Review article

Kosin Medical Journal 2024;39(2):94-98
PISSN: 2005-9531 o eISSN: 2586-7024
https://doi.org/10.7180/km;j.24.117

KOSIN MEDICAL JOURNAL

Surgical management of recurrent laryngeal nerve
invasion by papillary thyroid carcinoma
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Preservation of the recurrent laryngeal nerve (RLN) is a priority for surgeons during thyroidectomy in patients with papillary thyroid car-
cinoma (PTC). RLN invasion by PTC in a patient presenting with preoperative vocal fold paralysis may require resection of the nerve
with the tumor. However, the decision should be made regarding whether to preserve or sacrifice a functioning RLN invaded by PTC.
Under certain conditions, preservation of the nerve with incomplete tumor resection could be considered. An RLN that has been re-
sected due to PTC invasion may be managed by various reinnervation technigques to improve vocal outcomes. This article reviews clin-
ical considerations and rationales for surgical decisions related to patients with PTC invasion of the RLN.
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Introduction

Recurrent laryngeal nerve (RLN) invasion by papillary thy-
roid carcinoma (PTC) can occur either from the primary
tumor or the lymph node metastasis. Invasion of the RLN
may be identified in 33% to 61% of patients with local inva-
sion of PTC into surrounding organs [1-3]. Since the RLN
may be difficult to identify on preoperative imaging studies,
the anatomy of the RLN should be considered when the
primary PTC or metastatic lymph node is located along the
tracheoesophageal groove. The right RLN comes from the
vagus nerve looping more laterally at the subclavian artery.
Hence, a tumor located in the right posterior lower lobe
could also have invasion of the RLN [4].

Up to 68% of patients with RLN invasion might have nor-
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mal vocal fold movement [4,5]. Therefore, clinical suspicion
based on preoperative imaging studies and preparation for
possible RLN injury/resection and patient counseling is
mandatory if nerve invasion is predicted. A surgical strat-
egy on whether to preserve or sacrifice a functioning RLN
invaded by PTC needs to be established before the surgery.
The decision may be controversial because previous stud-
ies have reported that invasion of the RLN showed no inde-
pendent impact on survival outcomes in patients with PTC
[1]. In addition, there have been controversial outcomes
regarding the survival benefit of RLN resection in patients
with locally invasive PTC [6-8]. Moreover, the feasibility
and oncologic safety of incomplete tumor removal (R2 re-
section) to preserve the RLN with local invasion has been
reported [9,10].
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Therefore, patients with PTC invasion of the RLN require
a thorough preoperative evaluation and preparation fol-
lowed by an appropriate intraoperative decision for both
oncologic safety and functional outcomes. In this article,
clinical considerations and rationales for surgical decisions
related to patients with PTC invasion to the RLN will be re-
viewed.

Preoperative laryngeal evaluation

Preoperative laryngoscopy to examine the vocal function
is recommended to identify any vocal fold paresis or paral-
ysis [2,11]. It has been reported that 70% of patients with
preoperative vocal fold paralysis (VFP) undergoing thyroid-
ectomy were diagnosed with invasive thyroid cancer [12].
On the other hand, almost one-third of patients with VFP
after thyroidectomy showed normal vocal function, there-
by showing the necessity of a laryngoscope exam to detect
neural dysfunction [13,14]. Moreover, Newman et al. [4]
reported that almost one-third of patients had normal vocal
fold mobility despite gross invasion of the RLN. Thus, laryn-
geal examination may be mandatory to check preoperative
vocal fold function. Ultrasonography could be considered
as an alternative method to examine the vocal function [15].

Preoperative imaging study

Ultrasound image presenting a tumor with protrusion into
the tracheoesophageal groove was reported to have a diag-
nostic accuracy of 96.3% to predict RLN invasion by thyroid
cancer [16]. Loss of normal thyroid tissue between cancer
and the tracheoesophageal groove may also be an ultra-
sonographic finding of thyroid cancer with RLN invasion
(Fig. 1). Seo et al. [17] reported that computerized tomog-
raphy (CT) showed a sensitivity, specificity, and accuracy
of 78.2%, 89.8%, and 85.5%, respectively, for invasion of the
RLN. The kappa value presenting the interobserver variabil-
ity was 0.7546, showing a substantial agreement. The CT
findings suggesting RLN invasion were completely effaced
fatty tissue in the tracheoesophageal groove, greater than
25% of the circumference of the tumor abutting the capsule
at the posterior portions of the thyroid [18]. Magnetic reso-
nance imaging could also suggest findings for suspected in-
vasion to the RLN [19]. However, another study found that
imaging studies may predict extension of thyroid cancer to

the RLN in only one-quarter (26.7%) of patients [4].

Patient education and informed
consent

Meticulous preoperative evaluation and imaging may sug-
gest possible invasion of the RLN by thyroid cancer. Poten-
tial risk of RLN invasion should be explained to the patient
with possible temporary/permanent VFP from traction
injury or permanent VFP due to resection of the nerve in-
vaded by the tumor [2,11]. Possibility of bilateral VFP (with
tracheostomy) and staging the surgery to prevent such
complication should be included in the informed consent.
In the case of RLN resection, the reinnervation procedure,
postoperative rehabilitation and expected outcomes need
to be explained. In the case of a patient with a functioning
RLN potentially invaded by cancer, preservation of the
nerve even with microscopic or macroscopic residual tu-
mor could be discussed with the patient considering the
age, occupation, and personal preference of the patient
[10,11].

Intraoperative decision (preservation
versus resection of RLN)

In patients presenting preoperative VFP due to gross inva-
sion of thyroid cancer, resection of the nerve with removal
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Fig. 1. Ultrasound image of a patient with suspected invasion of
the recurrent laryngeal nerve by a papillary thyroid carcinoma.
Protrusion of the tumor into the right tracheoesophageal groove
and partial loss of normal thyroid tissue between cancer and the
tracheoesophageal groove can be seen. The photograph was pro-
vided by the author, Hyoung Shin Lee.
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of the tumor should be considered [2,11]. However, the de-
cision to preserve or sacrifice a functioning RLN invaded by
PTC is controversial. This may be due to the lesser impact
of RLN invasion on oncologic outcome compared to inva-
sion of other organs categorized as T4a. Some authors have
even suggested that it may be more appropriate to consider
RLN invasion as the T3b category [11]. Invasion of RLN
does lead to higher risk of recurrence, but to a lesser de-
gree than tracheal or esophageal invasion [20]. In addition,
RLN invasion showed no significant impact on survival of
patients with PTC [1]. Moreover, resection of a RLN invad-
ed by PTC had no advantage to improve recurrence-free
survival [5,6,9], disease-specific survival [21], and overall
survival [22].

Accordingly, the consensus of the American Head and
Neck Society (AHNS) states that PTC may be shaved off to
preserve a functioning RLN if all gross tumors are removed
[2]. Macroscopic completeness of tumor resection may be
achieved if tumor involvement of the nerve is confined to
the epineurium [11]. However, preservation of the RLN may
be impossible if the tumor involves the perineurium and
endoneurium. Wu et al. [11] proposed that there may be
factors to consider in favor of preserving the RLN even if the
tumor undergoes incomplete resection with small remnant
followed by adjuvant therapy: (1) young patients and voice
professionals or those with preference to preserve their
vocal function; (2) elderly patients and those with reduced
pulmonary function leading to higher risk of aspiration
pneumonia; (3) patients with contralateral VFP at risk of bi-
lateral VFP; (4) active distant metastasis; and (5) generally
iodine-avid patients when efficiency of adjuvant treatment
is judged to be good.

Lee et al. [10] recently reported that shaving the tumor
with gross residual tumor (incomplete tumor resection)
smaller than 1 cm in length and 4 mm in thickness fol-
lowed by high-dose radioactive iodine ablation (RAI) led
to acceptable oncologic and functional outcomes. All the
patients underwent more than one RAI treatment (>100
mCi), and 61.7% underwent two RAI treatments. Among
the 47 patients with isolated invasion of the RLN (excluding
patients with invasion of the trachea or esophagus), 10.6%
showed recurrence with lymph node metastasis with no
death or distant metastasis. The nerve was resected only in
one case (2.1%) due to progression of the residual tumor.
There were no patients with permanent VFP, with six cases
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(12.8%) of temporary VFP. The final non-stimulated serum
thyroglobulin was 0.7+1.8 ng/mL. On the other hand, par-
tial resection of the RLN has been suggested by Kihara et al.
[23]. They applied this technique to patients with the thick-
ness of the preserved RLN less than half of its original size.
Among 18 patients, 83% of the patients had functioning
vocal folds 1 year after surgery presenting nearly normal
phonation. Based on these studies and alternate adjuvant
treatments such as RAI, T3 suppression, radiotherapy, and
tyrosine kinase inhibitors, attempts to spare a functioning
RLN invaded by PTC could be considered, and its oncolog-
ic safety should be confirmed in further studies [11].

Role of intraoperative neuromonitoring

The AHNS recommended intraoperative neuromonitoring
(IONM) in all cases of invasive differentiated thyroid car-
cinoma [2]. IONM is helpful for identification and preser-
vation the RLN during thyroidectomy [24]. It may predict
postoperative vocal fold function, prevent bilateral VFP or
predict the necessity for tracheostomy [11]. The Interna-
tional Neural Monitoring Study Group [11] introduced a
management algorithm in patients with ipsilateral preop-
erative VFP. They suggested performing contralateral RLN
dissection first and proceeding to the invaded side if the
nerve is well preserved (no loss of signal). The proximal
electromyogram data could be considered for decisions on
preservation or sacrifice of the RLN in patients with pre-
operative VFP. Since one-third of patients with abnormal
laryngoscope findings may maintain stimulability with
IONM, resecting an RLN with proximal stimulability may
lead to deterioration of dysphonia and dysphagia [11].

Reinnervation of the RLN

In patients with anticipated resection of the RLN, reinner-
vation should be prepared before surgery [2]. Reinnerva-
tion of the RLN also should be considered for patients with
preoperative VFP due to PTC invasion since it led to im-
proved vocal outcomes and spared the need for laryngeal
framework surgery [25]. Methods of reinnervation include
direct anastomosis, free nerve grafting, ansa cervicalis to
RLN anastomosis, and vagus to RLN anastomosis [2,25-27].
Reinnervation can restore the muscle tone of the paralyzed
vocal fold and thereby improve vocal outcomes [25-27].
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The reinnervated vocal fold is fixed at the median, but may
restore its tension and recover from atrophy, leading to re-
duced vocal gap and enhanced tension between vocal folds
[26].

Conclusion

Preoperative imaging and laryngoscopy should be reviewed
thoroughly to identify possible RLN invasion by PTC. In-
formed consent should be obtained for possible resection/
reinnervation of the RLN or preservation of the nerve with
microscopic/macroscopic residual tumor and necessity of
adjuvant treatment. IONM may be helpful to preserve the
nerve during tumor dissection and aid in intraoperative
decisions regarding surgical extent. The limited impact of
isolated RLN invasion by PTC on oncologic outcomes and
the uncertain benefit of resecting the RLN due to tumor in-
vasion should be considered by clinicians when facing the
decision of whether to preserve or sacrifice the nerve.
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