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ABSTRACT

Laryngeal nerve injury is considered one of the most common complications after thyroidectomy. It is associated with
decreased quality of life because it will result in hoarseness of voice and aspiration. Identification of the risk factors and
procedures to decrease the injury is crucial for handling laryngeal nerve injury. We searched the MEDLINE database
using PubMed. Two independent reviewers reviewed the resulting papers and reviewed them based on our inclusion
criteria. Based on the review results, the incidence of recurrent laryngeal nerve injury is higher than the external branch
of the superior laryngeal nerve, but it is mainly due to under-reporting of the external branch of superior laryngeal nerve
injury. Cancer surgery, surgeon experience, workload, re-operative procedures, and extent of surgery increased the
incidence of the laryngeal nerve injury. Handling of these risk factors combined with visual dissection and inspection
and/or intraoperative nerve monitoring decreased the incidence of the nerve injury. In conclusion, laryngeal nerve injury
is a common post thyroidectomy complication. Anatomical dissection and visual inspection combined with
intraoperative nerve monitoring is the most suitable option in high-risk thyroid surgeries.
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INTRODUCTION cases are small papillary thyroid carcinoma.t?

There is a world-wide increase in thyroid diseases in
particular thyroid malignancy. In 2009, it was estimated
that the incidence of thyroid cancer is 11.6 cases per
100000 in 2009 in the United States alone. Most of these

Thyroidectomy is the most successful and commonest
procedure for various thyroid diseases and malignancies.?
However, thyroidectomy is associated with many
complications that are associated with high morbidity.
One of these complications is laryngeal nerve injury. Two
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laryngeal nerves are usually injured due to thyroidectomy
namely the recurrent laryngeal nerve and external branch
of the superior laryngeal nerve. The recurrent laryngeal
nerve injury is the most reported nerve injury after
thyroidectomy; it is mainly due to easy assessment during
and after the procedure. Meanwhile, for the external
branch of the superior laryngeal nerve, it is under-reported
with a confusing incidence with no clear causes.?*

Recurrent laryngeal nerve (RLN) and superior laryngeal
nerve are both originated from the vagus nerve. The
superior laryngeal nerve is close to the superior thyroid
gland while the recurrent laryngeal nerve is more into the
inferior part of the gland and in some cases is near the
lateral part of the gland.>®

Damage to the recurrent laryngeal nerve will result in
posterior cricoarytenoid muscle affection that causes
symptoms ranging from hoarseness to stridor and acute
airway obstruction in bilateral damage. Permanent
postoperative RLN injury occurs in approximately 0.3 to
3% of cases while transient injury can result in 3 to 8% of
cases.’

For the external branch of the superior laryngeal nerve
injury, it innervates the cricothyroid muscle which is
important for vocal cord tension which is responsible for
the production of high pitch voice.2 Damage to the external
branch of the superior laryngeal nerve will result in
cricothyroid muscle impairment altering the voice and
causes the inability to produce high-pitched sounds and in
severe cases can cause microaspirations.®®

Nowadays, there are modern techniques to decrease
damage to laryngeal nerves. Visual inspection and
dissection of nerves during procedures had decreased the
incidence of damage in thyroidectomy patients.®0
Moreover, intraoperative nerve monitoring combined with
visual inspection and anatomical dissection had better
results in high-risk patients. intraoperative nerve
monitoring is a procedure where the assessment of the
muscle innervated by the nerves is tested by
electromyography.! Other nerve monitoring technigues
are used nowadays and are developed every day. However,
visual inspection of the nerve is the gold standard for the
diagnosis of the nerve injury.*

In this study, we aim to understand the incidence and risk
factors for recurrent and superior laryngeal nerve injury in
thyroidectomy and how it is affected after the introduction
of different techniques.

METHODS

A literature search was performed in PubMed. We used the
following search terms: (“laryngeal” OR “nerve injury”)
and (“thyroidectomy” or “thyroid cancer” or “thyroid
surgery”). We included all studies that reported the
epidemiology and risk factors for laryngeal nerve injuries
in thyroidectomy including only superior and recurrent

laryngeal nerve injury. No language or study design
restrictions were included in the criteria.

ANATOMICAL DISTRIBUTION AND PATTERNS
OF RECURRENT AND SUPERIOR LARYNGEAL
NERVE INJURY

For recurrent laryngeal nerve, it also originates from the
vagus nerve. However, it has different anatomy based on
its laterality. The right recurrent laryngeal nerve passes
around the subclavian artery and passes anterolateral to the
tracheoesophageal groove. The left recurrent laryngeal
nerve has a longer pathway passing around ligamentum
arteriosum at the aortic arch ending in the
tracheoesophageal groove.®

It is postulated that the left recurrent laryngeal nerve has
more risk of injury during thyroidectomy compared to the
right recurrent laryngeal nerve due to its longer course.
However, another study reported that the right recurrent
laryngeal nerve is injured more than the left recurrent
laryngeal nerve.* These claims are refuted by other studies
that found no difference in the incidence of injury whether
it is left or right.*1* The most common site of injury was
the final 2 cm of the extra laryngeal recurrent laryngeal
nerve where it is covered by the tubercle of Zuckerkandl
and fascial layers.>16

For superior laryngeal nerve, it is originated from the
vagus nerve and run for 10-20 mm before dividing it into
external and internal branches. The external branch has a
diameter of only 0.2 mm and after its pathway in the
carotid sheath, it passes deep and posterior to the superior
thyroid artery and in some cases, it passes lateral to it. For
the internal branch, it did not have a significant role during
thyroidectomy.®

Unlike the recurrent laryngeal nerve, it is hard to diagnose
and estimate the incidence of superior laryngeal nerve
injury. Several studies diagnosed the injury based on the
clinical presentation of hoarseness of voice or
laryngoscopy or both.®t” However, these criteria for the
diagnosis of the external branch of superior laryngeal
nerve injury are not accurate and it was recommended to
use electromyography, electroglottography, and fiberoptic
stroboscopic laryngoscopy to diagnose the injury.
Notwithstanding, these techniques are rarely used in
clinical practice indicating underreporting of the external
branch of superior laryngeal nerve injury.5%

The incidence of the external branch of superior laryngeal
nerve injury ranged from 0.9% up to 58% post
thyroidectomy depending on the diagnostic procedures.
Studies used electromyography had a high incidence of the
external branch of superior laryngeal nerve injury
compared to studies that depended on the clinical
presentation and laryngoscope.®® After thyroidectomy,
El-Guindy et al reported a rate of 2.4% after patients
reported voice changes.” Another study used the same
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technique and the external branch of the superior laryngeal
nerve was diagnosed in 14%.2

Injury to recurrent laryngeal nerve results in the hoarseness
of voice (of variable degrees), coughing, and micro-
aspiration.>*® Meanwhile, injury to the external branch of
the superior laryngeal nerve increases the risk of aspiration
and affects altering voice quality due to the inability to
produce high-pitched sounds.®®

Identification of risk factors for nerve injury and
intraoperative procedures is crucial to decrease the
laryngeal nerve injuries (Figure 1).

Risk factors for laryngeal nerve injury after
thyroidectomy

Surgeon experience and

Re-operative ¢ 4
‘ Extent of surgery workload

procedures

Cancer surgery ‘

Tntraoperative dissection and
visualization

Intraoperative nerve monitoring

Intraoperative procedures to decrease the incidence of Laryngeal
nerve injury

Figure 1: Figure summarizing the risk factors of
laryngeal nerves and procedures to decrease it.

RISK FACTORS FOR RECURRENT AND
SUPERIOR LARYNGEAL NERVE INJURY
DURING DISSECTION

Re-operative procedures

There was an increased risk of recurrent laryngeal nerve
injury in the case of repeated thyroid surgery. Current
studies revealed an increased risk from 2 to 30% in any re-
operative procedures.? It is mainly because anatomical
landmarks become distorted due to the scars and fibrous
tissue formation from the previous procedures in this
region. Besides, it will make it difficult for surgeons to
dissect the nerve causing high-risk nerve injury.®2 Jatzko
et al compared the risk between recurrent laryngeal nerve
injuries in primary surgery versus re-operative surgery and
found that primary surgery had 0% risk for recurrent
laryngeal nerve injury. Meanwhile, the risk in re-operative
procedures is 8%. Furthermore, 30% of cases, surgeons
could not identify the recurrent laryngeal nerve site.’® A
clinical trial reported an increased risk three times in
secondary compared to primary benign goiter surgery.

CAUSE OF THYROIDECTOMY AND EXTENT OF
SURGERY

The recurrent laryngeal nerve is invaded in 20% of cases
making it the most invaded soft tissue surrounding the

thyroid gland. A study compared the risk of recurrent
laryngeal nerve injury in benign thyroid diseases versus
malignant thyroid diseases and found that there was 1.5%
permanent recurrent laryngeal nerve injury compared to
0.5% in benign diseases. Moreover, it increased in
secondary malignancy surgery up to 6%. Another
prospective cohort study found that there was a statistically
significant rate of recurrent laryngeal nerve injury in
malignant diseases that was 5% more than the benign
tumor of the thyroid. This generally can be explained by
the radical removal of the thyroid gland in case of thyroid
malignancy compared to the conservative approach in
benign thyroid tumors. Retrosternal goiter was another
lesion that was associated with recurrent laryngeal nerve
inury.?? For other benign lesions, there was no increased
risk of recurrent laryngeal nerve injury after
thyroidectomy.®

Extended resection always has a higher risk for recurrent
laryngeal nerve injury compared to conservative
resection.?* Examples of extended resection are lobectomy
or total thyroidectomy. A study conducted on 3250 patients
found a 2.6 times greater risk of recurrent laryngeal nerve
injury for extended resection compared to a conservative
approach.® Furthermore, another study found that the
recurrent laryngeal nerve was higher in lobectomy
compared to subtotal resection.?? That is why subtotal
thyroidectomy is far more recommended than other
approaches because surgeons leave less than 1 gm of
thyroid tissue near the recurrent laryngeal nerve at the
ligament of berry sparing recurrent laryngeal nerve.?®

Surgeon workload and experience

Few studies discussed the influence of surgeon experience
and daily workload on the surgical outcome during
thyroidectomy surgery.?-2° It was found that a workload of
100 thyroid cases per year was associated with better
outcomes.?® Besides, patients with re-operative and
malignant diseases had better outcomes when the surgery
was conducted by an experienced physician.?® However,
other studies found that laryngeal nerve injury incidence
was the same in both new and experienced surgeons. In
addition, it was found that surgeons trained specifically for
thyroidectomy had less incidence of laryngeal nerve injury
compared to general surgeons who received nonspecific
training.26-28

PROCEDURES TO DECREASE THE RISK OF
RECURRENT AND SUPERIOR LARYNGEAL
NERVE INJURY

Intraoperative dissection and visualization

Intraoperative dissection and visualization are considered
a gold standard for any thyroid procedure. It helps preserve
the nerve and protect it against any injury. For recurrent
laryngeal nerve, a study found that the recurrent laryngeal
nerve injury decreased more than half in cases where the
nerve identified compared to it was not successfully
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identified.’® Another study found that visual identification
had better outcomes compared to no visual inspection
during thyroidectomy.%°

The recurrent laryngeal nerve is usually dissected at the
final 2 cm as it is the most common site of injury.
Dissection of the recurrent laryngeal nerve from fascial
layers containing branches of inferior thyroid artery.'® The
correct dissection and visualization of the nerve during
clamping of inferior thyroid vessels will protect the nerve.
It was found that in the case of other anatomical courses of
the nerve, there was an increased risk of recurrent laryngeal
nerve injury specifically in cases of extra-laryngeal
branched nerves.1>3%

For the external branch of the superior laryngeal nerve, it
is usually present in the superior thyroid pole, so it must be
carefully dissected before ligation of superior thyroid
arteries. It is usually dissected at the cricothyroid space.
However other studies reported that the nerve is buried
deep and it is unlikely to be injured.t’*® These studies
found that there was no benefit for dissection compared to
the recurrent laryngeal nerve. It was also found that
unexpectedly, there was a less operative time in the case of
the external branch of superior laryngeal nerve dissection
and visualization compared to blindly perform the
procedures.’

Intraoperative nerve monitoring

A study found that visual identification combined with
intraoperative nerve monitoring significantly decreased
the risk of recurrent laryngeal nerve compared to visual
inspection alone.* It is reported a non-significant decrease
of the nerve injury in case of the Intraoperative nerve
monitoring compared to the significant efficacy of the
anatomical dissection and nerve visualization during the
thyroidectomy.®* However, it is recommended for the
high-risk surgery to decrease the incidence of recurrent
laryngeal nerve injury.°

In contrast to the recurrent laryngeal nerve, the external
branch of the superior laryngeal nerve had benefitted from
the introduction of intraoperative nerve monitoring. It had
decreased the incidence of the external branch of superior
laryngeal nerve injury.3 It is conducted through the
electromyographic glottic response after the external
branch of superior laryngeal nerve stimulation which helps
the identification of 70-80% of patients with an external
branch of superior laryngeal nerve stimulation.®%
However, more improvement in the detection of the
external branch of the superior laryngeal nerve is expected
with the more development of newer electrode arrays and
monitoring techniques.

CONCLUSION
In recent years, there is a decreased incidence of recurrent

laryngeal nerve injury compared to the external branch of
the superior laryngeal nerve after thyroidectomy operation.

Dealing with the risk factors associated with laryngeal
nerve injury had significantly decreased the incidence of
laryngeal nerve injury. More techniques are needed for
more intraoperative visualization and testing of the
laryngeal nerves.
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