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Abstract Background Recurrent laryngeal nerve (RLN) injury carries significant morbidity.
Microsurgical repair of the RLN has proven promising for enhancing patient recovery of
vocal function; however, data remains limited.
Methods This retrospective cohort study included patients who underwent RLN
repair from 2007 to 2022. Demographics and medical history were collected. The
location and etiology of RLN injury, as well as the repair technique, were collected.
Follow-up data were collected at the initial postoperative visit, at 6 months and at
1 year. Hoarseness was classified as mild, moderate, or severe. Of patients who
underwent nasopharyngolaryngoscopy (NPL) following repair, the glottic gap was
measured. Vocal interventions performed were also recorded. This study utilized
descriptive statistical methods.
Results Eleven patients underwent RLN repair. All patients underwent immediate
repair. Fifty-four percent (n¼6) of RLN injuries resulted from tumor inflammation or
nerve encasement. Eighty-two percent (n¼9) underwent direct RLN coaptation, 9%
(n¼1) underwent vagus-RLN anastomosis, and 9% (n¼ 1) underwent an interposition
nerve graft. Technical success was 100%. Seventy-three percent (n¼ 8) required
otolaryngology referral, and of those, 50% (n¼4) required intervention. At initial
evaluation, 91% (n¼10) suffered from mild to severe hoarseness, and of patients who
underwent NPL, all had a glottic gap. At 1 year, 82% of patients (n¼9) improved to
having mild to no appreciable hoarseness. Of the patients who underwent NPL, 62%
(n¼5) had closure of the glottic gap.
Conclusion Patients undergoing repair of the RLN following injury showed excellent
recovery of vocal function and resolution of glottic gap at 1 year.
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The recurrent laryngeal nerve (RLN)holds important function,
servingas theprimary sourceofmotor innervation to thevocal
cords. Anatomically, the right and left RLNs originate from the
vagusnervesbilaterallyand thencourse ina recurrentmanner,
looping around the right subclavian artery and the aortic arch,
respectively, before coursing within the tracheoesophageal
groove posterior to the thyroid gland to find their ultimate
destination in the larynx.1 This recurrent course places the
RLNs at heightened susceptibility to injury during thyroid
surgery, and the reported incidence of permanent RLN palsy
following thyroid surgery is approximately 2 to 3%.2 Injury to
the RLN holds important functional consequence for patients,
as it can lead to paralysis of the true vocal cord, in turn causing
patients to suffer from dysphonia, hoarseness, dysphagia, and
a potentially heightened infectious risk.3,4 The introduction of
intraoperative nerve monitoring aimed at RLN preservation
has been largely equivocal based on recentmeta-analyses, and
the incidence of RLN injury during thyroid surgery has
remained relatively stable.5,6

Given the morbidity that RLN injury carries for patients,
there exists a number of conservative and surgical therapies
for RLN healing,7 as well as a growing interest in innovative
therapies involving electrical stimulation and tissue engi-
neering.8,9 However, these therapies are limited physiologi-
cally, as axonal regeneration is generally limited and slow.10

Of the growing armamentarium of RLN therapies, those that
hold perhaps the most promise include microsurgical tech-
niques aimed at direct RLN coaptation at the site of injury,
which are often performed immediately following lacera-
tion.11 A number of microsurgical techniques have been
proposed, including direct epineural coaptation of the
RLN,12–14 proximal vagus-RLN anastomosis,15 and ansa cer-
vicalis-RLN anastomosis.16 A growing number of case series
have been published in the literature onmicrosurgical repair
of the RLN, often reporting high technical success rates as
well as high rates of glottic closure within 1 year following
repair.12–14,17–24

Despite this, overall evidence regarding microsurgical
repair of the RLN remains limited, as most reports have
been limited by small sample size and variation in surgical
technique by center. Furthermore, the existing literature is
geographically limited, as all but one documented study have
come from Asian centers (the only other being a European
center). Therefore, the purpose of this study is to provide the
first case series from the United States examining patient
vocal and laryngeal outcomes following immediate micro-
surgical repair of the RLN following intraoperative injury.

Methods

This retrospective cohort study received approval from the
review board on human research at the Hospital of the
University of Pennsylvania, and the requirement for in-
formed consent was waived. The surgical logs of the micro-
surgeons (S.J.K. and J.F.) at our institution were queried from
January 2007 to May 2022 for all cases of microsurgical
repair of the RLN. Patients were excluded if they were under
18 years of age or if they underwent microsurgical repair of

any nerve other than the RLN. Patients were indexed by the
date of their initial surgery leading to RLN injury.

Patient demographics, medical history, surgical history,
and index surgical data were collected from the electronic
medical record. The indication for the index thyroid opera-
tion leading to injury was recorded, along with histories of
prior surgery or radiation to the neck. Operative notes from
the index endocrine surgeon were utilized to determine the
location and the etiology of RLN injury, classified as being
due to either (1) inflammatory changes, (2) planned sacrifice,
(3) variant anatomy, (4) accidental transection, or (5) trac-
tion injury. Operative notes from the index microsurgeon
were utilized to gather surgical repair details including: (1)
surgical technique, (2) necessity of additional nerve mobili-
zation or trimming, and (3) technical success.

Patient outcomes were then gathered from the electronic
medical record, including length of stay during the index
operation, repeat surgical intervention during the index
admission, as well as surgical complications including
hematoma, seroma, localized infection, and wound break-
down. Patient follow-up was then assessed for up to 1 year
following microsurgical RLN repair. Referral to otorhinolar-
yngology (ENT) was noted, and postoperative follow-up visit
noteswere reviewed to assess subjective vocal outcomes and
objective nasopharyngolaryngoscopy (NPL) findings of
glottic closure. Patient vocal quality was retrospectively
classified as none, mild, moderate, or severe hoarseness
based on the grade, roughness, breathiness, and asthenia
strain scale utilizing the vocal quality documented at follow-
up.25 NPL findings, when available, were recorded, and
glottic gap, if present, was classified as small, moderate, or
large based on the available report. Subjective vocal quality
and glottic closure were compared between the initial and
final postoperative visits. Any ENT interventions performed
within 1 year as a result of RLN paralysis were recorded. This
study utilized descriptive statistical methods, and all values
were reported as frequencies and percent unless otherwise
noted.

Results

Patient Population and Clinical History
Over the duration of the study, 11 patients met inclusion
criteria. Demographic and clinical characteristics of the
patients are summarized in ►Table 1. The median age was
48, andall patientswere female. Thecohortwaspredominantly
white (8 of 11). All patients in the cohort underwent index
surgery for thyroid pathology, including 46% (n¼5) with
papillary carcinoma of the thyroid (one patient presented
with nodal recurrence and metastatic disease involving the
vagus nerve following prior thyroidectomy), 27% (n¼3) with
goiter, 18% (n¼2) with thyroid nodules, and 9% (n¼1) with
Graves’disease. Eighteen percent (n¼2) had previously under-
gone surgery to the neck, and none had previously underwent
radiation. Eighty-two percent (n¼9) underwent total thyroid-
ectomy (four underwent concurrent neck dissection), 9%
(n¼1) underwent a right thyroid lobectomy, and 9% (n¼1)
underwent a repeat neck dissection for recurrent disease.
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Details of Microsurgical Repair
Characteristics of RLN injury and repair are summarized
in ►Table 2. RLN lacerations that underwent repair in this
cohort were predominantly left-sided (7 of 11) and located
adjacent to the inferior pole of the thyroid gland (5 of 11).
RLN injury was primarily attributed to tumor-associated
inflammation leading to difficult dissection or tumor
involvement of the RLN in 54% of patients (n¼6). Other
etiologies of injury include variant RLN anatomy in 18%
(n¼2), accidental transection in 18% (n¼2), and traction
injury in 9% (n¼1). Three of 11 RLN injuries were planned
sacrifices.

All patients in the cohort underwent immediate intra-
operative evaluation by the on-staff microsurgeon following
injury. Nerve repair was performed under 3.5� loupe magni-
fication. Sixty-four percent (n¼7) required additional nerve
mobilization prior to repair, and 64% (n¼7) required further
trimming of the lacerated nerve to yield healthy endoneural
fascicles. Eighty-two percent (n¼9) underwent primary RLN
coaptation utilizing interrupted 8-0 nylon suture. One patient
required extensive resection of the proximal vagus nerve and
the proximal RLN due to metastatic recurrence with nerve

involvement. This patient underwent proximal vagus-distal
RLN anastomosis utilizing interrupted 8-0 nylon suture. Final-
ly, one patient was found to have tumor encasement of the left
RLN. Planned RLN sacrifice yielded a 3.25-cm defect at the
timeofmicrosurgicalevaluation. Thisdefectwasrepairedwith
a 3-cm Avance Nerve Graft (Axogen Corporation, Alachua, FL)
with conduit connectors sutured to the free nerve ends with
interrupted 8-0 nylon suture. Technical success was reported
in all 11 patients (100%).

Patient Outcomes
One patient underwent a repeat operation during the index
admission for a suspected thoracic duct leak related to the
initial oncologic resection. No other surgical complications
were reported in the cohort. Seventy-three percent of
patients (n¼8) in the cohort received referral to ENT for
evaluation of vocal cord dysfunction. Clinical details of
patient follow-up, including evaluating specialty, vocal
quality, NPL findings, and interventions, are summarized

Table 1 Demographic and clinical characteristics of the
patients

Characteristic Value (n¼ 11)

Demographic

Age (y; median, Q1, Q3) 48 (38, 60)

Female sex 11 (100)

Race or ethnic group

White 8 (73)

Black 2 (18)

Asian/Pacific Islander 1 (9)

Clinical

Prior neck surgery 2 (18)

Prior neck radiation 0 (0)

Active immunosuppression 0 (0)

Indication for index operation

Papillary carcinoma of thyroida 5 (46)

Benign thyroid diseaseb 4 (36)

Thyroid nodules 2 (18)

Index operation

Total thyroidectomy 5 (46)

Right thyroid lobectomy 1 (9)

Total thyroidectomy with
neck dissection

4 (36)

Repeat neck dissection 1 (9)

Note: Q1¼quartile one, Q3¼quartile three. Unless otherwise noted,
values are summarized as frequency (percent).
aOne patient presented with recurrent papillary carcinoma of the
thyroid with tumor involvement of the vagus nerve.

bIncludes goiter (3) and Graves’ disease (1).

Table 2 Details of recurrent laryngeal nerve injury and repair

Characteristic Value (n¼ 11)

Injury

Laterality

Right 4 (36)

Left 7 (64)

Location

Superior pole 3 (27)

Inferior pole 5 (46)

Othera 3 (27)

Etiology of injury

Inflammatory changes 3 (27)

Planned sacrifice 3 (27)

Variant anatomy 2 (18)

Accidental transection 2 (18)

Excess traction 1 (10)

Repair

Immediate intraoperative repair 11 (100)

Additional nerve mobilization
prior to repair

7 (64)

Nerve trimming prior to repair 7 (64)

Repair technique

Primary epineural repair of
transected RLN

9 (82)

Vagus nerve to RLN epineural
coaptation

1 (9)

Nerve graft 1 (9)

Technical success 11 (100)

Abbreviation: RLN, recurrent laryngeal nerve.
Note: Values are summarized as frequency (percent).
aOther locations of RLN injury include: proximal vagus nerve, ectopic
anterior RLN branch, adjacent to larynx.
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in►Fig. 1 and►Table 3. Of patients who did not receive ENT
referral, evaluation by the index endocrine surgeon found
one patient to have no hoarseness and two to have mild
hoarseness. None of these patients suffered from dysphagia.
Given their mild symptoms, further vocal cord evaluation
and intervention was not performed.

Of the eight patients who presented to their initial ENT
office visit, 25% (n¼2) had mild hoarseness, 63% (n¼5) had
moderate hoarseness, and 12% (n¼1) had severe hoarseness.
NPL was performed in all patients. Half (n¼4) were found to
have a small glottic gap, and the other half (n¼4)were found
to have a large glottic gap. Following initial evaluation, only
one patient underwent a right vocal fold injection.

At 6 months, 73% (n¼8) were found to have none to mild
hoarseness, improved from baseline. No patients were found
to have severe hoarseness at this time point. Forty-five

percent (n¼5) did have persistent dysphagia. All four
patients with a small glottic gap at the time of initial NPL
were found to have vocal cord medialization and glottic gap
closure. Of the patients with a large glottic gap at baseline,
only two patients were found to have a persistent large
glottic gap. Of the patients with a persistent glottic gap,
one underwent vocal cord injection, and two underwent
thyroplasty.

At 12months, overall, 36% (n¼4) had complete resolution
of hoarseness, and 45% (n¼5) had persistent mild hoarse-
ness—improved from 6months. Eighteen percent (n¼2) had
persistent moderate hoarseness, while no patients had
severe hoarseness at 1 year. Persistent dysphagia was now
only present in 18% (n¼2). At this time point, of patients
who underwent NPL, 63% (n¼5) were found to have com-
plete glottic closure, and 32% (n¼3) were found to have a

Fig. 1 A flowchart demonstrating patient follow-up, subsequent interventions, and vocal outcomes following immediate intraoperative repair
of the recurrent laryngeal nerve. RLN, recurrent laryngeal nerve; ENT, otorhinolaryngology; EOS, endocrine/oncologic surgery; VF, vocal fold.
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small gap. Of note, the patient in the cohort who underwent
an interposition nerve graft repair was found to have a
persistent small glottic gap unresponsive to vocal fold injec-
tion, and was set to undergo definitive thyroplasty at the
time of the presented study. Additionally, the patient in the

cohort who underwent proximal vagus-distal RLN anasto-
mosis did not require ENT referral and was found to have no
hoarseness or dysphagia at 6 months.

Discussion

There remains limited definitive evidence regarding micro-
surgical repair of the RLN following iatrogenic injury as a
modality for enhancing patient vocal recovery. The purpose
of this study was to provide 15 years of microsurgical
experience at a major academic center examining patient
vocal and laryngeal outcomes following repair of the RLN to
augment the existing literature on RLN repair. To the authors’
knowledge, this is thefirst case series out of the United States
to report on patient outcomes following microsurgical RLN
repair. Overall, at 12 months compared to baseline, the
incidence of no hoarseness increased fourfold, and the inci-
dence of moderate-to-severe hoarseness decreased by 60%.
Of patientswhounderwentNPL,fivewere found to have total
medialization of the vocal folds (compared to zero at base-
line) at 12 months.

Most commonly, patients suffered injury to the RLN during
thyroid surgery because of tumor-associated inflammation or
tumor encasement of the RLN requiring resection. All patients
in this series underwent immediate intraoperative evaluation
by the on-staff microsurgeon at our center. Though not exam-
ined specifically inRLN injury, prompt surgical repair has been
implicated in maximizing nerve regeneration following
injury.26 Consistent with prior series,13,14 most defects were
amenable to direct RLN coaptation, though themajority (64%)
required further nerve dissection andmobilization to assure a
tension-free anastomosis. Two patients presented with larger
defects necessitating alternative surgical approaches. One
patient underwent successful nerve grafting utilizing a 3-cm
interposition graft with nerve conduits, and the other under-
went proximal vagus-RLN anastomosis. Though limited by
small samplesize, theoverall surgical approach (asidefromthe
utilization of nerve graft) did not appear to be associatedwith
differences in long-term function.22,23 These results suggest
that perhaps surgical technique for RLN repair should be
tailored to the underlying defect anatomy, as primary RLN
coaptation or proximal vagus-RLN anastomosis were both
associated with excellent vocal recovery.

Overall long-term outcomes for patients undergoing
microsurgical repair of the RLN were generally excellent.
Following repair, 27% of patients elected to forego further
workup for vocal issues as they were largely asymptomatic or
mildly symptomatic. Of those that sought further evaluation,
onlyhalf required additional intervention for persistentglottic
gap. Even without intervention, the majority of patients had
closureof theglottic gapandnone tomildhoarseness at1 year.
These results suggest thatmicrosurgical repair of the RLN is an
effective augmenter to physiologic neuronal regeneration
following a potentially morbid injury. Patients should be
appropriately counseled that despite repair, resolution of
symptoms may take up to 1 year. Additionally, if initially
unresponsive to conservative management at 6 months,
they may strongly benefit from ENT intervention.

Table 3 Patient follow-up and outcomes

Parameter Value (n¼ 11)

Length of stay (d; median, Q1, Q3) 2 (1, 2)

Repeat operationa 1 (9)

ENT referral 8 (73)

Initial evaluation

No hoarseness 1 (9)

Hoarseness – mild 5 (45)

Hoarseness – moderate 4 (36)

Hoarseness – severe 1 (9)

Dysphagia 7 (64)

No glottic gap 0 (0)

Glottic gap – small 4 (50)

Glottic gap – large 4 (50)

6-mo outcomes

No hoarseness 2 (18)

Hoarseness – mild 6 (54)

Hoarseness – moderate 2 (18)

Hoarseness – severe 1 (9)

Dysphagia 5 (45)

No glottic gap 4 (50)

Glottic gap – small 2 (25)

Glottic gap – large 2 (25)

12-mo outcomes

No hoarseness 4 (36)

Hoarseness – mild 5 (45)

Hoarseness – moderate 2 (18)

Hoarseness – severe 0 (0)

Dysphagia 2 (18)

No glottic gap 5 (62)

Glottic gap – small 3 (38)

Glottic gap – large 0 (0)

ENT intervention performed 4 (36)b

Thyroplasty 3

VF injection 2

Vocal therapy 4 (36)

Abbreviations: ENT, otorhinolaryngology; VF, vocal fold.
Note: Q1¼quartile one, Q3¼quartile three. Values are summarized as
frequency (percent).
aOne repeat operation performed for elevated Jackson-Pratt drain
output concerning for thoracic duct leak.

bFour patients underwent five interventions. One patient underwent
failed vocal fold injection followed by definitive thyroplasty.
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This study suffers from several limitations, most of which
are derived from its retrospective nature and small sample
size. The sample was designed to include all patients who
underwentmicrosurgical repairof theRLN following injury.As
such, there was no control group included. A 15-year period
was used for the sample; however, only 11 patients met
inclusion criteria, which limited the use of statistical analyses.
Surgical repair technique was not controlled for and was
operator-dependent based on the presented defect at the
time of evaluation. Patient follow-up was also not consistent
due to the retrospective nature of the study, as not all patients
underwent ENT evaluation, nor did they undergo follow-up at
prespecified intervals. Lastly, vocal quality and NPL findings
were subjectively recorded from office notes and retrospec-
tively classified. This therefore limited the generalizability of
vocal outcomes, as patients or providers may have perceived
the quality of their voice differently. Documentation of voice
quality may have also been inconsistent.

Conclusion

Overall, microsurgical repair of the RLN following injury
during thyroid surgery was a safe procedure with a technical
success rate of 100%. Though evidence regardingmanagement
of RLN injury remains limited, the results of this study suggest
that RLN repair may play a key role in RLN regeneration and
patient recovery of vocal function, as at 1 year, the majority of
patients had no or mild hoarseness and resolution of glottic
gap. Further studies may bewarranted to examinehow differ-
ences in surgical technique, as well as novel adjuncts to RLN
regeneration therapy may further impact patient recovery.
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