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ABSTRACT

Background: Despite all the advances in thyroid surgery, thyroidectomy remains an operation open to complications due to the recurrent laryn-
geal nerve (RLN) which the thyroid gland is closely surrounded by. This study aims to investigate the anatomical relationship of the RLN with the
surrounding structures and define the relationships between these structures.

Methods: In this prospective study, the relationship of the RLN with the surrounding anatomical structures, which consist of Berry's ligament,
inferior thyroid artery, tracheoesophageal groove, and the inferior constrictor muscle, and the presence of extralaryngeal branching were evalu-
ated during thyroid surgery performed on 91 patients.

Results: A total of 151 thyroid lobectomies were performed, which included 75 right and 76 left lobectomies. One patient presented a non-
RLN on the right side, and of the remaining 150 thyroid lobectomy materials, 40 (26.7%) demonstrated a nerve passing anterior to, 93 (62%)
passing inside, and 17 (11.3%) passing posterior to the tracheoesophageal groove. Evaluation of the relationship between the nerve and Berry's
ligament revealed that the nerve was located on the lateral side of Berry's ligament in 114 lobectomies (76 %). The nerve passed anterior to the
inferior thyroid artery in 29 lobectomies (19.3%), between its branches in 17 (11.3%), and posterior to the artery in 104 (69.4%). The nerve was
found to penetrate the crico-pharyngeal part of the inferior pharyngeal constrictor muscle in 8 lobectomies (5.3%), while it entered the larynx
immediately under the muscle fibers in 142 (94.7%). The RLN demonstrated branching before entering the larynx in a total of 9 cases (6%). It
was determined that the relationship of the nerve and the associated anatomical structures did not cause a significant difference in either side.
Conclusion: None of the anatomical parameters investigated in this study demonstrated a constant pathway associated with the anatomical
course of the nerve.
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Introduction In this study, the relationship of the RLN with the surrounding
tissues in thyroid surgery and the anatomical variations were

Despite all the advances in thyroid surgery, thyroidectomy  eyaluated alongside the literature.

remains an operation open to complications due to the recur-
rent laryngeal nerve (RLN), which the thyroid gland is closely
surrounded by. Inferior, superior, and lateral approaches to
locating the nerve have been described, and again, certain ana-

Methods

Ninety-one patients who underwent thyroid surgery in

tomical landmarks such as the Simon'’s triangle, inferior thyroid
artery, and the tubercle of Zuckerkandl have been proposed
to demonstrate its anatomical localization."® Most recently,
Procacciante described the palpation method for identifying
the RLN in the year 2000.* However, no anatomical landmark
or surgical approach has gained universal acceptance.®
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a tertiary university hospital between January 2016 and
January 2017 were included in this study. Patients who had
undergone neck surgery on the same side were not enrolled
in the study as the RLN anatomy could have changed as a
consequence. The operation was initiated by Kocher's col-
lar incision in all patients, the strap muscles were dissected
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in the midline, the thyroid gland was located, and thyroid-
ectomy was performed.

In all cases, the RLN was searched and exposed using the lat-
eral approach. The relationship of the nerve with Berry's liga-
ment (BL), inferior thyroid artery (ITA), tracheoesophageal
groove (TEG), and the crico-pharyngeal muscle (CPM) dur-
ing surgery, and whether or not the nerve had extralaryngeal
branches (ELB) were recorded on the thyroid surgery form at
the end of the operation. Thyroid surgery forms were obtained
from patient records for this study, and the relationships of
the mentioned structures with the RLN were investigated. The
results were analyzed using the Pearson chi-square test on
SPSS 21, the license of which was provided by the institution
where the study was conducted. A P-value < .05 was consid-
ered statistically significant.

Ethical board approval was obtained from the Istanbul
University Faculty of Medicine Clinical Studies Ethics
Committee prior to the study (approval number: 2016/63.98
date: 21.01.2016). All patients included in the study signed an
informed consent form.

Results

The gender distribution of the 91 patients in the study was
27 males (29.7%) and 64 females (70.3%). The youngest
patient was 14 years old and the oldest was 85 years old, with
a mean age of 50.2. Grouping the patients based on the per-
formed surgical procedure showed that 15 patients had under-
gone right lobo-isthmectomy, 16 left lobo-isthmectomy, and
60 total thyroidectomy.

In total, 75 right and 76 left thyroid lobectomies were per-
formed and a non-RLN (NRLN) was detected in only 1 patient
on the right side (0.7%). The rest of the 74 right thyroid
lobectomies revealed RLN localizations anterior to the TEG
in 21 patients (28.4%), inside the TEG in 45 patients (60.8%)
and posterior to the TEG in 8 patients (10.8%) (Table 1). The
RLN was detected anterior to the TEG in 19 patients who
underwent left thyroid lobectomy (25%), inside the TEG in
48 patients (63.2%) and posterior to the TEG in 9 patients
(11.8%). The difference was not found to be significant
(P=.892). Investigations of its relationship with BL showed
that on the right side, it passed lateral to the ligament in
55 patients (74.3%) and penetrated through the ligament
in 19 patients (25.7%). On the left side, it passed lateral to

Main Points

Since the anatomy of the recurrent laryngeal nerve (RLN) has
various variations, it must be carefully dissected at the level
of adjacent structures such as the inferior thyroid artery and
Berry's ligament (BL).

While the nerve passes lateral to BL in the majority of cases,
in some cases it penetrates through the ligament. Especially
in these cases, the risk of damage to the nerve is expected
to be higher.

Although extralaryngeal RLN branches are not clearly vis-
ible during surgery, a high rate of branching was detected in
cadaver studies. Care must be taken during the dissection of
this area in terms of nerve damage.
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Table 1. The Relationship of the Recurrent Laryngeal Nerve
with the Surrounding Structures

Right Left Total P

TEG Anterior 21/74 19/76 40/150 .892
(28.4%) (25%) (26.7%)
Inside 45/74 48/76 93/150
(60.8%) (63.2%) (62%)
Posterior 8/74 9/76 17/150
(10.8%) (11.8%) (11.3%)

BL Lateral to 55/74 59/76 114/150 635
(74.3%) (77.6%) (76%)
Penetrating 19/74 17/76 36/150
through (25.7%) (22.4%) (24%)

ITA Anterior 17/74 12/76 29/150 .312
(23%) (15.8%) (19.3%)
Betweenthe 10/74 7/76 17/150
branches (13.5%) (9.2%) (11.3%)
Posterior 47/74 57/76  104/150
(63.5%) (75%) (69.4%)

CPM  Inside the 5/74 3/76 8/150 444
muscle (6.8%) (4%) (5.3%)
Under the 69/74 73/76  142/150
muscle (932%) (96%) (94.7%)

ELB Yes 4/74 5/76 9/150  .762
(5.4%) (6.6%) (6%)
No 70/74 71/76 141/150
(94.6%) (93.4%) (94%)
NRLN Yes 1/75 0/76 1/151
(1.4%) (0.7%)

BL, Berry's ligament; CPM, crico-pharyngeal muscle; ELB, extralaryngeal
branches; ITA, inferior thyroid artery; NRLN, non-recurrent laryngeal nerve; TEG,
tracheoesophageal groove.

the ligament in 59 patients (77.6%) and penetrated through
the ligament in 17 patients (22.4%). The difference was not
found to be statistically significant (P=.635). Investigations
of its relationship with the ITA revealed that on the right side,
it passed anterior to the artery in 17 patients (23%), between
the branches of the artery in 10 patients (13.5%), and pos-
terior to the artery in 47 patients (63.5%). On the left side, it
passed anterior to the artery in 12 patients (15.8%), between
the branches of the artery in 10 patients (9.2%), and poste-
rior to the artery in 57 patients (75%). No statistically sig-
nificant differences were determined between the right side
and the left side (P=.312). Investigations of the relationship
of the RLN with the inferior pharyngeal constrictor muscle
(IPCM) revealed that on the right side, it passed immedi-
ately under the muscle fibers in 69 patients (93.2%) and
entered the muscle fibers in 5 patients (6.8%). Extralaryngeal
branches were present in 4 patients (5.4%) and absent in 70
(94.6%). On the left side, it passed immediately under the
muscle fibers in 73 patients (96%) and entered the muscle
fibers in 3 patients (4%). Five patients (6.6%) demonstrated
ELB, whereas 71 patients (93.4%) did not. No statistically
significant differences were determined with regard to side
(P=.444) (Table 1). Symmetry analyses of the 60 patients
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who had undergone total thyroidectomy revealed that the
nerve coursed symmetrically anterior to the TEG in 8 patients
(13.3%), in the TEG in 27 (45%), and posterior to the TEG in
3 (5%). Investigations of its relationship with the ITA revealed
that it coursed symmetrically anterior to the ITA in 5 patients
(8.3%), through the ITA in 3 (5%), and posterior to the ITA
in 30 (50%). The statistical calculations were performed by
analyzing the data using the chi-square test on SPSS 21 and
it was determined that the relationship of the RLN with BL,
ITA, IPCM was not associated with any statistically significant
differences in either side (Table 1).

Discussion

Tracheoesophageal Groove

Our study found that in the majority of the cases, the RLN
coursed within the TEG, and less frequently, it coursed anterior
to the TEG; and a review of the literature parallels our results
in general with few exceptional results that are quite different
(Figures 1 and 2). In their study with 140 cases, Berlin reported
that the RLN ran anterior to the sulcus in 35% of the cases and
within the sulcus in 65%, with no cases manifesting localiza-
tions posterior to the sulcus.® Armstrong and Hinton reported
in their study, which involved 100 cases, that the RLN coursed
anterior to the sulcus at a rate of 40% and within the sulcus
at a rate of 60%, again with no cases running posterior to the
sulcus.” Similarly to the study conducted by Armstrong and
Berlin, Bowden and Steinberg also noted no cases of the nerve
coursing posterior to the sulcus and found that the nerve most
frequently traveled in the sulcus.®®

Asgharpour et al® reported in their cadaver dissection study
with 197 cases that the nerve coursed anterior to the sulcus

Figure 1. A case where recurrent laryngeal nerve passes through the
anterior of tracheoesophageal groove (white arrow: trachea, black
arrow: recurrent laryngeal nerve).
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in 42%, within the sulcus in 33%, and posterior to the sulcus
in 25% of the cases.® Skandalakis et al'® reported in their study
where they investigated 204 cases that the nerve coursed
anterior to the sulcus at a rate of 46%, within the sulcus at a
rate of 49%, and posterior to the sulcus in 5% of the cases.”
In our cases, the RLN was determined to run posterior to the
sulcus at a rate of 11.3% (n: 17), with rates of 10.8% (n: 8) on
the right, and 11.8% (n: 9) on the left side (Figure 3).

Although it was reported in the study by Asgharpour® that the
left RLN traveled in the sulcus more frequently compared to
the right, our study did not find a significant difference. In the
same study, 31% of the cases were reported to show symme-
try, with the RLN traveling anterior to the sulcus in 14% of the
cases, in the sulcus in 12%, and posterior to the sulcus at a
rate of 5%. In our study, it was found that the relationship of
the nerve with the sulcus was symmetrical at a rate of 63.3%
overall, with 13.3% anterior, 45% within, and 5% posterior to
the sulcus. Although it has been stated in the literature that
the right RLN lies in an anterior localization at a higher rate
than the left, no significant differences were determined in our
study (P=.892).5681112

Berry's Ligament

In the study conducted by Asgharpour et al® that included 185
cadavers, the RLN was reported to pass lateral to BL in 88%
of the cases and penetrate through BL in 12% of the cases,
with 79.8% of the cases manifesting bilateral symmetry. In our
study, this rate was determined as 78.4%. In a series reported
by Skandalakis et al'® that included 204 cases, the RLN was
found to pass lateral to the ligament with a rate of 58% and
penetrate it in 42% of the cases. On the other hand, Salama
and McGrath's™ study that included 144 cases determined
that the RLN passed lateral to BL in 32% and penetrated
through BLin 68% of the cases. Our study determined that the
RLN passed lateral to BL in 76% of the cases and penetrated
through it in 24% of the cases while 1 case manifested a non-
recurrent picture, and no statistically significant anatomical
differences were detected with regard to side (P = .635). While
it is generally accepted that the RLN travels posterolateral
to BL directly without penetrating it, 0.6%-10% of the cases
reported in the literature presented a penetration through the
BL. For this reason, the capsular dissection method described
as a technique to preserve the RLN may result in damage to the
RLN in certain cases." Dissection of the BL, where the thyroid
gland clings strongly to the surrounding structures, is the stage
of the thyroidectomy that is the most difficult and requires the
most precision due to the close relationship of the BL with the
RLN, as demonstrated in this study, extralaryngeal branching
that appears at this level, and bleeding easily during dissection.

Inferior Thyroid Artery

While the anatomical relationship between the ITA and RLN
demonstrates variability, Reed' identified 28 different types
of RLN-ITA relationship and showed that bilateral symme-
try was present in only 17% of the cases." The left nerve is
generally more frequently determined to course posterior to
the artery in comparison to the right nerve."® Our study also
showed that the left nerve had a posterior localization more
frequently in comparison to the right; however, this difference
was not found to be statistically significant (P=.312).
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Figure 2. Relationship between inferior thyroid artery and RLN A) RLN anterior to the ITA, B) RLN anterior to the ITA, C) RLN between branches
of the ITA (a: esophagus b: trachea c: thyroid d: recurrent laryngeal nerve e: inferior thyroid artery). ITA, inferior thyroid artery; RLN, recurrent

laryngeal nerve.

In the study by Asgharpour et al,® the RLN was observed to pass
anterior to the ITA at a rate of 33%, between the branches
of the artery in 31% of the cases, and posterior to the ITA in
36% of the cases. . Altrojay et al'® found in their prospective
intraoperative monitoring study that the nerve passed ante-
rior to the artery at a rate of 30.5%, between its branches at
a rate of 7.6%, and posterior to the artery at a rate of 61.9%.
The same study determined that the nerve passed anterior to
the artery more frequently on the right side compared to the
left and this was found to be statistically significant. Although
our study too has determined that the nerve passes anterior
to the artery more frequently on the right side than the left,
this difference did not reach statistical significance (P=.312)
(Figures 4 and 5).

In a study conducted by Makay et al,'” where they dissected
487 nerves intraoperatively, 22.8% of the nerves were reported

Figure 3. A case where recurrent laryngeal nerve enters the larynx by
passing through the posterior of tracheoesophageal groove (white
arrow: trachea, black arrow: RLS).
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to course anterior to the artery, 6.6% between its branches,
and 70.6% posterior to the artery. This same study did not
determine a statistically significant difference regarding the
relationship of the right and left RLN with the ITA and reported
a bilateral symmetry rate of 63.5%."” In a dissection study
done by Poyraz et al,'® which included 30 cadavers, a total of
52 RLN (27 left, 25 right) were dissected. In the 48 nerve dis-
sections (25 left, 23 right) where the ITA-RLN relationship
could be viewed clearly, 30.4% of the nerves on the right side
were found to pass anterior to the artery, 39.2% between its
branches, and 30.4% posterior to the artery. Whereas on the
left side, the nerve was reported to pass anterior to the artery
in 4%, between its branches in 52%, and posterior to the
artery in 44% of the cases; however, the difference between
the right and left sides was not found to be statistically sig-
nificant. The same study reported that bilateral symmetry was
encountered in 7 (33%) of the 21 cadavers that manifested a
bilateral RLN-ITA relationship.'®

In their meta-analysis that inspected 79 studies and 14269
RLN, Henry et al'® reported that on the right side, the RLN

Figure 4. Recurrent laryngeal nerve passes over the inferior thyroid
artery and enters the larynx (black arrow: RLS, white arrow: inferior
thyroid artery).
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Figure 5. Relationship between recurrent laryngeal nerve and
tracheoesophageal groove and Berry's ligament (a: esophagus b:
trachea c: thyroid d: recurrent laryngeal nerve e: Berry's ligament f:
tracheoesophageal groove).

passed anterior to the ITA at a rate of 37.1% (30.7-41.5), pos-
terior to the ITA at a rate of 37% (30.6-41.4), and between its
branches at a rate of 29% (20.5-30.3); while on the left side,
the RLN passed anterior to the ITA at a rate of 17.2% (13.3-
20.6), posterior to the ITA at a rate of 62.6% (56.3-65.7),
and between its branches at a rate of 20.2% (15.9-23.7). The
same study determined that the relationship of the RLN and
ITA did not manifest any differences based on age, sex, nation
and that the study type (cadaveric dissection, intraoperative

Figure 6. Recurrent laryngeal nerve entering the larynx as 2 branches
is seen (black and white arrow: RLN branches).
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prospective, intraoperative retrospective) did not result in sig-
nificant differences.” In our study, the nerve was detected
to course anterior to the artery at a rate of 23%, between its
branches at arate of 13.5%, and posterior to the artery at arate
of 63.5% on the right side; and to pass anterior to the artery at
a rate of 15.8%, between its branches at a rate of 9.2%, and
posterior to the artery at a rate of 75% on the left side.

Investigations of bilateral symmetry revealed that the nerve
presented symmetry at a rate of 8.3% anterior to the ITA, 5%
between its branches, and 50% posterior to the ITA, with an
overall rate of 63.3% (n: 38).

Crico-pharyngeal Muscle (Crico-pharyngeal Part of the
Inferior Pharyngeal Constrictor Muscle)

The RLN usually enters the larynx under the crico-pharyngeal
muscle (crico-pharyngeal part of the inferior pharyngeal con-
strictor muscle). The entry of the RLN to the larynx under the
CPM is defined as type 1 penetration while its entry by cross-
ing through the muscle fibers is defined as type 2 penetration.
Asgharpour et al® detected in their cadaveric dissection study
that the RLN entered the larynx immediately under the IPCM
in the majority of their specimens (90.4%) with entry to the
larynx by passing between the muscle fibers in 9.6% of the
cases; and the study, which determined no significant differ-
ences based on gender and side, found bilateral symmetry in
79.8% of the specimens.” A study conducted by Wafae et
al,’® on the other hand, found that the RLN entered the larynx
under the IPCM at a rate of 68% and by passing between the
muscle fibers at a rate of 32%. In a study done by Schweizer
and Dorfl?° with 21 human larynxes, the nerve was reported
to enter the larynx under the IPCM at a rate of 88.1%. In our
study, the nerve was determined to enter the larynx immedi-
ately under the muscle at a rate of 94.7% (142/151). No sta-
tistically significant differences were found based on side, in
accordance with the literature (P=.444).

Extralaryngeal Branches

Various intraoperative and cadaveric studies have shown that
the rate of branching of the RLN before entering the larynx is
between 3% and 100%."“?' More than 5 branches have been
shown; the sensory branches that extend to the trachea, the
sensory and motor branches that extend to the esophagus,
the sensory and motor branches that extend to the cricopha-
ryngeal part of the IPCM, and the branches that extend to the
sympathetic system cannot be distinguished from the laryn-
geal branches that are typically thicker. The branches respon-
sible for laryngeal innervation penetrate the laryngeal entry
point in unison without making anterior or posterior turns, and
only damage to the branches that extend to the laryngeal entry
point affects the motor function of the larynx.22 Approximately
50%-60% of the patients have small branches that extend to
the trachea, esophagus, and the IPCM, while only 20%-30%
manifest real RLN branching that extends to the laryngeal
entry point.2®24 Unidentified extralaryngeal RLN branches are
at risk of injury during surgery. The total diameter of the RLN
is approximately 1 to 2 mm and these branches are usually
smaller than 1 mm. Branching of the RLN usually occurs above
the crossing point with the ITA.2° Extralaryngeal branches usu-
ally appear at the level of BL and are never seen inferior to the
level of the ITA.?2 While studies in the literature present quite
diverse results, most studies found that the RLN entered the
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larynx as a single fiber or after bifurcating into 2 branches.">'2 In
the meta-analysis by Henry et al,'® 60% of the cases presented
extralaryngeal branching. The same study reported extralaryn-
geal branching rates of 73.3% for cadaveric studies and 39.2%
for intraoperative monitoring studies. The authors connected
this difference to the difficulty of discerning the nerve during
surgery due to edema and bleeding in the surrounding tissues.
The same study reported trifurcation at a rate of 9% and more
than 3 branches at a rate of 6.5%.'" Reports of more than 2
ELB by certain publications in the literature may be due to the
collaterals being misevaluated as extralaryngeal RLN branches.
Our study determined ELB at a rate of 6% and no significant
differences were found between the 2 sides (Figure 6). The
fact that the rate reported in our study was quite below that
reported in the literature was linked primarily to not being a
cadaveric study and to the avoidance of dissecting the RLN up
to the laryngeal entry point to prevent nerve damage during
the operation.

Non-recurrent Laryngeal Nerve

The variant of the RLN that enters the larynx without recur-
ring around the subclavian artery or the aortic arch is referred
to as a non-RLN (NRLN). Non-RLN is encountered at a rate
between 0.5% and 1% and is usually accompanied by a vari-
ant right subclavian artery arising from the distal aortic arch (an
aberrant subclavian artery).2

The risk of nerve injury during thyroid surgery increases sig-
nificantly in the presence of a NRLN. Because of this, the CN
X must be located and carefully traced in patients suspected
to have the NRLN variation.?’28 There may be anastomoses
between the RLN and cervical sympathetic nerves and these
anastomoses may be mistaken for a NRLN.2® Although the
function of such anastomoses is not entirely known, they are
believed to be responsible for laryngeal vasomotor activity.®°
In accordance with the literature, a non-RLN was detected in
only 1 case (1.4%) in our study.

In concordance with other studies in the literature, our study
has demonstrated that RLN anatomy has quite diverse vari-
ants. The nerve must be dissected particularly carefully at the
level of structures such as the ITA and BL that are in the close
vicinity of the RLN. The nerve passes lateral to BL in the major-
ity of cases, while it penetrates through the ligament in some
portions. In cases where the nerve is not dissected carefully
and monitored, it may sustain damage at the level of BL. This
risk is expected to be higher in cases where the nerve pene-
trates the ligament.
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