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Abstract

Background: Until recently, the knowledge of the anatomical variations in the relationship between the recurrent laryngeal nerve (RLN)
and the inferior thyroid artery (ITA) combined with visual intraoperative RLN identification are essential for the protection of these life-
important structures during surgical exposure and the mobilization of thyroid and parathyroid glands. This leads to the proper treatment
of patients and improvement of the surgical techniques.

Aim: To describe anatomical variations in the relationship of the recurrent laryngeal nerve to the inferior thyroid artery in the Sudanese
population.

Patients and methods: Following ethical committee approval, an observational descriptive prospective cross-sectional study in the peri-
od between March 2019 and February 2020, for anatomical variations in the relation of the recurrent laryngeal nerve to the inferior thy-
roid artery in seventy-two cervical sides of thirty-six well-dissected embalmed Sudanese cadavers. The RLN was investigated in three
positions: posterior to the ITA main trunk, anterior to the ITA main trunk and between the ITA branches. Then, the results were analyzed
according to the gender, age and dissection side.

Results: We found that the anatomical variations were more frequent in males (97.2%) than females (2.8%). The age of these variations
ranged between 31-45 years which represents (61.1%). On the right side of the neck, the commonest position of the RLN is posterior to
the ITA (63.9%) followed by in decreasing order of frequency, the RLNs run between the ITA branches (30.6%) and anterior to the ITA
(5.6%). On the left side of the neck, the commonest position of the RLN is posterior to the ITA (69.4%). It passed between the ITA
branches in (30.6%) of specimens. There was no anterior location of the RLN to the ITA. Variations in a relationship of the RLN to the
ITA on one side is significantly different from the opposite side.

Conclusions: Although the risk of potential damage to the RLN during surgical neck procedures involving the thyroid gland and para-
thyroid glands is well recognized, pre-operative detailed surgeon’s knowledge for these frequent anatomical variations and the usage of
the ITA as an anatomical landmark for intraoperative RLN recognition is important. This will lead to a reduction of iatrogenic RLN inju-
ry prevalence. Future studies are recommended to compare the findings on this cadaveric study with a larger sample size in the long-term
period.
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1. Introduction

In 1927, Charles Higgins has published a study including this statement: “the prevention of injuries of the recurrent laryngeal nerve de-
mands an accurate understanding of the anatomical relations of the nerve on the part of everyone who deals with surgery of the larynx or
the thyroid gland. The fact that anomalies of the nerve may occur must be constantly kept in mind. The patient who has suffered an inju-
ry to the recurrent nerve must always be kept under observation in order to prevent an unfortunate sequel” (Higgins 1927). Until recently,
the knowledge of the anatomical variations in the relationship between the recurrent laryngeal nerve (RLN) and the inferior thyroid artery
(ITA) combined with visual intraoperative RLN identification are essential for the protection of these life-important structures during
surgical exposure and the mobilization of thyroid and parathyroid glands. This leads to the proper treatment of patients and improvement
of the surgical techniques (Rimi and Bose 2010; Premachandra et al. 1990). Moreover, RLN injury during ITA ligation is related to less
anatomical knowledge. This complication ranges from hoarseness of voice in unilateral injury to acute airway obstruction and stridor in
bilateral lesions (Erbil et al. 2007; Jeannon et al. 2009). These serious morbidities despite the modern surgical advances occurred in 14%
of thyroidectomies particularly in total lobectomy for giant nodular goiter and locally advanced thyroid tumours. Also, other studies
showed that the surgical iatrogenic injuries to the RLN is one of the most common causes of vocal fold paralysis (37% of cases) (Tang et
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al. 2012; Kaisha et al. 2011; Gremillion et al. 2012). This is due to poor intraoperative surgical skills listed by (Dionigi et al. 2016) as
follows: traction (71%), electro-thermal cautery to stop vascular bleeding (17%), compression (4.2%), vascular clamping (3.4%), ligature
entrapment (1.6%), suction (1.4%) and nerve transection (1.4%). Furthermore, Zuckerkandl’s tuberculum is defined as a lateral extension
of the thyroid lobes behind the trachea. It increases the difficulty of intraoperative RLN localization (Cannizzaro 2004).

1.1. Clinical anatomy of the RLN and ITA

The recurrent laryngeal nerve (RLN) has integrating functions in the phonation, airways patency and swallowing. It has been described
as a mixed branch of the vagus nerve. At the root of the neck, the right RLN hooking around the right subclavian artery, while in the
thorax the left RLN hooking around the ligamentum arteriosum. In the neck, both nerves passed along the tracheoesophageal groove to
enter the posterior surface of the larynx at the level of cricoid cartilage behind the cricothyroid muscle and become proximal to the
posteromedial aspect of the thyroid gland. This area is called Killian’s area where the RLN is frequently damaged (Akil et al. 2017; Sa-
saki and Mitra 2001). The inferior thyroid artery (ITA) originates from the thyrocervical trunk which a branch of the first part of the sub-
clavian artery. Then, behind the carotid sheath, the ITA ascends vertically, curving medially and posteriorly to reach the tracheoesopha-
geal groove on the anterior surface of the longus coli muscle. After that, it penetrates the prevertebral fascia to cross over the RLN and
divides into an ascending branch which supplies the posterior surface of the thyroid gland and the descending branch to supply the infe-
rior parathyroid gland and lower pole of the thyroid gland (Arrangoiz et al. 2018).

1.2. Patterns of anatomical variations in a relation of the recurrent laryngeal nerve to the inferior thyroid artery
The anatomical relationship of the RLN to the ITA is highly variable in the literature. (Rimi and Bose 2010) had classified these anatom-

ical variations into three important types. The RLN either located posterior, anterior or it may pass through the ITA terminal branches in
40%, 20% and 35% of specimens respectively (Figure 1), (Akil et al. 2017; Arrangoiz et al. 2018; Zada et al. 2014).

Fig. 1: The Recurrent Laryngeal Nerve Courses with the Inferior Thyroid Artery Including Posterior to the ITA Trunk (A), Anterior to
the ITA Trunk (B) and Passed between the ITA Branches (C).

The extralaryngeal terminal bifurcation (ETB) of RLN is an anatomical variation defined as division of the RLN into an anterior and
posterior branch near the level of Berry’s ligament which anchors the thyroid gland to the upper three tracheal cartilage rings. It was
reported in 30% of specimens and may occur bilaterally in 25% of specimens. Katz & Nemiroff were reported this variation in 63.9% of
cases (Katz and Nemiroff 1993). The sites of bifurcation point related to ITA either prearterial, arterial and postarterial in 11%, 39% and
50% of cases respectively (Cetin et al. 2016; Nyeki et al. 2015; Sasou et al. 1998). The iatrogenic injury rate reported as 5.2% and 1.6%
for bifid and non-bifid nerves respectively. This was related to visual misidentification because of partial intraoperative dissection of
RLN main trunk and its motor fibres. Moreover, the serious complications are more in anterior branch damage rather than posterior
branch due to it containing high motor fibres (Cetin et al. 2016). A rare anatomical variation of the RLN is non-RLN which is direct
origin of the nerve from the vagus nerve without the usual recurrent course. This is mostly seen on the right side of the neck reported in
0.3-1.6%. It is classified into two types: the first, non-RLN mistaken as a branch of the superior thyroid artery and the second when non-
RLN is considered as a branch of ITA (Konschake et al. 2016). Stedman was the first author who discovered this variation in 1823
(Sanders et al. 1983). Moreover, Randolph had revealed another variation known as a distorted RLN which result from large substernal
goiter that displaced the RLN to the ventral side of the lower thyroid pole or it is adherent to the capsule of large recurrent goiter which is
injured during lateral dissection of the goiter (Randolph 2003).

Furthermore, in 62.68% of persons when these variations exist on one side they will not be repeated on the opposite side of the same
individuals. (Ozguner and Sulak 2014) distinguished different positions of the RLN to the ITA as follows: RLN located posterior to the
ITA: right (42.5%); left (65%), RLN located anterior to the ITA: right (40.5%); left (22.5%) and RLN pass between the ITA branches:
right (1%); left (3.5%).

1.3. Aims and objectives

To describe anatomical variations in the relationship of the recurrent laryngeal nerve to the inferior thyroid artery in the Sudanese popu-
lation. There are no cadaveric-based studies of these frequent variations in Sudan and few publications specifically described this anoma-
ly.

2. Materials and methods

The study received no grant funding and was held in the dissecting rooms of the medical colleges at Khartoum, capital of Sudan. Ethical
approval for the Sudanese cadaveric dissection was obtained from the local Research Ethics Committee of Faculty of Medicine and
Health Sciences, Omdurman Islamic University before the study commenced. This is an observational descriptive prospective cross-
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sectional study in the period between March 2019 and February 2020, for anatomical variations of the RLN positions to the ITA which is
divided into posterior to the ITA main trunk, anterior to the ITA main trunk and between the ITA branches. During this period, eighty-
three Sudanese cadavers (79 males and 4 females) were dissected. The exclusion criteria included the following: diseased cadavers, bad
cadaveric storage and careless destructive dissection to the cadaveric cervical region. Hence, seventy-two cervical sides of thirty-six
well-dissected embalmed cadavers (35 males and 1 female) with intact anatomy of the RLN and the ITA preserved in 10% formalin solu-
tion were included within this study. Then, the results were analyzed according to the gender, age and dissection side.

2.1. The RLN dissection technique

The dissection starts with a longitudinal skin incision in the midline of the neck with two curved transverse incisions, giving two cylin-
drical cutaneous flaps which are retracted laterally with sternocleidomastoid muscle leading to easy cervical access. Then, the anterior
triangle of the neck was carefully dissected through sub-platysmal flaps with the removal of surrounding subcutaneous adipose tissue and
muscles reaching the visible thyroid gland to observe cervical courses of both RLN main trunk and ITA from the tracheoesophageal
groove to the lower pole of the thyroid gland after medial mobilization of its bilateral lobes.

2.2. Statistical analysis
The data were documented in a master sheet and then analyzed by authors using the computer program called Statistical Package for

Social Sciences (SPSS) version 24 and excel 2013 for Windows software. Finally, the differences in our results were considered statisti-
cally significant if P-value<0.05.

3. Results

3.1. Demographic data

In this study, the analysis of seventy-two cervical sides of thirty-six well-dissected embalmed Sudanese cadavers regarding the gender,
age as follows: 35 (97.2%) were males and there is one female representing (2.8%), (Figure 2). The peak incidence of the specimen's age
for these variations ranged between 3145 years, which represents (61.1%), (Figure 3).

2.8%

= Female

Male

97.2%

Fig. 2: The Gender Distribution.

3.2. Anatomical variations in a relation of the recurrent laryngeal nerve to the inferior thyroid artery regarding the
dissection side

On the right side, the RLN passes posterior to the ITA in 23 cadavers (63.9%), between the ITA branches in 11 cadavers (30.6%) and
anterior to the ITA in 2 cadavers (5.6%). The difference was significant statistically (P<0.05), (Figure 4). On the left side, the RLN was
located posteriorly in 25 cadavers (69.4%), between the ITA branches in 11 cadavers (30.6%) and anterior location to the ITA not ob-
served in this side, (Figure 5). The difference was not significant statistically (P>0.05). Variations in relationships of the RLN to the ITA
on one side is significantly different from the opposite side. Other forms of congenital anomalies were not found in this study.
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Fig. 4: Anatomical Variations in the Relation of RLN to ITA Regarding the Right Neck Side.
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Fig. 5: Anatomical Variations in the Relation of RLN to ITA Regarding the Left Neck Side.

4. Discussion

Due to a lack of the Sudanese cadaveric-based studies, this study focuses on the presence of anatomical variations in the relation of the
RLN to the ITA regarding both sides of the neck in Sudanese. Many of anatomists and surgeons studied the entire course of the RLN
near the thyroid gland using the ITA as an anatomical landmark when performing surgical procedures in the anterior triangle of the neck
such as thyroidectomy, para-thyroidectomy, Zenker’s diverticulum excision, esophagectomy and tracheostomy. Hence, full knowledge to
identify variable relations of the RLN is essential for prevention of the iatrogenic injury (Premachandra et al. 1990; Campos and Hen-
riques 2000; Dralle et al. 2004).

97.2% of the variations in this study were males and 2.8% were females. These findings are in keeping with those found by (Hirata 1992)
in his cadaveric study (40% vs. 28.6%). Moreover, the paucity of female cadavers in this study explained by Sudanese social traditions
that don't favour the usage of female cadavers among the medical colleges.

The peak incidence of age in these variations ranged between 31-45 years which represents 61.1%. Extensive revision of published stud-
ies in the literature was done. No findings described the importance of cadaveric age in discovery of variable positions of the RLN.
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On the right side of the neck, the RLN passes posterior to the ITA in 63.9% of specimens, the RLN runs between the ITA branches in
30.6% of specimens and it passes anterior to the ITA in 5.6% of specimens. These results are similar to (Roshan et al. 2017) who report-
ed the RLN passage posterior to the ITA in 66%, between the ITA branches in 34% and absence of RLN anterior to the ITA. Also, other
studies (Hirata 1992; Lekacos et al. 1992; Kulekci et al. 2012) revealed the RLN predominantly located posterior to the ITA.

On the left side of the neck, the RLN is located posterior to the ITA in 69.4% of specimens, the passage of the RLN between the ITA
branches was present in 30.6% of specimens and no anterior location of the left RLN to the ITA. These findings are similar to (Roshan et
al. 2017) that showed the RLN running posterior to the ITA in 74%, between the ITA branches in 26% and no anterior relation to the
ITA. (Rimi and Bose 2010) had similar results in Bangladesh revealing the RLN most frequently located posterior to the ITA and least to
be anterior in the left side. Moreover, these findings in this study are similar to (Page et al. 2003; Polednak 2006; Beneragama and Ser-
pell 2006; Shao et al. 2010 ) who studied a lot of thyroidectomy cases and reported the more frequent variation on the left side was the
passage of the RLN posterior to the ITA. Furthermore, during withdrawal of the thyroid gland from its bed in a total thyroidectomy, the
RLN is more prone to be injured when located anteriorly to the ITA or running between its branches than when it lies posterior to the
ITA. This will make the surgeons more alert to place the ligature in the ITA away from lower pole of the thyroid gland to safeguard the
RLN (Skandalakis et al. 1976; Bhargav 2014).

Eventually, the patterns of anatomical variations on one side of the neck are different in the orientation than the opposite side among the
cadavers in this current study. This is similar to the findings by (Reed 1943) in his cadaveric study. Moreover, these results are greater
than the findings of (Ozguner and Sulak 2014).

5. Conclusions

Although the risk of potential damage to the RLN during surgical neck procedures involving the thyroid gland and parathyroid glands is
well recognized, pre-operative detailed surgeon’s knowledge for these frequent anatomical variations and the usage of the ITA as an
anatomical landmark for intraoperative RLN recognition is important. This will lead to a reduction of iatrogenic RLN injury prevalence.
Future studies are recommended to compare the findings on this cadaveric study with a larger sample size in the long-term period.
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