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Abstract

Background: Intraoperative nerve monitoring (IONM) to assess the
recurrent laryngeal nerve function during thyroid surgery is becoming
the standard of care across many institutions. The successful deploy-
ment and data analysis from the IONM require complete laryngeal re-
laxation and reflex suppression. We investigated the role of intravenous
lidocaine infusion (IVLI) to provide such operating conditions, under a
lighter plane of anesthesia and fewer hemodynamic fluctuations.

Methods: Sixty-five patients were randomly assigned to lidocaine
group (LG) or placebo group (PG) based on the computer-generated
coding developed by the pharmacy department. The study medica-
tion (SM) was delivered by the pharmacist in a pre-filled coded sy-
ringe to the investigator 30 min prior to the surgery. All the patients
were anesthetized by narcotic and inhalation based general anesthe-
sia. The SM was administered at the rate of 1.5mg/kg/h following a
loading dose of 1 mg/kg. Dragonfly® laryngeal surface electrode and
Nerveana® nerve locator system were used for [IONM during surgery.

Results: The proportion of patients requiring lower strength stimu-
lating current (StMC) at 0.5 mA was significantly higher in the LG
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than in the PG (X? (1, N = 61) = 10.1615, P = 0.001434). Similarly,
the proportion of patients with the drop in the aggregate impedance
level (DAIL) by < 50% at the end of surgery was significantly higher
in the LG than in the PG (X2 (1, N = 61) = 15.982, P = 0.000064).
In addition, the proportion of patients with the hypotensive episodes
requiring rescue medications more than twice during surgery was sig-
nificantly lower in the LG than in the PG (X? (1, N = 61) = 0.0183,
P <0.05).

Conclusions: The enhanced laryngeal relaxation and the reflex sup-
pression afforded by the IVLI could have enabled a lower StMC to
elicit a positive signal. The lower StMC promotes less intense laryn-
geal alterations as evidenced by the lower DAIL in the LG. IVLI can
enhance the functionality of the IONM during prolonged operating
time and the resultant increased number of IONM stimulations, while
providing a stable hemodynamic environment.

Keywords: IONM; Lidocaine infusion; Recurrent laryngeal nerve
monitoring; Thyroid and parathyroid surgery

Introduction

The use of intraoperative nerve monitoring (IONM) in combi-
nation with visual recurrent laryngeal nerve (RLN) identifica-
tion results in significant lower postoperative RLN palsy rates
than RLN identification without IONM [1, 2]. The alerting of
the surgeon early to potential RLN problems is a pre-requisite
for the decrease of RLN injury and should result in lower RLN
palsy rates and an improved quality of life for patients [3]. The
decrease in the identification time of the RLN, while employ-
ing IONM during the thyroid surgery, has been documented
in the literature [4]. Because of the simplicity of design and
cost effectiveness, recording of electromyography of the vo-
cal cords using surface electrodes integrated or attached to the
endotracheal tube (ETT) is perhaps the most widely used tech-
nique of the IONM [5]. Complete functionality of the IONM
depends on near total relaxation and reflex suppression without
the use of neuromuscular blocking agents (NMBAs) [5]. The
depth of anesthesia required to meet that criteria often leads to
hemodynamic instability [5]. Intravenous (IV) lidocaine has
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been widely employed in anesthesia to suppress laryngotra-
cheal reflexes, intubation-induced bronchospasm and to blunt
adverse cardiovascular response during intubation. Interpreta-
tion of the data from the IONM during surgery depends on
the near perfect positioning of the laryngeal electrodes and the
near total suppression of the laryngeal reflexes. We investi-
gated the role of IV lidocaine infusion (IVLI) in improving the
functionality of IONM during thyroid and parathyroid surgery
in this prospective, randomized, double-blinded, placebo-con-
trolled study.

Materials and Methods

Subjects

This study was approved by the Institutional Review Board
of the Bronx Lebanon Hospital Center, Bronx, NY, USA and
the protocol was registered with the ClinicalTrials.gov Reg-
istry as NCT02479789. It was conducted in compliance with
the ethical standards of our institution on human subjects as
well as with the Helsinki Declaration. Patient recruitment was
initiated during the preoperative visit to the surgical clinic.
We enrolled 65 male and female patients aged 18 - 85 years
scheduled for thyroid and parathyroid surgery including redo
surgery with American Society of Anesthesiologists (ASA)
physical status classification I to III. Patients undergoing ad-
ditional procedures, known hypersensitivity to lidocaine and
at high risk for IV lidocaine use due to congestive heart failure
and arrhythmia were excluded from the study.

Study design

This study was a double-blinded, placebo-controlled, rand-
omized, quadruple masked (participant, care provider, inves-
tigator and outcome assessor) clinical trial. Participants were
recruited from September 2015 to September 2018 and ran-
domly assigned to either the lidocaine group (LG) or the pla-
cebo group (PG). The study medication (SM) was delivered to
the operating room 30 min prior to the commencement of the
surgery by the pharmacy department, in a pre-filled syringe
labelled with a computer-generated code.

The randomization list was generated by the pharmacy
staff in blocks based on computer coding. Study group assign-
ment was concealed from the patients, clinicians and research
staff until after all the study data were collected and document-
ed for the last patient.

Outcome measures

The primary outcome measures were the suppression of laryn-
gotracheal reflexes during thyroid and parathyroid surgery, the
time-frame being from the beginning to the end of surgery. We
evaluated the laryngotracheal activity as a function of mainte-
nance of contact between the laryngeal electrodes and vocal
cords by documenting the lowest level of stimulating current
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(StMC) to elicit a positive signal and the drop in aggregate
impedance level (DAIL) by < 50% at the conclusion of the sur-
gery. Intraoperative monitoring of the laryngotracheal activity
was objectively recorded and evaluated from the data from the
IONM (StMC and DAIL).

The secondary outcome measures included the amount of
anesthesia medications used, postoperative pain control, pain
medications required, nausea and overall patient comfort. The
total amount of anesthesia medications used, and postoperative
pain medications required were recorded in absolute numbers.
The time-frame for the postoperative monitoring started on ar-
rival to the post anesthesia care unit (PACU) and ended at 24 h
after surgery. Postoperative pain control, postoperative nausea
and overall patient comfort were recorded on a scale of 1 - 10.

Statistical analysis

Data were managed and analyzed using the SAS 9.3 statistical
software (Cary, NC, USA). We used Chi-square test (Fisher’s
exact test when the value in one of the cells was < 5) for cate-
gorical variables and unpaired two sample #-test for continuous
variables to test the difference between the two study groups.
A P-value of less than 0.05 was considered statistically sig-
nificant.

Perioperative management

The IONM setup was prepared by applying Dragonfly® Single
Channel Laryngeal Surface Electrode (Electrode LSE 500Ms;
Neurovision Medical Products, Ventura, CA, USA) to a #7
cuffed ETT (Medline Industries, Mundelein, IL, USA) accord-
ing to the manufacturer’s instructions. The nerve locator sys-
tem was tested as per their instructions.

When the patient was received in the operating room, in
addition to standard ASA monitors, a radial arterial line was
placed under local analgesia for closer hemodynamic moni-
toring. Lidocaine 1 mg/kg was administered as an IV bolus
for all the patients prior to induction. The SM received from
the pharmacy in prefilled coded syringe was set up to deliver
at the volume equivalent of 1.5 mg/kg/h through an infusion
pump. The patients were preoxygenated and induced with a
bolus of midazolam 2 mg and fentanyl 1.25 pg/kg followed by
propofol 1.5 mg/kg and cisatracurium 4 mg. Intubating con-
ditions were established by succinylcholine 1.2 mg IV bolus
and the airway was secured with the pre-prepared surface elec-
trode mounted ETT by direct vision laryngoscopy. Anesthesia
was maintained with air, oxygen and sevoflurane at the desired
minimum alveolar concentration levels titrated to effect. The
placement of the electrode plates appropriately in contact with
the vocal cords was verified with a Glidescope® after final po-
sitioning the patient with the desired neck extension. A bispec-
tral index (BIS) monitor (Model 1 A 2000; Aspect Medical
Systems, Newton, MA, USA) was connected to guard against
“recall” during lighter planes of anesthesia and a train of four
(TOF) monitor (Microstim Plus, Neurotechnology, Houston,
TX, USA) was employed to guard against inadvertent neuro-
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Trachea

Figure 1. Right recurrent laryngeal nerve dissection.

muscular blockade (NMB). Hemodynamic fluctuations during
surgery were treated with B-blockers and sympathomimetic
agents as appropriate. The initial stimulation level was set at
1.5 mA and gradually reduced to 0.5 mA. The lowest strength
of the StMC required to elicit a positive signal upon the RLN
stimulation was the goal, while the visual confirmation of the
RLN was the gold standard for the study. The DAIL at the
end of surgery was recorded. Greater than 50% DAIL was
considered significant indicator of loss of contact between the
electrode sensors and vocal cords. Inability to elicit a signal at
2 mA was considered as equipment/placement failure. Addi-
tional doses of fentanyl were administered as needed to sustain
basal narcosis. The SM infusion rate was tapered down and
discontinued upon extubation.

Meticulous dissection and visual identification of the RLN
were the primary focus during surgery (Figs. 1 and 2). Mo-
bilizing the thyroid lobe medially until cricothyroid joint is
palpable served as the initial starting point for the RLN loca-
tion. The next step was to define the trachea esophageal groove
(TEG) by lateral traction on the paratracheal tissue around the
carotid and medial traction on the trachea. Identification of the
inferior thyroid artery in the TEG serves as an additional guide
to the RLN. Definitive confirmation of the RLN identity was
by the IONM stimulation of the nerve resulting in the palpable
and visual contraction of the posterior cricoarytenoid muscle.
The number of stimuli delivered until confirmatory cricoaryte-
noid contraction depended upon the level of resident participa-
tion. The attending surgeon’s experience predated the IONM
by many years, while residents needed frequent reassurances
approaching the RLN and the number of IONM stimulations
varied accordingly.

The patients stayed overnight in the PACU for observa-
tion. Their vital signs and study parameters were recorded at
appropriate intervals. PACU data were determined and docu-
mented by the PACU staff not involved with the study.

Results

While we recruited 65 patients for this study, we were able to
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Figure 2. Left recurrent laryngeal nerve dissection.

use 61 patients (93.8%) in the final analysis due to missing
core data points.

Study population characteristics

The study population were of mostly women (N = 54, 88.5%),
Hispanic (N = 59, 96.7%) with a mean age of 58 (standard
deviation (SD) = 9.6) and a mean body mass index of 29.4 (SD
= 4.8). Most of the patients in the study population were not
current smokers (N = 55, 90.2%). About a quarter of patients
(N =15, 24.6%) had three or more comorbid conditions such
as hypertension, diabetes mellitus, hyperlipidemia, along with
coronary artery disease or chronic obstructive pulmonary dis-
ease or hypothyroidism. Over a half (N = 33, 54.1%) of the
patients had surgery for thyroid adenoma, nearly a quarter (N =
13, 21.3%) for thyroid carcinoma, about a tenth (N = 6, 9.8%)
for parathyroid adenoma and the rest (N =9, 14.8%) for other
reasons such as a combination of thyroid/parathyroid pathol-
ogy or Hashimoto’s/chronic lymphocytic thyroiditis (Table 1).

Primary outcome measures

The proportion of patients that required a lower strength StMC
at 0.5 mA (manufacturer’s recommended strength is 1.5 mA)
was significantly higher in the LG than in the PG (X? (I, N
=61) =10.1615, P = 0.001434). Similarly, the proportion of
patients with the DAIL by < 50% at the end of surgery was
significantly higher in the LG than in the PG (X? (1, N=61) =
15.9816, P =0.000064) (Fig. 3).

Secondary outcome measures

Secondary outcome measures failed to achieve statistical sig-
nificance.

Exploratory outcomes
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Table 1. Selected Characteristics of Study Population

Study group
All, N (%) Lidocaine, N (%) Placebo, N (%)

Total 61 (100.0) 32 (100.0) 29 (100.0)
Sex

Male 7 (11.5) 2 (6.3) 5(17.2)

Female 54 (88.5) 30 (93.8) 24 (82.8)
Ethnicity/race

Hispanic 59 (96.7) 31 (96.9) 28 (96.6)

Black 2(3.3) 1(3.1) 1(34)
Age

Mean 57 56 58

Standard deviation 9.6 9.5 9.6
Body mass index

Mean 29.4 29.5 29.4

Standard deviation 4.8 4.4 5.2
Current smoker

Yes 6(9.8) 3(9.4) 3(10.3)

No 55(90.2) 29 (90.6) 26 (89.7)
Co-morbidity*

0 condition 16 (26.2) 8 (25.0) 8 (27.6)

1 conditions 20 (32.8) 14 (43.8) 6 (20.7)

2 conditions 10 (16.4) 4 (12.5) 6 (20.7)

> 3 conditions 15 (24.6) 6 (18.8) 9(31.0)
Pathology

Thyroid adenoma 33 (54.1) 20 (62.5) 13 (44.9)

Thyroid carcinoma 13 (21.3) 6 (18.8) 7 (24.2)

Parathyroid adenoma 6(9.8) 3(9.4) 3(10.3)

Thyroid and parathyroid 5(8.2) 2 (6.3) 3(10.3)

Hashimoto’s/chronic 4(6.6) 1(3.1) 3(10.3)

lymphocytic thyroiditis

*0 condition: no comorbidity; 1 condition: hypertension or diabetes mellitus or hyperlipidemia or chronic obstructive pulmonary disease; 2 conditions:
hypertension as well as hyperlipidemia or chronic obstructive pulmonary disease; = 3 conditions: hypertension, diabetes mellitus, hyperlipidemia, as
well as coronary artery disease or chronic obstructive pulmonary disease or hypothyroidism.

Although originally was not planned as a part of the study,
there were few additional outcomes that were significantly ad-
vantageous for the patients in the LG which we thought were
worth reporting. For example, the diastolic blood pressure at
extubation was significantly lower among LG patients (M =
77.3, SD = 8.5) compared to those in the PG (M = 82.0, SD =
8.9) (t (59) =-2.7, P =0.04). The total duration of surgery was
also significantly reduced among the patients in the LG com-
pared to the patients in the PG. While over a three quarters of
the patients in the LG required < 120 min for surgery, only less
than a half of the patients in the PG needed a surgical duration
of <120 min (X? (1, N = 61) = 6.7, P = 0.009). The propor-
tion of patients that required additional cisatracurium in the
LG was significantly lower than that in the PG (X? (1, N =61)
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= 8.8, P =0.002). Similarly, the proportion with hypotensive
episodes requiring rescue medications more than twice during
surgery was significantly lower in the LG than in the PG (X?
(1, N=61)=0.0183, P=0.02) (Table 2).

Discussion

Electrical stimulation of the RLN during thyroid surgery
was studied and reported as early as 1969 by Flishberg and
Lindholm [6]. Advances in electrophysiological monitoring,
electrode technology, recording and stimulation technics and
monitoring equipment have made monitoring of the RLN a
practical tool for the surgeons [7].
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Figure 3. Primary outcome measures.

The summed action potentials (SAcPs) of the vocalis mus-
cle have been measured intraoperatively to evaluate the RLN
function during surgery. The absence of these potentials is a
sign of permanent or temporary paralysis of the RLN. General
anesthesia and muscle paralysis have the potential to decrease
or even abolish these potentials [8].

The most dreaded complication following thyroid and to a
lesser extent parathyroid surgery is the RLN palsy. Although
the overall incidence of nerve palsy is low, when it occurs it
is a devastating lifelong handicap [9, 10]. Experienced sur-
geons can also injure the nerve, resulting in persistent nerve
palsy in 1-2% of patients [4]. Despite the advances made
over the years on neuromonitoring, atraumatic dissection and

Table 2. Exploratory Outcome Measures

visual identification remain the gold standard in RLN preser-
vation. The nerve is highly sensitive and even a little tension
on it can result in temporary paresis [8]. In addition to the
atraumatic dissection of the RLN, intraoperative neuromoni-
toring is superior to surgical exposure (of the nerve) alone, as
not only the morphological but also the functional integrity
can be demonstrated [8]. Visualization of an intact RLN and
positive stimulation appear to ensure subsequent nerve func-
tion [11]. Positive stimulation is associated with a favorable
medium-term and long-term prognosis [12, 13]. The RLN
must be stimulated as inferiorly as possible, as stimulation
too close to its site of entry may fail to detect a more inferior
lesion [11]. Absence of visualization of the RLN was corre-

Study group

Exploratory outcome t-value X2 value P value?
Lidocaine, N (%) Placebo, N (%)

Total 32 (100.0) 29 (100.0) - - -

Diastolic blood pressure (mm Hg)P
Mean 77.3 82.8 -2.7 N/A 0.043
Standard deviation 8.5 8.9

Procedure duration (min)
<120 25 (78.1) 13 (44.8) N/A 6.7 0.009
> 120 7(21.9) 16 (55.2)

Cisatracurium (2 - 4 mg)°
Yes 11 (34.4) 21(72.4) N/A 8.8 0.002
No 21 (65.6) 8(27.6)

Hypotensive episodesd
Yes 2(6.3) 9(31.0) N/A 0.0183 0.02
No 30 (93.7) 20 (69.0)

aStatistically significant at < 0.05. PDiastolic blood pressure at extubation. ¢Additional cisatracurium during surgery (2 - 4 mg). YHypotensive episodes

requiring rescue medications more than twice during surgery. X2: Chi-square; N/A: not applicable.
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lated with a high rate of RLN paralysis [11]. Cancer surgery,
Graves’ disease, redo surgery, bilateral RLN dissection, large
thyroid lobe with intrathoracic extension and a history of ir-
radiation or inflammation have all been associated with high-
er risk of RLN paralysis. Parathyroidectomy was associated
with a low risk of RLN paralysis due to the very limited trac-
tion on the RLN during dissection [11]. Authors have found
the use of IONM decreased identification time of RLN and
operating time [4]. Others have found that neuromonitoring
can aid in anatomic identification of RLN and aid in resident
training [13-15].

The successful deployment and data analysis from the
IONM depend upon the complete laryngeal relaxation and
reflex suppression [5]. Laryngeal alterations caused by the
strong contractions of the vocal cords, by the IONM have been
documented [16]. The surgical procedure is a strong factor of
stress to the larynx with potentially traumatic manipulation
at the level of the larynx [16]. Complete functionality of the
IONM constitutes before full acceleromyographic recovery of
the NMBA at the adductor pollicis muscle [17], as the laryn-
geal muscles recover faster than the peripheral muscles [18].
The pre-curarizing and depolarizing muscle relaxants used in
our study were designed to provide adequate relaxation for
atraumatic intubation and facilitate Glidescope® visualized
electrode encased ETT placement between the vocal cords
with the manufacturer recommended alignment. The recovery
from the short-acting muscle relaxants was confirmed with the
TOF monitor prior to the first [ONM stimulation.

The anesthetic technique, either total intravenous anesthe-
sia (TIVA) or narcotic-based inhalational anesthesia (NBIA)
should ensure continued alignment of IONM electrodes with
the vocal cords throughout the procedure to ensure the integ-
rity of the data output from the monitor. Such data can alter the
intraoperative course and postoperative outcome. While mus-
cle relaxants cannot be employed for fear of compromising the
IONM data, the frequent intra-laryngeal alterations promoted
by the IONM activation and extra-laryngeal surgical manipu-
lations demand a considerable depth of anesthesia to keep the
troublesome reflexes at bay. Profound cardiovascular insta-
bility can be the result of pursuing such a course. Attempt to
counter the instability with sympathomimetic agents can them-
selves result in undesirable hemodynamic consequences. Pa-
tients with significant co-morbidities (ASA III) can ill-afford
such an intraoperative course.

Injected intravenously, lidocaine is variably effective in
blunting the hemodynamic response to intubation [19]. IV
lidocaine decreases the intracellular Ca®*concentration in the
airway smooth muscle, decreases myofilament Ca®* sensitivity
and has been shown to suppress coughing and prevent reflex
bronchoconstriction [19]. Laryngoscopy with or without intu-
bation provokes a sympathoadrenal response. These events are
clearly detrimental in individuals who have limited myocardial
reserve because of age or disease [20]. Administration of lido-
caine IV 1.5 mg/kg attenuates the hyperdynamic response to
laryngoscopy and intubation [20].

Because of its plasma half-life of 8 min, an IV bolus of
1 - 1.5 mg/kg lidocaine must be followed by infusion of 1 -
4 mg/min in adults in order to maintain therapeutic levels of
1.5 -4 ng/mL [21, 22]. Lidocaine side effects have never been
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reported in its intended use, probably because the first clinical
signs of toxicity occur at considerably high blood concentra-
tions (> 5 pg/mL) which did not occur even when IV lidocaine
was given continuously over 14 days [23]. Lidocaine infusion
at the rate of 1.5 mg/kg/h following a bolus of 1.5 mg/kg has
been employed in neonatal neurosurgery to facilitate an intra-
operative wake-up test [24].

Visualization of the RLN is the main factor ensuring nerve
preservation [12]. The specificity and sensitivity of the IONM
can be vastly improved by stimulating the visualized RLN. The
optimal output from the IONM depends on the near perfect de-
ployment and the near ideal intra-laryngeal environment. We
believe that IVLI in our study has been able to provide good
operating and monitoring conditions as well as stable hemo-
dynamic parameters with least side effects especially in ASA
111 patients.

Suppression of laryngotracheal reflexes during thyroid
and parathyroid surgery has largely been monitored by clinical
signs like coughing, bucking on the ETT or swallowing under
anesthesia. The IONM causes strong contractions of the vocal
cords and can cause laryngeal alterations [5]. Such laryngeal
alterations may not be clinically discernable, nevertheless con-
tribute to tiny extrusion of the ETT held between the vocal
cords. While not strong enough to precipitate extubation, they
do cause malalignment of the electrode positioning in the lar-
ynx resulting in weaker signal strength and DAIL during the
surgery.

Our primary outcome measure results indicated a more
stable laryngotracheal environment intraoperatively in the LG
compared to the PG. The IVLI used in our study provided us
with the superior laryngeal quiescence required to provide the
enhanced laryngeal relaxation and reflex suppression. This
in turn ensured the maintenance of contact between the elec-
trodes and vocal cords more optimally and for prolonged du-
ration, notwithstanding the intra-laryngeal alterations by the
IONM and the extra-laryngeal manipulations during surgery.
Our ability to elicit a positive signal with a 0.5 mA StMC over
the duration of surgery and to ensure the DAIL at < 50% to-
wards the conclusion of the surgery was statistically signifi-
cant in the LG.

While none of our secondary outcome measures rise to
the level of statistical significance, we are encouraged that our
exploratory outcome results offered us positive data for future
clinical pursuit. The total duration of surgery, additional doses
of cisatracurium required intraoperatively, the diastolic pres-
sure on extubation and hypotensive episodes requiring rescue
medications more than twice during surgery were all lower in
the LG. We believe IVLI has contributed to these results and
propose further targeted study.

Rising intolerance for physician error, potential legal is-
sues and medical insurers can increase intraoperative stress
for the providers [4]. With respect to thyroid and parathyroid
surgery, IONM has largely mitigated such stress among estab-
lished providers and a whole new generation of trainees. By
employing IVLI to improve the functionality of the IONM, the
output data can be interpreted with greater confidence thereby
minimizing the operating room stress and enhancing the post-
operative patient outcome.
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