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Purpose

The objective of this study was to characterize the electrophysiological characteristics of nonrecurrent inferior laryngeal nerves (NRILNs) that were dissected via intraoperative neuromonitoring (IONM) and concomitant vascular anomalies in patients with NRILNs.





Methods

A retrospective analysis was conducted on 7865 patients who underwent thyroidectomy with IONM at three tertiary referral centers. The study included 42 patients in whom an NRILN was detected. IONM data and postoperative vocal cord (VC) examinations were recorded for all patients. The absence of an initial vagal EMG response and/or a short (<3.5 ms) latency period during the initial vagal stimulation or the inability to identify the RLN within the Beahrs triangle was considered highly suspicious for the presence of an NRILN. Postoperative cross-sectional imaging was performed in 36 out of 42 patients to assess any concurrent vascular anomalies.





Results

The prevalence of NRILN was 0.53%. An NRILN was suspected due to EMG findings in 32 (76%) patients and the inability to identify the RLN within the Beahrs triangle in the remaining 10 (24%) patients. The mean right VN latency period was 3.05 ± 0.15 ms. The V1 latency period of the right VN was shorter than 3.5 ms in 39 (93%) and longer than 3.5 ms in 3 (7%) patients. One of these three patients with latency>3.5ms had a large mediastinal goiter. Transient VC paralysis occurred in one (2.4%) patient. Of the 36 patients with postoperative imaging data, 33 (91.4%) had vascular anomalies. All 33 patients had aberrant right subclavian arteries, and 13 (39.4%) also had accompanying additional vascular anomalies.





Conclusion

The NRILN is an anatomical variation that increases the risk of nerve injury. Observation of an absent EMG response and/or a short latency period during the initial vagal stimulation facilitates the detection of an NRILN at an early stage of thyroidectomy in the majority of patients.
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1 Introduction

The most common endocrine surgery procedure is thyroidectomy, which carries a potential risk for recurrent laryngeal nerve (RLN) injury (1). The presence of anatomical variations in the RLN might render the nerve more prone to injury. To decrease the rate of RLN injury during thyroidectomy, surgeons should be aware of anatomical variations, perform meticulous surgical procedures, and use essential auxiliary tools.

The nonrecurrent inferior laryngeal nerve (NRILN) is rare, and the incidence of this anatomical variation is greater on the right side (0.4 to 2.4%) than on the left side (0.004%) (1). On the left side, the NRILN is associated with accompanying anomalies, such as situs inversus, deletion of the ductus arteriosus, and the right aortic arch; these conditions are mostly fatal and render NRILN a very rare occurrence (2). In the right-sided NRILN, concurrent vascular anomalies, such as the absence of a brachiocephalic artery, a common carotid artery originating directly from the aortic arch, and an aberrant right subclavian artery, were also observed (3).

Branching of the RLN is a common anatomic variation of the RLN (4, 5), but the presence of the NRILN can lead to a serious risk of nerve injury during thyroidectomy. In patients with NRILN vocal cord paresis, up to 75% of cases may occur (6). The course of the NRILN from the vagus nerve to the larynx is variable. Although routine visual identification of the RLN is crucial for a thyroid surgeon, the use of intraoperative neuromonitoring (IONM) facilitates mapping of the course of the nerve, helps surgeons recognize anatomical variations, and provides real-time functional information. Proper use of IONM helps to identify anatomical variations at an early stage of the operation and preserve the RLN (7).

In this article, we describe the electrophysiologic monitoring of the NRILN in 42 patients via standardized use of IONM during thyroidectomy and vascular anomalies concurrent with the NRILN detected by postoperative cross-sectional imaging (computerized tomography (CT) or magnetic resonance imaging (MRI) scans).




2 Patients and methods

This retrospective study was conducted at three tertiary referral centers of endocrine surgery, namely, the Istanbul Faculty of Medicine of Istanbul University (Center 1), the Istanbul Şişli Hamidiye Etfal Training and Research Hospital of University of Health Sciences (Center 2) and the Turkish Ministry of Health Basaksehir Cam and Sakura City Hospital of the University of Health Sciences(Center 3).

The data of 8172 patients who underwent thyroid surgery between January 2016 and June 2023 were retrospectively reviewed. Of these 8172 patients, 307 were excluded due to incomplete data. The remaining 7865 patients were retrospectively analyzed to evaluate the incidence of NRILN. Of the 7865 operations, 3018 (38.4%), 2954 (37.5%) and 1893 (24.1%) were performed in Centers 1,2 and 3, respectively (Table 1). All thyroid operations were performed by using either continuous (C-IONM) or intermittent intraoperative neuromonitoring (I-IONM).


Table 1 | Patient distribution and NRILN rates among three centers.



Of the 7865 patients included in this study, 42 (0.53%) had NRILNs. The rate of patients with NRILN was 0.6% (n=18), 0.4% (n=12), and 0.6% (n=12) in Centers 1, 2, and 3, respectively. The data of these 42 patients, including age, sex, preoperative thyroid function test results, thyroid ultrasonography and/or thyroid scintigraphy results, pre- and postoperative vocal cord examination results with indirect laryngoscopy, surgical indications, surgical extent, intraoperative IONM data and postoperative histopathological diagnosis, were analyzed retrospectively.

These 42 patients were recalled after surgery for contrast or noncontrast CT or MRI scans of cervical and thoracic regions to reveal any vascular anomalies concurrent with the NRILN. A noncontrast CT scan was performed for patients with known contrast media allergy or chronic renal insufficiency. IONM records were available for all 42 patients with NRILN. Postoperative cross-sectional imaging was obtained for 36 patients but could not be performed for the remaining 6 patients. Of these six patients, 4 refused to undergo postoperative imaging, 1 died due to a disease unrelated to thyroid surgery, and 1 had moved abroad. Cross-sectional scan images were analyzed by an experienced radiologist (AP).

This study was approved by the Ethics Committee of Istanbul University, Istanbul Faculty of Medicine (No. 2358861). Informed consent was obtained from each patient before undergoing cross-sectional imaging. The patients were informed that the imaging would be performed for descriptive purposes and would not affect the future management of their disease.



2.1 IONM Set-up and anesthesia protocol

Equipment setup, anesthesia, applications, IONM standards, EMG modality parameters, and interpretation of IONM data were performed according to the guidelines of the International Intraoperative Neural Monitoring Study Group (INMSG) (8). All NARs were dissected by using continuous or intermittent IONM, including EMG data at the beginning and at the end of the operation and preoperative and postoperative laryngoscopic examination (L1, V1, R1, R2, V2, L2) according to the recommendations of the INMSG (8). IONM was performed by using one of the following two commercially available neuromonitoring devices: (1) an NIM 3.0 Nerve Monitoring Systems (Medtronic Xomed, Jacksonville, FL, USA) or (2) an Avalanche SI (Dr. Langer Medical GmbH, Waldkirch, Germany).




2.2 Thyroid surgery and intraoperative nerve monitoring technique

Initial vagal neurostimulation was performed at the level of the cricoid cartilage or inferior thyroid artery (ITA) according to the preference of the surgeon. A V1 amplitude of more than 500 microvolts (µV) was considered ideal, and an amplitude of more than 300 µV was considered acceptable for proceeding with the operation. After achieving the appropriate V1 amplitude, the vagal stimulation probe was gently placed on the vagus nerve (VN) in patients for whom C-IONM was performed.

The RLN was first identified with a neuromonitoring hand probe and then visually confirmed within Beahr’s triangle, which is bordered by the common carotid artery as the base, the ITA superiorly, and the RLN as the third side (9). The RLN dissection was continued cranially along its course to the laryngeal entry point. All operations were performed by experienced endocrine surgeons at all three centers participating in the study.

The absence of a V1 EMG response or a short (<3.5 ms) latency period of the EMG wave obtained during the initial stimulation of the VN or the inability to identify the RLN by the neuromonitoring hand probe and visually within the Beahrs triangle was considered to indicate the presence of an NRILN (10). When NRILN was suspected, the VN was stimulated from the level of the superior border of the thyroid cartilage down to the level of the clavicle. The observation of a positive EMG response at the proximal level but no EMG response at the distal level of the VN was considered indicative of the NRILN (11). The degree to which the EMG response on the VN was lost was determined, and an NRILN was sought at this level by using a neuromonitoring hand probe before visual identification of the nerve. After visual identification of the NRILN, the nerve was dissected from the point where it separated from the VN along its course to the laryngeal entry.

When C-IONM was used in patients with NRILN, the vagal stimulation probe was placed on the proximal segment of the VN where a positive EMG response was present. Depending on the origin point of the NRILN insertion of the vagus electrode to the VN, it may be technically difficult. In such cases, where the junction of the VN and the NRILN is located upwards, the thyroidectomy incision was extended laterally. The carotid sheath was meticulously dissected up to the branching point of the NRILN from the VN, and the vagus electrode was placed proximal to this point. In patients who underwent lateral neck dissection, an extension of the incision was not required.

The right V1 latency was calculated as the duration between the stimulation spike and the initial deflection of the evoked waveform from the zero baseline.




2.3 Classification of the NRILN

The course of the NRILN from the VN to the laryngeal entry was evaluated, and the type of NRILN was defined according to the classification described by Toniato et al. (12). The NRILN was defined as Type 1 when the nerve separated directly from the cervical VN and followed a course along with the vessels of the upper thyroid stalk; Type 2A when the NRILN showed a transverse path parallel to and over the trunk of the ITA; and Type 2B when the NRILN was found below the trunk or between the branches of the ITA.





3 Results



3.1 Preoperative results

The mean age of the 42 patients with NRILNs was 46.8 ± 11 years, with a predominance of female patients (%93). The indications for thyroidectomy included indeterminate, suspicious for malignancy or malignant cytology in 17 (40.5%) patients; large goiter with compressive symptoms in 15 (35.7%) Basedow Graves disease in 5 (11.9%) patients; and multinodular toxic goiter in 5 (11.9%) of 42 patients.

None of the 42 patients underwent cross-sectional imaging preoperatively.




3.2 Intraoperative findings

Of the 42 patients, total thyroidectomy was performed in 30 (71.4%), total thyroidectomy and central lymph node dissection were performed in 7 (16.7%), and right lobectomy was performed in 5 (11.9%) patients.

C-IONM or I-IONM was used in 20 (47.6%) or 22 (52.3%) patients, respectively. Of the 42 patients, 32 (76%) were suspected to have an NRILN due to intraoperative EMG findings (absence of initial EMG response on the VN or short latency period), and 10 (24%) patients were unable to identify the RLN within the Beahrs triangle. All 42 NRILNs were found on the right side.

The presurgical dissection and postsurgical dissection amplitude and latency values for the right VN and the right NRILN are summarized in Table 2.


Table 2 | Presurgical dissection and postsurgical dissection amplitude and latency mean values of the right VN and the NRILN.



Of the patients with NRILN, the initial latency period of the right VN was shorter than 3.5 ms in 39 (93%) and longer than 3.5 ms in the remaining 3 (7%) patients. One of the three patients with a latency period longer than 3.5ms had a large goiter extending retrosternally on the right side, with a V1 latency of 5.1ms. Furthermore, this patient was found to have an accompanying aberrant subclavian artery on cross-sectional imaging. Two patients, both with a latency exceeding 3.5 ms, underwent surgery for papillary thyroid cancer. In one case, a 1.5 cm papillary thyroid cancer was identified in the right lobe along with lateral cervical lymph node metastasis. The dimensions of the right lobe were measured at 5x3.5x2 cm. The V1 latency period in this patient was recorded at 4.4 ms, and postoperative imaging revealed the presence of a coexistent aberrant subclavian artery. In the second case with PTC and long latency period, the dimensions of the right lobe were recorded as 4x2x2 cm. The V1 latency in this patient was 3.8 ms; however, assessment for any vascular anomalies was hindered by the lack of postoperative cross-sectional imaging availability.

There were 14677 nerves at risk (NAR) in 7865 patients. Of the 14677 NARs, 7385 (50.4%) were located on the right side and 7292 (49.6%) on the left side. All 42 detected NRILNs were identified on the right side. The incidence of NRILN was 0.53% in 7865 patients, 0.28% in all 14677 NARs, and 0.56% in 7385 right-sided NARs. No NRILN was found on the left side.

Of the 42 NRILNs, 10 (24%), 29 (69%), and 3 (7%) were classified as type 1, type 2A and type 2B, respectively (Figures 1–3).




Figure 1 | Type 1 NRILN, arrow: cranial side; CCA, common carotid artery; trace of type 1 NRILN shown with (↓).






Figure 2 | A type 2A NRILN showing extralaryngeal branching; the main trunk of a type 2A NRILN (•) originates from the vagus nerve (*). The NRILN showed extralarengeal branching. The (↓) points to the posterior branch with no EMG response.






Figure 3 | Type 2B NRILN; arrow: Cranil side, ITA suspended with a silk suture; trace of type 2B NRILN shown with (*).



Intraoperative LOS occurred in 1 (2.4%) of the 42 patients. C-IONM was used in this patient, and a type 1 NRILN was identified by IONM before nerve dissection on the second side of thyroidectomy. However, LOS can occur due to unavoidable traction injury.




3.3 Postoperative results

Histopathologic examination revealed follicular nodular disease in 22 (52.4%) patients and papillary thyroid carcinoma in 20 (47.6%) patients (including 5 papillary microcarcinoma patients). One (2.4%) patient with type 1 NRILN, in whom LOS occurred during thyroidectomy, had transient vocal cord paralysis that resolved within 3 months after surgery.




3.4 Postoperative imaging

Four different types of vascular anomalies, including aberrant right subclavian artery (Arteria Lusoria), Kommerell diverticulum, bicarotid truncus, and abnormal vertebral artery, were identified by cross-sectional imaging in 33 (91.4%) of 36 patients. All 33 patients had aberrant right subclavian arteries. Of these 33 patients, 13 (39.4%) had accompanying additional vascular anomalies, including Kommerell diverticulum in 6 (46%), bicarotid truncus in 4 (30.8%), Kommerell diverticulum + bicarotid truncus in 2 (15.4%), and AVA in 1 (7.8%) (Figures 4–6).




Figure 4 | Aberrant right subclavian artery +Kommerel Diverticulum; (A) (*) points Kommerel Diverticulum, (B) (*) points Kommerel Diverticulum, arrow points Aberrant Right Subclavian Artery, (C) Arrow points Aberrant Right Subclavian Artery.






Figure 5 | Aberrant right subclavian artery + bicarotid truncus; (*) points root of bicarotid truncus.






Figure 6 | Aberrant right subclavian artery + left vertebral artery originating from the arcus aorta (white dots).







4 Discussion

One of the most feared complications of thyroidectomy is RLN injury, with temporary unilateral RLN injury occurring in 1% to 20% of cases but usually occurring at a rate of 1% to 2% in high-volume centers (13). According to a meta-analysis of 25000 patients, the rates of transient and permanent RLN palsy vary from 1.4% to 38.4% (with an average of 9.8%) and from 0% to 18.6% (with an average of 2.3%), respectively (14). In a comparative study by Dralle et al., primary cancer surgery, revision surgery for benign goiter or malignancy, lobectomy vs subtotal resection, low hospital and surgeon volume, and no RLN identification during thyroidectomy were found to be risk factors for postoperative permanent RLN palsy (15). Identifying the RLN and dissecting the nerve till its laringeal entry point are the most effective methods for preventing nerve injury and reducing the incidence of RLN palsy (9). When the RLN is properly identified, the risk of injury is minimized to 0-2.1%, but the risk can increase to 4-6% if the nerve is not dissected properly (16). The introduction of IONM during thyroidectomy enabled us to assess the functional integrity of the RLN. Furthermore, IONM provides extensive knowledge about the mechanisms of RLN injury and the anatomical variations that cause the RLN to be prone to injury. A recent meta-analysis including randomized clinical trials demonstrated an absolute reduction in overall RLN injury of 1% and a relative reduction of more than 25% by using IONM compared to only visual identification of the RLN, although the results failed to achieve statistical significance (17).

The anatomy of the RLN can be challenging due to anatomical variations, such as extralaryngeal branching, distortion of the nerve due to a large substernal goiter or large recurrent goiter, intertwining branches of the RLN and ITA, and the presence of the nonrecurrent inferior laryngeal nerve (18). The application of IONM during thyroidectomy helps early identification of these anatomical variations (19).

With an incidence of 0% to 4.76%, NRILN is a rare occurrence that is typically located on the right side. In rare cases, NRILN may appear on the left side (0.04%) (20). Preoperative determination of this variation is rare; therefore, intraoperative recognition of the NRILN is very important for avoiding nerve injury. The presence of the NRILN is associated with an increased risk of nerve injury and vocal cord palsy (4, 12). Iacobone et al. reported a significantly greater risk of vocal cord palsy in patients with an NRILN than in those with a normal RLN (14.3% vs. 1.75%) (4). Toniato et al. retrospectively analyzed the data of 6000 thyroidectomies performed during a 20-year period and observed right-sided NRILNs in 31 (0.51%) patients (12). The authors performed routine RLN identification and reported injury rate of 12.9% in patients with NRILN, which was much greater than the 1.8% in those who had RLN with a normal course. In these two studies by Iacobone et al. and Toniato et al., IONM was not used during thyroidectomy.

In 2002, Brauckhoff et al. described a method of selective neurostimulation of the vagus nerve to recognize the NRILN early during thyroidectomy (21). The authors concluded that observation of a negative response by neurostimulation of the VN distally at the level of the lower thyroid pole and a positive EMG response proximally at the level of the upper thyroid pole necessitated the search for an NRILN. The authors identified all nine patients with NRILN by using the described neurostimulation method.

Wang et al. investigated the accuracy of methods for predicting the presence of an NRILN by using IONM in 73 NRILNs (11). The authors defined two specific points on the VN: point A, at the superior border of the thyroid cartilage, and point B, at the inferior border of the fourth tracheal ring. A positive EMG signal at point A and a negative signal at point B indicated the presence of an NRILN. Comparison of points A-B revealed that the EMG response accurately predicted the NRILNs in 97.2% of the patients. They concluded that a comparison of points A-B combined with the observation of low latency period achieved 100% sensitivity and specificity in predicting the NRILN. The contribution of IONM to the exploration and preservation of the RLN is undeniable, especially in cases with anatomical variations, especially when the NRILN is considered a rare variation (13–15). Donatini et al. observed an increased detection rate of NRILN by routine use of IONM during thyroidectomy and reported a decreased rate of nerve injury, especially in patients with NRILN (22). The authors mentioned that no nerve injury occurred in any of the 11 NRILNs dissected by using IONM.

There are several types of NRILNs classified according to their nerve travel pattern (2, 12, 20). In our study, we used the preferred Toniato classification system to classify NRILNs (12). We found that 69% of the NRILNs in our patients were type 2A (69%), and these findings are consistent with the literature (12, 20).

Among type 1 NRILNs, the nerve might be more prone to injury during upper pole dissection due to its greater proximity (23). However, in the study by Brauckhoff et al., all of the NRILNs were type 1, and no nerve injury occurred during thyroidectomy, as NRILNs were detected early during surgery via neurostimulation (21). In our study, intraoperative LOS and transient vocal cord palsy occurred in one patient with type 1 NRILN, although the nerve was identified by IONM before nerve dissection.

In our patients, the majority (76%) of the NRILNs were suspected to be present before nerve dissection due to either the absence of a V1 EMG signal or a V1 latency value lower than 3.5 ms.

In a previous study from our institution, the mean value of V1 latency of the right VN was found as 4.8 ± 1.0 in our patient population (24). In the present study, the mean V1 latency of the right VN was 3.4 ms. As formerly emphasized by Brauckoff et al., a low V1 latency value (<3.5 ms) was associated with the presence of an NRILN (10).

However, Brauckoff et al. presented a case with an NRILN in whom a V1 latency period longer than 3.5 ms was observed. This patient had a large recurrent mediastinal goiter. The right V1 latency period was found to be 3.3 ms when the VN was stimulated at the level of the ITA, and 3.75 ms when the nerve was stimulated at the level of the carotid artery bifurcation in this patient. The authors concluded that the V1 latency might be longer than 3.5 ms in such cases with a large goiter due to elongation of the NRILN (25). In a prospective multicenter study that investigated the normal quantitative parameters of IONM in 1996 NARs, showed that the right V1 latency ranged between 3.13 ms and 4.69 ms (26). Although a short V1 latency is highly suspicious for an NRILN, a longer latency period does not always exclude an NRILN. Several factors, such as the level of initial VN stimulation or elongation of the nerve due to mediastinal goiter might prolong the initial V1 latency period in patients with NRILN (25). Within our study, it was noted that a patient with a large goiter protruding into the retrosternal area on the right side exhibited a right V1 latency period of 5.1 ms.

The depiction of latency in monitoring studies has varied, lacking a universally accepted point on the waveform for measurement (8). In Brauckhoff et al.’s study, latency was characterized as the duration from the stimulation spike to the initial deflection of the evoked waveform from the zero baseline (10). Conversely, Kamani et al. measured latency as the interval from the stimulation spike to the first peak of the evoked waveform in their investigation outlining the electrophysiological parameters of the NRILNs (27). In our study, Vı latency was defined as the time from the stimulation spike to the initial deflection of the evoked waveform from the zero baseline.

In our patient cohort, three (7%) patients with NRILN exhibited V1 latency periods exceeding 3.5 ms, a rate relatively higher than reported in existing literature (10). In one of the three patients, the prolonged latency period may be attributed to nerve elongation caused by a large retrosternal goiter on the right side. However, in the other two patients (4.8% of the cohort), latency exceeding 3.5ms could not be accounted for by thyroid anatomical features or NRILN. The latency duration is influenced by the proximity of the stimulation site to the ipsilateral vocal cord (25). The long latency period in the latter two patients may be attributed to variations in the initial vagal stimulation method, which was conducted either at the level of cricoid cartilage or the ITA based on the surgeon’s preference.

In 24% of our patients, the presence of the NRILN was suspected because the RLN could not be detected visually or by a neuromonitoring hand probe in Beahr’s triangle, which emphasizes the importance of routine RLN identification during thyroid surgery.

In 1823, the NRILN on the right side with accompanying vascular anomaly (arteria lusoria) was first described by Stedman (28). As the presence of the NRILN results from anomalous embryonic development of the aortic arches, vascular anomalies are expected to accompany all patients with NRILN. However, a recent meta-analysis revealed that of the 136 right NRILN patients, 89.3% had concurrent aberrant subclavian arteries (29). In a study by Rafaelli et al., 656 right inferior laryngeal nerves (ILNs) were dissected, and an NRILN was found in three (0.46%) patients, all of whom had accompanying aberrant subclavian arteries (30). However, the authors reported large anastomotic branches between the cervical sympathetic chain and inferior laryngeal nerve (SILAB), mimicking the NRILN on the right side in 10 (1.5%) patients, and none of these patients had concurrent vascular anomalies. They concluded that when these anastomotic branches are as large as the ILN, they could be mistaken for a ‘false’ nonrecurrent ILN visually. Another study by Parpounas et al. described a method to recognize the SILAB and avoid misinterpretation of these branches as NRILNs by using IONM in 133 patients (31). The authors initially stimulated the ipsilateral VN from the level of the larynx down to the clavicle and excluded the possibility of NRILN if there was a positive EMG response. In patients with a positive vagal EMG response at all levels, the presence of a structure mimicking the NRILN was described as SILAB when an RLN with a normal course was identified both visually and by using IONM. A right NRILN was found in one (0.75%) patient. The prevalence of right SILABs was 14.14%, and 21.4% of the SILABs had a diameter similar to that of the right RLN. The authors mentioned that no EMG response was detected by stimulation of the SILAB as SILAB does not provide motor stimulus to the larynx whereas positive EMG response was obtained in the patient with NRILN. In our study, IONM was used in all patients, and a positive EMG response was achieved by stimulating the NRILN in all patients.

In the present study of 36 patients with postoperative cross-sectional imaging, 33 (91.4%) patients had vascular anomalies concurrent with the NRILN. All 33 patients exhibited an aberrant right subclavian artery, 13 of whom also presented with other vascular anomalies.

Aberrant or variant vascular anatomy is not uncommon in clinical practice, with the incidence of aberrant subclavian arteries ranging from 0.5% to 2%. More than 20% of patients also present with other coexistent anomalies, such as chromosomal anomalies, right aortic arch (RAA) with mirror image branching (RAA-mirror), and extracardiac anomalies (32–34). Kommerell’s diverticulum, a diverticulum at the origin of the aberrant right subclavian artery, has a broad base and is formed by a persisting right aortic arch (35, 36). Epstein and DeBord reported that 60% of aberrant subclavian arteries are present alongside Kommerell’s diverticulum (32). Preoperative cross-sectional imaging of the neck may help to predict NRILN through identification of the aberrant right subclavian artery (37, 38). In the study by Gao et al., which included 1574 consecutive thyroid cancer patients who underwent preoperative CT scans, the presence of an NRILN was preoperatively predicted in 7 of 9 patients with NRILN (37). The NRILN was recognized intraoperatively by IONM in the remaining two patients who were found to have aberrant right subclavian arteries on retrospective analysis of CT images.

It is not feasible to perform routine cross-sectional imaging only to predict the presence of an NRILN, which has a very low prevalence. Routine use of IONM during thyroidectomy enables safe recognition of an NRILN (39).

The other method described for the preoperative prediction of NRILN involvement is visualization of the aberrant right subclavian artery via neck ultrasonography (US). Iacobone et al. conducted a thorough preoperative US in 878 patients to identify the bifurcation of the brachiocephalic artery into the right common carotid and the right subclavian artery, also known as the Y sign (3). Patients with the Y sign detected by the US were considered to have normal vascular anatomy. Of the 37 patients without a Y-sign on the preoperative US, 17 (45.9%) had NRILNs identified intraoperatively. The authors concluded that the absence of the Y-sign by the US could predict the NRILN with an overall accuracy of 97.8%, and the detection of the common carotid artery directly originating from the aortic arch could predict the NRILN with an overall accuracy of 98.9%. Several other studies have also demonstrated that the sensitivity of the US to predict an NRILN ranged between 85-100% (6, 40). The US is a radiation-free, noninvasive, and cost-effective method that is part of preoperative evaluation before thyroidectomy. However, the US is an operator-dependent imaging modality, and patient-related factors such as obesity are important limitations of the US. Therefore, experienced radiologists are needed to identify vascular anomalous features on the neck US (41).

This study has several limitations. This was a retrospective multicenter study, and even though all thyroid surgeries were performed by experienced endocrine surgeons using systematic IONM, the initial vagal neurostimulation was not standardized. Surgeons performed initial vagal neurostimulation at either the cricoid cartilage or inferior thyroid artery based on their preference. These points could explain why only 76% of NRILNs were identified by using the IONM criteria and initial vagal latency was longer that 3,5ms in 7% of the patients with NRILNs. Postoperative cross-sectional imaging was able to be performed in 85.7% of patients with NRILN; however, it would be ideal for all patients to receive cross-sectional imaging.




5 Conclusion

The NRILN is a rare variable, and its preoperative detection is uncommon. The systematic and standardized use of IONM aids in identifying the NRILN early during thyroidectomy, helping patients avoid nerve injury. The absence of an EMG response and/or a short latency period (<3.5 ms) during initial vagal stimulation can help detect NRILN at an early stage of thyroidectomy in most patients. However, it should be kept in mind that a V1 latency longer than 3.5 ms does not always exclude an NRILN, and a considerable number of patients with an NRILN may have normal intraoperative EMG values which emphasizes the importance of routine anatomical identification of the RLN during thyroid surgery.

However, it should be kept in mind that a V1 latency longer than 3.5 ms does not always exclude an NRILN. Factors such as the presence of a large retrosternal goiter elongating the nerve and the level of initial vagal stimulation may lead to V1 latency periods exceeding 3.5 ms in patients with NRILNs. In such instances, patients with NRILN may present with normal intraoperative EMG values, highlighting the critical importance of consistently identifying the anatomical pathway of the recurrent laryngeal nerve during thyroid surgery.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Istanbul University Istanbul Medical Faculty Local Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

IS: Writing – review & editing, Writing – original draft, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. AI: Writing – review & editing, Writing – original draft, Investigation, Conceptualization. FT: Writing – review & editing, Writing – original draft, Supervision, Methodology, Investigation, Conceptualization. MK: Writing – review & editing, Writing – original draft, Visualization, Investigation, Formal analysis, Conceptualization. NA: Writing – review & editing, Writing – original draft, Investigation, Data curation, Conceptualization. TM: Writing – review & editing, Writing – original draft, Methodology, Investigation, Data curation, Conceptualization. YS: Writing – review & editing, Writing – original draft, Visualization, Validation, Investigation, Formal analysis. AP: Writing – review & editing, Writing – original draft, Visualization, Supervision, Software, Conceptualization. SS: Writing – review & editing, Writing – original draft, Validation, Supervision, Investigation, Formal analysis, Conceptualization. MU: Writing – review & editing, Writing – original draft, Validation, Supervision, Methodology, Investigation, Formal analysis. YGS: Writing – review & editing, Writing – original draft, Visualization, Validation, Supervision, Methodology, Conceptualization.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

Informed consent was obtained from all individuals included in this study. An approval was obtained from Ethics Committee of Istanbul University, Istanbul Faculty of Medicine (No. 2358861).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Hong, KH, Park, HT, and Yang, YS. Characteristic traveling patterns of nonrecurrent laryngeal nerves. J Laryngol Otol. (2014) 128:534–9. doi: 10.1017/S0022215114000978

2. Lu, Y, Deng, C, Lan, N, Wang, P, Xi, H, Fan, S, et al. The nonrecurrent laryngeal nerve without abnormal subclavian artery: report of two cases and review of the literature. Ear Nose Throat J. (2021) 22:1455613211056547. doi: 10.1177/01455613211056547

3. Iacobone, M, Citton, M, Pagura, G, Viel, G, and Nitti, D. Increased and safer detection of nonrecurrent inferior laryngeal nerve after preoperative ultrasonography. Laryngoscope. (2015) 125:1743–7. doi: 10.1002/lary.25093

4. Sormaz, IC, Tunca, F, and Şenyürek, YG. Bilateral patterns and motor function of the extralaryngeal branching of the recurrent laryngeal nerve. Surg Radiol Anat. (2018) 40:1077–83. doi: 10.1007/s00276-018-1989-1

5. Uludag, M, Aygun, N, and Isgor, A. Motor function of the recurrent laryngeal nerve: Sometimes motor fibers are also located in the posterior branch. Surgery. (2016) 160:153–60. doi: 10.1016/j.surg.2016.02.003

6. Iacobone, M, Viel, G, Zanella, S, Bottussi, M, Frego, M, and Favia, G. The usefulness of preoperative ultrasonographic identification of nonrecurrent inferior laryngeal nerve in neck surgery. Langenbecks Arch Surg. (2008) 393:633–8. doi: 10.1007/s00423-008-0372-9

7. Chiang, FY, Lu, IC, Chen, HC, Chen, HY, Tsai, CJ, Hsiao, PJ, et al. Anatomical variations of recurrent laryngeal nerve during thyroid surgery: how to identify and handle the variations with intraoperative neuromonitoring. Kaohsiung J Med Sci. (2010) 26:575–83. doi: 10.1016/S1607-551X(10)70089-9

8. Randolph, GW, Dralle, H, Abdullah, H, Barczynski, M, Bellantone, R, Brauckhoff, M, et al. Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and parathyroid surgery: International standards guideline statement. Laryngoscope. (2011) 121:S1–S16. doi: 10.1002/lary.21119

9. Iscan, Y, Aygun, N, Sormaz, IC, Tunca, F, Uludag, M, and Senyurek, YG. Is craniocaudal dissection of recurrent laryngeal nerve safer than lateral approach: a prospective randomized study comparing both techniques by using continuous intraoperative nerve monitoring. Ann Surg Treat Res. (2022) 103:205–216. doi: 10.4174/astr.2022.103.4.205

10. Brauckhoff, M, Machens, A, Sekulla, C, Lorenz, K, and Dralle, H. Latencies shorter than 3.5 ms after vagus nerve stimulation signify a nonrecurrent inferior laryngeal nerve before dissection. Ann Surg. (2011) 253:1172–7. doi: 10.1097/SLA.0b013e3182128b9e

11. Wang, T, Dionigi, G, Zhang, D, Bian, X, Zhou, L, Fu, Y, et al. Diagnosis, anatomy, and electromyography profiles of 73 nonrecurrent laryngeal nerves. Head Neck. (2018) 40:2657–63. doi: 10.1002/hed.25391

12. Toniato, A, Mazzarotto, R, Piotto, A, Bernante, P, Pagetta, C, and Pelizzo, MR. Identification of the nonrecurrent laryngeal nerve during thyroid surgery: 20-year experience. World J Surg. (2004) 28:659–61. doi: 10.1007/s00268-004-7197-7

13. Princi, P, Gallo, G, Tempera, SE, Umbriano, A, Goglia, M, Andreoli, F, et al. The impact of intraoperative &quot;Nerve Monitoring&quot; in a tertiary referral center for thyroid and parathyroid surgery. Front Surg. (2022) 9:983966. doi: 10.3389/fsurg.2022.983966

14. Jeannon, JP, Orabi, AA, Bruch, GA, Abdalsalam, HA, and Simo, R. Diagnosis of recurrent laryngeal nerve palsy after thyroidectomy: a systematic review. Int J Clin Pract. (2009) 63:624–9. doi: 10.1111/j.1742-1241.2008.01875.x

15. Dralle, H, Sekulla, C, Haerting, J, Timmermann, W, Neumann, HJ, Kruse, E, et al. Risk factors for paralysis and functional outcome after recurrent laryngeal nerve monitoring in thyroid surgery. Surgery. (2004) 136:1310–22. doi: 10.1016/j.surg.2004.07.018

16. Pironi, D, Pontone, S, Vendettuoli, M, Podzemny, V, Mascagni, D, Arcieri, S, et al. Prevention of complications during reoperative thyroid surgery. Clin Ter. (2014) 165:e285–90. doi: 10.7417/CT.2014.1744

17. Davey, MG, Cleere, EF, Lowery, AJ, and Kerin, MJ. Intraoperative recurrent laryngeal nerve monitoring versus visualization alone - A systematic review and meta-analysis of randomized controlled trials. Am J Surg. (2022) 224:836–41. doi: 10.1016/j.amjsurg.2022.03.036

18. Chiang, FY, Lu, IC, Tsai, CJ, Hsiao, PJ, Lee, KW, and Wu, CW. Detecting and identifying nonrecurrent laryngeal nerve with the application of intraoperative neuromonitoring during thyroid and parathyroid operation. Am J Otolaryngol. (2012) 33:1–5. doi: 10.1016/j.amjoto.2010.11.011

19. Chiang, FY, Lu, IC, Kuo, WR, Lee, KW, Chang, NC, and Wu, CW. The mechanism of recurrent laryngeal nerve injury during thyroid surgery–the application of intraoperative neuromonitoring. Surgery. (2008) 143:743–9. doi: 10.1016/j.surg.2008.02.006

20. Avisse, C, Marcus, C, Delattre, JF, Marcus, C, Cailliez-Tomasi, JP, Palot, JP, et al. Right nonrecurrent inferior laryngeal nerve and arteria lusoria: the diagnostic and therapeutic implications of an anatomic anomaly. Review of 17 cases. Surg Radiol Anat. (1998) 20:227–32. doi: 10.1007/BF01628900

21. Brauckhoff, M, Walls, G, Brauckhoff, K, Thanh, PN, Thomusch, O, and Dralle, H. Identification of the non-recurrent inferior laryngeal nerve using intraoperative neurostimulation. Langenbecks Arch Surg. (2002) 386:482–7. doi: 10.1007/s00423-001-0253-y

22. Donatini, G, Carnaille, B, and Dionigi, G. Increased detection of nonrecurrent inferior laryngeal nerve (NRLN) during thyroid surgery using systematic intraoperative neuromonitoring (IONM). World J Surg. (2013) 37:91–3. doi: 10.1007/s00268-012-1782-y

23. Yetisir, F, Salman, AE, Çiftçi, B, Teber, A, and Kiliç, M. Efficacy of ultrasonography in identification of non-recurrent laryngeal nerve. Int J Surg. (2012) 10:506–9. doi: 10.1016/j.ijsu.2012.07.006

24. Iscan, Y, Sengun, B, Karatas, I, Atalay, HB, Sormaz, IC, Onder, S, et al. The impact of intraoperative neural monitoring during papillary thyroid cancer surgery on completeness of thyroidectomy and thyroglobulin response: a propensity-score matched study. Acta Chir Belg. (2024) 11:1–9. doi: 10.1080/00015458.2024.2305501

25. Brauckhoff, M, Naterstad, H, Brauckhoff, K, Biermann, M, and Aas, T. Latencies longer than 3.5 ms after vagus nerve stimulation does not exclude a nonrecurrent inferior laryngeal nerve. BMC Surg. (2014) 14:61. doi: 10.1186/1471-2482-14-61

26. Lorenz, K, Sekulla, C, Schelle, J, and German Neuromonitoring Study Group. What are normal quantitative parameters of intraoperative neuromonitoring (IONM) in thyroid surgery? Langenbecks Arch Surg. (2010) 395:901–9. doi: 10.1007/s00423-010-0691-5

27. Kamani, D, Potenza, AS, Cernea, CR, Kamani, YV, and Randolph, GW. The nonrecurrent laryngeal nerve: anatomic and electrophysiologic algorithm for reliable identification. Laryngoscope. (2015) 125:503–8. doi: 10.1002/lary.24823

28. Stedman, GW. A singular distribution of some of the nerves and arteries in the neck, and the top of the thorax. Edinb Med Surg J. (1823) 19:564–5.

29. Henry, BM, Sanna, S, Graves, MJ, Vikse, J, Sanna, B, Tomaszewska, IM, et al. The Non-Recurrent Laryngeal Nerve: a meta-analysis and clinical considerations. PeerJ. (2017) 5:e3012. doi: 10.7717/peerj.3012

30. Raffaelli, M, Iacobone, M, and Henry, JF. The “false nonrecurrent inferior laryngeal nerve. Surgery. (2000) 128:1082–7. doi: 10.1067/msy.2000.109966

31. Parpounas, C, Yiallourides, M, and Constantinides, V. Sympathetic inferior laryngeal anastomosing branch: our two-year experience. J Endocr Surg. (2021) 21:79–85. doi: 10.16956/jes.2021.21.4.79

32. Axt-Fliedner, R, Nazar, A, Bedei, I, Schenk, J, Reitz, M, Rupp, S, et al. Associated anomalies and outcome in patients with prenatal diagnosis of aortic arch anomalies as aberrant right subclavian artery, right aortic arch and double aortic arch. Diagnostics (Basel). (2024) 14:238. doi: 10.3390/diagnostics14030238

33. Epstein, DA, and Debord, JR. Abnormalities associated with aberrant right subclavian arteries-a case report. Vasc Endovascular Surg. (2002) 36:297–303. doi: 10.1177/153857440203600408

34. Rembouskos, G, Passamonti, U, De Robertis, V, Tempesta, A, Campobasso, G, Volpe, G, et al. Aberrant right subclavian artery (ARSA) in unselected population at first and second trimester ultrasonography. Prenat Diagn. (2012) 32:968–75. doi: 10.1002/pd.3942

35. van Son, JA, Konstantinov, IE, and Burckhard, F. Kommerell and kommerell’s diverticulum. Tex Heart Inst J. (2002) 29:109–12.

36. Molz, G, and Burri, B. Aberrant subclavian artery (arteria lusoria): sex differences in the prevalence of various forms of the malformation. Evaluation of 1378 observations. Virchows Arch A Pathol Anat Histol. (1978) 380:303–15. doi: 10.1007/BF00431315

37. Gao, EL, Zou, X, Zhou, YH, Xie, DH, Lan, J, and Guan, HG. Increased prediction of right nonrecurrent laryngeal nerve in thyroid surgery using preoperative computed tomography with intraoperative neuromonitoring identification. World J Surg Oncol. (2014) 12:262. doi: 10.1186/1477-7819-12-262

38. Gong, RX, Luo, SH, Gong, YP, Wei, T, Li, ZH, Huang, JB, et al. Prediction of nonrecurrent laryngeal nerve before thyroid surgery–experience with 1825 cases. J Surg Res. (2014) 189:75–80. doi: 10.1016/j.jss.2014.02.010

39. Dionigi, G, Chiang, FY, Dralle, H, Boni, L, Rausei, S, Rovera, F, et al. Safety of neural monitoring in thyroid surgery. Int J Surg. (2013) 11 Suppl 1:S120–6. doi: 10.1016/S1743-9191(13)60031-X

40. Zheng, V, Rajeev, R, Pinto, D, de Jong, MC, Sreenivasan, DK, and Parameswaran, R. Variant anatomy of non-recurrent laryngeal nerve: when and how should it be taught in surgical residency? Langenbecks Arch Surg. (2023) 408:185. doi: 10.1007/s00423-023-02928-y

41. Devèze, A, Sebag, F, Hubbard, J, Jaunay, M, Maweja, S, and Henry, JF. Identification of patients with a non-recurrent inferior laryngeal nerve by duplex ultrasound of the brachiocephalic artery. Surg Radiol Anat. (2003) 25:263–9. doi: 10.1007/s00276-003-0135-9




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Sormaz, Iscan, Tunca, Kostek, Aygun, Matlim Ozel, Soytas, Poyanli, Sari, Uludag and Giles Senyurek. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Electrophysiological monitoring of the nonrecurrent inferior laryngeal nerve and radiological evaluation of concurrent vascular anomalies

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 IONM Set-up and anesthesia protocol

          



          		

            2.2 Thyroid surgery and intraoperative nerve monitoring technique

          



          		

            2.3 Classification of the NRILN

          



        



        



        		

          3 Results

        

          		

            3.1 Preoperative results

          



          		

            3.2 Intraoperative findings

          



          		

            3.3 Postoperative results

          



          		

            3.4 Postoperative imaging

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2024.1420697_cover.jpg
& frontiers | Frontiers in Endocrinology

Electrophysiological monitoring of the
nonrecurrent inferior laryngeal nerve and
radiological evaluation of concurrent
vascular anomalies





OEBPS/Images/fendo-15-1420697-g005.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
%1 v2 R1 R2

Amplitude (4)

Mean + 5D Misae  7aT0l 92e2 | 107772
Range I0IN0 2522700 170200 | 2503900
Latency (ms)

Mean = 5D 3055005 3062014 2342001 | 242012
Range 1551 15325 14325 | 14325

VI Presrgicl disscton amplitudelaency values of the vags nenvs V2: Posisungical
disction amplitude/aency valucs of the vagus nerves VN, Ri: Presugical disection
amplvadeltency values of the nonsecurrent infrior laryngeal nerves R2: Postsurgical
dissection amplitudeflatency values of the noarecurrent inferior laryngeal nerv.






OEBPS/Images/fendo-15-1420697-g001.jpg





OEBPS/Images/fendo-15-1420697-g003.jpg





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1420697-g006.jpg





OEBPS/Images/fendo-15-1420697-g004.jpg





OEBPS/Images/table1.jpg
Number of NRILN (n,%)

Patients (n,
Center 1 3018, 384% 15,06%
Center2 2954, 375% 12,04%
Center 3 1593, 201% 12,06%

Toul 7865 2





OEBPS/Images/fendo-15-1420697-g002.jpg





