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Results of ansa to recurrent laryngeal nerve

reinnervation

Walter T. Lee, MD, Claudio Milstein, PhD, Douglas Hicks, PhD,
Lee M. Akst, MD, and Ramon M. Esclamado, MD, Cleveland, OH; Maywood,

IL; and Durham, NC
OBJECTIVE: We sought to describe the results of ansa cervi-
calis to recurrent laryngeal nerve (ansa-RLN) reinnervation for
unilateral vocal fold paralysis.
STUDY DESIGN: A chart review was performed on patients
undergoing ansa-RLN reinnervation for unilateral vocal cord pa-
ralysis at a tertiary care center. Patient perceptions of preoperative
and postoperative voice quality was surveyed. Acoustic and visual
parameters were assessed from videostroboscopy.
RESULTS: From a total of 25 study patients, 15 patients under-
went both preoperative and postoperativ video stroboscopies. In
stroboscopies within 6 months, the average improvement in overall
severity, roughness, and breathiness was 69, 79, and 100 percent,
respectively. In stroboscopies after 6 months, the average improve-
ment in overall severity, roughness, and breathiness was 63, 66,
and 100 percent, respectively. Postoperatively, all patients had
reinnervation of the vocal fold.
CONCLUSIONS: Voice outcomes were improved in patients
with preoperative and postoperative stroboscopies.
SIGNIFICANCE: Ansa-RLN reinnervation should be consid-
ered as a treatment for unilateral vocal fold paralysis.
© 2007 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

Unilateral vocal fold paralysis is commonly seen by the
otolaryngologist and is most often due recurrent laryn-

geal nerve (RLN) injury.1 Among the different etiologies of
recurrent laryngeal nerve injury, the most common are ex-
tralaryngeal malignancy, iatrogenic causes, and idiopathic
cases.2 The loss of unilateral vocal fold innervation leads to
a loss of motion, flaccidity of the paralyzed fold, and sub-
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sequent muscle atrophy. A height differential may also
develop between the immobile fold and the contralateral
mobile fold. As a consequence, patients can experience
incomplete glottal closure, which can manifest as dysphonia
and even aspiration. The severity of the symptoms depends
on the position of the immobile cord, with a more lateral
position often creating greater dysphonia and increased as-
piration risk. The negative impact of unilateral vocal fold
paralysis on a patient’s quality of life has been confirmed by
several different outcome measures.3,4

Different treatment options are available for the manage-
ment of unilateral vocal fold paralysis and include injection
laryngoplasty, medialization laryngoplasty (thyroplasty),
arytenoid adduction, and laryngeal reinnervation.5-8 Laryn-
geal reinnervation has several advantages over other tech-
niques; it has the potential of restoring a normal or near-
normal voice without changing vocal fold pliability.9,10

Additionally, reinnervation can prevent the progressive loss
of thyroarytenoid muscle tone and bulk seen with vocal fold
denervation, which can limit the long-term results of tradi-
tional laryngoplasty techniques as the position of the fold
changes over time.11 Furthermore, reinnervation preserves
the possibility of other laryngoplasty techniques in the fu-
ture, should any more surgery be necessary. For these rea-
sons, some surgeons favor reinnervation as their strategy of
choice in the management of unilateral vocal fold paraly-
sis.12 The disadvantages of this technique are the require-
ment of a general anesthetic, a delayed time to voice im-
provement, requirement of an intact donor and recipient
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nerve, and theoretically delayed or failure of reinnervation
in elderly patients.

The most popular laryngeal reinnervation procedure in-
volves the neurorrhaphy of the ansa cervicalis to the RLN
(ansa-RLN) stump. This use of the ansa cervicalis is ideal
because it is readily identified, sits close to the larynx,
entails little morbidity with its harvest, and requires no
special training in performing the anastomosis.13 Although
several other investigators have also demonstrated favorable
results with the ansa-RLN technique in the treatment of this
disorder, there remains no consensus on the ideal treatment
paradigm for this disorder.9,14,15

We report our experience with a series of patients with
unilateral vocal fold paralysis who underwent ansa-RLN
neurorrhaphy and provide patient perceptions and subjec-
tive and objective endoscopic data regarding voice out-
comes before and after this procedure.

METHODS

An institutional review board–approved retrospective chart
review was performed on all patients who underwent ansa-
RLN anastomosis from 1999 to 2005 by the senior author
(R.M.E.) at the Cleveland Clinic. Medical records were
reviewed for demographic information, cause of paralysis,
contributing medical history, and postoperative data. In gen-
eral, patients with vocal fold paralysis were given the risks
and benefits of reinnervation versus a medialization proce-
dure. Patients were encouraged to try reinnervation be-
cause the medialization could be done at a later date if
necessary. Furthermore, if the patient has a known tran-
section of the nerve, the ansa-RLN anastomosis proce-
dure is performed either soon after or at the time of the
original surgery.

Ansa-RLN Anastomosis Technique
The surgical technique of ansa-RLN anastomosis was as
follows. A small horizontal cervical incision was made at
the level at the cricoid, and subplatysmal flaps superiorly
and inferiorly were raised. The sternocleidomastoid muscle
was reflected posteriorly to expose the omohyoid muscle.
Mobilization of the omohyoid muscle results in identifica-
tion of the ansa cervicalis overlying the internal jugular
vein. The ansa cervicalis branches to the sternohyoid and
sternothyroid muscles were identified and transected on the
lateral aspect of these strap muscles. The loop from the ansa
cervicalis was identified and left intact. The ansa cervicalis
was then freely mobilized in preparation for anastomosis.
For patients without an intact ipsilateral ansa cervicalis, the
contralateral donor nerve was identified and mobilized for
anastomosis. The thyroid gland was then dissected in a
lateral-to-medial direction, allowing identification of the
RLN. The RLN was dissected retrograde as far into the
superior mediastinum as was safely possible and then

transected. This nerve was transposed superiorly and posi-
tioned to the cut end of the ansa to provide a tension-free
anastomosis. The RLN was tunneled underneath the strap
muscles and/or thyroid gland in cases where a contralateral
donor ansa branch was used. The RLN was trimmed to
minimize the distal stump as to promote early innervation.
If there was extralaryngeal branching of the RLN, the RLN
was trimmed proximal to the branch point so as to allow
innervation to the adductor muscles and the posterior cri-
coarytenoid. Nerve ends were freshened prior to placing two
or three interrupted epineural stitches of 9-0 nylon using
microsurgical instruments. The operative site was then
closed over a Penrose drain.

Patients with high vagal injuries involving the SLN un-
derwent concurrent muscle-nerve-muscle technique from
cricothyroid to cricothyroid.12 This involves one or two
nerve grafts spanning the innervated cricothyroid muscle to
the denervated cricothyroid. Axons then sprout from the
innervated muscle through the nerve graft to innervate the
other cricothyroid muscle.

In anticipation of worsening dysphonia in patients need-
ing transaction of the RLN, vocal cord injection was per-
formed as a temporizing measure until reinnervation was
complete. Gelfoam (Pzifer, Cambridge, MA), micronized
AlloDerm (Cymetra; LifeCell Corp, Branchburg, NJ), or
microfibrillar collagen (INSTAT Microfibrillar Collagen
Hemostat; Ethicon, Johnson & Johnson, Somerville, NJ)
was used.

Patient Perception Data
A telephone survey was conducted to obtain patient percep-
tions of the results obtained from the ansa-RLN procedure.
This survey was performed during August-September 2005
by one nurse in our department who was not involved
with the surgery. Efforts were made to contact every
patient included in the study. Patients were asked three
questions: 1) How would you rate your voice quality
preoperatively (1, bad; 10, best)? 2) How would you rate
your voice quality postoperatively (1, bad; 10, best)? and
3) Currently, how would you rate your voice (1, much
worse; 5, much better)?

Acoustic Analysis and Visual

Appearance Measurement
Visual and acoustic analyses were performed on patients
who had both preoperative and postoperative video endo-
scopic assessments with stroboscopy. Two speech patholo-
gists and one otolaryngologist not involved with the surger-
ies reviewed all the videos of patients who had preoperative
and postoperative examinations. Patients were randomized
and the reviewers were blinded to whether the videos were
preoperative or postoperative. Consensus was reached on
the voice quality measurements and visual appearance of
the larynx. Voice quality was measured using the CAPE-V
scale (American Speech-Language-Hearing Association,
Special Interest Division 3: Voice and Voice Disorders),

with 0 being normal and 100 being severely abnormal.
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Perceptual assessment included overall severity, roughness,
breathiness, and strain. Visual laryngeal analysis included
glottic closure (0, complete; 1, slightly incomplete; 2, mod-
erately incomplete; 3, fully incomplete), supraglottic effort
(0, none; 1, mild; 2, moderate; 3, severe), arytenoid position
(0, normal; 1, mildly tilted forward; 2, moderately tilted
forward; 3, severely tilted forward), vocal fold edge (0,
straight; 1, mildly bowed; 2, moderately bowed; 3, se-
verely bowed), vertical height difference (yes, no), and
vocal fold position (0, midline; 1, paramedian; 2, inter-
mediate; 3, lateral).

Statistical Descriptive Analysis

The Cleveland Clinic Section of Biostatistics, Department
of Quantitative Health Sciences, was consulted to provide
data analysis. Because of the retrospective design of this
case series, as well as the number of patients, only descrip-
tive analysis was performed. Both objective and subjective
quality voice measurements were included. Postoperative
video stroboscopies were grouped for analysis into 6
months or less and greater than 6 months.

Table 1

Etiology of vocal fold paralysis in patients

undergoing ansa-RLN anastomosis

Diagnosis
No. of

Patients

Idiopathic 5
Pneumonectomy (for cancer) 4
Vagal paraganglioma 4
Status postthyroid surgery 2
Jugular paraganglioma 1
Status postanterior cervical spine surgery 1
Status postneck surgery scar lysis 1
Status postexcision of neck mass 1
Status postradiation/chemotherapy of

lung cancer 1
Vagal neurofibroma 1
Status postparathyroid surgery 1
Status posttranshiatal esophagectomy 1
Status postthoracotomy for metastatic CA 1
Status postrepair of aortic dissection 1
Total 25

Table 2

Surgical procedure for repair of unilateral vocal cord p

Procedure

Ipsilateral ansa-RLN anastomosis with vocal cord injec
Contralateral ansa-RLN anastomosis
Contralateral ansa-RLN anastomosis with muscle nerve
Contralateral ansa-RLN anastomsis with vocal fold inje

(cricothyroid-cricothyroid)
RESULTS

A total of 25 patients underwent ansa-RLN anastomosis.
There were 12 men and 13 women (mean age, 51 years;
median age, 54 years; age range, 22-73 years; seven patients
older than 60 years). The left true vocal fold was affected in
16 patients, and the right vocal fold was affected in 9
patients. Table 1 shows the etiology of vocal fold paralysis.
Average diagnosis of vocal fold paralysis to time of ansa-
RLN anastomosis was 15 months. All patients except five
underwent concurrent vocal cord injection. These five had
already had their nerve transected for a period of time prior
to anastomosis. Nineteen patients underwent ipsilateral
ansa-RLN anastomosis with vocal fold injection. Two pa-
tients underwent contralateral ansa-RLN anastomosis be-
cause the ipsilateral ansa cervicalis was not available for
repair. Four patients underwent contralateral ansa-RLN
anastomosis with MNM (cricothyroid-cricothyroid). One of
these four also went concurrent vocal cord injection (Table 2).

Patient Perception Survey

Attempts were made to contact all 25 patients, and a total of
14 patients were able to complete the survey. At the time of
the telephone survey (August-September 2005), four pa-
tients were deceased and seven were lost to follow-up. Of
the 14 responses, perceived improvement from preoperative
voice quality to postoperative voice quality was from me-
dian of 2 to 8 (Fig 1). All patients except for one patient
ranked their current voice quality as much better (response
5). The remaining patient replied with somewhat better
(response 4). Eight patients with preoperative and postop-
erative stroboscopies completed the self-rating survey.

Figure 1 Patient voice quality perception scores.
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Seven patients rated their voice as much better, and one
patient rated their voice as somewhat better.

Twenty-one of 25 patients had documented clinical fol-
low-up. Four patients were lost to follow-up within 3
months. All 21 patients had evidence of reinnervation with
a range of 3-12 months. The average time for patient per-
ception of improvement and also documented clinical signs
of reinnervation was 5 months (median, 4 months).

Acoustic Analysis
Thirteen of the 25 patients had both preoperative and post-
operative video stroboscopies. Six patients were lost to
follow-up and did not have postoperative strobes. Two
patients died within 6 months of the reinnervation procedure
from existing lung cancer without a postoperative strobos-
copy. Three patients had normal voices prior to the resection
of a vagal paraganglioma, in which the reinnervation was
planned at the time of the tumor resection. Thus, no preop-
erative stroboscopy was obtained for these clinically normal
examinations. The remaining patient had vocal fold immo-
bility secondary to a thyroid tumor and no formal preoper-
ative stroboscopy was obtained.

Mean follow-up with video stroboscopies was 13 months
(median, 12 months) and ranged from 4 to 26 months. A
total of five postoperative stroboscopies at less than 6
months and 11 postoperative stroboscopies at 6 months or
greater were available for review. The median percent im-
provement in overall severity, roughness, and breathiness of
patient voice quality in the less-than-6-month follow-up
group was 69, 79, and 100 percent, respectively. The per-
cent median improvement in overall severity, roughness,
and breathiness of patient voice quality in the 6-month-or-

Figure 2 Glottic closure.
Figure 3 Supraglottic effort.
greater follow-up group was 63, 66, and 100 percent, re-
spectively. Overall, all voice strain improved in less-than-
6-month and 6-month-or-greater groups by 2 and 4 units,
respectively.

Visual Vocal Fold Measurement
None of the patients preoperatively or postoperatively had
any vertical height difference between the vocal folds iden-
tified. Analysis of glottic closure, supraglottic effort, aryte-
noid position, vocal fold edge, and vocal fold position at
preoperative, less-than-6-month, and 6-month-or-greater
time points are represented in Figures 1 through 6, respec-
tively. The boxes represent the values between the 25th and
75th percentiles, and the cross represents the mean value.
Median values are represented by a dash within the box. All
investigated data were either the same or improved postop-
eratively compared with the preoperative values.

DISCUSSION

The data support the use of ansa-RLN anastomosis for the
treatment of unilateral vocal cord paralysis. Our data cor-
relate patient perceptions of clinical improvement with
acoustic analysis of overall voice severity, roughness, and
breathiness. The vocal fold appearance on endoscopy also
improved in almost all aspects investigated. Almost all
patients report a worsening of the voice around 2-3 months,
followed by a strengthening and improvement of the voice.
We believe that this is a result of the effects from the vocal
fold injection decreasing while the reinnervation is strength-
ening. The median follow-up was 12 months, which is well
beyond the temporary effects of the vocal fold injection that

Figure 4 Arytenoid position.
Figure 5 Cord edge.
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was performed in the majority of patients.16 Thus, any voice
improvement is generally a result of the ansa-RLN anasto-
mosis.

These results are consistent with other reports using
ansa-RLN anastomosis. Zheng et al14 reported a series of
eight patients who underwent this procedure and found
acoustic analysis to be significantly improved and visual
stroboscopic analysis of the majority of patients showed
retained tone and mucosal wave in the treated side. Crumley
described his experience with this technique over 10 years
in 20 patients. Twelve of these patients had stroboscopies,
and 11 of these patients were thought to have results far
superior to Teflon injection and Isshiki type 1 thyroplasty.9

Maronian et al17 reported that clinical improvement was
noted as early as 2-3 months after the reinnervation, which
is slightly less than our findings of 4 months.

The ansa cervicalis appears to be a good choice for
laryngeal reinnervation. The nerve is found easily within the
surgical field, and there is no phasic activity in the sterno-
hyoid branch with respiration.10 Green et al18 demonstrated
in a canine model that at 5-6 months, evoked electromyo-
graphy (EMG) indicated some degree of reinnervation. These
reinnervation EMG findings were also reflected patients who
underwent serial EMG studies postoperatively.14,17

This series is limited by the drawbacks of a retrospective
design. Patient perceptions may be influenced by the vari-
ability in time between the procedure and when the survey
was conducted. There is variation in the concurrent surgical
procedures performed along with the ansa-RLN anastomo-
sis. Furthermore, there is no control or comparison group,
thereby exposing this series to selection bias. There was
heterogeneity in the chart information available for analysis.
For example, only 52 percent (n � 13) of the 25 patients in
this series had preoperative and postoperative video endo-
scopic examinations. Some of these patients had immediate
reinnervation after nerve injury, thereby precluding obtain-
ing a preoperative videostrobe, which would have been
normal. However, this still represents one of the largest
series of ansa-RLN anastomosis in the literature. A multi-
institutional prospective study involving stroboscopy anal-
ysis of techniques of treating unilateral vocal cord paralysis
would be best suited to compare results. Special consider-
ation must be given to patients who would undergo ansa-

Figure 6 Cord position.
RLN anastomosis intraoperatively when their deficit would
occur (ie, vagal paraganglioma excision) and thus have a
normal stroboscopy preoperatively.

CONCLUSION

This case series reports favorable patient perception, acoustic
analysis, and laryngeal appearance results after ansa-RLN
anastomosis for the treatment of unilateral vocal fold paralysis.

The authors would like to thank Regina Krannert, RN, and
Ming Xu, MS, for their assistance in this research.
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