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ABSTRACT

Objective: This paper aims to propose a protocol with the topographical relations of the ESLN and the superior thyroid artery in
order to minimize the number of flaws in the proposals found in the literature. Methods: the cervical regions of 57 human cadavers
from the Forensic Medicine Institute were dissected bilaterally, with photographic identification of the ESLNs and their relation to the
superior thyroid artery. These data were used to propose the following classification: Type 1: unidentified ESLN; Type 2: the ESLN
crosses the superior thyroid artery 1.5 cm above the upper pole of the thyroid gland; Type 3: the ESLN crosses the superior thyroid
artery between 1 and 1.5cm above the upper pole of the thyroid gland; Type 4: the ESLN crosses the superior thyroid artery less than
1cm above the upper pole of the thyroid gland; Type 5: the ESLN crosses lateral-medially below the upper pole of the thyroid gland.
As a supplement, types 2, 3 and 4 received the subclassification: A — the ESLN was partially or totally enclosed in the perimuscular or
intramuscular areolar connective tissue, in the inferior pharyngeal constrictor muscle, in more than half of its path after crossing the
superior thyroid artery; B — the ESLN was not enclosed in either of these tissues. Results: Type 1, 11.88%; Type 2, 13.86%; Type
3, 34.65%; Type 4, 38.61%; Type 5, 0.99%. Conclusion: the majority of the ESLN nearest to the upper pole of the gland (types
3 and 4) followed the perimuscular or intramuscular superficial connective tissue in the upper pole of the thyroid gland, which, in this

study, disobliges the systematic identification of the nerve in thyroidectomies (p=0.075).
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INTRODUCTION

he surgical diseases of the thyroid gland, especially large

goiters (LG), frequent in goitrogenic areas such as the
state of Amazonas, Brazil, represent an important publich
health issue.

Undoubtedly, the size of LGs, many of them
weighing over 100 g, could increase the likelihood of
intraoperative accidents'3, even with an experienced
surgeon using a broad access such as the U-incision, which
affords better technical conditions for the identification of
the contiguous anatomical structures.

The superior laryngeal nerve (SLN) is a branch of
the vagus nerve (cranial nerve X). The SLN arises from the
skull base, follows a descending path as far as the proximity
of the horn of the hyoid bone, and divides into two branches:
the internal or superior (ISLN) and the external or inferior
(ESLN).

The ISLN enters the larynx after perforating
the thyroid membrane and is related to the sensory

innervation of the supraglottic region. At that location,
the nerve may form anastomoses with the branches of
the recurrent laryngeal nerve and thus give rise to Galen’s
Anastomosis.

The ESLN travels on the inferior pharyngeal
constrictor muscle or pierces it following a cranio-cau-
dal path, obliquely, as far as the level where it innervates
the cricothyroid muscle. It is a motor nerve, as it keeps
the vocal folds under tension. Through anastomoses with
the recurrent laryngeal nerve, the ESLN also supplies
motor innervation to the thyroarytenoid and
interarytenoid muscles.

Other variations of the ESLN worth mentioning:
branches to the thyroid, to the pharyngeal plexus, perforating
the cricothyroid membrane and, more rarely, a descending
cardiac branch?®.

Also as a result of the anastomoses, the motor
functions of the ESLN include phonation, the protection of
the airways against aspiration during swallowing, and
optimization of breathing®®.

Research study for the Programa de Apoio a Iniciacdo Cientifica (Undergraduate Research Support Program), UEA, conducted at the Forensic
Medicine Institute (IML) of Amazonas state, ORL-CCF Services of the HAJ/UEA and Hospital Santa Julia (HSJ) and PPGBIOTEC.
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Because of the contiguity with the superior thyroid
artery, iatrogenic lesions of the ESLN in thyroidectomies
are mentioned in the literature®'2. It is reasonable to assu-
me that iatrogenic injuries, which may involve the superior
parathyroid glands, are influenced by anatomical variations
of the nerve in relation to the short vertical segment of the
superior thyroid artery before it penetrates the gland, since
the superior thyroid vein usually lies more laterally in relation
to the cranial border of the thyroid lobe; thus, farther from
the nerve'"7,

The aims of this study are (1) to elaborate a
surgical protocol of the relations of the ESLN to the supe-
rior thyroid artery; (2) contribute to the prevention of
iatrogenesis in the ligation of that artery, and (3) contribute
data to the classification schemes described in the
literature.

METHODS

The data were collected from the dissection of
the suprahyoid and infrahyoid regions in 57 fresh cadavers,
not fixed with formaldehyde, at the IML-AM from December
2007 through September 2008.

Inclusion criteria: fresh cadavers of either sex,
all ages and ethnic groups.

Exclusion criteria: fresh cadavers with neck
traumas associated or not with the causa mortis and those
with goiters of any type.

The dissections were conducted with the
cadavers in the supine position and the neck extended over
a shoulder roll: (1) Median longitudinal incision from the
mentum to the jugular notch; (2) Dissection of the visceral
aspect of the platysma muscle; (3) Section of the cranial
insertions of the sternohyoid and sternothyroid muscles; (4)
Lateral retraction of the sternocleidomastoid muscle; (5)
Exposure of the superior pole of the thyroid gland and the
superior thyroid artery; (6) Identification of the ESLN,
dissected cephalad; (7) Photographic record of the relations
of the ESLN to the cranial border of the thyroid lobe and
the superior thyroid artery, using a tape measure in
milimeters.

The data obtained from the dissection of 101
ESLNSs, all documented with photographs, comprising a little
over 1,000 images, were analyzed statistically based on
the inclusion of the anatomical variations in the type
categories of the new classification proposed herein:

Type 1: Unidentified nerve.

Type 2: ESLN crosses the superior thyroid artery
at a distance greater than 1.5 cm from the cranial border of
the thyroid gland lobe;

Type 3: ESLN crosses the superior thyroid artery
between 1 cm and 1.5 cm from the cranial border of the
thyroid gland lobe.

Type 4: ESLN crosses the superior thyroid artery
less than 1cm from the cranial border of the gland lobe.

Type 5: ESLN crosses latero-medially below the
cranial border of the thyroid lobe.

Types 2, 3 and 4 ESLNs were subdivided into:
intramuscular or A: ESLN partly or totally enclosed in the
perimuscular or intramuscular superficial fascia , in the in-
ferior pharyngeal constrictor muscle, for over half of its path
after crossing the superior thyroid artery ; extramuscular or
B: ESLN visible, therefore dissectable, for over half of its
path after crossing the superior thyroid artery .

Data analysis was carried out through the
MINITAB statistical software, using the paired t-test and
the chi-square (x2 ) test, as well as descriptive statistical
analysis.

Approved by the Research Ethics Committee of
the Escola Superior de Ciéncias da Saude, UEA, AM, Brazil.

RESULTS

The study comprised 101 relations between the
ESLN and the superior thyroid artery in 57 fresh cadavers,
not fixed with formaldehyde.

The administrative records of the IML-AM
informed ages between 15 and 68 years, with a mean of
32 years. Distribuition by sex was 50 men and 7 women.

The statistical analysis of this sample showed
the following: pardo individuals, predominantly male, ages
ranging between 21 and 35 years. (figures 1, 2 and 3).

The 101 dissected ESLNs were studied according
to the new classification system proposed in the present
study (Table 1 and Figures 4, 5, 6).

The distal segment of the ESLN was found
enclosed in the areolar connective tissue or in the substance
of the inferior pharyngeal constrictor muscle in half of the
lobes dissected (Table 1 and Figure 4).

With few cases described in the literature, 3
(2.97%) out of the 101 ESLNs exhibited a distal bifurcation
along its descending path (Figure 6).

The evaluation of the distances between the
cranial borders of the thyroid lobes and the intersections of
the ESLNs with the superior thyroid arteries, both to the
right and to the left, resulted in similar maximum and
minimum values, and no statistically significant difference
was found (p=0.144) in the paired t-test (Table 2). This
finding is in agreement with Ozlugedik'3(Figure 7).

Thus, surgical safety is enhanced, and iatrogenic
injuries are prevented, if the ligation of the superior thyroid
artery is performed with a margin of safety, under direct
vision of the short vertical path of the artery, before it enters
the thyroid lobe (Figure 8).

DISCUSSION

Undoubtedly, the studies found in the literature
show that the diseases of the thyroid gland are more
frequent among women, with a ratio of as many as 10
women to 1 man-. Since the present study was conducted
at the IML-AM (Forensic Medicine Institute), on a sample
that reflects the profile of people who suffered violent deaths,
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that ratio does not coincide with the prevalence found in
clinical practice. On the other hand, stressing the importance
of using different samples from those referenced in clinical
trials, specifically regarding anatomical variations of the SLN,
Furlan'® pointed out that no difference exists between men
and women.

The studies published by Kierner et al ® in 1998,
and Furlan et al"® in 2003, regarding the relations of the
ESLN to the a superior thyroid artery, corroborated the data
obtained by Cernea et al'>*in 1992.

Since we could not find similar results to those
described by Cernea', particularly as to the variation in
which the ESLN crosses the lobe of the thyroid below the
entry of the superior thyroid artery, in 89 partial or total
thyroidectomies performed at the Otorhinolaryngology and
Cervicofacial Surgery Services of the HAJ/UEA and HSJ in
Manaus between 2005-2007, with photographic records
of all the ligations of the superior thyroid arteries (Figure 8),
the choice was made for an anatomical study of the ESLN
in fresh cadavers.

The present study, conducted in 2008, comprising
101 superior laryngeal nerves, did not confirm the results
obtained by Cernea et a4, Kierner et al'® and Furlan et
al®. In addition, it became evident that it is necessary to
add further data to the proposed classification schemes that
have been published. For that reason, the new parameters
obtained herein culminated in the need for a novel
classification that would better define the relations of the
ESLN to the superior thyroid artery (Table 1).

Overall, in agreement with the literature, no
statistically significant relationship was found between the
ESLN variations and the side of the neck, sex or ethnic
group'® 1.

The results were analyzed statistically according
to the parameters of the new classification system, and
showed the following: when the ESLNs are analyzed in
relation to the distance from the cranial border of the lobe
to the intersection of the nerve with the superior thyroid
artery, 87.12% of the ESLNs are types 2, 3 and 4 (Tables 1
and 2); as for the presence or absence of an intramuscular
path or in the perimuscular areolar connective tissue
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Figure 1 —  Sample distribution by skin color (n=57).

(subtypes A and B), especially for those ESLNs closer to the
cranial border of the lobe (types 3 and 4), the intramuscular
path is evident in 60% of the type-3 ESLNs and in 64.10%
of type 4 (Table 1); in the analysis by the chi-square test
(x?), the variables distance of the intersection of the nerve
with the superior thyroid artery and intramuscular path in

Figure 2 —  Frequency by age (n=57).

the inferior pharyngeal constrictor proved to be independent
(p=0.075).

These data show that it is important to take into
consideration not only the distance of the intersection of

Table 1 — Results (n=101).
Nerve type Type category description Number (%)
1 Unidentified 12 (11,88)
2 >1,5cm 14 (13,86)
2A Intramuscular 4 (28,57)
2B Extramuscular 10 (71,43)
3 1-1,5cm 35 (34,65)
3A Intramuscular 21 (60,00)
3B Extramuscular 14 (40,00)
4 <lcm 39 (38,61)
4A Intramuscular 25 (64,10)
4B Extramuscular 14 (35,90)
5 Below the cranial border of the lobe 1 (0,99)
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the ESLN with the superior thyroid artery , but also the
relation of the nerve to other topographical structures,
especially the inferior pharyngeal constrictor muscle and its
areolar connective tissue, included in the new classification
system (table 1).

The divergence from the results of Cernea et a'*,
Kierner' and Furlan et al"® refers to the high likelihood of
the ESLN crossing the thyroid gland below the cranial border
of the lobe. Our results, which identified one case (0.99%)
of ESLN at that location, are statistically comparable to those
obtained by Naidoo?, who does not describe the nerve in
that position at all. Thus, the results much differ from those
published by Cernea'in 1992, who found six (20%) in 30
dissections; by Kierner'® in 1998, who identified 14 (28%)
in 62 lobes, and Furlan', who in 2003 identified, out of 72
dissections, 16 (22%) ESLNs crossing the gland below the
cranial border of the lobe.

Therefore, based on those authors!z'41819,
supported by the results obtained by them, the previous
identification of the ESLN is recommended before the
ligation of the superior thyroid artery in thyroidectomies, in
order to prevent iatrogenic injuries.

However, because the differences between
the findings by Cernea'?", Furlan and Kierner'® and the
data obtained in the present study, as well as in
Naidoo's?’, are statistically significant and do matter in
the context of a specific surgical decision — whether or
not to identify the ESLN prior to the ligation of the su-
perior thyroid artery —, it is necessary to take them into
careful consideration.

Based on the findings of the present study,
there is no indication for mandatory systematic
identification of the ESLN over the course of partial or
total thyroidectomies. This position becomes even more
sustainable if the ligation of the superior thyroid artery
is performed under direct vision of the segment before
it penetrates the gland.
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Figure 3 — frequency by sex (n=57).
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ESLN (blue arrow) and cranial border of the lobe of the
thyroid gland (yellow arrow). A: type 2A; B: type 2B;
C: type 3A; D: type 3B; E: type 4A, and F: type 4B.

Figure 5 - ESLN (blue arrow) and cranial border of the lobe of the thyroid gland (yellow arrow). A: type 1 (unidentified ESLN); B: type 5.
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Table 2 - Descriptive statistics for the identified ESLNs (n=89).
Variable N Mean (cm) Standard Deviation Minimum (cm) Median (cm) Maximum (cm)
DNLSE-LD* 42 0,98 0,47 0,10 1,00 2,40
DNLSE-LE** 47 1,14 0,60 -0,40 1,00 2,40
*DESLN-RL — Distance separating the ESLN from the cranial border of the right lobe of the thyroid .
**DESLN-LL — Distance separating the ESLN from the cranial border of the left lobe of the thyroid.
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Figure 6 -

ESLN type 3A bifurcated (blue arrow), cranial border  Figure 7 -
of the lobe of the thyroid gland and superior thyroid
vessels (yellow arrow).

Boxplot graph of the distribution by height of the
distance between the ESLN and the cranial border of
the right lobe (DESLN-RL ) and left lobe (DESLN-LL ) of
the thyroid gland.

RESUMDO

Objetivo: Este trabalho objetivou construir um protocolo das relagées anatémicas topogréficas do ramo externo do nerve laringeo
superior (SLNE) com a artéria tiredidea superior, para minimizar as falhas das propostas descritas na literatura. Métodos: Foram
dissecadas bilateralmente as regibes cervicais de 57 caddveres frescos, no Instituto Médico-Legal do Estado do Amazonas, com
identificacdo fotografica dos SLNE e respectivas relagbes com a artéria tiredidea superior. A partir dos dados obtidos elaborou-se
classificagcdo: Tipo1: SLNE ndo identificado; Tipo 2: SLNE cruza a artéria tiredidea superior a distdncia maior de 1,5cm do limite cranial
do lobe da glandula tiredide; Tipo 3: SLNE cruza a artéria entre 1cm e 1,5cm do limite cranial do lobe da glandula tiredide; Tipo 4:
SLNE cruza a artéria a menos de 1cm do limite cranial do lobe da gldndula; Tipo 5: SLNE cruza, latero-medialmente, abaixo do limite
cranial do lobe tiredideo. Como suplemento classificatorio, os tipos 2, 3 e 4 receberam subclassificagdo: A - quando se encontrava
parcial ou totalmente envolto no tecido conjuntivo superficial peri-muscular ou intra-muscular, no constritor inferior da faringe, em
mais da metade de seu percurso, apds cruzar a artéria tiredide superior; B — quando se encontrava fora destes tecidos. Resulta-
dos: Tipo 1, 11,88%; Tipo 2, 13,86%, Tipo 3, 34,65%, Tipo 4, 38,61% e Tipo 5, 0,99%. Conclusdo: Os SLNE mais proximos ao
limite cranial (Tipos 3 e 4) percorriam, em sua maioria, o tecido frouxo peri-muscular ou intramuscular, no pdlo superior da tiredide,
0 que neste estudo, desobrigam identificacdo sistemdtica do nerve nas tireoidectomias (p=0,075).

Descritores: Tireoidectomia. Nerve laringeo superior.
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