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Abstract
Background and aims Recognition of variations of the
inferior laryngeal nerve is essential. We aimed to investigate
the relationship of the inferior laryngeal nerve with the inferior
thyroid artery.
Materials and methods A study was undertaken between
August 2005 and August 2006. A total of 253 adult patients
undergoing thyroid surgery were included in this prospective,
non-randomized study. Both sides of the thyroid gland were
considered separately.
Results Sixteen variations of the nerve were clarified. In the
most observed variation, the nerve was deep to the artery.
Two and three nervous branches were seen in 22.5% and
1.6% of the patients, respectively. Bifurcation of the nerve
was mostly observed on the left side. No non-recurrent
laryngeal nerve was found.
Conclusion To avoid the risk of nerve damage during
thyroid surgery, a good knowledge of the variations of the
inferior laryngeal nerve is essential. This is important to
achieve an undisturbed quality of life for the thyroid
patient.
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Introduction

Thyroid surgery requires a thorough knowledge of the
neck anatomy and its anatomical variations. This is of
utmost importance, since it is well known that varia-
tions of the recurrent laryngeal nerve (RLN) are prone
to iatrogenic injuries. Consideration and recognition of
these variations is essential to prevent the hazard to the
nerve [1]. The estimated risk of injury during thyroid
surgery varies widely. Several factors, like underlying
disease, extent of resection, and experience of surgeon
are believed to be involved in the increased risk of
recurrent nerve injury [2]. Meanwhile, it has been a
consensus that this risk should be kept less than 2% in all
types of thyroid surgery [3]. Although traction and
diathermy injury have been implicated as possible causes
of nerve injury, resulting in neuropraxia and axonotm-
esis, which fails to resolve, damage to an unseen branch
of the recurrent nerve may also be a possible explanation
[4]. It is obvious that the incidence of permanent or transient
nerve injury will decrease due to improved knowledge of the
anatomical details of the recurrent laryngeal nerve. Usage of
the inferior thyroid artery (ITA) as one of the anatomic
landmarks for identification of the RLN and routine exposure
of the nerve will help to minimize the chance of injury [1].
Meanwhile, this landmark is not wholly reliable because of
the anatomic variability of both the RLN and the ITA.

The aim of the present study was to assess the
anatomical relationship of the RLN with the inferior thyroid
artery in 253 adult Turkish thyroid patients.
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Materials and methods

Consecutive admissions presented with surgical thyroid
diseases were recruited prospectively in a tertiary referral
hospital. The study was conducted in 253 patients between
August 2005 and August 2006. Patients who had previous
thyroid surgery were excluded. Indications for the thyroid
surgery at our institution were clinical suspicion of
malignancy, compressive symptoms, or obvious cosmetic
problems, even if fine-needle aspiration biopsy results were
negative. Our routine operative strategy to thyroid nodules
and the surgical technique that we have adopted has been
previously described and standardized [5]. The thyroid
gland was meticulously dissected using a capsular dissection
technique. A full dissection of the RLN just below and above
the inferior thyroid artery to the level of entry into the larynx,
under the cricothyroid muscle, was routinely undertaken.
During the course of the dissection, ramifications of the
nerve become apparent.

In the present study, both sides of the thyroid gland were
considered separately, and each RLN was kindly dissected
to show the following:

–Varieties of the topographic relations to the ITA
–Ramifications of the RLN before entering the larynx

All operations were undertaken by the same endocrine
surgical team. Each anatomical detail of the patients was
documented. The documentation instrument is available
upon request. Besides, every variation was recorded
photographically. Postoperative course and complications
of each patient were also noted. Data analysis was
performed using SPSS version 10.0 for Windows. All
quantitative data were presented as mean values±standard
error of the mean. Comparisons of anatomical findings
between groups were performed by using the χ2 test. A p
value <0.05 was considered significant.

Results

The data analysis was based on 253 patients and 501 nerve
dissections: 250 on the right side and 251 on the left side.
The rate of identification of the RLN was 100% for all
patients and for all nerves dissected. See Table 1 and Fig. 1
for patient and disease characteristics.

Sixteen variations of the RLN were clarified in this
series. In the most observed variation (43.5% on the left
versus 41% on the right), the nerve was deep to the
unbranched (single trunk) ITA (Fig. 2). The right RLN lay
posterior to the ITA and its branches in 64.1% (n=163) of
dissected nerves, while 24.1% (n=61) lay anterior to the
artery. Nearly 8% (n=19) were found in between the
branches of the artery on the right side. The left RLN lay

posterior to the artery and its branches in 71.5% (n=181),
19.7% (n=50) of which lay anterior. In 5.4% (n=13), RLN
was found in between the branches of the artery on this side
(Table 2). The distributions of the three types of relation-
ships between RLN and the ITA differed significantly
(p<0.05). Meanwhile, there was no significant difference
between left and right sides concerning the relation of the
RLN to the inferior thyroid artery (p>0.05). The relationship
found on one side did not occur on the opposite side in
36.5% cases.

Overall, before entering the larynx, a bifurcation or
trifurcation of the nerve was seen in 22.5% (n=57) and
1.6% (n=4) of the patients, respectively. Bifurcation of the
RLN was insignificantly more observed on the left side
(15% versus 14.2%; p>0.05), while a trifurcation was
observed on the right side in three of the four cases.
Bilateral bifurcated RLN were observed in 17.5% (n=10)
of 57 cases. One nerve (0.4%) showed a fanwise fashion on
the right side before entering the larynx (Fig. 3). In two
(0.8%) cases, the inferior thyroid artery passed through the
branches of the bifurcated RLN. Another interesting
variation was seen in three (1.2%) cases where branches
of the bifurcated artery passed through the branches of
bifurcated RLN. No non-recurrent laryngeal nerve was
identified. There were clinically no inferior laryngeal nerve
palsies in this series.

Discussion

This article represents 16 anatomic configurations of the
RLN and the ITA. It has been stated currently that during
the past 5 years more than 100 publications have described
variations and techniques to identify RLN during surgery

Fig. 1 Classification of thyroid disorders of the study group

Table 1 Patients’ characteristics

n=253

Age (mean±SD) 48±8
Gender (% ♂/♀) 81/19
Type of surgery (%)
Thyroidectomy 66
Near-total thyroidectomy 32
Hemithyroidectomy 2
Permanent recurrent laryngeal nerve palsy 0
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[3]. Although this prospective series of consecutive
thyroidectomies provides little new information, it is
worthwhile to emphasize once more the importance of the
quantity of the variety of RLN. It is well known that the
mechanism of this injury is not only transection and
ligation of the nerve; traction, compression, and thermal
trauma with electrocautery also lead to RLN injury. A
major philosophical point is that during surgery, no
structure should be divided unless the RLN is identified
[6]. This should be a standard practice.

Exposure of the thyroid gland is the “sine qua non” for
preventing injury to nerves and vessels [7]. The philosophy
behind identifying RLN during surgery is to protect the
patient from its hazardous complications. Sustaining voice
function via preservation of the RLN integrity is important
for the quality of life of the patient. Since unawareness of
the variations of the RLN and ITA may be hazardous for
the surgeon and patient, our intention in the present
prospective study was to learn more about our patient
population regarding the anatomical variations of the RLN
and ITA.

Our knowledge of variations of the RLN comes from
multiple studies [8–12], recently mentioned by Yalcin [13].

Based on these, mean incidences of the relationships of the
RLN and ITA were as follows: on the left side, the nerve
trunk lay posterior to ITA in 52.1% (27% to 63.7%),
anterior to it in 13.7% (9.8% to 24%), and passing between
its branches in 25.4% (9% to 33.1%); on the right side, the
nerve trunk lay posterior to ITA in 23% (16% to 47.7%),
anterior to it in 25.5% (17.4% to 40%), and between its
branches in 36.5% (14% to 48%). It is interesting that, on
the left, 64.1% and, on the right, 71.5% of patients’ RLN lie
under the artery, which are both higher rates than most
other reports. Statistically, significant differences were
found between groups on both sides. Publications from
Page et al. [14] and Uen et al. [6] described the RLN to be
deep to the artery in 89% and 92% on the left. These rates
differ from the results of the current study where 71.5% of
the left-sided RLNs were calculated to be inferior to the
artery. The estimation that the RLN is superficial in 67% on
the right side in Page’s study is incompatible with many
reports, including the current study; this anatomic relation
was found to be 24.1%.

The current series has identified a nearly identical rate of
bifurcation (14.2% versus 15%) and an obvious higher rate
of trifurcation (1.2% versus 0.4%) of the right RLN

Fig. 2 Surgical exposure of the
relation of the recurrent nerve
passing behind the inferior
thyroid artery (yellow arrow
nerve, red arrow artery)

Table 2 Distribution of the relation of the recurrent laryngeal nerve with the inferior thyroid artery

There was no significant difference between left and right sides (p>0.05). There was significant difference between groups (p<0.05).
ITA Inferior thyroid artery
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compared with the left. A review of the available literature
shows that the division rate of the RLN is highly variable
and can differ between 30% and 100% [2, 4, 15–16]. The
issue comes up that there is no consensus on the
terminology for the division of the RLN [17–19]. In our
own experience, we found the nerve divided in 24.1% of
cases into two or three branches on both sides. A review of
the available literature shows that this frequency is lower
than most of that reported. It is conceivable that the thyroid
surgeon should keep in mind that the branching pattern of
the RLN is not rare in order to show every effort to protect
these branches. Once the nerve is identified, it is best to
follow it inferiorly and superiorly to make sure that the
identified structure is not actually one of the branches of the
RLN.

Conducting an attempt to recognize RLN during surgery
of the thyroid is controversial. The debate over the
necessity of RLN identification during thyroid surgery
continues considerably. Even though there is an effort to
standardize the concept of identification of the RLN during
surgery in order not to harm the nerve [6, 14, 20–26], there
are centers that do believe in thyroidectomy without
identifying RLN in order to protect the nerve from injury
[27]. Proponents of these cited some factors for their
preference; any attempt to identify the nerve will increase
the risk of injury. Kasemsuwan and Nubthuenetr [27]
believed that there is no adequate evidence to support that
the identification of RLN during surgery would be a
significant factor in reducing the likelihood of RLN injury.
Others reported that identifying the nerve–artery relation
does not decrease the risk of complication [1, 28, 29].
However, some supporters of routine identification of the
RLN reported a fivefold decreased risk of RLN injury [25,
26]. To clarify the role of the necessity of nerve dissection,
we should focus on trials that reveal answers to the surgeon
who is questioning whether identifying the nerve-artery
relation really does decrease the risk of complication.

There are many landmark articles that reveal anatomic
stations to identify the RLN [6, 30–33]. In one of these,
ITA is believed to be the most important anatomic
landmark for identification of RLN. In that paper, a vessel
loop technique has been advocated where applying traction
to the artery is believed to tense the nerve like a string [31].
However, we believe that this concept does not hold true.
Our operative philosophy in defining the RLN is ‘define the
structure without disturbing itself and any adjacent structure.’
Our lack of enthusiasm for the use of the ITA as the sole
anatomic landmark is based on our observation that in nearly
every one of the four dissections, the RLN was found
anterior to the ITA.

Our experience with 501 nerve dissections indicated that
absence of the ITA was not evident and an anomalous
thyroid artery rising from the brachiocephalic trunk—the
so-called ‘ima artery’—was not identified. Meanwhile, the
incidence of absence of the ITA is reported to be 6% [34].
This knowledge is one of the reasons why we should not
use ITA as ‘the only landmark’ to identify RLN. It must be
kept in mind that the variability of the anatomic pattern of
the ITA affects the constancy of the relation between nerve
and artery [35].

This study has some weak points. Although we have
noted different branching patterns of RLN, we did not
document the level of the arborization. Meanwhile, it is
obvious that, in cases where the RLN arborizes prior to its
entrance into the larynx at the cricothyroid joint, injury to a
small branch may result in voice changes. We did not
describe particular emphasis on the correlation of anatomical
variations with sexual differences. We also did not measure
the diameter of either the nerve or its branches. Relationship
of the RLN with the tracheo-esophageal groove was not
identified. On the basis of embryology, the course of the
RLN in the tracheo-esophageal groove may differ, compar-
ing the left side to the right. Whether the anatomy of the
nerve in the area of the Berry ligament has an impact on
iatrogenic nerve will be evaluated in further studies.

Thyroid surgery is considered to be the safest surgical
procedure [36]. Thus, all thyroid surgeons should take
every effort not to dissatisfy this consideration and keep in
mind all types of relationships between both RLN and ITA
and their branches. Despite the above marked weak
points, it is clear from this study that preventing nerve
damage is not to stay away from it but to identify it. We
believe that, although there are numerous reports in which
each of them identified more than 15 RLN variations, the
surgeon him/herself, who is still carrying out a blind
dissection, is a major risk factor for RLN injury. Do we
still have to learn more about the anatomical configurations
of the RLN to avoid injury and achieve an undisturbed
quality of life for the thyroid patient, which is of utmost
importance?

Fig. 3 Recurrent laryngeal nerve showing a fanwise fashion
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