Peertechz

ARCHIVES OF

CLINICAL GROUP

submitpaper@peertechz.com

Research Article

Morphology of the inferior laryngeal
nerve (recurrent nerve) in the
anterior cervical region: A report of 30

thyroidectomies

Mame Sanou Diouf'*, Moustapha Ndiaye', Jean Marc Ndiaga

Ndoye?, Magaye Gaye?, Malick Ndiaye®, Abdoulaye Ndiaye?

and Raymond Diouf’

TENT and Cervico-Facial Surgery Department, Idrissa Pouye General Hospital, Dakar, Senegal

{9 Otolaryngology and Rhinology asus=

DOI:  https://dx.doi.org/10.17352/aor

Received: 01 December, 2023
Accepted: 21 December, 2023
Published: 22 December, 2023

*Corresponding author: Mame Sanou Diouf, ENT and
Cervico-Facial Surgery Department, Idrissa Pouye
General Hospital, Dakar, Senegal,

E-mail: sanou29@hotmail.com

ORCID: https://orcid.org/0000-0001-7989-7487

Keywords: Morphology; Inferior laryngeal nerve;
Thyroidectomy

Copyright License: © 2023 Diouf MS, et al. This is an
open-access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

https://www.peertechzpublications.org

2Laboratory of Anatomy and Organogenesis, Cheikh Anta Diop University, Dakar, Senegal

SENT and Cervico-Facial Surgery Department, Diamniadio Children's Hospital, Dakar, Senegal

Abstract

’.) Check for updates

Objective: To study the morphological peculiarities of the left and right Inferior Laryngeal Nerves (ILN) in the anterior cervical region and their variations induced by
thyroid pathology.

Materials and methods: The study concerned 30 patients who underwent thyroidectomy at the ENT and cervico-facial surgery department of Idrissa POUYE general
hospital (HOGIP) from June 1%, 2018 to June 30, 2019. Age, sex, morphotype, operative indication, type of thyroidectomy, route, morphometry, and mode of termination
of the ILN were studied.

Results: The mean age was 42 years. There were 29 women and one man. Eleven patients (36.7%) were brevilinear, 8 patients (26.6%) were longilinear and 11 patients
(36.7%) were of intermediate morphotype. Multinodular goiter was the indication for surgery in 18 cases. A total of 53 ILNs were studied (29 left and 24 right). Path
variations concerned 8 left recurrent nerves (28%). The mean diameter of the ILN was 2mm. Longilinear patients and those with intermediate morphotypes had the longest
recurrent nerves, while brevilinear patients had the thickest nerves. On the right, the ILN was bifid in 10 cases (41.6%), trifurcated in 3 cases (12.5%), and fan-shaped in 1
case (4.1%). On the left, it was bifid in 23 cases (79.3%) and trifurcated in 2 cases (6.8%).

Conclusion: The caliber of the recurrent nerve is relatively large, and can sometimes be spindly, especially on the right. Morphotype may predict ILN dimensions. Extra-

laryngeal division of the ILN is a common situation.

Introduction

The ILN is a collateral branch of the vagus nerve (X) [1-3].
It is the motor nerve of the larynx, except for the crico-thyroid
muscle [4,5]. Accessorily sensory, it plays a role in breathing,
phonation, and swallowing [6]. Its course varies on the right
and left [7]. Recurrent injury is the most frequent and dramatic
complication of thyroidectomy [8-11]. The incidence of ILN
lesions during thyroidectomy varies from 0.25% to 17%. In the
majority of cases, it is due to a lack of knowledge of ILN anatomy,
although the surgeon's lack of experience, thyroidectomy
revision, and anatomical variations are sometimes blamed [12-
15]. The search for and dissection of the ILN and all its dividing

branches, the only guarantee of preservation of its anatomical
and functional integrity, is systematic during thyroidectomy
in order to minimize morbidity [12-18]. This requires a good
knowledge of its anatomy and that of the neck, given its
significant morphometric variations. The aim of this study was
to investigate the morphological particularities of the right and
left ILN in the anterior cervical region according to dissection
difficulties specific to neck morphology or induced by thyroid
pathology indicating the surgical procedure.

Historical

The recurrent nerve was discovered in the 27 century by
Galen, who described a nerve coming from the brain on either
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side of the neck, descending to the heart, then ascending to the
larynx and causing the vocal cords to open [7]. He named it the
recurrent nerve and also discovered that it was a branch of the
vagus nerve since sectioning the latter in pigs caused aphonia.
Galen thus confirmed that the ILN was the motor nerve of
the larynx, discovering that its interruption caused severe
impairment of phonation [19,20]. This discovery marked a
turning point in history, proving that the voice generated by
the larynx was controlled by the brain and not by the heart, as
was believed at the time.

In 1898 Theodor Kocher's meticulous technique resulted
in an incidence of recurrent nerve injury similar to that
of surgeons today [20]. In 1971, Blondeau and his team
demonstrated that exposure to the ILN reduced the frequency
of post-thyroidectomy recurrent paralysis [21].

Materials and methods

A descriptive, cross-sectional observational study was
conducted in the ENT and cervico-facial surgery department
of the HOGIP from June 1%, 2018 to June 30%, 2019, for a
period of 12 months. Included in the study was any patient
who presented a multinodular goiter, a thyroid nodule, or
Graves’ disease and had to benefit from a thyroidectomy. All
patients had to be operated on by the investigator himself, to
avoid bias due to inter-individual variability. Anthropometric
characteristics (age, sex, morphotype), operative indication,
and type of thyroidectomy were studied.

As regards the ILN, we studied its course, length, caliber,
the existence of extra-laryngeal nerve division branches,
and the level of laryngeal penetration in relation to the Small
Horn of the Thyroid Cartilage (SHTC). All patients underwent
preoperative and postoperative indirect laryngoscopy or
nasofibroscopy to rule out recurrent nerve paralysis.

The following measuring devices were used: a protractor
to measure the infrasternal angle, a camera for archiving
purposes, and a ruler to measure the length and estimate the
diameter of the recurrent nerve using a suture thread brought
back to the ruler. The length of the ILN was measured on the
right and left sides between the upper edge of the clavicle and
the cricoid-tracheal angle, and expressed in centimetres (cm).
The diameter was measured at the intersection with the Inferior
Thyroid Artery (ITA) and expressed in millimeters (mm).

Ethical Consideration

Informed consent was obtained from all patients before
the operation and the study was conducted according to the
principles of the Declaration of Helsinki.

Results

A total of 30 patients were selected. The mean age was
42 years, with extremes of 23 and 74 years. Twenty-nine
patients (96.7%) were female and one patient (3.3%) was
male. The sex ratio was 0.03. With regard to morphotype,
eleven patients (36.7%) were brevilinear, 8 patients (26.6%)
were longilinear and 11 patients (36.7%) were of intermediate
morphotype (Table 1). All patients underwent surgery for
euthyroidism under general anesthesia with orotracheal
intubation. Multinodular goiter was the operative indication in
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18 cases. Concerning the surgical procedure, 23 patients (77%)
had undergone total thyroidectomy, left loboisthmectomy
was performed in 6 patients (20%), and 1 patient (3%) had
undergone right loboisthmectomy. A total of 53 ILNs were
studied. These included 29 left ILNs (23 total thyroidectomies
+ 6 left loboisthmectomies) and 24 right ILNs (23 total
thyroidectomies + 1 right loboisthmectomy).

Route

On the right, in 24 cases (100%), the ILN ascended to
the cricotracheal angle, lateral to the trachea. This path was
sinuous in 3 cases (12.5%) and rectilinear in 21 cases (87.5%).
On the left, the ILN was located in the tracheoesophageal angle
in 21 cases (72.4%), on the anterior surface of the trachea in
6 cases (20.7%, Figure 1) and on the posterior surface of the
left lobe of the thyroid gland in 2 cases (6.9%, Figure 2). This
path was sinuous in 5 cases (17.3%) and rectilinear in 24 cases
(82.7%).

Table 1: Distribution of patients by morphotype.

Morphotype Number of cases percentage
Longilinear 8 26.6%
Intermediate 11 36.7%
Brevilinear 11 36.7%
Total 30 100%

Left thyroid lobe

Lén
Figure 1: Left ILN on the anterior surface of the trachea.

Left thyroid lobe ILN

- up
Trachea

Left

Figure 2: ILN on the posterior surface of the left lobe of the thyroid gland.
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Dimensions

The mean ILN diameter was 2.3mm on the right and 2.5mm
on the left, with extremes of imm and 5mm on the right and
imm and 6mm on the left. Nine patients (17%) on the right
and 2 patients (4%) on the left had a small nerve diameter of
1.5mm or less. Recurrent nerve diameter was greater than or
equal to 3mm in 8 patients (15%) on the right and 9 patients
(17%) on the left.

Length

On the right, the mean length of the recurrent nerve was 5.3
cm, with extremes of 3 cm and 11.9 cm. On the left, the average
was 7.2 cm, with extremes of 3 cm and 13 cm.

In the longilinears patients, the mean caliber of the
recurrent nerve was 2.3 mm on the right, with extremes of 1.5
mm and 4 mm, and 2.8 mm on the left, with extremes of 2 mm
and 4 mm. The mean length of the ILN was 5.3 cm on the right
and 7.6 cm on the left, with extremes of 3.5 cm and 10.8 cm on
the right and 4 cm and 13 cm on the left.

In patients with an intermediate morphotype, the mean
caliber of the recurrent nerve was 2.15 mm on the right with
extremes of 1.5 mm and 3 mm and 2.3 mm on the left with
extremes of 1.5 mm and 4 mm. The mean length of the ILN was
5 cm on the right and 7.1 cm on the left, with extremes of 3 cm
and 11.9 cm on the right and 3.5 cm and 13 cm on the left.

In brevilinear patients, the mean caliber of the recurrent
nerve was 2.3 mm on the right, with extremes of 1 mm and 5
mm, and 2.5 mm on the left, with extremes of 1 mm and 6 mm.
The mean length of the ILN was 4.6 cm on the right and 7 cm
on the left, with extremes of 3 cm and 7.5 cm on the right and
3 cm and 8.1 cm on the left.

The thickest recurrent nerves were found in brevilinear
patients (Figure 3) while the longest recurrent nerves were
found in longilinear patients and those with an intermediate
morphotype (Figure 4).

The extreme values of ILN dimensions according to
morphotype and side are shown in Table 2.

Extra-laryngeal division

Extra-laryngeal division occurred in all cases at the level of
the crossing with the ITA. It was observed in 14 cases (58.3%)
on the right and in 25 cases (86.2%) on the left. On the right,
the ILN was bifurcated in 10 cases (41.6%, Figure 5), trifurcated
in 3 cases (12.5%), and fan-shaped (with 4 branches) in 1 case
(4.1%). On the left, it was bifid in 23 cases (79.3%), with an
individualized esophageal branch in around 50% of cases, and
trifurcated in 2 cases (6.8%, Figure 6).

Level of laryngeal penetration relative to the small horn
of the thyroid cartilage

Laryngeal penetration of the recurrent nerve averaged 0.8
cm below the SHTC on the right and 0.7 cm below the SHTC on
the left. On both right and left, no ILN had crossed Griiber's
ligament before its termination.
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ILN Trachea

Figure 3: A thick left ILN in a patient with a brevilinear mophotype, note the large
diameter of the recurrent nerve and the numerous tracheoesophageal branches
(white arrows).

Thyroid Trachea ILN

Figure 4: Long sinuous right ILN in an longilinear patient.

Table 2: Extreme values of ILN dimensions according to morphotype and side.

Diameter ) Length Length on the
Morphot D t the left
orphotype on the right fameter on ihe ie on the right left

Longilinear 15-4 2-4 3,5-10,8 4-13
Intermediate 15-3 1,5-4 3-11,9 3,5-13

Brevilinear 1-5 1-6 3-75 3-8,1

Thyroid lobe
ILN
n:;;m
Figure 5: Right small and bifid ILN.
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Trachea

ILN

Esophagus

Left

Figure 6: Left trifurcated ILN with three well individualized terminal branches.

Post-operative care

Post-operative management was straightforward. No
patient developed postoperative recurrent paresis or paralysis.

Discussion
Methodology

The ILN can be studied during cadaveric dissection or
thyroidectomy. Cadaveric dissection offers the advantage of a
very detailed study of the recurrent nerve [22-24]. It allows
in-depth dissection of the terminal part of the ILN from the
cricotracheal angle to its intra-laryngeal distribution, with the
aid of tools such as the operating microscope for description
and the Vernier for precise measurements [25]. However, it does
not reflect the real surgical conditions, notably the distortions
induced by thyroid pathology. What's more, it requires fresh
cadavers, more technical resources, and legal provisions.

This series corresponds to a live dissection and therefore
enables us to appreciate the anatomy of the ILN under real
surgical conditions of thyroid pathology [26]. The measuring
tools we used, although less precise than the Vernier, are
reliable. In fact, the protractor, in which o is deposited at the
level of the xiphoid process, enables morphotype assessment
thanks to a fairly precise measurement of the infrasternal
angle or angulus infrasternalis. The suture is a useful tool for
assessing ILN dimensions. To measure the length of the ILN,
the suture is laid out along the length of the ILN, then the
distance of the suture corresponding to the length of the ILN is
placed on a ruler to see how it corresponds in cm. The diameter
of the ILN is compared with that of a corresponding suture,
whose thickness in mm is obtained by placing the suture on
the ruler.

ILN route

The course of the recurrent nerve varies according to the
side and the distortion induced by thyroid pathology [5]. Often
discovered by chance, the non-recurrent ILN remains a delicate
situation, increasing the risk of intraoperative recurrent injury
(1,7,27].
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In this study, no cases of non-recurrent ILN were identified.
This reflects the rarity of this anatomical variation in the ILN
pathway, found in 0.7% of clinical series and 1.4% of cadaveric
series [2].

The ILN pathway is classic in all cases on the right.
Variations in the pathway are only observed on the left, and
concern 8 nerves (28%). These variations are induced by
thyroid pathology, where the recurrent nerve travels on the
anterior face of the trachea in 6 cases and on the posterior face
of the left lobe of the thyroid gland in the 2 other cases.

Although rarely reported in the literature, ILN path
modifications are common and observed in around ¥z of
thyroidectomies[13]. Eltokhy[1]inaseries of 60 thyroidectomies
noted that 12.9% (8 cases) of patients had a variation in the
course of the recurrent nerve induced by thyroid pathology.

All these path anomalies represent additional difficulties
in dissecting the ILN, thus increasing the risk of recurrent
trauma, whose rate varies from 0 to 12% [10,19].

ILN dimensions

The diameter of the recurrent nerve is variable in this
series, with a median of 2mm. The mean value of 2mm for
ILN diameter is in line with the literature [8,22]. Nevertheless,
the extremes of 1imm and 6mm confirm Germain's findings
[28,29] on the relative importance of ILN diameter, which can
sometimes turn out to be small. The proportion of small ILN
noted in this series (16.9% on the right and 3.7% on the left)
confirms the greater frequency of smallness on the right, in
agreement with the results of Hemmaoui [8] and Page [22],
which are 16% and 12.68% on the right and 10% and 9.09% on
the left respectively.

This may be partly explained by the longer course of the
left recurrent nerve. These fine nerves may favour iatrogenic
trauma, as they are difficult to locate and dissect [22].

A study of the correlation of ILN dimensions according to
morphotype seemed useful to us and enabled us to observe
the presence of the longest recurrent nerves in patients with
longilinear and intermediate morphotypes, whereas the
thickest or widest recurrent nerves were found in patients
with brevilinear morphotypes. However, the path and mode of
termination of the ILN are not influenced by morphotype. This
correlation of ILN dimensions according to morphotype, which
we have not found in theliterature, may predicate preoperatively
an ease of locating the recurrent nerve in brevilinears, but also
its long dissection pathway in longilinears and intermediates,
with a greater risk of iatrogenic trauma.

Extra-laryngeal division of the ILN

In this series bifurcation is the most frequent mode of
division, observed in 41.6% on the right and 79.3% on the left.
Trifurcation and multiple branches are less frequent; 16.6% on
the right and 6.8% on the left. Extra-laryngeal divisions of the
recurrent nerve are estimated at between 20 and 78% [7,10,16].
The frequency, level, location, and number of branches vary

from series to series.
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They are more frequent in cadaveric studies, which allow
deeper dissection [30]. In a meta-analysis involving 28,387
recurrent nerves, Henry [31] found extra-laryngeal division in
approximately 39.2% of intraoperative dissections and 73.3% of
cadaveric dissections [31]. Page's study of 251 thyroidectomies
involving 205 right and 198 left ILNs found recurrent nerve
division in 23.41% on the right and 15.15% on the left [22].

Eltokhy [1], after the dissection of 100 ILNs, noted 10%
extra-laryngeal divisions and explained this low rate by the
fact that this parameter is not systematically sought in their
study.

According to Kim [13], these differences in frequency
can be explained by the depth of dissection in the inferior
pharyngeal constrictor muscle, by the inclusion of Galen's loop
and/or esophageal or tracheal branches as dividing branches,
by the use of accessories that simplify branch identification,
such as magnifying glasses or endoscopes, and intraoperative
monitoring [13].

In this series, division of the recurrent nerve was more
frequent on the left, with 25 cases (86.2%) versus 14 cases
(58.3%) on the right. This left-hand predominance of ILN
division contrasts with that of some authors who have found a
right-hand predominance [4,22]. Beneragama [32], in a study
of 114 right and 99 left recurrent nerves, found a predominance
of right-sided (43%) versus left-sided (28%) division.

These observations allow us to say that the division of the
ILN is not influenced by the side. This is confirmed by Henry's
meta-analysis [31], which found no significant difference by
side.

The number of ILN dividing branches found in this study
agrees with that noted by Tang [10] in a cadaveric dissection of
160 ILN, i.e. 2 to 4 branches.

These observations corroborate those of Cernea [4], who in
a series of 2154 NLI found 1390 extra-laryngeal divisions with a
documented number of branches in 1117 cases, revealing a bifid
recurrent nerve in 87.9% of cases, trifurcated in 11.9% of cases
and with 4 branches in 0.2% of cases. The left predominance of
the division branches is like in our study observed by Eltokhy
[1].

A more frequent division of the ILN into two branches has
been highlighted in the literature [1,13,16,31,33].

Classically, the recurrent nerve gives rise to two terminal
laryngeal branches: an anterior and a posterior branch [1,22].
The majority of authors agree that the posterior, mucosal
branch is sensitive and the anterior, muscular branch is motor
[1,13,22,31].

With regard to the level of division, according to Steinberg
[34], contrary to conventional wisdom, division of the
recurrent nerve occurs before it enters the larynx, i.e. in the
lower third in 2%, in the middle third in 6% and in the upper
third in 92%, most often around 2cm below the crico-thyroid
junction. In this study, it occurred in all cases at the level of the
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crossing with the ITA i.e. close to the upper third of the ILN.
This confirms the rarity of division before the crossing with
the ITA [7,14,35,18], and confirms the greater vulnerability of
the recurrent nerve at the level of its upper segment, due to the
frequency of extra-laryngeal division branches, but also to its
fixity at this level. This exposes it to trauma through excessive
traction on the thyroid gland [2,7].

The extra-laryngeal division of the recurrent nerve
represents an anatomical trap, with the risk of confusing a
division branch with the nerve trunk [36-39]). This increases
the risk of trauma to unrecognized and unidentified branches.
Indeed, the risk of iatrogenic injury to the ILN is estimated at
5.2% in the case of extra-laryngeal division, compared with
1.6% in the absence of extra-laryngeal division [13,40]. These
lesions may be mechanical, thermal, and/or vascular [19,41].

The absence of recurrent lesions in this series, despite
the frequency of extra-laryngeal divisions of the ILN, can
be explained in part by the lateral approach, which enabled
systematic identification of the trunk of the recurrent,
especially when the nerve segment initially discovered was
small, and by its meticulous dissection in search of division
branches, between its crossing with the ITA and its entry into
the crico-tracheal angle.

ILN termination

In this study, the ILN terminated identically on both
sides, averaging between 0.7 and 0.8 cm below the SHTC. The
termination of the ILN relative to the SHTC is consistent with
the literature, which projects it 0.8cm +/- 4 mm below and
behind the SHTC, which is easily palpable [1,19]. The laryngeal
penetration point represents the most constant landmark of
the recurrent nerve, uninfluenced by thyroid pathology or
non-recurrence of ILN [1,2,8,19].

Limitations of the study

The limitations of this study are the relatively small sample
size and the absence of Intraoperative Neural Monitoring
(IONM) for locating the ILN. A larger sample would have
enabled a better analysis of morphometric variations of the ILN
and those in its course and mode of termination, particularly
induced by thyroid pathology. By making it easier to locate the
ILN, the detection rate of extralaryngeal nerve branching the
IONM reduces operating time and can predict neural injury.

Novel contributions of this study to knowledge

The search for the ILN, its control along its entire length
as well as that of all its dividing branches is currently
recommended in thyroid surgery. The correlation of ILN
dimensions according to morphotype made in this study may
predicate preoperatively an ease of locating the recurrent
nerve in brevilinears, but also its long dissection pathway in
longilinears and intermediates, with a greater risk of iatrogenic
trauma. In this series, variations in the pathway only observed
on the left and the most frequent division of the recurrent nerve
on the left lead us to consider the left thyroid lobe approach
more likely to induce recurrent trauma than that of the right

thyroid lobe.
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The authors recommend systematic measurement of the
infrasternal angle before thyroidectomy, as well as a search for
anomalies in the path and extralaryngeal dividing branches of
the ILN, especially on the left.

Conclusion

Some morphologic anatomical factors were identified
in this study as being at risk of recurrential trauma during
thyroidectomy, due to the difficulties in locating and/or
dissecting the ILN. These include longilinear and intermediate
morphotypes, where the longest recurrent nerves were found,;
abnormalities of the ILN pathway, especially those induced
by thyroid pathology, which was only noted on the left; the
frequency of spindly recurrent nerves, especially on the right;
the presence of extra-laryngeal dividing branches, a frequent
situation not influenced by the side being close to the upper
third of the ILN, notably at the level of the crossing with the
ITA. In order to minimize morbidity, it is essential to search
for, monitor, and preserve the integrity of the recurrent nerve
and all its dividing branches during thyroid surgery. This
involves meticulous dissection right up to its penetration into
the cricotracheal angle. The "danger of seeing it" long put
forward to justify non-dissection is no longer accepted, hence
the need for indirect laryngoscopy or nasofibroscopy before
and after thyroidectomy. The laryngeal penetration point
represents the most constant landmark of the recurrent nerve,
and identification of the ITA can facilitate the identification of
the ILN without guaranteeing its preservation.
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