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Actuality. Systematic reviews and meta-analyses of studies comparing intervention with intraoperative neuromonitoring with the iden-

tification of recurrent laryngeal nerve in the absence of intraoperative neuromonitoring have been published. Data from these reviews are 
conflicting. Some authors insist that intraoperative neuromonitoring reduces both temporary and permanent damage to the recurrent laryngeal 
nerve. Other researchers did not find a significant reduction in the frequency of damage to the recurrent laryngeal nerve, instead, they indicate 
a greater comfort for the surgeon when performing the intervention.

The purpose of the review was to assess the main trends in the use of neuromonitoring in thyroid surgery.
Material and methods. The information search was carried out in PubMed, EMBASE, Ovid EBMR, UpToDate, Cochrane Library data-

bases. Search depth – 5 years. Key words were “intraoperative neuromonitoring”, “thyroid surgery”, “recurrent laryngeal nerve”. 67 sources 
were analyzed, from which 29 publications were selected for further analysis.

Results and discussion. The epidemiology of traumatic laryngeal nerve injuries, their etiology and clinical manifestations are considered. 
The most common mechanisms of recurrent laryngeal nerve injury are traction (for example, during removal of a retrosternal goiter); incision 
or electrocoagulation is much less common. The history of the development of the issue, modern trends in the application of intraoperative 
monitoring have been studied.

The advantages of using intraoperative monitoring for identification of laryngeal nerves over conventional imaging are discussed. It is 
shown that the efficiency of identification of the recurrent laryngeal nerve reaches 98–100%. It is emphasized that the introduction of intra-
operative monitoring into surgical practice in the treatment of thyroid gland diseases prevents trauma to the thyroid gland and improves the 
life quality.
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ЗАСТОСУВАННЯ НЕЙРОМОНІТОРИНГУ В ПРАКТИЦІ ТИРЕОЇДНОЇ ХІРУРГІЇ
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Огляд присвячено застосуванню інтраопераційного моніторингу у сучасній тиреоїдній хірургії. Розглянуті питання епідеміології 

травматичних ушкоджень нервів гортані, їх етіологію та клінічні прояви, історію розвитку питання, сучасні тенденції у застосуванні 
інтраопераційного моніторингу. Обговорено переваги застосування інтраопераційного моніторингу для ідентифікації нервів гортані 
над звичайною візуалізацією. Показано, що ефективність ідентифікації зворотного гортанного нерва сягає 98–100%. Наголошується, 
що впровадження інтраопераційного моніторингу у хірургічну практику під час лікування захворювань щитовидної залози запобігає 
травмуванню ЗГН та ЗГВГН, а також покращує якість життя пацієнтів.
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Стаття поширюється на умовах ліцензії 

The incidence of temporary recurrent laryngeal nerve 
(RLN) palsy ranges from 2% to 13%, and permanent palsy 
from 0.4% to 5.2% after thyroidectomy [1; 2]. In their time, 
Lahey and Hoover revolutionized thyroid surgery by pro-
moting routine identification of RLN, direct imaging of 
RLN, and capsular dissection, which has become the gold 
standard for the prevention of traumatic paresis during thy-
roid surgery [2]. Despite careful visual identification of 
the RLN, damage to it can still occur due to anatomical 

changes, surgeon inexperience, and complex situations, 
including large goiter, revision surgery, and the presence of 
invasive malignancy [3]. The main disadvantage of simple 
visualization is the surgeon’s inability to predict the func-
tional integrity of a visually intact nerve. Possible mech-
anisms of injury to the RLN include not only transection 
but also compression, ligation, traction, thermal injury, and 
ischemia [4].

The use of intraoperative neuromonitoring (IONM) 
during thyroidectomy allows to confirm the functional 
integrity of the RLN and facilitates its identification before 
visualization during surgery, especially in high-risk situa-
tions [5–7]. In this context, it was expected that monitoring 
of both evoked and spontaneous electromyographic activ-
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ity of the vocal cord should significantly reduce the inci-
dence of RLN lesions.

As the volume of thyroid surgery has increased in recent 
years, so have the risk minimization measures to protect the 
RLN (Fig. 1). Although the incidence of traumatic paresis 
of the RLN is low in experienced hands, voice changes, 
especially if they are permanent, significantly impair the 
patient’s quality of life [4; 8]. IONM includes three 
interdependent stages of nerve assessment: preoperative, 
intraoperative, and postoperative monitoring of the func-
tion of the RLN [5]. Perfect surgical skills, including visual 
identification and dissection of the RLN along its anatomi-
cal course, are an important prerequisite for successful thy-
roid surgery.

Despite the fact that the use of IONM is gaining pop-
ularity and is considered a standard of care in some coun-
tries, the cost-effectiveness of this technology remains con-
troversial [9].

Many systematic reviews and meta-analyses have been 
published comparing interventions with IONM with identi-
fication of RLN in the absence of IONM [5–7; 10; 11]. The 
findings of these reviews are contradictory. Some authors 
insist that IONM reduces both temporary and permanent 
damage to the RLN. Other researchers have not found a 
significant reduction in the incidence of RLN damage, but 
instead indicate greater comfort for the surgeon during the 
intervention.

The aim of the review was to assess the main trends in 
the use of neuromonitoring in thyroid surgery.

Material and methods. An information search was 
conducted in PubMed, EMBASE, Ovid EBMR, UpToDate, 
and Cochrane Library databases. The depth of the search 
was 5 years. Key words were “intraoperative neuromoni-
toring”, “thyroid surgery”, “recurrent laryngeal nerve”.

We analyzed 67 sources, of which 29 publications were 
selected for further analysis.

Results and discussion. The most common mechanism 
of injury to the recurrent laryngeal nerve is traction (e.g., 
during removal of a sternal goiter); direct mechanical dam-
age (incision, incision) or electrocoagulation as a cause of 
injury are much less common. Jeannon et al. showed, based 
on a review of 27 studies analyzing more than 25.000 thy-
roid surgeries, that the average incidence of paralysis of 
RLN was 9.8%. The complication rate was 2.3–26% [12]. 
This large discrepancy is due to many factors; secondary 
thyroid, large goiter, and sternocleidomastoid surgeries, as 
well as thyroid cancer and Graves’ disease surgeries, have 

Fig. 1. Stages in the evolution of IONM: A – passive recording of nerve activity, B – temporary stimulation,  
C – permanent stimulation [5]

a higher complication rate than multinodular goiter surger-
ies [13]. In addition, the incidence of RLN involvement 
depends on the number of laryngeal examinations after 
thyroidectomy, which are not regularly performed in all 
surgical departments.

Damage to the external branch of the superior laryngeal 
nerve (EBSLN) can occur in 58% of patients [14–16].

Cernea classification is the most common and widely 
recognized anatomical classification of the risk of injury 
during thyroidectomy. This classification is as follows: 
Type 1: EBSLN crosses the superior thyroid artery more 
than 1 см above the upper edge of the upper thyroid pole 
and is common in 68% of patients with a small goiter and 
23% of patients with a large goiter. Type 2A: the nerve 
crosses the superior vessels less than1 см above the upper 
edge of the upper pole; it is recognized in 18% of patients 
with a small goiter and 15% of patients with a large goiter. 
Type 2B: EBSLN crosses the upper thyroid vessels below 
the upper edge of the upper pole of the thyroid gland. Typi-
cally, type 2B occurs in 14% of patients with a small goiter 
and 54% of patients with a large goiter. Type 2B is the most 
susceptible to trauma. Visual identification of EBSLN may 
not be possible in 20% of patients when the nerve is located 
deep in the fascia of the lower constrictor muscle [17].

Unilateral RLN paralysis most often leads to hoarseness 
or voice tone or swallowing disorders, while bilateral dam-
age can lead to dyspnea and acute respiratory failure, which 
can be life-threatening [18]. This condition often requires 
tracheostomy. In more than 20% of patients, vocal cord 
paralysis due to RLN injury can be asymptomatic; there-
fore, laryngoscopy is the only objective tool to correctly 
assess the percentage of RLN paralysis and should always 
be performed both before and after thyroid surgery [4; 19].

In the case of damage to the EBSLN, the most underes-
timated complication of thyroid surgery, the patient cannot 
produce high pitched sounds and the voice weakens during 
modulation, which is important for people who work with 
voice [8; 19]. Clinically, patients with damage to the EBSLN 
have a hoarse or weak voice. These symptoms are the result 
of dysfunction of the cricothyroid muscle, which is inner-
vated by the EBSLN [14]. Damage to this nerve is difficult 
to detect during a routine postoperative laryngoscopy, and 
both the Voice Hearing Impairment Index (VHI) and the 
Voice-Related Quality of Life (V-RQOL) are validated tools 
for assessing voice quality and risk of EBSLN injury [4].

As early as 1938, one of the pioneers of thyroid surgery, 
Frank Lahey, observed on the basis of more than 3000 thy-
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roidectomies performed that routine identification of the 
RLN during thyroid surgery reduces the incidence of thy-
roid injury [19]. Currently, visual identification of the RLN 
is the gold standard in thyroid surgery, and for more than 
30 years, this method has been complemented by the use 
of IONM of RLN and EBSLN during the procedure. The 
advantage of laryngeal nerve neuromonitoring over visual 
assessment alone is the ability to assess not only the pre-
served anatomical integrity of the nerve but also its func-
tion during surgery [5–8].

Today, the most common system for IONM is the use of 
an endotracheal tube with built-in surface electrodes. During 
patient intubation, the tube is precisely placed between the 
vocal folds. During thyroid surgery, the nerve is stimulated 
with a current of 0.5–2.0 mA using an electric probe (mono- 
or bipolar). After a latent period, a contraction of the vocal 
muscles occurs, which is recorded by surface electrodes 
placed on the intratracheal tube and transmitted to the receiv-
ing part – a neuromonitor, that displays the contraction as 
an electromyographic (EMG) wave. EMG wave amplitudes 
above 200 μV indicate the proper functioning of the nerve, 
and its absence at a current of 1–2 mA indicates the so-called 
signal loss and laryngeal nerve injury. A detailed knowledge 
of the LOS solution algorithm is important for the surgeon 
to correctly predict postoperative nerve function. This algo-
rithm is described in detail in the recommendations for the 
use of neuromonitoring in thyroid surgery.

Cooperation with the anesthesiologist plays an important 
role in thyroid surgery using laryngeal nerve monitoring. 
It is important to correctly place the appropriately selected 
endotracheal tube so that the surface electrodes are adjacent 
to the vocal folds. To obtain a response from the vocal mus-
cles during laryngeal nerve stimulation during intubation, 
short-acting muscle relaxants should be used [5].

During nerve stimulation, modern devices generate 
both an acoustic signal and an electromyographic signal 
(EMG wave) on the monitor. The EMG wave recording 
confirming the response of the laryngeal nerves should be 
archived and attached as a printout to the medical record.

During neuromonitoring surgery, the mapping tech-
nique is often used to identify the nerve in the surgical 
field by moving the stimulation probe at small regular 
intervals (1–2 mm) along the trachea [5]. The signal of 
the evoked potential in the nerve area directs the operator 
to its location and allows to determine its course correctly. 
The mapping technique is especially applicable during 
secondary procedures on the thyroid gland, where scar 
tissue has formed [20].

Laryngeal nerve monitoring is a standardized technique. 
This means that in all centers where this method is used, 
there is an accepted scheme of thyroid surgery using neuro-
monitoring, which includes examination of the larynx before 
and after surgery, as well as identification and assessment of 
the vagus nerve (V1) and laryngeal nerve (R1) activity both 
before and after removal of the thyroid lobe (V2 and R2, 
respectively) [5]. Examination of the larynx before surgical 
treatment allows to diagnose even subtle disorders of their 
functioning, which can often be asymptomatic. Besides, cor-
rect phonation does not always indicate the absence of disor-
ders in the functioning of the vocal folds. Therefore, exami-
nation of the larynx after thyroid surgery is more important, 

as approximately 30% of vocal fold paralysis can occur with 
proper phonation. Vagus nerve stimulation prior to RLN 
detection is performed to verify the correct positioning of 
the endotracheal tube with built-in surface electrodes, which 
determines the optimal use of the neuromonitoring tech-
nique. Stimulation of the vagus nerve after thyroid resection 
is the most sensitive way to assess the function of the RLN 
and eliminates the possibility of its potential damage along 
its entire length (from the branching of the vagus nerve to the 
entrance to the larynx) [20].

Currently, we have different options for RLN monitor-
ing: intermittent intraoperative neuromonitoring (I-IONM) 
using a handheld probe and continuous intraoperative 
neuromonitoring (C-IONM) using a temporary implanted 
vagus electrode [5; 7; 10; 20].

In 2020, the NIM Vital (Medtronic, Jacksonville, Flor-
ida, USA) was introduced to the market, offering Nerve-
TrendTM EMG reports, which allows monitoring the con-
dition of the nerves during the procedure, even if I-IONM 
is used [21].

In approximately 20% of cases, the EBSLN cannot be 
identified by imaging alone, as the nerve has a subfascial or 
intramuscular path in the lower constrictor muscle. Nerve 
stimulation can objectively identify the EBSLN, resulting in a 
visible twitch of the cricothyroid muscle in all (100%) cases. 
The use of IONM should not be limited to RLN but should 
also be expanded to mapping of EBSLNs, their identification 
and functional testing during thyroidectomy [11; 22].

Neuromonitoring allows for precise cutting of the 
laryngeal nerves from the surrounding tissues [5–7, 10; 11] 
and significantly increases the radicality of the operations 
performed. Barczynski et al. showed that the average 131I 
iodine uptake after total thyroidectomy using IONM com-
pared to procedures without neuromonitoring was (0.67 ± 
0.39)% versus (1.59 ± 0.69)% (p < 0.001), and the percent-
age of patients with iodine uptake below 1% increased by 
45% when neuromonitoring was used [22].

Neuromonitoring allows predicting postoperative activ-
ity of the RLN during surgery, which virtually eliminates 
the risk of bilateral damage [5; 7; 11]. The introduction of 
neuromonitoring in thyroid surgery has given rise to the 
concept of two-stage thyroidectomy. It involves refraining 
from removing the second lobe of the thyroid gland if there 
is a suspicion of nerve damage on the side where the opera-
tion is already performed (the presence of signal loss on the 
side where the operation was performed). This procedure is 
intended to protect the patient from bilateral paresis of the 
thyroid gland and possible tracheostomy [23].

Since IONM has been introduced into thyroid sur-
gery, there has been an ongoing debate about prevalence 
of IONM over imaging. In general, the effectiveness of 
identifying RLN using neuromonitoring is 98–100% and is 
statistically significantly higher than visual identification, 
which has been confirmed by numerous multicenter stud-
ies [5–7, 10; 11; 24; 25]. The achievements of the Odesa 
surgical school in thyroid surgery in general confirm these 
statements [26–29].

Conclusions. the introduction of intraoperative moni-
toring into surgical practice in the treatment of thyroid dis-
eases prevents RLN and EBSLN injury, and improves the 
quality of life of patients.
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