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Introduction: Titration of neuromuscular block (NMB) plays a key role in intraoperative recurrent Received 20 May 2020
laryngeal nerve monitoring during thyroid surgery. The combination of neuromuscular blocking Revised 30 June 2020 75
agent and timely partial reversal of NMB was investigated in both animal experiments and clinical ~ Accepted 28 July 2020 76
neuro-monitored thyroidectomy. KEYWORDS 77
Methods: In animal experiments, 8 piglets received sugammadex to assess the laryngeal EMG Thyroid surgery; 78
recovery after rocuronium-induced NMB. In clinical monitored thyroidectomy, 40 patients each int)rlaoperative )rl{eural 79
were allocated to conventional group and sugammadex group. Conventional group received monitoring (IONM);
rocuronium 0.3 mg/kg at anesthesia induction, while sugammadex group received partial NMB recurrent laryngeal nerve 80
recovery protocol- 0.6 mg/kg of rocuronium at anesthesia induction and 0.5 mg/kg of sugamma- (RLN); neuromuscular 81
dex. Main outcome was assessed by first (V1) and final (V2) EMG signal induced by vagal blocking agent (NMBA); 82
stimulation. sugammadex; anesthesia 83
Results: In the porcine model, 50% recovery of laryngeal EMG amplitude was achieved at 34
16.8+1.9 and 6+2.7minutes respectively after 0.5 and 1mg/kg of sugammadex (p <0.01). In
monitored thyroidectomy, EMG amplitudes at V1 in group S and group C were 1214+623 and 85
915+ 476 uV, respectively (p=0.02). Positive and adequately high EMG amplitudes were observed 86
at the early surgical stage for all patients. Sugammadex groups were superior to conventional 87
group in EMG tube placement (p < 0.001). 88
Conclusion: Both porcine model and clinical application showed that precise NMB management 89
by low-dose sugammadex was effective for intraoperative neural monitoring (IONM). The regimen
ensured optimal conditions for tracheal intubation and timely neuromuscular function restoration 90
for high-quality EMG signal. 91
92
93
94
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Introduction

Nerve injury to recurrent laryngeal nerve (RLN) and/or
external branches of superior laryngeal nerve (EBSLN) are
one of serious complications related to the thyroid and para-
thyroid surgery. In recent decades, thyroid surgeons are
devoted to reduce these complications by intraoperative
neural monitoring (IONM) system. IONM could be used to
map and identify the RLN and EBSLN, to detect nerve
anatomic variations, to elucidate injury mechanisms and to
predicting the prognosis of invaded or injured RLN to
modify the surgical plans.' ™'

Neuromuscular blocking agents (NMBA) are generally
accepted as routine anesthesia practice for tracheal intub-
ation and neck surgery. The proper administration of an
NMBA is a key element of anesthesia to ensure successful
IONM.">"® To minimize the effect of NMBA on reduction

of EMG signal and subsequent interpretation, sugammadex 96
could be used to timely and effectively reverse rocuronium- o5
induced neuromuscular block (NMB). Sugammadex as an 98
antagonist to steroidal NMBA is applied in patients requir- gg
ing IONM during thyroid or parotid surgery.'” "’ 100
There is a controversy between routine and selective 1¢
reversal of NMB with sugammadex in monitored thyroidec- 1(2
tomy. In our previous study, we confirmed a routine 1(3
tully-NMB-reversal protocol with sugammadex (2mg/kg) 104
provided both excellent intubation condition and high initial 105
EMG signal of IONM in 100% of 50 patients.'” In contrast, 106
Empis et al. reported a selective sugammadex-reversal proto- 107
col and showed that sugammadex is required only 15 108
(12.5%) of 120 patients to enhance the first (V1) EMG sig- 109
nal induced by vagal stimulation (V,).'* However, the select- 110
ive protocol may result in a false-negative interpretation and 111
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Table 1. Protocol of precision neuromuscular blockade managemengt by low-dose sugammadex for intraoperative neural moni-

toring during thyroid surgery (clinical application).

Perioperative stage

Remarks

Preoperative evaluation
Monitoring setup
Anesthesia induction
Induction
NMBA
Anesthesia maintenance
Inhaled anesthetic
Intravenous anesthetics
Anesthesia depth
Vasopressor
Neural monitoring
Operation
V1 and V2 signal
Anesthesia emergency
Extubation

Pain control
Postoperative evaluation

ASA physical status with upper airway assessment

Standard NMT monitoring

Full dose of steroidal neuromuscular blocking agent (NMBA)
Fentanyl 1mcg/kg, lidocaine 1mg/kg and propofol 2 mg/kg
Rocuronium 0.6 mg/kg

Sevoflurane 2-4%

Propofol TCl, concentration: 1-2 mcg/kg

BIS or Entropy at 40-60 if available

Ephedrine 8-12mg if hypotension occurred

Partial reversal of neuromuscular blockade
Sugammadex 0.5 mg/kg at 10 min after skin incision
EMG amplitude correlated with TOF ratio

Sugammadex 1.5 mg/kg

Extubation when TOF ratio reach 1.0
Fentanyl Tmcg/kg with NSAID if not contraindicated
Anesthesia adverse events and satisfaction

NMT = neuromuscular transmission, TCl=target-controlled infusion, BIS =Bispectral index, V1 and V2=initial and final vagal

stimulation, TOF ratio = train-of-four mode in NMT monitor.

Conventional protocol was identical to low-dose sugammadex protocol except for the dose of rocuronium and absence

of sugammadex.

the initial EMG response may have wide individual
difference.”*!

Since muscle relaxation is also required during surgery,
complete neuromuscular function recovery with sugamma-
dex (2mg/kg) might not be the best management protocol.
Complete neuromuscular function recovery is associated
with body movement during surgery; hence, more anes-
thetics and analgesics are required. Therefore, the use of
lower dosage of sugammadex (1.0 or 0.5mg/kg) to induce a
partial neuromuscular function recovery could be a better
alternative anesthesia strategy for monitored thyroidectomy.
Few reports discuss administration of sugammadex during
surgery for neural monitoring purposes, and data are still
lacking on partial reversal of NMB by low-dose sugamma-
dex for monitored thyroidectomy.

The study was aimed to assess the best timing of precise
sugammadex dose to meet the needs of both monitored thy-
roidectomy and anesthesia through both porcine model and
clinical ~practice during monitored thyroidectomies.
According to international guidelines and update IONM
outcomes, there are two departmental protocols in practice
1) conventional protocol: rocuronium 0.3 mg/kg at induction
with spontaneous recovery and 2) update protocol: rocuro-
nium 0.6 mg/kg at induction with sugammadex 2mg/kg at
skin incision. Porcine model was designed to improve
second protocol by determining the feasibility of low dose
sugammadex. Our hypothesis was that a partial reversal of
NMB by low dose (0.5 or 1 mg/kg) sugammadex would also
allow a timely neural monitoring signals

Materials and methods
Porcine model

Eight Kaohsiung Animal Propagation Station black pigs
(KHAPS black pigs) weighted 18 to 22kg were fasted (but
given water) for 8hours before the operations. The
Institutional Animal Care and Use Committee of XXXX

University approved our porcine model (protocol No:
107036). All animal experiments in piglets were followed
institutional guidelines which assure compliance to inter-
national regulations and national policy. We used a well-
established porcine model*** to evoke and record EMG
signal from vocalis muscle via the EMG tube or needle
electrodes.The parameters of EMG signals are highly similar
to human profile such as threshold, latency and
amplitude.”* %°

Anesthesia was initiated by administrating 2 mg/kg of
tiletamine/zolazepam intramuscularly 30min before the
experiment. General anesthesia induction was performed by
inhaled sevoflurane (2-4%) with oxygen 2~3L/min via a
designed plastic mask in the supine position. An EMG
endotracheal tube with 6 mm inner diameter (Medtronic,
Jacksonville, FL) was placed for each animal. Maintenance
of general anesthesia was kept by sevoflurane 1-3% with
control ventilation. Physical status of the animals was
observed by the Vista 120 physiological monitor (Draeger,
Liibeck, Germany) until the end of the experiment.

The continuous IONM (C-IONM) model to measure
real-time EMG signal changed by NMB management was
setup as previously described.”” An automated periodic
stimulation (APS) was applied to the vagus nerve. CIONM
was carried out using the following commercially available
equipment: 2mm APS Electrode Stimulator probe, NIM
Standard Reinforced EMG endotracheal tube, and NIM 3.0
Nerve Monitoring System (Medtronic, Jacksonville, FL) with
a pulse generator for continuous stimulation (1/second, 100
us, 3mA), and an EMG amplifier.'”

A total of 8 piglets were allocated into two groups with 4
piglets in each group. A complete NMB was induced by an
intravenous bolus of rocuronium 0.6 mg/kg in each piglet. A
three-minute interval observation was done before sugam-
madex. Intravenously sugammadex (0.5 or 1.0 mg/kg) was
randomly injected to reverse NMB . Time course of con-
tinuously laryngeal EMG signals was recorded for
30 minutes in each piglet. Recovery time of EMG amplitude
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Figure 1. The steps of the EMG tube placement and surface electrode confirmation by the UEScope (clinical application). 1 A) Typical full visualization of the glottis
in a patient. 1B) Two pairs of surface electrodes are advanced perpendicular to the vocal cords until they reach the proper depth.

was measured at 3 time points: 1) detectable signal, 2) 50%
of baseline, and 3) 80% of baseline value.

Clinical application

We reviewed medical records of 80 patients (61 women; age
from 24 to 80years old) undergoing total thyroidectomy or
total lobectomy under routine IONM assistance from Jan
2017 to Dec 2018. The Institutional Review Board of XXXX
University Hospital approved this clinical trial (KMUH-IRB-
E(I)-20190164). All 80 patients were cared by single surgeon
and experienced anesthesiologists. The IONM equipment
setup, procedures and loss of signal algorithm followed the
International Neural Monitoring Study Group Guidelines.'™

General anesthesia induction was done by lidocaine
(2mg/kg), fentanyl (1ug/kg) and propofol (2mg/kg) for
each patient. Patients were segregated into control group
(Group C, n=40) if they received conventional anesthesia
protocol with rocuronium of one effective dose (0.3 mg/kg)
for anesthesia induction. In the sugammadex group (Group
S, n=40), patients had received precision anesthesia proto-
col with rocuronium of standard dose (0.6 mg/kg) for anes-
thesia induction and low sugammadex dose (0.5 mg/kg) was
administered intravenously 10 minutes after skin incision,
(Table 1). All patients were subjected to a standard neural
monitoring anesthesia protocol for thyroidectomy except
NMBA regimen.

A reinforced EMG endotracheal tube (internal diameter
(ID) 6.0mm for female and 7.0mm for male patients,
respectively) (Medtronic, Jacksonville, FL) was placed by the
UEScope (UE Medical Devices, Newton, MA). The EMG
tube was then advanced under video guidance until the sur-
face electrodes were in optimal contact with vocal cords
(Figure 1). Proper tube depth and invisible tube rotation
were then visually verified by video image and anesthesia
was maintained with sevoflurane combined with propofol
target-controlled infusion. The precision anesthesia protocol
(Group S) included anesthesia depth and NMB manage-
ment: At 10 minutes after operation starting, an intravenous
bolus of sugammadex 0.5mg/kg was administrated to par-
tially reverse NMB (Figure 2). No additional rocuronium
was given intraoperatively to any patient. Train-of-four
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Figure 2. Typical time sequence of intraoperative neuromuscular transmission
(NMT) monitoring in a patient with precision anesthesia protocol (clinical appli-
cation). Green arrow: At anesthesia induction, the NMT was intact and baseline
TOF ratio was around 100%. White arrow: At skin incision, complete neuromus-
cular blockade was noted. The TOF response showed none of NMT and first
twitch (T1) were 0%. Yellow arrow: At 10 minutes after skin incision, sugamma-

dex was given and NMT recovered gradually. V1= first vagal stimulation. V2= 319
final vagal stimulation. 320
321

(TOF) ratio derived via neuromuscular transmission (NMT) 322
monitor (Aestiva/5; Datex-Ohmeda, FL) was used to con- 323
tinuously assess NMB degree of the adductor pollicis muscle. 324
The train of four (TOF) stimulation was setup as (constant 325
50mA current, four twitches at every 0.5second over 320
2seconds). Anesthesia depth was monitored by Bispectral 327
index (BIS) monitor (Medtronic, MN). Target anesthesia 328
depth was controlled via titration by inhaled sevoflurane to 329
keep Bispectral index (BIS) monitor between 40% and 50%.

All thyroid surgery followed standard IONM proce- 331
dures,””*® and the highest EMG amplitudes were captured, 332
registered, and compared. V; and V, signal was defined as
first vagal stimulation before thyroid dissection and final
vagal stimulation after thyroid resection, respectively.

Main outcome was assessed by V; and V, amplitude
(1V) between groups; time course of hemodynamic parame-
ters and degree of NMB were also compared; while other
outcomes included physical characteristics, adverse events
and postoperative surgical outcomes. Extubation time was
defined as time interval from skin closure to EMG tube 5,
removal. Each patient received laryngofiberoscopic examin- 44
ation to obtain vocal cord mobility recordings at the day 344
before and after surgery. When abnormal vocal cord move- 345
ment was noticed after operation, the recording before oper- 344
ation was used to compare. 347

To ensure adequate power for the study, the minimal 34g
sample size was 20 patients in each group according to pre- 349
vious study.”” We reviewed records of 40 patients to show 35(
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Figure 3. Tracing of laryngeal EMG amplitude of partial neuromuscular block-
ade reversal in each piglet (porcine model). Piglets received an intravenous
bolus of rocuronium 0.6 mg/kg to induce complete neuromuscular block. Two
minutes later, a bolus of sugammadex 1 mg/kg (3 A) or 0.5 mg/kg (3B) was ran-
domly injected. The observation period for laryngeal EMG recovery
was 30 minutes.

at least 20% difference in EMG amplitude with a power of
0.9 and a type 1 error of 0.05. All data are presented as
mean (standard deviation). Statistical analysis of continuous
variables between two groups was carried out by the 2-sam-
ple t-test. Categorical variables were carried out by the chi-
square test or the Fisher exact test. All statistical analysis
was 2-tailed, and a p <0 .05 was of statistical significance.

Results

In porcine model, rocuronium 0.6 mg/kg suppressed the
EMG signal in all 8 piglets within a minute. Figure 3 shows
tracing of laryngeal EMG amplitude of partial NMB reversal
by low-dose sugammadex in individual piglets. It took
2.3+1.0 and 6.5%2.3 minutes to obtain detectable EMG sig-
nals (amplitude >100,V) after sugammadex 1.0 and 0.5 mg/
kg respectively (p=0.005). Sugammadex 1mg/kg showed
significantly faster EMG recovery to 50% (6.0£2.7 vs.
16.8 + 1.9 min) and 80% (9.8 +2.2 vs. 24.3 + 3.3 min) baseline
value than did sugammadex 0.5mg/kg (both p < 0.01). In
this porcine model, no significant changes in arterial blood
pressure, heart rate and EKG rhythm were noted during
vagal nerve stimulation and sugammadex administration.
There was also no sign of residual blockade with observation
at 30 minutes.

In the clinical trial, detailed characteristics of 80 patients
are shown in Table 2. There were 137 nerves at risks, and
we encountered one temporary and one permanent RLN
palsy in two thyroid cancer patients. Most patients experi-
enced excellent and good intubation quality and all EMG
tubes placement were successful at the first attempt. Patients
in group S (rocuronium 0.6 mg/kg during induction, and
sugammadex 0.5mg/kg 10 minutes after skin incision) had
better intubation condition than those in group C (rocuro-
nium 0.3 mg/kg during induction only) (p =0.002).

Time interval from anesthesia induction (rocuronium
injection) to V; and V, stimulation did not differ signifi-
cantly between groups as shown in Table 3. It took an aver-
age of 18.5+10.2 minutes from sugammadex injection to V;
stimulation in group S. Figure 2 demonstrates typical time
sequence of intraoperative neuromuscular transmission in a
patient with partial reversal of NMB. Time course of preci-
sion anesthesia protocol including neuromuscular transmis-
sion and anesthesia depth during monitored thyroidectomy
is depicted in Figure 4.

Neuromuscular blockage degree and EMG amplitude
were compared at V; and V, stimulations between the two
groups. At V; stimulation, patients in group S showed
higher EMG amplitude (1214+623uV vs. 915+476 uV,
p=0.02) and Train-of-four (TOF) ratio (58.7+17.1 wvs.
449+20.1, p=0.002) than group C patients (Table 3).
Patients in group S showed comparable EMG amplitude and
TOF ratio as group C patients at V2 stimulation (both
p>0.05). Extubation time did not differ significantly
between the two groups (Table 3). None of the patients had
clinical event due to recurrent or residual NMB after sugam-
madex injection.

Discussion

In this porcine model, 0.6 mg/kg of rocuronium dose was
used to induce a complete NMB. Both 1 mg/kg and 0.5 mg/
kg sugammadex doses showed at least approximate 80%
laryngeal EMG amplitude recovery within a 30-minute
observation period. It took an average of 6 and 17 minutes
to achieve 50% EMG amplitude recovery by sugammadex 1
and 0.5 mg/kg, respectively. Similarly, the clinical application
shows the precision neuromuscular management protocol
with low-dose sugammadex (0.5 mg/kg) provided timely and
high-quality laryngeal EMG signal (mean amplitude 1214 uV
after average of 18.5minutes from sugammadex injection).
It facilitated better intubation condition, faster neuromuscu-
lar recovery and higher EMG signals compared to conven-
tional anesthesia protocol (single one effective rocuronium
dose at anesthesia induction). To the best of our knowledge,
this is the first study using low-dose sugammadex (0.5 mg/
kg) to obtain partially reversal of NMB during IONM in
thyroid surgery.

Many anesthesia protocols have been developed to min-
imize the interference of anesthesia on the IONM system
during thyroid surgery. The degree of NMB is one of the
major anesthesia factors that has been investigated over dec-
ades. If NMB degree is not titrated for IONM, EMG

410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468



469
470
471
472
473
474
475
476
477
478
479
430
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

JOURNAL OF INVESTIGATIVE SURGERY (&) 5

Table 2. Patient characteristics of 80 patients receiving monitored thyroidectomy with conventional and low-dose sugammadex 528
protocols (clinical application). 529
Sugammadex (S Group, n = 40) Conventional (C Group, n =40) P value 530
Female: Male (n) 30:10 31:9 0.79 531
Age (yr) 50.0+£11.5 50.6£13.9 0.82
Weight (kg) 649+ 134 62.9+147 0.51 532
Height (cm) 161.4+8.0 161.1+7.5 0.86 533
BMI (kg/mz) 248+3.9 24.0+4.1 0.36 534
Intubation condition <0.001
Excellent/good/poor 23/17/0 12/26/2 535
Vasopressor* (n) 2 (5%) 5 (12.5%) 0.23 536
Benign/Cancer 26/14 30/10 0.32 537
Nerve at risk (n) 72 65
Temporary palsy (n) 0(0%) 1(1.5%) 0.34 538
Permanent palsy (n) 0(0%) 1(1.5%) 0.34 539
Post-op hematoma (n) 0(0%) 0(0%) 1.0 540
BMI = body mass index. 541
S group (rocuronium 0.6 mg/kg during induction, and sugammadex 0.5 mg/kg 10 minutes after skin incision), C group (rocuronium
0.3 mg/kg during induction only). 542
Vasopressor: ephedrine 8-12 mg when mean arterial pressure reduction was more than 20% of baseline value. 543
544
Table 3. A comparison of neuromuscular blockade degree, neural monitoring recordings and postoperative adverse events (clinical 545
application). 546
Sugammadex (S Group, n = 40) Conventional (C group, n = 40) P value 547
V; stimulation 548
Time from anesthesia (minutes) 446+11.1 42.1+139 0.39 549
EMG amplitude (uV) 1214+ 623 915+£476 0.02
TOF ratio (%) 58.7£17.1 44.9£20.1 0.002 550
V2 stimulation 551
Time from anesthesia (minutes) 83.2+17.0 76.3+18.2 0.09 55
EMG amplitude (uV) 1299 651 1103 +438 0.13
TOF ratio (%) 852+13.9 83.9+122 0.69 553
Extubation time 4.7+11.5 48+9.9 0.88 554
EMG = electromyography, TOF = train of four, V;= initial vagal stimulation. 555
V,= final vagal stimulation, S group (rocuronium 0.6 mg/kg during induction, and sugammadex 0.5 mg/kg 10 minutes after skin incision), 556
C group (rocuronium 0.3 mg/kg during induction only).. 557
. also rapid recovery of neuromuscular transmission for 555598
02 neural monitoring when nerve stimulation is tested. The 560
80’70R 100 ——TORratio =H=BI> combination of rocuronium and sugammadex is one of the
nline / . . . oo . . 561
B&W in - solutions to ensure intubation condition, surgical relaxation 562
" and timely neuromuscular function recovery.'>'”'®
60 . . . 563
Sugammadex is a modified y-cyclodextrin developed to 564
40 selectively bind amino-steroidal NMBAs (i.e., rocuronium) 565
20 but not isoquinoline NMBAs (ie, cisatracurium).>'~?
i Sugammadex reverses rocuronium-induced NMB more 567
GA  Tube Op suga sugaSm V1 V2 Opend effectively than cholinesterase inhibitors (i.e., neostigmine);
hence, it archives faster extubation after surgery and less 569
postoperative residual curarization.**
Figure _4.. Time course of p_recision ane_sthesia prqtocpl including neuromuscular Sugammadex dosage to prevent postoperative residual
transmission and anesthesia depth (clinical application). Neuromuscular trans- o K . . K
mission was monitored by train-of-four (TOF) ratio and anesthesia depth was ~ curarization is well defined aCCOYdlng to peripheral nerve
assessed by bispectral index (BIS) derived from electroencephalogram (EEG). response (TOF ratio). During monitored parotid or thyroid 573
GA = General anesthesia induction .
Tube = Tracheal 1 Bation of EMG tube surgery, a dose of ng/kg.su.gammaflex c0117lc1191n.duce nearly 574
Op = Operation beginning complete NMB recovery within 10 minutes. "~ Since muscle 575
S;tha:m"avenous injection  sugammadex  0.5mg/kg at  10minutes  relaxation is also required during surgery, complete neuro- 576
after operation .
Suga 5m = Five minutes after sugammadex injection muscular function reCOV?ry may not be t}'le best manage- 577
V1 = initial vagal stimulation (44.6 = 11.1 min from anesthesia) ment protocol. The main purpose of this study was to 57¢
V2 = final vagal stimulation (83.2 + 17.0 min from anesthesia) investigate suitable dosage and timing of sugammadex 579
administration. We confirmed that low-dose sugammadex g
amplitude might be undetectable or markedly low when (0.5mg/kg) was effective for obtain an excellent EMG 5g1
nerve stimulation is performed during surgical steps.””*’ response at the first vagus nerve stimulation (V1) in both 5g7
Several feasible NMB regimens for monitored thyroidec- porcine model and clinical application. Mean time required 5g3
tomy have been proposed. The goals of optimal NMB for to obtain 50% recovery of EMG signal in piglets was 584
monitored thyroidectomy should provide not only excellent 16.8 minutes. In the human surgical setting, the timing of 585
relaxation for tracheal intubation and surgical procedure but sugammadex administration was designed at 10minutes 586
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after skin incision. On an average, initial vagal stimulation
V, was obtained at 28.5minutes after skin incision. This
duration ranged variously from 11 to 55 minutes. Our hos-
pital served as a referral center and received patients with
higher surgical difficulty such cancer, large goiter or
repeated surgery. Those surgical steps required much more
time than common thyroid surgery. The protocol showed
that partial recovery of neuromuscular function (averaged
TOF >58%) was feasible for high-quality V; EMG signal
(mean amplitude 1214 uV with standard waveform) during
monitored thyroidectomy.

Vagus nerve stimulation and obtain an initially satisfac-
tory V; baseline EMG signal is a mandatory part for accur-
ate neural monitoring during thyroid surgery.">'>*®* Few
studies have been proposed to apply sugammadex in IONM
to avoid interference by NMB. Empis and coworkers pro-
posed to use sugammadex in limited circumstances, they
used it in only 12.5% (15/120) of patients whose EMG amp-
litude was less than 100 ,V at V1 stimulation.'® This select-
ive neuromuscular recovery protocol could meet the neural
monitoring demand and be more cost-effective than routine
sugammadex use. From the surgeon’s perspective, a higher
EMG signal is generally requested for better decision-mak-
ing; however, a notable weakness of the protocol was that all
patients in general had relatively low V1 signal with medium
and lowest EMG amplitude being 402.5 and 2145 ,V
respectively. Medium and lowest EMG amplitudes were 522
and 180 ,V for obese population respectively. Conversely,
when routine sugammadex was used, EMG amplitude of V;
signal was much higher and stable at a mean value above
1,200 ,V in this study and in a previous report."”

To compare cost-effectiveness between sugammadex and
neostigmine, two issues about neural monitoring and
residual neuromuscular block were addressed. To facilitate
intraoperative neural monitoring, sugammadex is superior
to neostigmine. In our results, sugammadex even in smaller
dose could restore adequate neuromuscular transmission to
obtain high-quality EMG signal. Conversely, neostigmine
could not be effective in fastening neuromuscular transmis-
sion recovery because TOF ratio is usually nearly zero at the
time of skin incision. The drawback of sugammadex is the
high cost approximately 100 USD per vial. To avoid postop-
erative residual neuromuscular block, sugammadex is not
mandatory. Since merely single dose of NMBA is adminis-
trated, adequate neuromuscular transmission recovery is
usually observed at the end of surgery. Therefore, neostig-
mine is probably fast enough in day-to-day anesthesia prac-
tice for conventional group.

Post-operaitve adverse events may have an impact on
patient experience to surgery and anesthesia. To mitigate
postoperative nausea, vomiting and pain, an anesthesia regi-
men was recommended to combine dexamethasone, propo-
fol target-controlled infusion, parecoxib or NSAID and
avoid postoperative opioids such as morphine."

The current investigated protocol has several limitations.
Firstly, only a small number of piglets were used. A well-
established porcine model was used in the study. This
widely applied protocol may enhance overall efficacy by

following the replacement, reduction and refinement (3 R)
principles in IONM studies.”> We found that the results
were highly reproducible in this study, hence, we believed
that the data from the small number of piglets was suffi-
cient. Secondly, the clinical trial was a retrospective study
rather than a prospective, randomized study. The physical
status of population in this trial was relatively healthy and
patients with severe comorbidities were not enrolled in the
study. The mean weight of all operated patients is about
64 kg. The reversal time of NMB with sugammadex in obese
or morbidly obese is still matter of debate. Furthermore, the
use of sugammadex is not recommended in renal failure
patients even with dialysis. We did not include extreme eld-
erly and pediatric population which may affect reversal time.
Hence, our result demonstrates a feasible protocol only for
non-obese adult population without renal failure. Thirdly,
we focus on titrating neuromuscular blocking agent to opti-
mize neural monitoring as well as anesthesia protocol, we
did not analyze the impact of this protocol on mapping of
the abnormal situations in RLN or EBSLN. However, our
result showed that the precise NMB management ensured
timely neuromuscular function restoration for high-quality
EMG signal. Thus, the benefit and efficiency of precise
NMB management on facilitating neural mapping of the
abnormal situations in RLN or EBSLN deserve further inves-
tigation. Finally, concerning expenditure in healthcare sys-
tem, protocol including sugammadex is a high-cost therapy
and of restrictive use in most countries currently.
Conversely, a less expensive and ultra-short acting NMBA-
succinylcholine remains a choice for neural monitoring
anesthesia. The only clinical caution is its rare side effects
such as trismus, bronchospasm and malignant hyperthermia.

In conclusion, both porcine model and clinical applica-
tion showed that precision NMB management by low-dose
sugammadex was effective for IONM. There are some major
advantages of precision NMB management for monitored
thyroidectomy. Firstly, it allowed for adequate rocuronium
dose to induce excellent tracheal intubation condition for
EMG tube placement. Secondly, though low-dose sugamma-
dex (0.5mg/kg) only provided only partial neuromuscular
function restoration, it still facilitated high-quality IONM
(V1) signal in a timely manner. Finally, a separate dose of
sugammadex (1.5 mg/kg) at the end of surgery ensured safe
and rapid extubation by complete neuromuscular function
recovery. Therefore, we suggest including sugammadex
administration into anesthesia strategy for IONM protocol
to meet both anesthesia and surgery demands.
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