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    Abstract

								
								 Thyroid surgeries are the most frequently performed endocrine procedures worldwide. The recurrent laryngeal nerve (RLN) shows some anatomical variations that can potentially compromise the safety of thyroid surgery, Hence, Thyroid surgeons should have a number of different techniques available in the event that identification of the RLN proves troublesome. Moreover, sufficient knowledge of surgical anatomy, clinical experience, and meticulous surgical techniques are key factors in the identification and safe dissection of the RLN. In this article, we will discuss the Anatomy & variations in Recurrent Laryngeal Nerve, possible approaches to identify it & how to minimize the incidence of inadvertent injury to the nerve.
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								Introduction

								
								Thyroid surgeries are the most frequently performed endocrine procedures worldwide. One of the most serious complications of thyroid surgery is injury to the recurrent laryngeal nerve (RLN), which varies from 0.5% to 14.0%, depending on the type of disease, the type of surgery, the extent of resection, and the surgical technique [1-3]. 
								

								
								 Classically a bilateral subtotal thyroidectomy was performed to minimize operative risk and Leave a small portion of functioning tissue [4]. Unfortunately, subtotal thyroidectomy carries a considerable lifelong risk of recurrence for some patients after a long interval. After subtotal resection of multinodular goiter, rates of up to 40% have been reported for recurrent goiter at long-term followup [5].
								

								
								 RLN injury during thyroidectomy can result from transection, clamping, stretching, electrothermal injury, ligature entrapment, or ischemia [6]. Moreover, Anatomical integrity of the RLN does not indicate intact function [7].
								

								
								 The risk factors that increase RLN injury during thyroidectomy are primary or recurrent malignant diseases, recurrent benign diseases, thyrotoxicosis, the extent of the surgery, routine non-observance of RLN (no RLN dissection), low-volume hospital or surgeon, substernal goiter, nerve branching, aberrant course of the nerve, and presence of non-RLN [8-10].
								

								
								 The use of intraoperative nerve monitoring is a luxury that cannot be afforded by many centers and hence there is a need for easy nerve identification in a way that the surgeon finds most convenient.
								

								
								 Thyroid surgeons should have a number of different techniques available in the event that identification of the RLN proves troublesome. Sufficient knowledge of surgical anatomy, clinical experience, and meticulous surgical techniques are key factors in the identification and safe dissection of the RLN.
								

								A Brief History of Thyroid Surgery Evolution

								
								 In 1846, Robert Liston called thyroid surgery 'a proceeding by no means to be thought of' after performing five thyroidectomies [11]. Halsted in his 'The operative history of goiter' scrutinized procedures done before 1850 and analyzed them to be associated with 40% mortality. The high mortality was due to hemorrhage, asphyxia due to tracheal compression, hospital gangrene and air embolism [12].
								

								
								 The parathyroid blood supply was published in 1907 by Halsted and Evans. They opined that 'ultra-ligation' of the thyroid arteries was to be practiced, which was ligation distal to the points of origin of the parathyroid artery branches. They suggested avoiding inferior thyroid artery ligation [13].
								

								
								 In 1909, Kocher was awarded the Nobel Prize for his thyroid surgery new era. At the age of 76, in 1917, he presented the results of his work at the Swiss Surgical Congress. His presentation revealed about 500 thyroid surgeries performed by him with a mortality rate of 0.5% [14]. First described by Kocher in 1912, thyroidectomy has become a routinely performed surgery [15], Moreover, Galen described the RLN. Surgeons including Billroth, Kocher, and Joll tried to avoid dissection near it; though others like Lahey favored to expose the RLN [16].
								

								Relevant Anatomy, Variations of RLN and Proposed Triangles

								
								 The Thyroid Anatomy has been illustrated extensively in the literature that's beyond the scope of this article. We will review the RLN surgical anatomy & its landmarks in the neck. Visual identification of the RLN remains the gold standard for RLN injury prevention [17], a thyroid surgeon should be aware of the surgical anatomy, different variations & its lighthouses.
								

								
								 The right RLN arises from the vagus at a level where the brachiocephalic artery is divided into Righ Subclavian & Right common carotid Arteries, rotates backward around the right subclavian artery and advances toward the tracheoesophageal groove after passing behind the carotid artery at an angle of about 35° with the trachea before entering into the larynx deep to the inferior constrictor muscle [18].
								

								
								 The left RLN arises from the vagus at the level of the ligamentum arteriosum and turns backward around aortic arch and reaches the tracheoesophageal groove from the medial to the left common carotid artery. Because the angle between the left RLN and the trachea about 15°, it is localized deeper than the right RLN and communicates with the tracheoesophageal groove more inferiorly. Furthermore, the left RLN is approximately 2 times longer than the right RLN due to different levels of origin from the vagus nerve. In general, the left RLN route is longer than the right, while the right nerve is more oblique than the left as it ascends [3,18,19].
								

								Non-recurrent laryngeal nerve

								
								The nerve arising from the upper part of the vagus reaches the larynx without turning around the main vessels. This anomaly is defined as non-recurrent laryngeal nerve (non-RLN) and was found on the right side in 0.7% of the cases in the clinical series and 1.4% in cadaver studies. On the left side, non-RLN is very rare and is associated with situs inversus [20]. 
								

								Zuckerkandl tubercle

								
								 The Zuckerkandl Tubercle (ZT) is a lateral or posterior projection, considered to be the fusion point of the ultimabranchial body (lateral thyroid body) and the median thyroid, and may become prominent. It is located between the superior and inferior poles, pointing toward the tracheoesophageal groove [21].
								

								
								 It is classified as grade 1 if it is observed as a consolidation of the lateral margin of the thyroid lobe, as grade 2 if it is smaller than 1 cm, and grade 3 if it is greater than 1 cm. 63%-77% of thyroidectomies were reported to have an enlarged ZT, and it was found that the RLN mostly (93%) courses medially and rarely, (7%) laterally to the ZT [22].
								

								
								 Gurleyik, et al. stated that a large ZT is present in 51% of thyroid lobes, and RLN was laying on the anterior, lateral surface of the ZT in 6% of instances. The incidence of a superficial, lateral course of the RLN has been reported as 6%-7% in primary thyroidectomy cases [23].
								

								
								Gravante, et al. stated The nerve lies in front when the ZT is very small or when there is only thickening of the lateral edge of the thyroid lobes; more frequently the nerve runs in a tunnel deep behind the tubercle [24]. 
								

								Berry's ligament

								
								 Berry's ligament is consolidation of the pretracheal fascia connects the thyroid to the cricoid cartilage and the first 2 tracheal rings. The distance between the site of attachment to the cricoid cartilage and the entry of the RLN is 1.9 mm in average. At the last 2 cm of the RLN, the Berry's ligament lies medial to the RLN [19].
								

								
								 A superficial vascular fascia covers the upper aspect of the RLN, which is observed when the lobe is rotated anteromedially during thyroidectomy. It contains the delicate tertiary artery, branches of veins of the thyroid gland, including the ZT and the upper parathyroid gland. When this structure is opened, the RLN becomes visible in the tracheoesophageal groove [25].
								

								
								 Thyroid tissue may occasionally extend posteriorly toward the RLN. If this is the case for a benign thyroid lesion, no further dissection should be performed, and it should be left at the site under the RLN [26].
								

								
								 To complete the anatomical picture, The External Branch of Superior Laryngeal Nerve (EBSLN) passes along the dorsal aspect of the carotid sheath after it is branched out of SLN. While it runs parallel to the superior thyroid artery, it descends into the cricothyroid muscle to supply. During this descent, it may course beneath the superficial pretracheal fascia covering the lateral aspect of the inferior pharyngeal constrictor muscle either above the muscle, or under or between the muscle fibers [27].
								

								
								 The EBSLN runs 1-2 mm immediately posterior to the oblique insertion site of the laryngeal tip of the sternothyroid muscle to the thyroid cartilage in intimate relation to the upper thyroid pole [27].
								

								
								 The recurrent laryngeal nerve (RLN) shows some anatomical variations that can potentially compromise the safety of thyroid surgery. The extralaryngeal branching of the RLN is a common anatomical variation encountered in thyroid surgery and represents a source of increased surgical morbidity (Figure 1, Figure 2 and Figure 3). In some reports, extralaryngeal branching of the RLN occurs with up to 36% with the branching of the RLN into two or more divisions on one or both sides [28].
								

								
								 Seven RLN anatomical variations were identified in a Chinese study enrolled 2,404 patients undergone hemi or total thyroidectomies, 690 (21.1%) RLNs exhibited anatomical variations. Shao T, et al. observed a significantly higher rate of anatomical variation of the right RLN compared with the left RLN (Table 1). The right RLN tends to be more variable in its position, both in relation to the inferior thyroid artery and also in being more anterolateral than the left RLN, which almost always tends to lie in the trachea-oesophageal groove. This could be explained by the embryological origin of the RLN [29].
								

								
								 Transient post-operative RLN paralysis occurs in approximately 3-8% of cases and permanent paralysis in 0.3-3% of cases [30-32]. Visual identification of the RLN remains the gold standard for RLN injury prevention [17].
								

								
								 Emin Gurleyik, et al. studied the Recurrent Laryngeal Nerve displacement post redo thyroidectomy, 26.2% of exposed RLNs were identified at both lateral and superficial locations in the thyroid bed according to remnant tissue. They commented that in reoperations the RLN could be displaced laterally and located adherent to the lateral capsule of the remnant thyroid. In this position, the nerve is stretched by the enlarged remnant and may be mistaken for fibrotic bands, thin ligaments, and blood vessels, thereby increasing the risk of inadvertent transection if not identified properly [33] (Figure 4).
								

								
								 The Intra-Operative Nerve Monitoring (IONM) provides intraoperative information about RLN function and helps to predict its postoperative functional status. Wojtczak, et al., have reported that final confirmation of RLN functionality is crucial in cases where the RLN runs over a recurrent goiter because the nerve is particularly prone to overstretching with the potential loss of function after dissection [34].
								

								
								 Many Anatomical triangles were described to assist in identification of the RLN in the surgical practice.
								

								
								 Beahr's Triangle or Riddle's triangle: This triangle is named after OH Beahrs. Also synonym with Riddle's triangle, the nerve is identified proximal in the tracheo-oesophageal groove. The nerve forms the third side of Beahr's triangle. The other two sides are by the common carotid and inferior thyroid arteries [35] (Figure 5).
								

								
								 Simon's triangle: Anterior border is formed by the recurrent laryngeal nerve, posterior by the common carotid artery and base is formed by the inferior thyroid artery [36].
								

								Lore's triangle

								
								 Medial border is by the trachea/esophagus, laterally the carotid artery and superiorly the surface of inferior pole of thyroid [37].
								

								
								 Triangle of concern: The sites of bleeding during thyroidectomy are middle thyroid veins, inferior thyroid veins and branches of inferior thyroid artery in the vicinity of RLN [36].
								

								
								 Cricothyroid space of reeves: This is an avascular space between the upper pole of the thyroid and the cricothyroid muscle which is useful in dissection and helps in avoiding injury to the superior laryngeal nerve [36].
								

								
								 Joll's triangle: Synonym is sternothyrolaryngeal triangle. This is used to identify external branch of superior laryngeal nerve which lies within this triangle. Upper pole of thyroid gland and superior thyroid vessels forms the Lateral border. Superiorly, Attachment of the strap muscles, Medially is the Midline, The floor is formed by Cricothyroid muscle [38].
								

								
								 Hermann, et al. found that the number of injuries significantly decreased with visual identification of the RLN. They found that complete dissection is highly superior to partial exposure of the nerve [39]. After the RLN is observed, a minimal dissection from the medial aspect of the RLN should be performed, if possible. Care must be taken to protect the nerve's vaso-nervosums, and energy devices should not be used near the nerve. Forceful aspiration and compression with gauze tampons should not be applied. The use of magnifying glasses with sufficient light also significantly contributes to dissection [40].
								

								
								 The resection of an enlarged remnant gland and reoperations in the thyroid bed are surgically challenging because of the distortion of anatomic planes and scarring from previous surgeries [4]. Thyroid re-operations can be challenging, even for a highly experienced thyroid surgeon, as visual identification of the RLN is more difficult during dissection of scar tissue than in the virgin neck [9].
								

								Approaches to Recurrent Laryngeal Nerve during Thyroidectomy

								
								 There are 4 different described approaches in the literature to access the RLN, will summarize them here.
								

								Lateral approach

								
								 This technique is often applied to primary thyroid surgery, the thyroid and strap muscles are first dissected away and the lateral thyroid veins are ligated, then releasing the upper pole initially will provide an additional field. Usually, the strap muscles and carotid artery are retracted laterally and the thyroid anteromedially to expose the paratracheal region where the RLN is anatomically located. Usually the superior parathyroids lie posterior to the RLN while the inferior parathyroids lie anterior to it, also the inferior horn of the thyroid cartilage can be used as a guide. The RLN is usually found by dissection around the inferior thyroid artery at the level of the middle pole of the thyroid [41,42].
								

								
								 This approach can be challenging in cases of large goiters or a large ZT. In secondary surgeries, searching for the nerve within this area may be risky, due to dense scar tissue. Also, in the presence of non-RLN, the lateral approach may is not advised as the nerve courses perpendicularly to its normal course in secondary cases [43].
								

								Medial approach

								
								 It's preferred for substernal or enlarged retropharyngeal goiters. The isthmus is first divided to reveal the anterolateral part of the trachea. Identification of the cricothyroid muscle and dissect between it & the medial part of the superior thyroid pole. The fibers between the trachea and the thyroid, and the Berry ligament fibers are gradually divided starting from the second tracheal ring, then visualizing the RLN from the medial aspect of the thyroid and the lateral aspect of the trachea [26].
								

								
								 If the RLN is displaced posteriorly, it may not be detected with this approach. In this case, the upper pole is dissected and pulled in a lateral direction; exposing the cricopharyngeal muscle at the fixed entry point of RLN [26].
								

								Superior approach

								
								 It's also called the medial superior approach and may be recommended for patients with huge goiters or large substernal goiters because releasing the lobe through inferior or lateral approach is quite challenging. It's also suitable for non-RLN suspected cases or when RLN is not found with the other approaches. The most important anatomical hallmark in this approach is the lower border of the cricopharyngeal muscle, deep to it, RLN enters to the larynx. In all these cases, the position of the RLN at this point is fixed & consistent [43] (Figure 6).
								

								
								 The upper pole of the thyroid is released, pulled forwards and laterally to expose the cricothyroid and cricopharyngeal muscles to reveal the laryngeal entry point of the RLN [43].
								

								Inferior approach

								
								 This approach entails detection of the RLN from its entry in the 'virgin' thoracic outlet region devoid of scar tissue during secondary surgical procedures [19].
								

								
								 This area is known as the RLN triangle, According to the definition of Lore, et al., the thoracic entry forms the top of the triangle, the common carotid artery (or strap muscles) forms the lateral margin, the trachea and esophagus form the medial margin, and the lower border of the inferior lobe of the thyroid forms the base [37] (Figure 7).
								

								
								 Because the entrance of the RLN to the thyroid area differs, the RLN is sought at an area more lateral to its thoracic inlet on the right side, whereas it is sought closer to the paratracheal area on the left side [43]. Extralaryngeal branching is rare in this region, and the RLN is present as a single trunk, and thus, its laryngeal course may be easily visualized. However, it is stated that the dissection in the long segment may increase the risk of nerve injury [37].
								

								
								 In addition, because the inferior parathyroid vessel runs in a lateral to medial direction, the risk of parathyroid devascularization may increase. In order to avoid this, after identifying the RLN, the fatty tissue area through which the parathyroid vessel passes is bypassed and the dissection is continued toward the cranial region [29]. The inferior approach is not appropriate for patients with large substernal goiters and in the presence of non-RLN.
								

								
								 In case of a Re-do thyroidectomy, where anterior approach is not feasible, tightly adhered, the RLN can be accessed by a "back door" approach after medial reflection of the sternohyoid & sternothyroid muscles & lateral traction of Sternomastoid muscle [43].
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								Conclusion

								
								 In conclusion, a "perfect" technique for thyroidectomy cannot be described, since every thyroid surgeon is bearing a morbidity rate that cannot reach the 0%. Nevertheless, this rate can be "kept to a minimum" when a thorough knowledge of surgical anatomy & a safe surgical technique are followed. The surgeon should keep in mind that different surgical approaches need to be entertained according to different scenarios.
								


								
										Figure 1: Exposure of Right Recurrent Laryngeal Nerve (RLN), note the divergence of the nerve near its entry point at inferior border of Cricopharyngeus. View Figure 1

									 

									
										Figure 2: Exposure of Left Recurrent Laryngeal Nerve (RLN), Note the 4 branches taken off the main trunk of the nerve before its entry point to the larynx. Left CCA (Common Carotid Artery). View Figure 2

									 

									
										Figure 3: Dissection view of the Right Recurrent Laryngeal Nerve (RLN), note the 5 branches as it goes distally towards the Cricopharyngeus muscle. View Figure 3

									 

									
										Figure 4:  Identification of Left Recurrent Laryngeal Nerve in a Redo-Thyroidectomy, Note the anterior & Lateral displacement of the nerve. View Figure 4

									 

									
										Figure 5: Dissection of Right Recurrent Laryngeal Nerve showing the Position of Beahr's Triangle: Bounded by RLN, Common Carotid Artery (CCA), Inferior thyroid Artey (deeper in this dissection). View Figure 5

									 

									
										Figure 6: A & B: 2 different exposures to the Left Recurrent Laryngeal Nerves (RLN), note the Fixed Laryngeal entry point in both dissections. View Figure 6

									 

									
										Figure 7: A right side dissection at the root of the neck, the right RLN lies deep to the fascia covering the triangle, note the deep & perpendicular plane of Inferior Thyroid Artery (ITA) to the Common Carotid Artery, (do not mistake it with the middle thyroid vein that runs superficial to the CCA). View Figure 7
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