.0 Normal None
swallowing 100.0
Aspiration 0 0 — — 0.0 N/A (absent) N/A
symptoms
Dysphagia 0 0 — — 0.0 N/A (absent) N/A
RLN Injury Classification
Permanent RLN | 0 0 0.0 0.0- 100.0 Prevented —
Palsy 7.7
Transient RLN | 5 0 10.6 3.5- — Temporary Conservative
Neuropraxia 23.1 (none needed)
No RLN | 42 0 89.4 76.9- | — Uncomplicated None
Complications 96.5
Postoperative Care Requirements
Voice therapy | 0 0 0.0 0.0- 100.0 — None
needed 7.7 performed
Vocal cord | O 0 0.0 0.0- 100.0 — None
injection 7.7 performed
performed
Surgical 0 0 0.0 0.0- 100.0 — None required
intervention  for 7.7
voice
Functional Recovery
Complete 5 0 100.0 47.8- 10.0 Full resolution None
recovery (transient 100.0
cases)
Return to normal | 47 0 100.0 92.3- 0.0 No restrictions None
activities 100.0
Comparative Outcomes
Permanent Injury | — — 0.0 0.0- 0.0 Zero injury Exceptional
Rate (This Study) 7.7
Permanent Injury | — — 0.5-1.0 — 0.5-1.0 Historical Study exceeds
Rate (Literature) benchmark standard
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FIGURE 2: Outcome Trajectory - From Intraoperative Monitoring to Postoperative Resolution

Figure 2. O y: IONM si Is to postoperative resolution

Legend
[ saseline
I success

Study cohort

a7 ients

patie B erect preservation
Key statistics [ ensient event

Bl Resolution

* RLN stimulation response: 47/47
« Rl intact: 47/47

* R2 intact: 47/47

« Signal loss events: 0

« B/L VC mobility: 47/47

« Permanent RLN palsy: 0

« Transient neuropraxia: 5/47

Figure 2 flow diagram showing progression from 47
patients through IONM success (100%) — Signal
preservation (100%) — Postoperative vocal function
(100%) — Permanent injury prevention (0%) —
Transient neuropraxia resolution (100% recovery)]

3. TRANSIENT NEUROPRAXIA: INCIDENCE AND
RECOVERY ANALYSIS

Figure 3. Transient recurrent laryngeal nerve (RLN)
neuropraxia: incidence, procedure association, and
recovery analysis.

Five patients (10.6%, 95% CI: 3.5-23.1%) experienced
transient RLN neuropraxia with complete spontaneous
resolution. Mean age of affected patients was 56.8 years
(vs 52 years overall). All five cases underwent major
procedures—four total thyroidectomy, one subtotal

B
e

Transient ropraxia
Recovery timeline (n=5)
3 weeks: 1
6 weeks: 1
1 month: 3

neu
5/47 (10.6%)

thyroidectomy. Notably, all demonstrated intact R1 and
R2 signals intraoperatively, indicating reversible
dysfunction rather than structural injury also shown in
figure 3 .

Recovery Timeline (n=5):

e <3 weeks: 1 patient (20%)

e 3-4 weeks: 1 patient (20%)

e >1 month: 3 patients (60%)

e Complete recovery by 6 weeks: 5/5 (100%, 95% CI:
47.8-100.0%)

No patient required voice therapy (0%, 95% CI: 0.0-
52.2%), vocal cord injection (0%), or surgical
intervention (0%). Transient neuropraxia incidence falls
within expected range for thyroid surgery (literature: 0.4-
12.3%) with favorable recovery profile.
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A. Incidence

B. Procedure profile

C. Recovery timeline

10.6%

5/47 patients.
5% CI: 3.5-23.1%,

1
(20%)

o E 3
Number of patients

All neuropraxia cases occurred after major procedures.

Complete recovery by 6 weeks: 5/5 (100%)
S$5% Ci: 47.8-100.0%

Key findings

RLN P in 5/47 patients (10.6%: 95% CI: 3.5-23.1%) with

- Mean age of affected patients was 56.8 years vs 52 years overall

xia cases demonstrated intact R1 and R2 . supporting

rather than

+ No escalation therapy was required: voice therapy 0% (95% CI: 0.0-52.2%): vocal cord injection 0%: surgical intervention

0%,

- Observed incidence is within reported ranges for thyroid surgery (0.4-12.3%) with a favorable recovery profile.

Figure 3 Panel A shows the incidence of transient RLN
neuropraxia among the study cohort (5/47; 10.6%, 95%
CI: 3.5-23.1%). Panel B shows the procedure distribution
among neuropraxia cases (total thyroidectomy: n=4;
subtotal thyroidectomy: n=1). Panel C illustrates recovery
timing among affected patients (n=5): <3 weeks (n=1), 3—
4 weeks (n=1), and >1 month (n=3), with complete
recovery by 6 weeks in all cases (5/5; 100%, 95% CI:
47.8-100.0%). No patient required voice therapy (0%,
95% CI: 0.0-52.2%), vocal cord injection, or surgical
intervention

DISCUSSION

Recurrent laryngeal nerve injury represents the most
frequently encountered neurological complication in
thyroid surgery, with substantial implications for patient
quality of life through permanent voice changes and
aspiration risk . The achievement of zero permanent vocal
cord injury in this cohort of 47 patients across 78
monitored RLN units demonstrates exceptional safety
outcomes that warrant comprehensive analysis within the
context of existing literature and contemporary surgical
practice standards.

The persistent debate regarding IONM's protective
efficacy has centered on  whether real-time
electrophysiological monitoring provides additional
benefit beyond traditional visual nerve identification .
Previous meta-analytic evidence documented mixed
findings, with some analyses reporting significant
reduction in total and transient RLN injury yet
inconsistent effects on permanent injury rates [12,13].
However, more recent comprehensive reviews analyzing
data from 59,380 nerve units at risk revealed statistically
significant prevention of permanent injury with IONM
application (relative risk = 0.68, 95% CI: 0.55-0.83),
fundamentally shifting the evidence landscape . The
current study's achievement of 0% permanent injury rate
in a predominantly bilateral surgery cohort aligns with
these emerging protective conclusions, particularly when

72.3% of cases involved bilateral RLN dissection—a
high-risk scenario where bilateral injury could necessitate
emergency tracheostomy [14].

Signal preservation represents the mechanistic foundation
through which IONM achieves protective benefit. The
universal preservation of R1 and R2 signals in all 47
patients establishes that neither the initial RLN
identification nor the entire operative course resulted in
detectable  conduction abnormality. = Meta-analytic
evidence documents that IONM demonstrates excellent
diagnostic accuracy with negative predictive value
exceeding 95%, effectively ruling out postoperative vocal
cord dysfunction when signals remain intact . This high
negative predictive value creates clinical confidence in
conservative postoperative management and facilitates
safe day-case thyroidectomy decisions when operative
monitoring confirms intact RLN function [15,16].

The transient neuropraxia incidence of 10.6% with 100%
complete recovery by six weeks reflects the natural
inflammatory response to major neck surgery while
demonstrating IONM's success in preventing irreversible
structural injury . Published literature documents transient
RLN injury incidence ranging from 2-11% across surgical
series, with permanent injury rates of 0.6-1.6% in skilled
hands . The current cohort's 0% permanent injury rate,
even accounting for 10.6% temporary dysfunction,
compares favorably to historical benchmarks. The
distinction between transient and permanent injury is
clinically critical—reversible conduction block from
postoperative edema or hematoma does not constitute
permanent nerve damage and demonstrates excellent
spontaneous recovery prognosis without intervention[17]

Bilateral thyroidectomy procedures, comprising 72.3% of
this cohort, represent particularly high-value applications
for IONM technology. Meta-analytic subgroup analysis
specifically evaluating bilateral operations documented
that IONM reduced total injury (1.46% vs 3.01%),

1JDDT, Volume 16 Issue 54s, 2026

Page 1246



Intraoperative Nerve Monitoring With NMS 450X Neurostimulator: Perfect Recurrent Laryngeal Nerve Preservation in 47
Consecutive Bilateral Thyroidectomies-A Prospective Study Demonstrating Zero Permanent Injury and Predictive Accuracy in

High-Complexity Surgery

transient injury (1.07% vs 2.12%), and permanent injury
(0.50% vs 0.75%) compared to visual identification alone
. The surgical principle of staged thyroidectomy when
intraoperative signal loss occurs on one side prevents

bilateral injury catastrophe, and IONM's real-time
feedback  enables immediate surgical strategy
modification[18] .

Malignancy cases, representing 17.1% of this cohort,
represent another subgroup where IONM documentation
provides substantial protective value. Meta-analytic
evidence demonstrates that IONM reduced total and
transient RLN injury specifically in malignancy
operations (RR = 0.61, 95% CI: 0.42-0.91), likely
through enhanced monitoring during more extensive
lymph node dissection and potential tumor involvement
navigation The presence of malignant disease
independently emerged as a significant risk factor for
adverse postoperative outcomes, reinforcing evidence-
based recommendations for mandatory IONM application
in thyroid cancer surgery [19].

Continuous versus intermittent IONM represents an
evolving technological distinction with important
implications for operative safety. Recent evidence
demonstrates that continuous IONM provides superior
diagnostic accuracy compared to intermittent monitoring,
with one large cohort study documenting that continuous
monitoring reduced permanent vocal cord paralysis 29.4-
fold compared to intermittent approaches . This
mechanistic advantage of continuous real-time nerve
signal acquisition versus episodic assessment allows
surgeons to detect progressive signal deterioration before
catastrophic injury occurs [20].

The predictive value of IONM in contemporary practice
has substantially improved through technological
standardization and surgeon familiarity. Post-2011
publications demonstrate IONM sensitivity exceeding
90% compared to earlier protocols, directly reflecting
implementation  of  International  Standardization
Guidelines . These standardization efforts transformed
IONM from a controversial adjunctive technology to a
high-performance monitoring tool with diagnostic
characteristics suitable for clinical decision-making . The
current  study's protocol utilizing NMS 450X
Neurostimulator with standardized 1-2 mA stimulation
parameters adheres to contemporary best-practice
guidelines[21].

Operative volume and surgeon experience independently
influence IONM effectiveness. Meta-analytic evidence
documents that centers performing greater than 300
nerves at risk annually demonstrated enhanced IONM-
associated protective effects compared to lower-volume
centers . This observation reflects the learning curve
inherent to implementing IONM protocols, with

experienced surgeons developing superior technical
facility in signal interpretation and responding
appropriately to warning signals[22] .

The application of IONM extends beyond permanent
injury prevention to encompass functional outcome
prediction and intraoperative decision-making guidance.
Literature documents that IONM's negative predictive
value (>95%) substantially reduces clinical anxiety
regarding postoperative vocal dysfunction when final R2
signals remain intact . This high predictive accuracy
enables surgeons to confidently complete total
thyroidectomy without staged procedures when bilateral
signals are preserved, eliminating the morbidity
associated with interval reoperation[23] .

Furthermore, IONM facilitates identification of
anatomical variations including bifurcating or non-
recurrent laryngeal nerves, which occur in approximately
1% of cases and would potentially escape visual
identification alone . The cost-effectiveness and
medicolegal implications of IONM warrant consideration
in clinical implementation decisions. The documentation
of routine IONM application with preserved signals
provides objective evidence of intraoperative nerve
protection and intentional risk mitigation, establishing
standard-of-care compliance in contemporary practice .

CONCLUSION:

This prospective series validates contemporary evidence
supporting IONM as an effective safety intervention
preventing permanent RLN injury particularly in bilateral
and malignancy operations. The achievement of zero
permanent injury across 78 RLN units, combined with
rapid resolution of transient complications and perfect
functional preservation, demonstrates that real-time
electrophysiological monitoring successfully prevents the
most devastating operative complications while accepting
expected minor transient morbidity inherent to major
neck surgery. These findings support expanding IONM
application as routine protective technology in thyroid
surgery practice, particularly in high-complexity bilateral
procedures .
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