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/ Abstract \

Injury to the external branch of the superior laryngeal nerve (EBSLN) following thyroid or parathyroid surgery often results

in devastating voice changes especially noticed by patients who use their voice professionally. The external branch arises
from the vagus nerve which provides the motor supply to the cricothyroid muscle, an exclusive tensor of the vocal cords.
The course of the EBSLN is subject to great anatomic variability. Damage to the nerve occurs during improper ligation of
superior thyroid vessels close to the upper pole of thyroid gland in up to 58% of patients undergoing thyroid surgery. Thus,
a thorough knowledge of the anatomy of the EBSLN and its variations, is essential requirement to minimize iatrogenic
complications during surgery of the neck. Additionally, nerve monitoring methods have been developed to facilitate the
localisation of the nerve, decreasing the possibility of nerve injury during thyroid surgery. The aim of this study is to analyze
and review the anatomical variations of the EBSLN and its correlations with the superior thyroid artery and the upper pole
of the thyroid gland. The literature search was performed during the period from February 1992 through November 2021.
The position of the EBSLN was classified according to the Cernea and Kierner classification.

Based on this classification, type 2a variant of EBSLN was the commonest followed by type 1. In addition, neuromonitoring
allowed a higher identification rate than the visual identification.

Keywords: EbslIn; Superior Thyroid Artery; Upper Pole; Thyroid Gland; Cernea/Kierner Classification; Intraoperative
Neuromonitoring

Abbreviations: RLN: Recurrent Laryngeal Nerve, IBSLN: Internal Branch of the Superior Laryngeal Nerve, EMG:
Electromyography, CMAP: Compound Muscle Action Potential, IONM: Intraoperative Nerve Monitoring, STA: Superior

\Thyroid Artery, CTM: Cricothyroid Muscle /
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Introduction

Numerous studies have emphasized the importance of
preserving the recurrent laryngeal nerve (RLN) during
thyroidectomy because injury of it can cause serious
complications such as permanent or transient hoarseness,
dysphasia and total vocal cord paralysis [1]. Due to the
diversity of EBSLN, few approaches to identify and preserve
the nerve during thyroid surgery have been established in the
literature. The EBSLN innervates the cricothyroid muscle and
its injury often results in hoarseness, inability to raise pitch,
and voice fatigue mainly detected in professional singers,
teachers and public speakers [2]. The EBSLN runs close to
the superior thyroid artery in relation to the upper pole of
thyroid gland. The injury of the nerve is possible during the
sectioning of the superior thyroid vessels throughout thyroid
surgery. In most circumstances, the EBSLN passes above the
superior thyroid pole, but many variations have been reported
in literature. The EBSLN was categorized according to the
proposed classification by Cernea et al. [3] and Kierner et al.
[4]. The aim of this study was to review the surgical anatomy
and variations of the EBSLN and its relevance to the superior
thyroid pole and assess the role of neuromonitoring in
detecting the nerve during thyroid surgery. Hence, a thorough
understanding of EBSLN anatomy and its possible variations,

is the key to achieve a safe and effective surgery.

Surgical Anatomy

Thyroid gland

The thyroid gland develops as an endodermal downgrowth
from the 1%t and 2" pharyngeal pouches [5]. The thyroid gland
takes its name from the Greek words ‘thyreos’ (shield) and
‘edidos’ (form) because of its shape and position in the
anterior central neck [6,7]. It weighs about 15-25 grams. It is
closely associated with several vital structures such as
parathyroid glands, recurrent laryngeal nerves, external
laryngeal nerves and thyroid vessels [8,9]. The arterial supply
of thyroid comes from the superior and inferior thyroid
arteries. The superior thyroid artery is normally the 1% branch
of the external carotid artery. It descends down and anteriorly
to reach the superior pole of the thyroid gland. Along part of
its course, the artery parallels the external branch of the

superior laryngeal nerve. At the superior pole the artery

divides into anterior and posterior branches. The anterior
branch parallels the medial border of the lobe and
anastomoses in the midline with the anterior branch of the
other side. The posterior branch anastomoses with branches
of the inferior thyroid artery. From the posterior branch, a
small parathyroid artery passes to the superior parathyroid
gland. The inferior thyroid artery usually arises from the
thyrocervical trunk of the subclavian artery. It bends medially
and passes posteriorly to the carotid sheath to reach the
inferior pole of the thyroid either anteriorly or posteriorly to
the RLN. Then, the artery divides into two branches. The
superior branch anastomoses with the posterior branch of the
superior thyroid artery. The inferior branch supplies the lower
pole of the gland along with the inferior parathyroid glands.
On the right, the inferior thyroid artery is absent in about 2%
of individuals. On the left, it is absent in about 5%. The artery
is occasionally double. Approximately 10% of people have
small unpaired thyroid ima artery. It may arise from
brachiocephalic trunk, aortic arch or right common carotid
artery. It ascends on the anterior surface of the trachea and
continues to the thyroid isthmus. A potential source of
bleeding during tracheotomy is the presence of this artery [6].
A complex of veins form under the thyroid capsule. The
superior thyroid vein which flows into the internal jugular
vein accompanies the ipsilateral artery. The middle thyroid
vein arises on the lateral surface of the gland at about two-
thirds of its anteroposterior extent. No artery accompanies it.
This vein enters either the internal jugular or the innominate
vein. The inferior thyroid vein is the largest and most variable
of the thyroid veins. It accompanies the thyroid ima artery (if
artery is present) [10]. Lymphatic drainage parallels the
venous drainage. The upper part drains into the upper deep
cervical lymph nodes (from the prelaryngeal nodes; Delphian
lymph node), the lower part drains into the lower deep
cervical lymph nodes (from the pre-tracheal and paratracheal
nodes) and the isthmus drains into the brachiocephalic lymph
nodes [11]. Thyroid gland receives its innervation from the
superior, middle and inferior cervical sympathetic ganglia
(from the sympathetic trunk) which are vasomotor in function
[12].

EBSLN anatomy and variations

The SLN arises from the inferior ganglion of the vagus nerve.
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Within 1.5cm of its origin and posteromedially to the internal
carotid artery, it descends antero-inferiorly to reach the
thyrohyoid membrane. It bifurcates into external laryngeal
branch and internal laryngeal branch at the level of the hyoid
bone. The internal branch of the superior laryngeal nerve
(IBSLN) pierces the thyrohyoid membrane along with
superior laryngeal vessels. This nerve divides into three
branches that communicate with the RLN. The IBSLN
provides sensory innervation of the supraglottic larynx.
Injuries to the internal branch are uncommon during
thyroidectomy [13].

The EBSLN is a smaller, motor branch that travels anteriorly
and inferiorly along the lateral surface of the inferior
constrictor muscle and the branches of superior thyroid
artery. Then it descends anteriorly and medially towards the
larynx to innervate the cricothyroid muscle. The nerve
bifurcates to innervate the two parts of the muscle which are
the pars recta and the pars oblique. The cricothyroid muscle
increases the longitudinal tension of the vocal folds and raises
the pitch of the voice. Injury to the EBSLN causes paralysis
of cricothyroid muscle with consequent hoarseness, vocal
fatigue, changes in the pitch of the voice and volume changes
on loud phonation [14]. However, it is not yet known whether
SLNs provide innervation to the thyroarytenoid [15]. The
relation of the nerve to the upper pole and superior thyroid
artery is extremely variable. This condition increases the risk
of nerve damage during thyroidectomy, parathyroidectomy,

carotid endarterectomy or anterior cervical spine procedures.

For that reason, the superior thyroid artery needs to be ligated
and individually isolated just near the upper pole where it is
not so closely related to the nerve as it is at its origin. Apart
from that, visual identification of the nerve is needed before
the ligature of the upper pole. Also, the use of
neuromonitoring to the margin of the cricothyroid muscle has
improved detection rates [16,17]. A classification of the
EBSLN with respect to the upper pole and its relation to
superior thyroid artery is the most important landmark the
surgeons need to raise awareness during thyroid surgery. The
landmark drawn by Cernea et al. [3] is the usual position of
the superior pole of the thyroid, but it changes with ethnic
differences and size of thyroid gland. Later Kierner et al.
added a 4" type [4] (figure 1):

Type 1: Nerve crosses STA more than 1cm above the superior
pole (Cernea and Kierner)

Type 2a/2: Nerve crosses STA<lcm above the superior pole
(Cernea/Kierner)

Type 2b/3: Nerve crosses STA<lcm below the superior pole
(Cernea/Kierner)

Type 4 (Not identified): Nerve runs dorsally to the superior
thyroid pedicle (Kierner)

The Cernea et al. classification is the most widely accepted
system in identification and documentation of EBSLN in
relation to the superior pole and superior thyroid vessels. It
has been reported 60% of type 1, 17% of type 2a, 20% of type
2b, and 3% of type Ni (Not identified) EBSLNs [3].

Figure 1: Cernea and Kierner classification

A Cernea

B Kierner

N/

Type 4
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Kierner et al. classification is similar to Cernea. However, a
4™ type was added which described 14% of cases where the
EBSLN could not be identified since it descended more
dorsally. It is claimed that this type may have been partly
responsible for the type Ni findings of Cernea’s classification
[4].

The Friedman et al. classification described the EBSLN in
relation to the inferior pharyngeal constrictor muscle before
its entry into cricothyroid muscle as follows [18]:

Type 1: EBSLN runs superficially to the inferior constrictor
muscle, along with the superior thyroid vessels

Type 2: EBSLN penetrates the inferior constrictor muscle in
the lower portion of the muscle

Type 3: EBSLN plunges into the inferior constrictor
(‘buried”)

The Friedman et al. classification is based on the distal
identification of the EBSLN. It was reported that in more than
85% of cases, the nerve could be identified in the junction of
the inferior constrictor muscle and cricothyroid muscle.
However, prevalence data for each variant was not provided
[18].

Block et al. reported the positional interrelationship of
EBSLN to superior thyroid artery including variants of other
classifications [19]:

Type A: The nerve travels medial to the superior thyroid
artery

Type B: The nerve travels deep to the inferior pharyngeal
muscle (similar to Friedman type 3)

Type C and D: The nerve travels between the branches of the
superior thyroid artery (similar to Lennquist variants
described below)

Type E: The nerve crosses below the apex of superior thyroid
pole (similar to Cernea type 2b and Kierner type 3)

Block provides no information on prevalence [19].
According to Lennquist et al. the EBSLN was classified as
[20]:

Type 1. Medial to the origin of the superior thyroid artery
(most common)

Type 2: Lateral to the origin of the superior thyroid artery

In about 20% of EBSLNs were identified laterally to the
superior thyroid artery and distally after inferior constrictor

muscle dissection, but this would not be recommended. They

mentioned that some EBSLNs run among the branches of the
superior thyroid artery and no further subclassification was
needed [20].

Selvan e al. used electromyography (EMG) to identify and
map the nerve according to clinical variations by recording
the compound muscle action potential (CMAP) [21]:

Type 1a: EBSLN can be found within 1 cm of the entry of the
vessels into the gland either anterior or between the branches
of the superior thyroid vessels and internally 3 cm of the
cricoid cartilage

Type 1b: EBSLN can be identified posterior to the vessels but
inside 1 cm from the entrance of the vessels into thyroid
Type 2: EBSLN can be appeared inwardly 1 to 3 cm from the
entrance of the vessels into thyroid or deep down 3 to 5 cm
from the cricoid cartilage (most frequent)

Type 3: EBSLN can be found between 3 and 5 cm of the entry
of the vessels into the gland or more than 5 cm of the cricoid
cartilage

It was found 9% of nerves of type 1a, 3% of type 1b, 68% of
type 2 and 20% of type 3 [21].

In addition, laryngeal nerves communications have been
studied between the internal and recurrent laryngeal nerves;
external and recurrent laryngeal nerves as well as, internal
and external laryngeal nerves. Specifically, the
communication between the EBSLN and the RLN (the
“’communicating nerve’’) occurred in the piriform fossa.
After the EBSLN supplied the cricothyroid muscle, it passed
through this muscle to enter the larynx, where it connected
with the anterior branch of RLN to innervate one-third of the
anterior part of the thyroarytenoid muscle, which is the
adductor of the ipsilateral vocal cord [22]. Also, neural
communications have been described between external and
internal laryngeal nerves (via a thyroid foramen) and between
internal and RLN [23]. These variations may help explain the
variable position of the vocal folds after vocal fold paralysis.
Identification and Preservation of EBSLN

The nerve is usually found in space of Reeves which is an
avascular space between the upper pole of thyroid and
cricothyroid muscle. Identification and opening up is
important for preservation of EBSLN especially in the type
2b cases, where the nerve is at risk of injury during ligation

of the vessels close to the gland [24,25]. A medial dissection
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is performed at the upper pole. The ipsilateral lobe is given
traction in a downward and outward direction thus opening
up the sternothyroid- laryngeal triangle (Joll’s triangle). The
triangle is bounded by sternothyroid muscle superiorly, upper

lobe and superior thyroid vessels laterally and the inferior

constrictor muscle and cricothyroid muscle medially [26].
The EBSLN is usually located medially, the superior thyroid
vein on the lateral side and the superior thyroid artery in
between [27] (figure 2).

Figure 2: Joll’s triangle

JOLL'S TRIANGLE
STRAP MUSCLE
ATTACHMENT
SUPERIOR THYROID —___
VESSELS — CRICOTHYROID

SUPERIOR LARYNGEAL

NERVE (EXTERNAL BRANCH) —

UPPER POLE
OF THYROID

MUSCLE

MIDLINE

Strap muscle is found superiorly, upper pole and superior thyroid vessels laterally and the cricothyroid muscle medially. The external

branch of superior laryngeal nerve is usually located medially

Intraoperative nerve monitoring (IONM) of the EBSLN
Recent studies have shown that intraoperative monitoring can
assist with identifying the EBSLN during superior thyroid
pole surgical approach. The standard method of EBSLN
monitoring is performed under general anesthesia via
endotracheal tube using surface electrodes. It consists of an
electromyography (EMG) that detects the adduction of the
vocal folds. The monitor should be set for an appropriate
event threshold at 50 pV and a stimulator probe (monopolar
or bipolar) should be set on a value of ImA. The EBSLN must
be tested medially to the vascular pedicle of superior pole
after the true positive stimulation with 1 mA (EMG response
via cricothyroid muscle twitch). IONM contributes to voice
preservation following thyroidectomy since its positive
neural signal is useful for the declaration of the neural
function and for identification of the EBSLN [28].

Materials and Methods
Eligible
PubMed/Medline, Medscape, Embase and Google Scholar

studies were identified by search of the

bibliographical databases from February 1992 up to

November 2021. The search included the following
keywords: “external branch of superior laryngeal nerve AND
superior thyroid vessels AND superior pole of thyroid gland
AND Cernea/Kierner classification AND intraoperative

neuromonitoring”.

Study selection criteria

The search was limited to studies published in English,
French or German. Two investigators (SK and DC), working
independently, reviewed the literature and cited data from
each eligible study. All prospective and retrospective studies,
were acceptable for this review. Articles that did not disclose
the names of the authors were not evaluated. All references
from the manuscripts were searched for further information.

The search strategy retrieved 3559 articles. Additional
records identified through other sources (n=45). Following
the removal of duplicates (n=342) and primary screening
(n=3021), 241 of these were considered as eligible. The other
studies were excluded (n=192) by applying exclusion criteria
involved previous neck irradiation, full text articles not
available, studies investigating RLN, postoperative injury

assessment rather than identification of the EBSLN,
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incomplete data, conference abstracts and reviews. Finally,
49 of them were included in this literature review. Inclusion
criteria comprised total lobectomy, subtotal thyroidectomy or
hemithyroidectomy, primary or secondary procedure, with or

without thyroid lesions.

Results

Cernea et al. [3] in 1992 proposed a classification system in
identification of EBSLN in relation to the superior pole and
superior thyroid vessels. 15 cadavers were used in this study,
with 30 slightly enlarged thyroid poles being dissected. It has
been reported 18 (60%) of type 1, 5 (17%) of type 2a, 6 (20%)
of type 2b and 1(3%) of type Ni. The rate of direct visual
classification was 100%. In 1998, Kierner et al. [4] dissected
52 hemilarynges from 31 cadavers. In type 1, 23 nerves (42%)
were found, in type 2, 15 (30%), in type 3, 7 (14%) and in
type 4, 7 (14%). In agreement with Cernea et al., type 1 was
the most common. In 1995, Cernea et al. [29] studied 9
patients and analyzed 12 EBSLNSs. The average weight of the
specmens was 431 grams. Three (23%) were type 1, two
(15%) type 2a, seven (54%) type 2b and one (8%) type Ni. It
was claimed that the incidence of the type 2b EBSLN was
higher among the population of large goiters. Aina and
Hisham [30] reported 392 dissections in 317 patients in 2001.
They presented 199 nerves (50.8%) in type 2a and they
revealed that the identification rate of the EBSLN using
IONM was 95%. Bellantone et al. [31] published 215 upper
pole dissection in 215 patients in the same year. They saw 126
nerves (58%) in type 1 and 25 (11.6%) in type 4/Ni. The
reported visual identification for the 190 EBSLNs was 88.4%.
In 2002, Hurtado-Lopez et al., [32] reproduced 73 superior
poles ligations in 73 patients. 39.7% of the 29 EBSLNs was
related to type 2a and 5.8% of the 4 nerves to type 4/Ni. 100%
of the nerves could be identified visually. Furlan et al., [33]
performed 72 dissections in 36 cadavers and 34 (47%) type 1
nerves were found predominantly. In 2005, Hurtado -Lopez
et al., [34] carried out 49 dissections in 29 patients and found
equal number of 16 nerves (32.5%) in type 1 and 2a. 11
nerves (22.7%) of type 4/Ni could not be identified. They
documented an identification rate of 97% under IONM.
According to Ozlugdik et al. [35] among the 40 dissections in

20 cadavers, the prevalence of the nerve type 2a was as high

as 60%. Pagedar et al. [36] showed that 48.3% of nerve type
2b was the most common in 112 patients that underwent 178
upper pole dissections while three (1.7%) nerves were type
4/Ni. They found an identification rate of 98.3% without
neural stimulation. Chuang et al. [37] prescribed 86
dissections in 43 cadavers and 39.5% of the nerves were
found in type 2a although 5 nerves (5.8%) were estimated in
type 4/Ni. Whitfield et al. [38] reported that no type 2b nerves
were seen while the prevalence of type 1 nerves was as high
as 80% and 2 nerves (13%) were type 4/Ni. Hwang et al. [39]
determined that the use of IONM in the intraoperative
dissection of 92 upper poles in 50 patients recognized 100%
of the nerves. Fiftytwo nerves (56.5%) were classified as type
2a. Pradeep et al. [40] analyzed 584 EBSLNs intraoperatively
in 404 patients and found 71.4% nerves of type 1 and 8.9% of
type 4/Ni. Barczynski M et al. [41] reported 210
thyroidectomies and 248 nerves visualized with IONM in
83.8%. 126 nerves (50.8%) type 1 showed prevalence. A
retrospective evaluation of 456 patients (849 nerves) was
addressed by Ravikumar et al. [42] The incidence of type 2a
(522) EBSLN was higher in 57.2% of cases while 63 nerves
(6.92%) were not identified (type 4/Ni). Dionigi et al. [43]
studied 400 nerves among 206 patients and found that the
presence of type 2b nerves (56.7%) were more prevalent as
compared to the other types. Uludag M et al. [44] included
the data of 221 patients and a total of 374 nerves (95.2%) were
identified with IONM. In a randomized prospective clinical
trial of Uludag et al. [45], a total of 133 patients who
underwent thyroidectomy, assigned to 2 groups. In group 1
(65 patients, 105 nerves) there was no effort to visualize the
EBSLN. In group 2 (68 patients, 106 nerves), IONM
identified 65.1% of EBSLNSs. In group 2, 72 nerves (67.9%)
type 2a were mostly found. Gavid et al. [46] showed type 1
(8 nerves) in 62.5% of 4 cadavers dissection. Joshi et al. [47]
reported 94 EBSLNSs in 79 patients with type 2a (46.8%)
predominance. Menon et al. [24] in 2017 and Aygun et al.
[48] in 2020, evaluated 191 and 200 EBSLNSs intraoperatively
in 100 and 126 patients respectively and reported a type 2a
nerve prevalence rate of 61% and 68% subsequently. On the
contrary, Ahmad et al. [49] and lwata et al. [50] showed a
type 1 nerve prevalence rate of 53.2% and 50.8% in 50 and
80 patients during thyroidectomies. Devaraja et al. [51]
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conducted a cadaveric study and included 12 nerves from 8
cadavers. The prevalence of type 2a nerves was higher. In the
study by Del Rio et al. [52], the prevalence of type 1 EBSLN
among 88 patients of 176 nerves examined, was 43.3%.
Dubey et al. [53], reported a type 1 EBSLN prevalence rate
of 61.1% in 50 patients while 59 EBSLNs were detected.
Jonas et al. [54] determined that 37.9% of EBSLNs were
identified by IONM. Page et al. [55] identified 20% of nerves
by IONM. Mustafa et al. [56] documented visual
identification only in 75.2% of nerves. Loch-Wilkinson et al.
[57], Inabnet et al. [58], Lifante et al. [59], Masuoka et al.
[60], Darr et al. [61], Kandil et al. [62], Hodnett et a. [63],
Glover et al. [64], Lee et al. [65], Hurtado-Lopez et al./2016
[66], Aygun et al./2017 [67], Wang et al. [68] and Aleksova
et al. [69] found that IONM recognized 87%, 53.3%, 65.7%,
89.2%, 100%, 54.2%, 67%, 97.2%, 98.5%, 97.5%, 65.6%,
98.5% and 96.8% of the EBSLNSs, respectively. Gurleyik
E&Gurleyik G/2017 et al. [70] reported only visual
identification in 66.9% of nerves. Zhang et al. [71] recognized
94.4% (group 1) and 83.1% (group 2) of EBSLN, respectively
by IONM. Gurleyik E&Gurleyik G/2021 et al. [72]

documented only visual identification in 64.3% of EBSLNSs.

Discussion

The external branch of superior laryngeal nerve (EBSLN) is
closely related to the superior thyroid artery (STA) and upper
pole of thyroid. This topographic relationship represents a
key point of EBSLN identification during thyroid surgery.
The EBSLN arises together with internal branch from the
superior laryngeal nerve, which is a branch of the vagus
nerve. It travels inferiorly, passing superficially to the inferior
constrictor muscle and finally it terminates and innervates the
cricothyroid muscle (CTM) which tenses the vocal cord [13].
In addition, the nerve is identified in the Joll’s triangle
(sternothyroid laryngeal triangle) which is bounded laterally
by upper pole of thyroid gland and the vessels, superiorly the
attachment of the strap muscles and medially by the midline.
The floor is formed by the CTM. The EBSLN lies within this
triangle [26,27]. The techniques used for the identification of
the EBSLN mentioned in literature include the use of nerve
monitoring, the inspection of the distal part of the inferior

constrictor muscle and individual ligation of the superior

thyroid vessels [31].

Common symptoms associated with damage of the EBSLN
are loss of pitch of the voice, diminished vocal frequency and
easy fatigability of voice which may result in decreased
quality of life, particularly for those voice professionals [14].
Therefore, preservation of this nerve is one of the critical
steps of thyroid surgery. The EBSLN passes under
sternothyroid deep to superior thyroid vessels. As a result,
there is a risk of nerve damage approximately in 58% of cases
during the dissection of the upper pole [73]. The literature
describes various classification systems of the EBSLN in
relation to these anatomic structures. In the present study, the
identification rate of EBSLN was considered by evaluating
the relationship between the superior thyroid artery and
EBSLN based on Cernea’s and Kierner’s classification [3,4].
In most studies, Cernea type 2a nerves were found to be the
most prevalent type followed by type 1 nerves
[2,24,30,32,35,37,39,42,44,45,47,51,53,67]. In cadaveric
studies, type 1 nerves were most common followed by type

2a nerves and type 2b nerves [3,4,33,38,46,51]. The

incidence of type 2a nerves in intraoperative studies was
higher compared to type 1 and type 2b nerves
[2,24,30,39,42,44,45,47,53,67]. In some studies, the EBSLN
descended more dorsally than one would expect and its
identification was more difficult. It has been stated by
Kierner’s et al. that type 4 may be partially responsible for the
type Ni findings of Cernea’s classification [3,4,29,31,32,34],
[36-38], [40,42,47,49].

The use of IONM significantly improves EBSLN
identification rates during thyroid surgery. The research of
Hwang et al. [39] and Darr et al. [61] recognized 100% of the
EBSLN by IONM. Aina&Hisham et al. [30], Hurtado-Lopez
et al. [34.66], Glover et al. [64], Lee et al. [65], Uludag M.et
al. [44], Wang et al. [68] and Aleksova et al. [69] identified
more than 95% of the EBSLNs with intraoperative
neuromonitoring. Darr et al. [61] could identify all the
EBSLNs and observe significant EMG responses in 100% of
cases. Barcynski et al. [41], Dionigi et al. [43], Loch-
Wilkinson et al. [57], Masuoka et al. [60], Zhang et al. [71]
compared visualization with IONM and found increased
identification rate of EBSLN about 90% of cases. The
metanalysis of Cheruiyot et al. [73] demonstrated that the

www.acquirepublications.org/JSSS


https://www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialties
https://www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialtieshttps:/www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialties
https://www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialties
https://www.acquirepublications.org/Journal/Surgery/Surgery-and-Surgical-Specialties

Journal of Surgery and Surgical Specialties

identification rates of EBSLNs were 95.90% (95% CI 94.30-
97.25) in studies that used intraoperative neuromonitoring
techniques (IONM) versus to 76.56% (95% CI 69.34-83.08)
in studies using only visual identification. However, the
accuracy of IONM is dependent to the technical experience
of the surgeons, such as setting up the IONM equipment and
interpreting the results correctly, as well as, the
comprehensive  cooperation  between surgeons and
anesthesiologists [27]. The most technical problems are
incorrect positioning of the surface electrodes on the
endotracheal tube relative to the vocal cords but occur less
frequently compared to RLN intraoperative neuromonitoring
[44].

Conclusion

The present study aims to review published literature for
anatomical variations of external branch of the superior
laryngeal nerve in relation to the superior thyroid artery and
superior pole considering Cernea and Kierner classification
and the application of intraoperative neural monitoring.
Based on this classification, type 2a variant of EBSLN was
the commonest followed by type 1. In addition,
neuromonitoring allowed a higher identification rate than the
visual identification. The key point for identifying and
preserving the nerve during surgery of the neck is attention to
anatomic detail and vascular configuration associated with
knowledge of the course of the EBSLN and anatomical
variations as described by Cernea et al. and Kierner et al.
classification. Additionally, the contribution of intraoperative
neuromonitoring is obvious helpful in identifying EBSLN
and ensuring motor function of the larynx especially in
professional singers and speakers.
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