
Extralaryngeal division of the recurrent laryngeal nerve:  
A common and asymmetric anatomical variant

INTRODUCTION

Thyroid surgery is a specific surgery that requires detailed anatomical information. The recurrent laryn-
geal nerve (RLN) is the major structure at risk during thyroid and parathyroid surgery (1). RLN paralysis 
is the most serious complication, along with postoperative hypocalcemia and hematoma, in thyroid 
surgery (2). Exploration and visual identification of the RLN is the gold standard method to preserve this 
nerve during thyroid surgery. Many factors have been reported to affect the development of RLN paraly-
sis (2). One factor increasing the risk of RLN paralysis is anatomical variation of the RLN. Variations in the 
RLN can be produced by changes in the course of the nerve due to previous surgery or the impaction 
of a mass, the relationship between the RLN and inferior thyroid artery (ITA),the nonrecurrent laryngeal 
nerve course, and extralaryngeal branching (3, 4). 

The relationship between the RLN and the ITA is variable. Makay et al. (5) defined 16 different relation-
ships between the RLN and the ITA. Nonrecurrent laryngeal nerve course is a rare anatomic specialty. It is 
usually seen on the right side and arises during embryological development (6). Extralaryngeal branch-
ing of the RLN is a frequently seen anatomical specialty (3, 4). The risk of developing nerve paralysis is 
higher in extralaryngeal branching of the RLN (7, 8). The nerve may be vulnerable to compression, trac-
tion, and transection due to the diminished caliber of the nerve due to the branching (9). A wide range 
of branching rates have been reported in studies on branching of the RLN (4). We aimed to assess the 
prevalence of RLN branching, the median branching distance, and the symmetry of the nerve.

MATERIAL AND METHODS

The collected prospective data of 94 patients, including 165 neck sides, who underwent thyroid or para-
thyroid surgery in two surgeons’ practices focused on endocrine surgery (MU, AI) between September 
2011 and May 2012 were evaluated in this study. Each side of the operated neck was considered as a 
separate entity. One side of each of the four bilaterally explorated patients with diagnoses of primary 
hyperthyroidism was excluded from the study because the nerve was not followed until the larynx entry 
point. One hundred and sixty-one RLNs that were followed along their courses until the larynx entry 
point were included in the study.
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Objective: Recognition of extralaryngeal branching of the recurrent laryngeal nerve is crucial because prevention of 

vocal cord paralysis requires preservation of all branches of the recurrent laryngeal nerve. We assessed the preva-

lence of extralaryngeal branching of the recurrent laryngeal nerve and the median branching distance from the 

point of bifurcation to the entry point of the nerve into the larynx.

Material and Methods: Prospective operative data on recurrent laryngeal nerve branching were collected from 94 

patients who underwent thyroid or parathyroid surgery between September 2011 and May 2012.

Results: A total of 161 recurrent laryngeal nerves were examined (82 right, 79 left). Overall, 77 (47.8%) of 161 recur-

rent laryngeal nerves were bifurcated before entering the larynx. There were 36 (43.9%) branching nerves on the 

right and 41 (51.9%) branching nerves on the left, and there was no significant difference between the sides in terms 

of branching (p=0.471). Among 67 patients who underwent bilateral exploration, 28.4% were found to have bilateral 

branching, 40.3% had unilateral branching, and the remaining 31.3% had no branching. The median branching 

distance was 15 mm (5-60mm).

Conclusion: Extralaryngeal division of recurrent laryngeal nerve is a common and asymmetric anatomical variant. 

These variations can be easily recognized if the recurrent laryngeal nerve is identified at the level of the inferior 

thyroid artery and then dissected totally to the entry point of the larynx. Inadvertent division of a branch may lead 

to vocal cord palsy postoperatively, even when the surgeon believes the integrity of the nerve has been preserved.
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This study was approved by the local ethics committee of our 
hospital. Written informed consent was obtained from all the 
patients.

Surgical Technique

While performing primary thyroidectomy and/or central neck 
dissection and bilateral parathyroid exploration, a 4-6 cm col-
lar transverse incision was made. Superior and inferior sub-
platismal flaps were prepared, and the thyroid region was en-
tered through the strap muscles. The area between the thyroid 
lobe and strap muscles was dissected, and the middle thyroid 
vein was taken. 

After pulling the strap muscles laterally and the thyroid lobe 
anteromedially, the RLN was explored at the level of the me-
dial section of the thyroid lobe where it crosses the ITA and 
followed until the laryngeal entry point under the cricopha-
ryngeal muscle. The lateral approach was used for unilat-
eral parathyroid exploration, revision thyroidectomy, and/or 
central neck dissection. After the dissection was performed 
through the anterior border of the sternocleidomastoid 
muscle and the lateral border of the strap muscles, the carotis 
sheath was found and the thyroid region was entered medially 
to the carotis artery. The RLN was explored and identified at 
the inferior section of the neck where it exits the thorax and 
was followed until the laryngeal nerve entry point (NEP) (10).

If the RLN had proximal branching before crossing the ITA, it 
was dissected until its branching point toward the inferior sec-
tion in the medial approach. Therefore, the RLN was explored 
in the inferior section in the lateral approach, and the branch-
ings proximally located to the ITA were already located in the 
dissection area; thus, there was no need for additional proxi-
mal dissection.

Any RLN branching was recorded. The distance between the 
point of bifurcation and the laryngeal NEP was measured in 
millimeters with a digital vernier caliper and defined as the 
branching distance. Only RLNs branching before entering the 
larynx at distances of 5 mm and greater were considered to 
be branched nerves; those branching in the last 5 mm were 
not categorized as branched because most RLNs branch in the 
last 5 mm before entering under the cricopharyngeal muscle 
(11, 12). Nerves with only posterior branches to the esopha-
gus were not considered to be branching nerves. Nerves with 
two branches that both entered the larynx under the crico-
pharyngeal muscle were considered to be branching nerves 
(13, 14). It was found that some branching nerves bifurcated 
again from the anterior or posterior branches after the first 
bifurcation and entered the larynx as trifurcated nerves. This 
branching was defined as a secondary branching; details are 
provided in the results section.

At the end of each surgery, the demographic data of the pa-
tients, the indications for surgery, the surgical approach, and 
the anatomical data regarding the RLN were recorded in a Mi-
crosoft Excel table prepared at the beginning of the study. 

Statistical Analyses

The data recorded in the Microsoft Excel table were used in the 
analyses. The descriptive statistics were given as number and 
percentage for categorical variables and mean value, standard 
deviation, and minimum and maximum values for numerical 
variables. The ratios of the categorical variables between the 

groups were analyzed by chi-square test. A value of p<0.05 
was considered to be statistically significant.

RESULTS

The median age of the 94 patients (76 females, 18 males) en-
rolled in this study was 44years (range 18-90 years). The indica-
tions for surgery and the surgical procedures are summarized 
in Table 1, 2 respectively. 

Branching was detected in 77 of the 161 RLNs (82 right, 79 
left) evaluated in the study. Seventy-two (93.5%) of 77 branch-
ing nerves had 2 branches, and the remaining 5 (6.5%) had 3 
branches as a result of secondary branching when entering 
the larynx. Branching was detected in 36 (43.9%) of 82 nerves 
on the right side and 41 (51.9%) of 79 nerves on the left side. 
There was no significant difference in the branching rates 
between the sides (p=0.196). Three nerves on the right side 
(3.7% of the nerves on the right side and 8.3% of the branch-
ing nerves) and two nerves on the left side (2.5% of the nerves 
on the left side and 4.9% of the branching nerves) were seen 
to enter the larynx as three branches as a result of secondary 
branching. The secondary branchings were found on the an-
terior branches in two nerves (one right, one left) and on the 
posterior branches in three nerves (two right, one left).

165
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Table 1. Indications for thyroid and/or parathyroid 
operations

Benign nodular goiter MNG 25

 Recurrent goiter  4

 Solitary nodule  5

Fine needle aspiration biopsy Bethesda III-IV 8

 Bethesda V 5

 Bethesda VI 7

Histopathologically  Hyperthyroidism 3

diagnosed malignancy
 Toxic MNG 8

 Toxic adenoma 4

 Graves’ disease 7

Hyperparathyroidism HPT 14

 HPT+ MNG 2

 HPT+ papillary thyroid cancer  2

MNG: multinodular goiter; HPT: hyperparathyroidism

Table 2. Surgical interventions performed

Bilateral exploration TT 46

 TT+CLND 10

 TT+PT 3

 BE+PT 7

 CLND 1

Unilateral exploration L 19

 PT 7

 PT+L 1

TT: total thyroidectomy; BE: bilateral exploration; CLND: central lymph node 

dissection; PT: parathyroidectomy; L: thyroid lobectomy



19 (28.4%), 27 (40.3%), and 21 (31.4%) of 67 bilaterally ex-
plored patients had bilateral, unilateral, and non-branching 
nerves, respectively (Table 3, 4). The mean branching distance 
was 15 mm (range 5-60 mm).

If the right side was explored first in the bilaterally explored 
patients, the probability of detecting branching on the left 
side in the 30 patients with branched nerves was 63.6% (19 
patients); in the 37 patients with non-branched nerves, the 
probability was 43.2% (16 patients). No significant difference 
was determined when comparing the probabilities of branch-
ing on the left side with branching or non-branching RLNs on 
the right side (p=0.082).

If the left side was explored first, the probability of detecting 
branching on the right side in the 35 patients with branched 
nerves was 54.3% (19 patients); in the 32 patients with non-
branched nerves, the probability was 34.4% (11 patients). No 
significant difference was determined when comparing the 
probabilities of branching on the right side with branching or 
non-branching RLNs on the left side (p=0.082).

If branching was detected on the right or left side in the first 
exploration, no significant difference was determined when 
comparing the probabilities of identifying branching on the 
other side (p=0.314). If a non-branched nerve was detected in 
the first side exploration (right or left), no significant difference 
was determined when comparing the probabilities of identify-
ing branching on the other side (p=0.307).

DISCUSSION

The RLN branches from the vagus nerve, which is located in the 
carotis sheath, at the thoracic inlet; it then courses up behind 

the subclavian artery on the right, curves up from the anterior 
to the posterior side of the aortic arch on the left, and enters the 
laryngeal entry point under the cricopharyngeal muscle. The 
right RLN enters the neck base more laterally than the left RLN 
because of its course around the right subclavian artery. Thus, 
the left RLN courses more strictly and closer to the trachea in 
the tracheoesophageal groove compared to the more oblique 
course in the paratracheal region on the right (15). The most im-
portant rule is that any tubular structure must not be divided 
unless the RLN is visually identified (10, 15). The RLN can be ex-
plored with three different approaches in the thyroid region: lat-
eral, inferior, and superior (15). The lateral approach is the most 
commonly used approach for routine thyroidectomy. After trac-
tion of the strap muscles laterally and division of the middle 
thyroid vein, the thyroid lobe is retracted anteromedially at the 
midpolar level and the RLN is explored at the crossing point of 
the ITA and the RLN (10, 15). The RLN is found at the base of the 
neck in the inferior approach. The nerve is located more later-
ally on the right and in the paratracheal region on the left. The 
advantage of this approach, which is especially preferred for re-
vision thyroidectomy, is that it allows the nerve to be explored 
in a loose areolar band atraumatically inferior to the previous 
surgical scar. In the superior approach, after the superior pole is 
dissected, the RLN is explored in the region of Berry’s ligament 
where it enters the larynx. This approach can be used for large 
cervical and substernal goiters because this region is the most 
constant anatomic point for the RLN. Additionally, Berry’s liga-
ment is a fibrous structure and bleeds easily; thus, dissection is 
difficult in this area (15). Also, there may be branching in this 
area. It is important to remember that RLN injuries mostly occur 
close to Berry’s ligament (4).

Extralaryngeal branching of the RLN is one of the most com-
mon anatomical variations (3, 4). Recognizing the branching 
and identifying all the branches of the RLN is an important fac-
tor in avoiding injury to the nerve. If a branched nerve is not 
detected, one of the identified branches can be considered as 
the main trunk. This situation may lead to inadvertent injury 
due to traction and division of the other branch (14). The most 
frequent cause of RLN paralysis is traction trauma. The power 
of traction due to traction of the thyroid lobe is reflected to 
the RLN in different proportions (16). Diminished diameter 
due to branching is an important risk factor for injury related 
to dissection and/or traction. The thinner nerve is more frag-
ile and vulnerable to the maneuvers of routine dissection. The 
traction power over the branches is greatly diminished due to 
the decreased diameter and diminished coverage by tissues 
supporting the nerve, such as epineuria or fascia surrounding 
the nerve (9). The traction power upon the nerve is inversely 
proportional to the diameter of the nerve. The same traction 
causes greater tensile stress upon nerves with smaller diam-
eters. The mean traction power that causes loss of the RLN 
signal detected by intraoperative neural monitoring can be 
calculated using the equation σ=F/d2(σ: traction power upon 
the nerve; F: traction force applied during the loss of signal; 
d: diameter of the RLN) (17). For example, when the diameter 
of the nerve decreases from 2mm to 1mm, the same traction 
force applied to the 2 mm nerve reflects four fold on the 1 mm 
nerve. In other words, one fourth of a traction force that causes 
a loss of signal in the main trunk of a 2 mm nerve may cause 
a loss of signal in a branch of the same nerve that is 1mm in 
diameter. Serpell et al. (18) reported that although the same 
traction force was applied to each nerve in their study, which 
included unilateral interventions, the rate of RLN paralysis 166
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Table 3. The branching properties of 161 nerves of 94 
patients on the right and left sides

Bilateral exploration Right branching+left non-branching 11 

 Left branching+right non-branching 16 

 Bilaterally branching 19 

 Bilaterally non-branching 21 

Unilateral exploration Right side 

 Branching 6

 Non-branching 9

 Leftside 

 Branching 6

 Non-branching 6

Total  94

Table 4. The distribution of RLN branchings in patients who 
underwent bilateral intervention

 Right  Right 

 branching non-branching Total

Left branching 19 (28.4%) 16 (23.9%) 35

Left non-branching 11 (16.4%) 21 (31.3%) 32

Total 30 37 67

RLN: recurrent laryngeal nerve



on the left side was 2.7 times greater than that on the right 
side. They stated that a major factor was that the diameter of 
the nerve on the left (1.6 mm) was significantly thinner than 
that on the right (1.7 mm) (p=0.0012). Sancho et al. (8) found 
that the rate of vocal cord paralysis in branched nerves was 
two times greater thanthat in non-branched nerves (15.8% 
vs 8.1%, p=0.022). Also, the branching diameter was found to 
be significantly higher in paralyzed nerves than in functional 
nerves (29.4+10.4 mm vs 19.1+9.8 mm, p=0.003). Casella et 
al. (7) reported that the risk of RLN injury was 7 times greater 
for transient and 13 times greater for permanent unilateral 
paralysis in branched RLNs in comparison with non-branched 
RLNs after surgery. Branching of the RLN is reported in a wide 
range of 18.2%-72% in surgical series (3, 5, 7-9, 11-14, 18-23). 
The rate is reported to increase 92.7% in autopsy studies (24). 
Extralaryngeal branching is often seen as bifurcation, and 
the rate of branching greater than bifurcation is reported to 
be 1.4%-7.3% in the literature (3, 20, 23). The branching rate 
for more than two branches is 3.1%, similar to the literature. 
Many factors have been reported in the literature to affect the 
branching rates provided in studies. These factors have been 
reported as gender, right side, extension of surgical explora-
tion, use of magnifying loops, altering of the branching diam-
eter due to the surgical position of the patient, use of intraop-
erative neuromonitoring, and some defined exclusion criteria 
(3, 4, 7, 9, 12-14, 21, 25, 26).

Serpell et al. (12) and Randolph (15) have stated that they ob-
served some small branches of the RLN going to the trachea, 
esophagus, or inferior constrictor muscle in 50%-60% of pa-
tients; the rate of real extralaryngeal branches entering the 
larynx is 20%-30%. The rates of extralaryngeal branching were 
reported as 64.5% and 72%, respectively, in studies by Cernea 
et al. (3) and Ardito et al. (20) in which more than 2000 RLNs 
were evaluated. All the branches of the RLN entering the larynx 
were evaluated in these studies. Katz (11) reported the rate of 
extralaryngeal branching as 58% in his study, in which he ac-
cepted branches before the 5 mm distance to the NEP. In the 
past ten years, the branching rate has been reported as 24%-
43% in studies in which branchings were accepted if the RLNs 
were branched 5 mm or more below the NEP (12-14, 21). We 
determined the branching rate to be 47.8%, with 43.9% on the 
right and 51.9% on the left, in our study. It can be seen that al-
though these rates are lower than those found by Katz (11), they 
are equal to or greater than the upper limit of the rates reported 
in recent studies. This high rate may be related to the surgical 
position of the patient. Kandil et al. (14) do not use a thyroid 
pillow to extend the neck; they reported branching distances of 
7.5 mm on the right and 8.3 mm on the left. The median branch-
ing distance is 15 mm in our study, which is higher than these 
values. This high value may be related to our use of a thyroid 
pillow to extend the neck, leading to nerve stretching due to 
the position. The branchings within 5 mm that were not evalu-
ated as real branchings in the study by Kandil et al. (13, 14) may 
have been evaluated as branching due to neck extension in our 
study. There is no data regarding the position of the patient in 
other studies. The gender and posture of the body also may af-
fect the length of the nerve (13).

In our study, we detected bilateral branching in 28.4%, uni-
lateral branching in 40.3%, and no branching in 31.4% of the 
bilaterally explored patients. This rate of bilateral branching is 
similar to the rate of 8.9%-33.3% that is reported in the litera-
ture (12, 13, 19, 22). In our study, if branching was observed 

in a patient, this branching was unilateral and asymmetric 
on the right or left at a rate of 58.9%. Gürleyik (19) reported 
the rate of unilateral branching as 71.4% in his study includ-
ing 292 RLNs, in which the general branching rate was 31%. 
In their study, Serpell et al. (12) reported a rate of bilateral 
branching of 8.9% and a rate of unilateral branching of 77.9% 
in patients who underwent bilateral intervention. Serpell et al. 
(12) expressed that they always started from the left side while 
performing bilateral thyroidectomy. They found that when a 
branching nerve was detected on the left, the probability of 
finding a branching nerve on the right was 42.6%, and when 
a non-branching nerve was detected on the left, the prob-
ability of finding a branching nerve on the right was 24.3%. 
They reported that when a branching nerve was found on the 
left, the probability of finding a branching nerve on the other 
side was significantly high. Our preference is to start from the 
side with the pathological lesion when performing bilateral 
thyroidectomy. According to our data, when we started from 
the right and a branching nerve was found, the probability 
of finding a branching nerve on the left was 63.3%; however, 
if we started from the left and a branching nerve was found, 
the probability of finding a branching nerve on the right was 
54.4%. If a non-branching nerve was found on the right, the 
probability of finding a branching nerve on the left was 43.2%, 
and if a non-branching nerve was found when starting from 
the left side, the probability of finding a branching nerve on 
the right was 34.4%. No significant difference was determined 
in terms of finding a branched nerve on the opposite side ac-
cording to whether a branching or non-branching nerve was 
found on the first side explored. Also, the probabilities of find-
ing a branching nerve on the opposite side were similar when 
branching and non-branching nerves were found on the first 
side (right or left). According to our data, when branching 
was present on the first side in bilaterally explored patients, a 
branching nerve was found on the opposite side in at least half 
the patients; if a non-branching nerve was found on the first 
side, branching was found on the opposite side in at least in 
one third of the patients. This is an important anatomical detail 
that should be considered in order to protect the RLN.

It is reported in some studies that branching is more frequent 
on the right side than on the left side (8, 21). Beneragama and 
Serpell (21) defined that the anatomic course of the RLN is dif-
ferent on the right and left, and the relationship with the ITA is 
more variable on the right. They stated that this embryological 
difference may be related to the increased frequency of RLN 
branching on the right. They found similar rates between the 
right and left sides in their subsequent extensive studies and 
stated that the observations obtained from more extensive se-
ries may be more reliable (12). The branching rates were found 
to be similar between the right and left sides in other studies 
(9, 13, 14, 18). 

In some studies, it is suggested that the RLN should be ex-
plored on its last part around Berry’s ligament before enter-
ing the larynx, and it is stated that early identification of RLN 
will not prevent its injury (25). The mean branching distance 
is reported as 6-19 mm in the literature (7-9, 12, 14). Gürleyik 
(19) divided the branchings into four classes on the basis of 
the points where they cross the ITA: 37.5% arterial, 32.5% post-
arterial, 15% prelaryngeal, and 15% prearterial. The median 
branching distance is 15 mm in our study, and the branching 
point is in the last 2-2.5 cm of the RLN where it crosses the 
ITA before entering the larynx. Partial exploration of the RLN 167
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around Berry’s ligament may cause many proximal branchings 
to be overlooked. Most branchings can be easily recognized 
by exploration of the RLN at the level of the ITA (4).

CONCLUSION

It is impossible to predict the branchings and other variations of 
the RLN preoperatively. The probability of branching of the RLN is 
high, and the branching is usually asymmetrical, with a unilateral 
rate of 60% in bilateral surgical approaches. When branching is 
present on the first explored side in bilaterally explored patients, 
branching is found on the opposite side in at least half of all cases; 
however, if there is no branching on the first side, branching is 
found on the opposite side in at least one third of all cases.There-
fore, branching is an anatomical detail that should always be con-
sidered in the exploration of both sides. All the branches of the 
RLN must be set out to reduce the risk of injury, especially in the 
branching nerves, and save all the branches. The RLN must be ex-
plored in the region where it crosses the ITA, and all the branches 
must be followed until the nerve enters the larynx to mark all the 
branches clearly and save them. The injury of a nerve branch may 
unwittingly lead to vocal cord paralysis, although the surgeon 
may believe that the nerve was protected.
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