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Abstract

Objective. To evaluate the outcomes of reinnervation techniques for the treatment of adult
unilateral vocal fold paralysis and bilateral vocal fold paralysis.

Methods. A literature review was conducted in the Embase and Medline databases in English,
with no limitations on the publication date. The outcome parameters of interest included vis-
ual, subjective perceptual, acoustic, aerodynamic analysis and electromyography. A meta-ana-
lysis with a random-effects model and inverse variance was calculated.

Results. The systematic Preferred Reporting Items for Systematic Reviews and Meta-Analyses
approach resulted in 27 studies, totalling 803 patients (747 unilateral cases and 56 bilateral
cases). Thyroid cancer and/or surgery had caused unilateral vocal fold paralysis in 74.8 per
cent of cases and bilateral vocal fold paralysis in 69.6 per cent of cases. Statistically significant
improvements in patients were observed for voice, deglutition and decannulation (bilateral
vocal fold paralysis). Meta-analysis of 10 reinnervation techniques was calculated for the max-
imum phonation time of 184 patients.

Conclusion. Reinnervation was shown to improve voice, swallowing and decannulation, but
studies lacked control groups, limiting generalisability. Larger studies with controls are
needed.

Introduction

Laryngeal paralysis poses a distinct and diverse challenge that necessitates an individua-
lised approach focused on the patient and a variety of treatment options tailored to both
the type of laryngeal paralysis and the patient’s individual factors. Laryngeal reinnervation
is increasingly used as a surgical option for adults with unilateral vocal fold palsies and
bilateral vocal fold palsies."* In unilateral vocal fold paralysis, non-selective reinnervation
medially positions the affected vocal fold by restoring muscle tone and bulk, which
improves phonation. This approach commonly involves direct anastomosis of the ansa
cervicalis to the distal stump of the recurrent laryngeal nerve (ansa-RLN). In patients
with bilateral vocal fold paralysis, airway compromise is common because of the loss of
vocal fold abduction and often necessitates a tracheostomy. Selective reinnervation aims
to re-establish physiologic inspiratory abduction while maintaining phonation in patients
with bilateral vocal fold paralysis. Laryngeal reinnervation has several advantages over
other treatment options. Reinnervation can be performed immediately in patients with
pre-existing palsy or intra-operative nerve transection. In addition, patient safety can be
ensured with injection augmentations prior to the procedure, which preserves glottic
competence until the effects of reinnervation become evident. Despite modifications to
reinnervation techniques, studies have produced varying reports on the efficacy of differ-
ent approaches. The aim of our study was to review systematically existing published stud-
ies to determine the effectiveness and suitable applications of different techniques.

Material and methods

The systematic review followed Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (‘PRISMA’) guidelines. The main research question was developed as fol-
lows: What are the outcomes of existing laryngeal reinnervation techniques for managing
adults with unilateral vocal fold paralysis and bilateral vocal fold paralysis?

The search

A literature search was conducted on 10 October 2022 in the Embase and Medline data-
bases. The search terms used were ‘laryngeal’, ‘vocal cord’, ‘vocal fold’, ‘vocal ligament’
and ‘reinnervate’. No date restrictions were applied. The search was limited to human
studies only. The reference lists of the identified articles were screened for additional rele-
vant studies (Appendices 1 and 2).
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Eligibility criteria

The eligibility criteria were: primary research studies, studies
that included data on the adult population, studies that inves-
tigated unilateral vocal fold paralysis or bilateral vocal fold par-
alysis and reinnervation techniques, studies that documented
the outcomes of the reinnervation techniques for unilateral
vocal fold paralysis or bilateral vocal fold paralysis, and studies
that did not have duplicate patients or were not based on simi-
lar datasets.

The exclusion criteria were: absence of outcome para-
meters, description of only alternative techniques or novel
techniques, review articles, studies not in English and animal
or post-mortem studies.

Study selection and data extraction

All three authors were involved in the study selection and data
extraction. Two authors (AO and EV) read the articles identi-
fied in full and independently assessed each study based on the
exclusion criteria. No disagreement occurred between the
authors regarding which studies met the inclusion criteria
(K=1.0). Data extraction was performed independently by
two authors (AO and EV) on piloted forms. The qualitative
synthesis and descriptive statistics extracted from the results
were reported.

The data extracted were: patient age range, gender, type of
palsy, aetiology of vocal fold palsy, design, level of evidence,
intervention, supplemental interventions, outcome measure
and parameters, duration of paralysis before reinnervation,
length of follow up and time until first signs of reinnervation.

Outcomes

The outcome measures recorded from each study included
subjective and objective parameters: visual, subjective percep-
tual, acoustic, aerodynamic or laryngeal electromyography.
For bilateral vocal fold paralysis, spirometry and decannulation
rates were assessed for improvement in voice and airway. Data
included mean values, standard deviations, confidence inter-
vals and/or p values when available. Generalised scales were
utilised across studies and are reported in the results section.

Meta-analysis

Average values of the pre- and post-operative maximum phon-
ation time were obtained through meta-analysis, with a 95 per
cent confidence interval (CI). Calculations were made for arti-
cles with raw data. Meta-analysis was performed with a
random-effects model and inverse variance weighting because
of the high data heterogeneity. I* determined the proportion
of variance. Statistical heterogeneity was assessed by prediction
interval. The prediction interval was analysed to determine how
much the effects varied.” Statistical significance was held at p <
0.05. RevMan v5.4 software (Cochrane) was used to calculate
the maximum phonation time effect size between reinnervation
techniques. Jasp v16.4 software (University of Amsterdam, the
Netherlands) was used to calculate Egger’s regression test.

Assessment of the level of evidence and quality

The studies were classified according to the type and level of
evidence specified in the 2011 Oxford classification.* The
quality of each study was assessed by determining a score
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from 0 (low quality) to 8 (high quality) using the following sys-
tem: data collection purpose (1 indicates patient care or not
stated, 2 indicates research purposes); sample selection (con-
secutive or not: 1 indicates none or not stated, 2 indicates con-
secutive); follow-up period of one year or more (1 indicates
less than one year or not stated, 2 indicates one year or
more), post-operative or follow-up data status (1 indicates
lack of data not accounted for or not stated, 2 indicates
accounted for).

Results
Study selection

The initial search revealed 801 articles. After removing dupli-
cate articles, title/abstract and full-text screening, and adopting
the selection criteria, 27 articles were eligible for inclusion in
the systematic review. Of these, 10 were included in the
meta-analysis for maximum phonation time (Figure 1).>"'*

Methodological quality

All but two studies, one case-control'> and one prospective
cohort,'® were case series. Only four studies used consecutive
samples.>'>'”'® All but five studies had a median follow-up
period of at least 12 months after reinnervation.®”'*~!
One study did not describe the surgical technique.*

Population characteristics

Study sample sizes ranged from 2 to 237 patients, totalling 803
patients (66.5 per cent female) with a mean age of 49.2 years
(range, 12-82 years) who underwent reinnervation (Table 1).
The median duration of paralysis before reinnervation was 2.7
months (range, 1-366 months). The median follow-up period
was 14 months (standard deviation (SD)=1.53) and 534 out
of 803 patients had pre- and post-operative data reported.
However, the patient characteristics describe all 803 patients
because it was not possible to differentiate the data within the
studies. Thyroid cancer and/or surgery accounted for most uni-
lateral and bilateral vocal fold palsies, 74.8 per cent (559 of 747
cases) and 69.6 per cent (39 of 56 cases), respectively (Tables 2
and 3). This was followed by idiopathic (6.2 per cent, 46 of 747
cases) for unilateral vocal fold paralysis and laryngeal trauma
(21.4 per cent, 12 of 56 cases) for bilateral vocal fold paralysis.
Three studies described selective reinnervation in bilateral
vocal fold paralysis using different nerve combinations,'"'*>?*?
one study reported both selective and non-selective reinnerva-
tion,'® and the remaining studies explored non-selective
reinnervation. Ansa-RLN anastomosis was performed in 511
patients, supplemented with cricothyroid reinnervation in 74
high vagal injuries.>'”*' Seven studies reported two techniques
with shared demographics.”'*'*'%*>**?>  Eleven studies
involved supplementation with injection, using Permacol,
AlloDerm or Gelfoam ®'¢-2>24-2¢

Visual analysis

Glottic closure and vocal fold movement

Glottic closure was the most frequently described parameter.
Data were collected using a scale from 0 to 3, where 0 indicated
complete closure and 3 indicated severely incomplete closure.
One study reported this using a different scale, with 0 indicat-
ing severely incomplete closure and 3 representing complete
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Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses (‘PRISMA’) diagram. SD = standard deviation; IV = intravenous; Cl = confidence interval

closure."” It was not possible to adjust this because of the lack of
raw data. Nine of the 10 studies showed improvement in glottic
closure/gap,” 1012151718242 \with b values in 5,1121517 4 of
which demonstrated significant improvement (Table 4) 1215:17.28
Three studies explored visual findings for two techniques col-
lectively.'®'>** However, using the Mann-Whitney test, one
study showed no significant differences in voice parameters
between direct RLN and ansa-RLN reinnervation at baseline
and 12 months, respectively.'> One study showed no difference
in glottal gap.'"' Only one study measured vocal fold move-
ment and reported significant improvement in the functional
abduction of both vocal folds.""

Mucosal wave, true vocal fold edge and

true vocal fold position

Data were collected using a scale from 0 to 3 (0, absent mucosal
wave; 3, intact mucosal wave), except for one study in which the
scale was used in reverse.'” Three studies showed an improve-
ment in the mucosal wave,'>'>" with two demonstrating

significance'®'? (Table 5). One study showed no difference.”

True vocal fold edge was measured using a scale from 0 to 3
(0, straight; 1, mildly bowing; 2, moderately bowing; 3, severely
bowing). Three studies recorded improved vocal fold
edge,">'”'® with two showing significance."™'” No difference
in vocal fold edge was found for bilateral vocal fold paralysis.''
The true vocal fold position scale was 0 (midline) and 3 (lat-
eral), with heterogeneous findings. One study showed signifi-
cant improvement in vocal fold position'> and another
reported an insignificant improvement.” Vocal fold position
was worse in two studies,”'® while another showed no
difference.”*

Supraglottic effort and vertical height difference

Two studies recorded supraglottic effort and vertical height
(Table 5).”'® Both showed improvement in effort and an insig-
nificant difference in height. The supraglottic effort scale ranged
from 0 (normal) to 3 (severe effort). For vertical height, a scale
from 0 (no change) to 1 (height difference) was used.
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Table 1. Study characteristics
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Study Score Intervention(s) Supplemental procedure Surgical subjects (n)
Mansor (2021)* 7 Primary RLN; Ansa-RLN Injection 3
Candelo (2021)* 7 SLR phrenic; Ansa-RLN Injection; medialisation 8
Buyukatalay (2021)* 6 Ansa-RLN; NMP Injection 10
Yuan (2020)%" 7 Primary RLN; Ansa-RLN; Vagus-RLN; FNG None 37
Wang (2020)® 7 Ansa-RLN None 53
Ab Rani (2019)** 7 Ansa-RLN None 9
Li (2019)* 7 SLR phrenic and hypoglossal None 7
Mat Baki (2018)%3 7 SLR phrenic and ansa None 2
Kodama (2015)%° 7 NMP +AA None 33
Lee (2014)*? 8 Primary RLN; Ansa-RLN None 19
Li (2013)** 7 SLR left phrenic None 44
Wang (2011)* 7 Ansa-RLN None 237
Sanuki (2010)*° 6 Primary RLN; Ansa-RLN; FNG None 12
Miyauchi (2009)° 7 Primary RLN; Ansa-RLN None 88
Smith (2008)® 7 Ansa-RLN Injection; medialisation 6
Lorenz (2008)*" 7 Ansa-RLN + CT MNM Injection 46
Su (2007)° 7 Implantation None 10
Lee (2007)%® 7 Ansa-RLN + CT MNM Injection 25
Chou (2003)” 6 Primary RLN None 8
Maronian (2003)%* 7 Ansa-RLN; NMP Injection 9
El-Kashlan (2001)* 5 Ansa-RLN + CT MNM Injection; medialisation 3
Paniello (2000)° 6 Hypoglossal-RLN None 9
Olson (1998)%° 6 Ansa-RLN Injection 12
Zheng (1996)* 7 Ansa-RLN None 8
Crumley (1991)*° 4 Ansa-RLN Injection 12
Tucker (1989)** 6 NMP None 73
May (1986)*° 5 NMP Injection 20
Total 803

Primary RLN = primary recurrent laryngeal nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; Injection = injection laryngoplasty with Permacol,
Alloderm or Gelfoam; SLR phrenic = SLR of bilateral posterior cricoarytenoid muscles with phrenic nerve; SLR left phrenic = selective laryngeal reinnervation of bilateral posterior
cricoarytenoid muscles with left phrenic nerve; Medialisation = arytenoid medialisation; NMP = ansa cervicalis to thyroarytenoid neuromuscular pedicle; Vagus-RLN =vagus to recurrent
laryngeal nerve anastomosis; FNG = free nerve grafting of supraclavicular, transverse cervical or ansa cervicalis to recurrent laryngeal nerve; SLR phrenic and hypoglossal = selective laryngeal
reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and branch of hypoglossal nerve; SLR phrenic and ansa = selective laryngeal reinnervation of bilateral posterior
cricoarytenoid muscles with phrenic and ansa cervicalis; NMP + AA = ansa cervicalis to thyroarytenoid neuromuscular pedicle and arytenoid adduction; CT MNM = cricothyroid
muscle-nerve-muscle neuromuscular pedicle; Implantation = ansa cervicalis to thyroarytenoid neural implantation; Hypoglossal-RLN = hypoglossal to recurrent laryngeal nerve anastomosis

Perceptual analysis

The Overall Grade, Roughness, Breathiness, Asthenia and
Strain rating scale and the Consensus Auditory-Perceptual
Evaluation of Voice scale were used to measure severity, rough-
ness, breathiness and strain. Apart from one study that used a
scale ranging from 0 to 120 and was adjusted to a scale of 0
to 3,”° the Overall Grade, Roughness, Breathiness, Asthenia
and Strain scores ranged from 0 (normal) to 3 (severe dyspho-
nia). Three studies”'>'"> showed significant improvement in the
Overall Grade, Roughness, Breathiness, Asthenia and Strain
score. Six studies”'®'>****?® showed improvements in overall
grade, five studies”'**>***® in roughness and breathiness, and
in three studies, asthenia and strain demonstrated
improvements (Table 6). Two earlier studies'”'® used the
Consensus Auditory-Perceptual Evaluation of Voice scale and
demonstrated an improvement in all the categories (Table 7)
on a scale from 0 (normal) to 100 (severe dysphonia).

7,24,26

The Eating Assessment Tool — 10 was used to assess dys-
phagia. Two studies showed improvements following reinner-
vation (Table 8).*%*

Subjective assessment

s 12,1423 . : :
Three studies reported improvements in the Voice

Handicap Index (Table 9). One study'” reported findings for
two different techniques — Primary RLN and Ansa-RLN anas-
tomosis. One study'* was statistically significant.

Acoustic analysis

The mean noise-to-harmonics ratio and measures of phon-
ation stability, namely jitter and shimmer, were reported as
percentages. Statistical analysis using the Mann-Whitney test
showed no significant differences in voice parameters between
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Table 2. Aetiologies of unilateral vocal fold paralysis patients who underwent non-selective laryngeal reinnervation

Procedure Cases (n) Ansa-RLN (n) Ansa-RLN + CT MNM (n) NMP (n) Primary RLN (n) Vagus-RLN (n) Implantation (n) Hypo-glossal -RLN (n) FNG (n)
Thyroid cancer + surgery 559 406 14 48 61 17 4 9
Idiopathic 46 15 19 9 1 2
Mediastinal mass surgery 24 1 14 5 1 3
Neck/laryngeal trauma 8 2 1 5
Aortic surgery 18 4 7 7
Spine surgery 18 4 9 1 3 1
Vagal paraganglioma 16 3 12 1
Skull base tumour 8 2 1 5
Parathyroidectomy 7 2 3 1 1
Cerebrovascular accident 6 4 1
Oesophageal cancer + surgery 4 2 2
Jugular paraganglioma 3 1 2
Neck mass excision 3 2 1
Lung cancer 3 1 2
Endarterectomy 2 2
Mediastinoscopy 3 1 2
Multinodular goitre 2 1 1
Patent ductus arteriosus ligation 2 2
Pulmonary tuberculosis 3 2 1
Scar tissue lysis 3 3
Thymus tumour 2 2
Vagal schwannoma 3 2 1
Vagal neurofibroma 2 2
Graves disease 1 1
Intubation 1 1

Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; CT MNM = cricothyroid muscle-nerve-muscle neuromuscular pedicle; NMP = ansa cervicalis to thyroarytenoid neuromuscular pedicle; Primary RLN = primary recurrent laryngeal nerve anastomosis;
Vagus-RLN =vagus to recurrent laryngeal nerve anastomosis; Implantation = ansa cervicalis to thyroarytenoid neural implantation; Hypoglossal-RLN = hypoglossal to recurrent laryngeal nerve anastomosis; FNG = free nerve grafting of supraclavicular, transverse cervical or
ansa cervicalis to recurrent laryngeal nerve
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Table 3. Aetiologies of bilateral vocal fold paralysis patients who underwent selective laryngeal reinnervation

SLR phrenic SLR phrenic
Etiology Patients (n) SLR phrenic (n) and ansa (n) and hypoglossal (n)
Thyroid cancer + surgery 39 32 7
Neck/laryngeal trauma 12 12
Vagal paraganglioma 5 3 2

SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic nerve; SLR phrenic and ansa = selective laryngeal reinnervation of bilateral posterior
cricoarytenoid muscles with phrenic and ansa cervicalis; SLR phrenic and hypoglossal = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and

branch of the hypoglossal nerve

primary RLN and ansa-RLN at baseline and 12 months
after reinnervation.'” Four studies demonstrated improvement
of noise-to-harmonics ratio p values (Table 10),"'”'* and
two studies were statistically significant.'>'> For jitter and

shimmer, nine studies demonstrated an improvement
6,9,11-14,21,23 27 - L

(Table 11). Four studies were statistically

oo 9,12,13,27

significant.

Aerodynamic analysis

All 10 studies measuring maximum phonation time values
showed improvements (Table 12).>"* Four studies demon-
strated statistical significance.””'*"> The mean airflow rate
from one study showed a significant improvement
(Table 13).°

Electromyography

A scale ranging from 0 (full interference) and 3 (no motor unit
potential) was used to measure electromyography. Two studies
showed a significant improvement in thyroarytenoid mus-
cles,">** while another showed a significant improvement in
bilateral posterior cricoarytenoids and no difference in thyr-
oarytenoids (Table 14).'" In one study, full interference of
bilateral posterior cricoarytenoid during inspiration and bilat-
eral thyroarytenoid during phonation were recorded, but mod-
erate elelc;tric potentials were observed in the left interarytenoid
muscle.

Table 4. Glottic closure

Pulmonary function tests and decannulation rate

Two studies measuring pulmonary function parameters
showed recovery to normal reference values within 12 months
after reinnervation, except for PI.. (Table 15).1013 High
decannulation rates were observed in both studies
(Table 16). No significant pulmonary function morbidity
with SLR was observed in one study.*

Meta-analysis

Ten studies describing 12 techniques were subjected to
meta-analysis to assess pre- and post-operative maximum
phonation time,” "* with 184 patients (Figure 2). Two studies
were incalculable as a result of a lack of SD data.”® Two studies
described selective laryngeal reinnervation while all the others
described non-selective laryngeal reinnervation.''> There was
a statistically significant increase of 1.32 seconds (95 per cent
CI 0.79-1.85). Two studies'"'* were outside the 95 per cent
CI (Appendix 2), suggesting the presence of publication bias.
I?is equal to 73 per cent with a prediction interval between
-0.35 and 2.99 (Figure 2).

Discussion

The existing literature on adult reinnervation techniques
mainly consists of case series, and only a few case-control
studies have explored reinnervation for unilateral vocal fold
paralysis, with a recent randomised, controlled trial (RCT)
comparing reinnervation with medialisation for unilateral

Study Intervention(s) Subjects (n) Pre-operative (SD) Post-operative (SD)
Chou (2003)*” Primary RLN 8 2.25 (1.16) 0.5 (0.53)
Zheng (1996)* Ansa-RLN 8 2.26 0.75
Lorenz (2008)* 517 Ansa-RLN; Ansa-RLN + CT MNM 21 0.68 0.19

Lee (2007)%8 Ansa-RLN; Ansa-RLN + CT MNM 13 1 0.1
Maronian (2003)*2* Ansa-RLN; NMP 7 1.85 0.28

Su (2007)**° Implantation 9 2 0

Sanuki (2010)**° Primary RLN; Ansa-RLN 6 1.5 (0.84) 0.34 (0.52)
Wang (2011)**° Ansa-RLN 237 2.86 (0.35) 0.1 (0.42)
Li (2013)** SLR left phrenic 44 1.3 (1.05) 1.36 (1.04)
Lee (2014)**? Primary RLN, Ansa-RLN 19 0.59 (0.79) 2.60 (0.57)

*Statistical significance noted; 'Confidence interval of 0.04 to 0.9 recorded; *Supplementation with injection laryngoplasty: Permacol, micronised AlloDerm or Gelfoam; **Supplementation
with medialisation thyroplasty; *Pre-operative value is baseline probability, post-operative value is odds ratio. SD =standard deviation; Primary RLN = primary recurrent laryngeal nerve
anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; CT MNM = cricothyroid muscle-nerve-muscle neuromuscular pedicle; NMP = ansa cervicalis to
thyroarytenoid neuromuscular pedicle; Implantation = ansa cervicalis to thyroarytenoid neural implantation; SLR phrenic = selective laryngeal reinnervation of bilateral posterior
cricoarytenoid muscles with phrenic nerve; SLR left phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with left phrenic nerve
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Table 5. Vocal fold movement

A Onifade, E Vincent, N Tolley

Parameter Study Intervention(s) Subjects (n) Pre-operative (SD) Post-operative (SD)
Mucosal wave Crumley (1991)"**2° Ansa-RLN 5 1 0.2

Sanuki (2010)**° Primary RLN; Ansa-RLN 6 1.2 (1.0) 2.5 (0.5)

Lee (2014)**2 Primary RLN, Ansa-RLN 19 0.47 (0.71) 2.33 (0.48)
True vocal fold edge Lorenz (2008)* 1+ Ansa-RLN; Ansa-RLN + CT MNM 21 0.69 0.25

Lee (2007)™8 Ansa-RLN; Ansa-RLN + CT MNM 13 1 0.66

Wang (2011)**® Ansa-RLN 237 2.06 (1.0) 0.08 (0.36)

Li (2013) Left'* SLR left phrenic 44 0.73 (0.85) 0.93 (0.9)

Li (2013) Right™* 44 0.61 (0.72) 0.77 (0.77)
True vocal fold position Maronian (2003)%* Ansa-RLN; NMP 7 2.38 2.38

Lorenz (2008)"*7 Ansa-RLN; Ansa-RLN + CT MNM 21 0.38 0.33

Lee (2007)™8 Ansa-RLN; Ansa-RLN + CT MNM 13 1.23 1.13

Su (2007)° Implantation 9 2.25 2.81

Wang (2011)**® Ansa-RLN 237 1.37 (0.67) 0.34 (0.56)
Supraglottic effort Lorenz (2008)™#7 Ansa-RLN; Ansa-RLN + CT MNM 21 0.78 1.34

Lee (2007)™8 Ansa-RLN; Ansa-RLN + CT MNM 13 1.3 0.95
Vertical height difference Lorenz (2008)"#7 Ansa-RLN; Ansa-RLN + CT MNM 21 0.14 0.2

Lee (2007)™8 Ansa-RLN; Ansa-RLN + CT MNM 13 0 0

*Statistical significance noted; 'Supplementation with injection laryngoplasty: Permacol, micronised AlloDerm or Gelfoam; *Pre-operative value is baseline probability, post-operative value is
the odds ratio; **Confidence interval of 0.24 to 1.36 recorded. SD = standard deviation; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; Primary RLN = primary recurrent
laryngeal nerve anastomosis; CT MNM = cricothyroid muscle-nerve-muscle neuromuscular pedicle; SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles
with phrenic nerve; NMP = ansa cervicalis to thyroarytenoid neuromuscular pedicle; Implantation =ansa cervicalis to thyroarytenoid neural implantation

vocal fold paralysis.'* The studies investigating bilateral palsies
are limited to case series, indicating that reinnervation techni-
ques are mostly supported by level 4 evidence. Our objective
was to systematically review the literature on adult reinnerva-
tion techniques to assess their effectiveness.

Significant improvements in multidimensional voice outcomes were
observed in adults after reinnervation for both unilateral and bilateral
palsies, as well as decannulation rates for bilateral vocal fold paralysis
Reinnervation of bilateral palsies is more complex and supported by
limited evidence compared to unilateral palsies

A meta-analysis of 10 reinnervation techniques involving 184 patients
demonstrated favourable outcomes in terms of maximum phonation time
The studies included in the review were highly heterogeneous, mostly
consisting of small case series without control groups

Future studies should include larger sample sizes, differentiate between
reinnervation techniques, separate unilateral and bilateral palsies, and
incorporate control groups to provide more robust evidence

The distribution of true effects (Figure 3) shows that rein-
nervation primarily improves the maximum phonation time
for unilateral and bilateral palsies. However, two studies were
not statistically significant,'>** and another showed no signifi-
cant difference."* For example, in one study a patient had a
lack of vocal fold abduction, which may have been partly
attributed to old age, leading to less vigorous axonal regrowth
and an increased risk of general anaesthesia associated with
elderly patients.'' The inconsistency in results highlights the
requirement for careful patient selection for reinnervation.

Only two outliers are identified in the funnel plot
(Appendix 3). When assessed visually, there is an asymmet-
rical pattern, with most studies scattered on the right side.
This may be indicative of publication bias. In addition, this
suggests the presence of a small-study effect. It is possible
that the small subject case series included were only those

with significant reinnervation effects, while unpublished stud-
ies with similar standard errors, but smaller and less signifi-
cant reinnervation effects, were excluded.’®>’

Other factors should be considered, such as selective report-
ing of outcomes and chance. For example, the operating sur-
geons may only report findings based on their experiences
while the less favourable outcome parameters go unreported.
This may have been the case in studies where raw data were
unavailable. This can lead to an overestimation of the true
reinnervation effects observed. Importantly, the funnel plot
does not assess the existence of publication bias but instead
provides a visual aid. Hence, statistical analysis with Egger’s
test was performed to further evaluate publication bias.”

Egger’s regression test detects publication bias in a
meta-analysis by assessing the funnel plot for asymmetry.
Because a p value of <0.05 was calculated (Figure 4), we can
report the presence of publication bias. Importantly, the test
only measures small study bias, which can include publication
bias. The test also considers other features of small study bias,
such as the differences in study designs.® By calculating
Egger’s test, we assume that the analysis consists of a sufficient
number of studies and severe bias is absent, which is necessary
for the test to have sufficient power. However, it is only applic-
able if a range of study sizes with a minimum of a medium-sized
study are included.” One could therefore argue against its use
because our studies are mostly limited to a small number of sub-
jects. Another attempt was made to adjust for publication bias
with the precision-effect test and precision-effect estimate with
standard errors method. This is an approach aimed at small-
study effects that adjusts for the correlation between effect
sizes and standard errors.”* We were unsuccessful in using this
technique because of the inability to calculate the correlation
for the effect size. Possible explanations include abnormal distri-
bution of data, inadequate data and the presence of outliers.
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Study Intervention Subjects (n) Pre-operative (SD) Post-operative (SD)
Grade

- Chou (2003)*” Primary RLN 8 1.75 (0.71) 0.38 (0.52)
- Olson (1998)™%¢ Ansa-RLN 11 1.75 1.02

- Maronian (2003)"* Ansa-RLN 5 2 1.4

- Maronian (2003)™* NMP 3 1.8 0.53

- Sanuki (2010)**° Primary RLN; Ansa-RLN 6 1.2 (0.8) 0.3 (0.8)

- MatBaki (2018)% SLR phrenic and ansa 2 1 (1.41) 0.5 (0.71)
- Li (2019)**+13 SLR phrenic and hypoglossal 7 0.8 0.4
Roughness

- Chou (2003)*” Primary RLN 8 1.5 (0.53) 0.5 (0.53)
- Olson (1998)™%¢ Ansa-RLN 11 3 0.78

- Maronian (2003)"2* Ansa-RLN 5 1.94 1.14

- Maronian (2003)* NMP 3 1.6 0.67

- Sanuki (2010)**° Primary RLN; Ansa-RLN 6 1.0 (0.6) 0.2 (0.4)

- MatBaki (2018)* SLR phrenic and ansa 2 1 (1.41) 0 (0)
Breathiness

- Chou (2003)*” Primary RLN 8 1.38 (0.74) 0.5 (0.93)
- Olson (1998)™%¢ Ansa-RLN 11 1.21 0.56

- Maronian (2003"* Ansa-RLN 5 1.66 0.66

- Maronian (2003)* NMP 3 0.9 0.2

- Sanuki (2010)**° Primary RLN; Ansa-RLN 6 0.7 (0.8) 0.2 (0.4)

- MatBaki (2018)% SLR phrenic and ansa 2 0.5 (0.7) 0.5 (0.71)
Asthenia

- Chou (2003)*” Primary RLN 8 1.25 (0.71) 0.125 (0.35)
- Olson (1998)1%° Ansa-RLN 11 1.03 0.64

- Maronian (2003)%* Ansa-RLN 5 1.48 0.54

- Maronian (2003)* NMP 3 0.76 0.3

Strain

- Chou (2003)*” Primary RLN 8 1 (0.76) 0.25 (0.46)
- Olson (1998)™%¢ Ansa-RLN 11 0.98 0.91

- Maronian (2003)™* Ansa-RLN 5 0.06 0

- Maronian (2003)'2* NMP 3 0.43 0

*Statistical significance noted; "Supplementation with injection laryngoplasty: Permacol, micronised AlloDerm or Gelfoam. SD = standard deviation; Primary RLN = primary recurrent laryngeal
nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; NMP = ansa cervicalis to thyroarytenoid neuromuscular pedicle; SLR phrenic and ansa = selective
laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and ansa cervicalis; SLR phrenic and hypoglossal = selective laryngeal reinnervation of bilateral posterior

cricoarytenoid muscles with phrenic and branch of hypoglossal nerve

The review showed improvements in voice and deglutition
for unilateral vocal fold paralysis following reinnervation.
Ansa-RLN anastomosis, the most studied approach, demon-
strated significant improvement in glottic closure, mucosal
wave, Eating Assessment Tool-10, Voice Handicap Index
and the Consensus Auditory-Perceptual Evaluation of
Voice scoring, jitter and shimmer, maximum phonation
time, and laryngeal electromyography. Ansa-RLN was mostly
associated with thyroid disease and/or surgery followed by
idiopathic aetiology. To our knowledge, the largest study,
published by Wang et al.,"” with improvements in voice qual-
ity, analysed 237 ansa-RLN anastomosis patients for unilat-
eral vocal fold paralysis along with age- and
gender-matched normal subjects. Ansa cervicalis to thyroar-
ytenoid neuromuscular pedicle was the second most studied

reinnervation technique. Vocal fold vibration, aerodynamic
analysis and perceptual evaluation showed significant
improvements. Laryngeal electromyography data for the
neuromuscular pedicle technique was limited. One study
showed positive outcomes when neuromuscular pedicle tech-
nique was combined with arytenoid adduction.*® The neuro-
muscular pedicle approach was more prevalent following
aortic and mediastinal mass surgery, cerebrovascular acci-
dent, skull base tumours and neck trauma.

Primary RLN was the third most studied technique, and
was almost exclusively reserved for thyroid cancer and/or
surgical aetiology. The vagus-RLN anastomosis technique
demonstrated an improvement in maximum phonation
time and Overall Grade, Roughness, Breathiness, Asthenia
and Strain score.”® Post-operative voice outcomes also
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Table 7. Consensus Auditory-Perceptual Evaluation of Voice scale analysis

Study Intervention(s) Subjects (n) Pre-operative (SD) Post-operative (SD)
Severity

- Lee (2007)™® Ansa-RLN; Ansa-RLN + CT MNM 13 100 35

- Lorenz (2008)*7 Ansa-RLN; Ansa-RLN + CT MNM 21 61.3 (5.6) 37.9 (7.3)
Roughness

- Lee (2007)* Ansa-RLN; Ansa-RLN + CT MNM 13 100 30

- Lorenz (2008)*™7 Ansa-RLN; Ansa-RLN + CT MNM 21 41.4 (5.3) 23.1 (7.1)
Breathiness

- Lee (2007)*® Ansa-RLN; Ansa-RLN + CT MNM 13 100 0

- Lorenz (2008)*7 Ansa-RLN; Ansa-RLN + CT MNM 21 53.3 (6) 43.8 (8)
Strain

- Lee (2007)*® Ansa-RLN; Ansa-RLN + CT MNM 13 100 66

- Lorenz (2008)’*'T17 Ansa-RLN; Ansa-RLN + CT MNM 21 24.7 (5.6) 15.6 (7.4)

*Statistical significance noted; 'Supplementation with injection laryngoplasty: Permacol, micronised AlloDerm or Gelfoam. SD = standard deviation; Ansa-RLN = ansa cervicalis to recurrent
laryngeal nerve anastomosis; CT MNM = cricothyroid muscle-nerve-muscle neuromuscular pedicle

Table 8. EAT-10 score

Study Intervention(s) Subjects (n) Pre-operative Post-operative
MatBaki (2018)* SLR phrenic and ansa 2 6 2
Buyukatalay (2021)** Ansa-RLN; NMP 6 13 7

Voice-related quality of life was assessed using the Voice Handicap Index questionnaire in three studies,>**?* all of which showed improvements. *Supplementation with injection

laryngoplasty: Permacol, micronised AlloDerm or Gelfoam. SLR phrenic and ansa = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and ansa
cervicalis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; NMP = ansa cervicalis to thyroarytenoid neuromuscular pedicle

Table 9. Voice Handicap Index

Study Intervention(s) Subjects (n) Pre-operative (SD) Post-operative (SD)
Lee (2014)*? Primary RLN 12 85.2 (17.4) 40.7 (22.9)

Lee (2014)*? Ansa-RLN 7 84.4 (17.7) 49.1 (26.6)

MatBaki (2018)% SLR phrenic and ansa 2 8 (11.31) 3(2.83)

Ab Rani (2019)** Ansa-RLN 10 18.57 (18.08) 1.57 (2.57)

*Statistical significance noted. SD =standard deviation; Primary RLN = primary recurrent laryngeal nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis;
SLR phrenic and ansa = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and ansa cervicalis

Table 10. Noise-to-Harmonics ratio

Study Intervention(s) Subjects (n) Pre-operative (SD) Post-operative (SD)
Lee (2014)*? Primary RLN; Ansa-RLN 19 16.8 (5.3) 34.9 (1.2)

Li (2013)* SLR left phrenic N 44 0.08 (0.04) 0.09 (0.14)

Li (2019)**3 SLR phrenic and hypoglossal 7 0.09 (0.03) 0.06 (0.02)

Ab Rani (2019)* Ansa-RLN 10 0.32 (0.53) 0.06 (0.11)

*Statistical significance noted. SD =standard deviation; Primary RLN = primary recurrent laryngeal nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis;
SLR left phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with left phrenic nerve; SLR phrenic and hypoglossal = selective laryngeal reinnervation of
bilateral posterior cricoarytenoid muscles with phrenic and branch of hypoglossal nerve

10,35 A 24

comparison.”** One study performed hypoglossal-RLN
anastomosis.’ This could be possibly due to its association
with high donor site morbidity.*”® Implantation of the
ansa cervicalis into the thyroarytenoid was performed
when the RLN could not be located, with improvements
in 6 out of 10 patients.’

improved when free nerve grafting was carried out.
free nerve grafting study attributed voice improvements to
the return of thyroarytenoid tone and bulk without provid-
ing any data on atrophy.'"” However, only two studies
recorded an improvement in the atrophy of the thyroaryte-
noid muscle so it was not possible to make a
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Table 11. Jitter and shimmer

Subjects Pre-operative Post-operative Pre-operative Post-operative
Study Intervention(s) (n) jitter (% (SD)) jitter (% (SD)) shimmer (% (SD)) shimmer (% (SD))
Zheng (1996)**° Ansa-RLN 8 2.03 (1.25) 0.43 (0.23) 8.83 (2.24) 3.22 (2.11)
El-Kashlan Ansa-RLN + CT MNM 3 10.6 0.64 1.02 0.15
(2001)™*
Su (2007)"9 Implantation 9 2.19 (0.71) 0.54 (0.31) 7.18 (0.97) 2.47 (1.22)
Paniello (2000)*° Hypoglossal-RLN 5 7.75 0.87 10.5 35
Li (2013)** SLR left phrenic 44 1.19 (0.54) 1.07 (0.36) 7.92 (2.33) 7.19 (1.71)
Lee (2014)**? Primary RLN, 19 4.86 (5.82) 1.73 (1.07) 8.05 (5.33) 5.11 (4.03)
Ansa-RLN
MatBaki (2018)% SLR phrenic and 2 1.0 (0.66) 0.97 (0.61) 2.24 (0.67) 2.02 (0.49)
ansa
Li (2019)* SLR phrenic and 7 0.96 (0.47) 0.59 (0.16) 6.13 (1.33) 4.26 (0.96)
hypoglossal
Ab Rani (2019)* Ansa-RLN 10 2.24 (2.06) 1.20 (0.76) 8.11 (5.01) 0.06 (0.11)

*Statistical significance noted; TInjection medialisation supplementation with Permacol, AlloDerm or Gelfoam. SD = standard deviation; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve
anastomosis; CT MNM = cricothyroid muscle-nerve-muscle neuromuscular pedicle; Implantation = ansa cervicalis to thyroarytenoid neural implantation; Hypoglossal-RLN = hypoglossal to
recurrent laryngeal nerve anastomosis; SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic nerve; SLR left phrenic = selective laryngeal
reinnervation of bilateral posterior cricoarytenoid muscles with left phrenic nerve; Primary RLN = primary recurrent laryngeal nerve anastomosis; SLR phrenic and ansa = selective laryngeal
reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and ansa cervicalis; SLR phrenic and hypoglossal = selective laryngeal reinnervation of bilateral posterior
cricoarytenoid muscles with phrenic and branch of hypoglossal nerve

Table 12. Maximum phonation time

Study Intervention(s) Subjects (n) Pre-operative MPT (SD) Post-operative MPT (SD)
Chou (2003)*" Primary RLN 8 49 (1.3) 10.1 (1.8)
Miyauchi (2009)° Primary RLN 7 3.95 (2.21) 7.26 (2.68)
Smith (2008)® Ansa-RLN 6 6.5 13.2
Miyauchi (2009)° Ansa-RLN 63 3.95 (2.21) 7.05 (2.93)
Su (2007)*° Implantation 9 7(1.22) 16 (5.52)
Paniello (2000)*° Hypoglossal-RLN 5 2 15.6
Sanuki (2010)**° Primary RLN; Ansa-RLN 6 7.1 (2.6) 16.2 (6.2)
Li (2013)** SLR left phrenic 44 8.9 (3.2) 9.2 (1.6)
Lee (2014)** Primary RLN 12 7.77 (3.170 10.57 (2.33)
Lee (2014)*? Ansa-RLN 7 6.01 (1.86) 10.23 (2.51)
MatBaki (2018)% SLR phrenic and ansa 2 15 (0) 9.5 (0.71)
Li (2019)*4 SLR phrenic and hypoglossal 7 8.28 (2.08) 12.16 (1.59)
Ab Rani (2019)* Ansa-RLN 10 11.58 (4.88) 15.29 (5.82)

*Statistical significance noted; 'Injection medialisation supplementation with Permacol, AlloDerm or Gelfoam. MPT = maximum phonation time; SD = standard deviation; Primary RLN =
primary recurrent laryngeal nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; Implantation = ansa cervicalis to thyroarytenoid neural implantation;
Hypoglossal-RLN = hypoglossal to recurrent laryngeal nerve anastomosis; SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic nerve; SLR
left phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with left phrenic nerve; SLR phrenic and ansa = selective laryngeal reinnervation of bilateral
posterior cricoarytenoid muscles with phrenic and ansa cervicalis; SLR phrenic and hypoglossal = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic
and branch of hypoglossal nerve

Table 13. Mean airflow rate

Study Intervention Subjects (n) Pre-operative (SD) Post-operative (SD)

Sanuki 2010* *° Primary RLN; Ansa-RLN 6 271 (325.1) 110.3 (38.4)

*Statistical significance noted. SD =standard deviation; Primary RLN = primary recurrent laryngeal nerve anastomosis; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis

Four articles reported outcomes following selective reinner-
vation with improvements in vocal fold abduction while main-
taining phonation.'">'*'®** The phrenic nerve was used either

solely or in combination with another (ansa cervicalis or
hypoglossal nerve), with favourable results in vocal fold abduc-
tion, Overall Grade, Roughness, Breathiness, Asthenia and
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Table 14. Electromyographic data

A Onifade, E Vincent, N Tolley

Subjects Pre-operative TA Post-operative TA Pre-operative PCA Post-operative PCA
Study Intervention (n) (SD) (SD) (SD) (SD)
Wang (2011)** Ansa-RLN 209 1.81 (0.51) 0.26 (0.46) = =
Li (2013)" SLR left 31 left 1.81 (0.83) 2.0 (0.45) 2.0 (0.77) 0.16 (0.37)
phrenic K
31 right 1.9 (0.7) 2.06 (0.44) 2.0 (0.73) 0.42 (0.50)

SD =standard deviation; Ansa-RLN = ansa cervicalis to recurrent laryngeal nerve anastomosis; TA = thyroarytenoid; PCA = posterior cricoarytenoid; SLR phrenic = selective laryngeal

reinnervation of bilateral posterior cricoarytenoid muscles with phrenic nerve

Table 15. Pulmonary function parameters

Study Intervention(s) Subjects (n) Parameter Pre-operative (SD) Post-operative (SD)
Li (2013)™ SLR left phrenic 38 VC 2.64 (0.71) 3.30 (0.84)

FVC 2.68 (0.74) 3.25 (0.80)

FEV1 2.29 (0.66) 2.78 (0.69)

Plimax 62.39 (14.89) 66.13 (11.29)
Li (2019)= SLR phrenic and hypoglossal 7 VC 2.19 (0.22) 2.71 (0.34)

FVC 2.14 (0.27) 2.74 (0.39)

FEV, 1.77 (0.33) 2.25 (0.23)

Plimax 55.29 (13.56) 75.57 (7.09)

SD =standard deviation; SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid muscles with phrenic nerve; SLR phrenic and hypoglossal = selective laryngeal
reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and branch of hypoglossal nerve; VC = vital capacity; FVC = forced vital capacity; FEV, = forced expiratory volume in 1

second; Plyax = maximal inspiratory pressure

Strain rating score, laryngeal electromyography, pulmonary
function tests and decannulation rates. For thyroid surgery or
neck trauma, the left phrenic nerve was shown to improve several
vocal function parameters and decannulation rates in 39 out of
44 patients without any posterior cricoarytenoid synkinesis.
However, abnormal spontaneous activity was noted in the
thyroarytenoid of the four failed patients.""

Voice and swallowing improvements were demonstrated
without any significant vocal fold abduction in vagal paragan-
gliomas using the phrenic nerve and ansa cervicalis.”> The
phrenic and a branch of hypoglossal nerve showed significant
improvement in all parameters measured for six out of seven
patients, with moderate electric potentials of the left interaryte-
noid in the failed patient.'> The failure of vocal fold movement
was likely due to moderate aberrant reinnervation. Importantly,
this study showed mild aberrant reinnervation did not affect
recovery of vocal fold movement. Another study using the
phrenic nerve for selective reinnervation failed to produce any
vocal fold abduction in three patients.'®

Reinnervation of bilateral palsies is far more complex than
that of unilateral ones, with limited evidence. The existing lit-
erature involves a small group of surgeons who have made
further improvements to their techniques. For example, in

Table 16. Decannulation rate

Subjects Decannulation
Study Intervention (n) rate (n (%))
Li (2013)" SLR left phrenic 44 38 (87)
Li (2019)* SLR phrenic and 7 6 (86)

hypoglossal

SLR phrenic = selective laryngeal reinnervation of bilateral posterior cricoarytenoid
muscles with phrenic nerve; SLR phrenic and hypoglossal = selective laryngeal
reinnervation of bilateral posterior cricoarytenoid muscles with phrenic and branch of
hypoglossal nerve

2013, Li et al.'" explored the reinnervation of bilateral poster-
ior cricoarytenoid using the left phrenic nerve and in 2019"*
anastomosed the phrenic-hypoglossal nerves. As a result,
improvements in voice and swallowing function were observed
less often for bilateral palsies. In addition, the complexity of
selective reinnervation makes it more difficult for otolaryngol-
ogists to learn and undertake the techniques which pioneering
surgeons such as Roger Crumley and Professor Marie have
shown to be beneficial. Some experts have suggested that the
developments made in selective reinnervation have potential
for global dissemination.” Our review found many studies
describing multidimensional voice outcome parameters,
which will help support this suggestion. However, larger stud-
ies are required to improve the safety and feasibility of reinner-
vation. Unfortunately, it remains difficult to recruit subjects
for a sufficiently powered RCT. A potential solution was iden-
tified from a feasibility RCT to include controls with multidi-
mensional voice and swallowing outcomes.”’”

Significantly, non-selective reinnervation seeks to maintain
effective glottic closure, thereby preserving voice quality, while
selective reinnervation aims to restore normal inspiratory
abduction. Consequently, the outcomes of these two techni-
ques differ, suggesting the need to analyse them as distinct
entities. Nonetheless, if studied separately, the lack of reliable
primary data makes obtaining substantial findings unlikely.
The present study serves the purpose of providing a valuable
resource for otolaryngologists interested in this field and
emphasises the need for well-designed prospective studies
with proper controls.

Limitations

Several limitations were identified in the study. Firstly, signifi-
cant heterogeneity existed between the studies, including
patient age, type and duration of paralysis, follow-up time,
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Postoperative Preoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ab Rani (2019)* 15.29 5.82 10 11.58 4.88 10 11.0% 0.66 [-0.24, 1.57] =
Chou (2003)’ 10.1 1.8 8 49 1.3 8 6.6% 3.13 [1.54, 4.72] —
Lee (2014a)12 10.57 2.33 12 7.77 3.17 12 11.4% 0.97 [0.12, 1.83]
Lee (2014b)"? 10.23 2.51 7 6.01 1.86 7 8.2% 1.79 [0.48, 3.10] _
Li(2013)" 9.2 1.6 44 89 3.2 44  14.7% 0.12 [-0.30, 0.54] -1
Li (2019)" 12.16 1.59 7 828 2.08 7 7.9% 1.96 [0.61, 3.32] —_—
Miyauchi (2009a)’ 7.26 2.68 7 395 221 7 9.0% 1.26 [0.08, 2.45]
Miyauchi (2009b)* 7.05 2.93 63 3.95 2.21 63 15.0% 1.19 [0.81, 1.57] —
Paniello (2000)° 2 0 5 15.6 0 5 Not estimable
Sanuki (2010)"" 16.2 6.2 6 7.1 26 6 7.5% 1.77 [0.34, 3.19] _—
Smith (2008)°® 6.5 0 6 13.2 0 6 Mot estimable
Su (2007)° 16 5.52 9 7 1.22 9 8.7% 2.14 [0.93, 3.36]) —_—F
Total (95% CI) 184 184 100.0% 1.32 [0.79, 1.85] i
Heterogeneity: Tau® = 0.45; Chi* = 33.31, df = 9 (P = 0.0001); I’ = 73% _12 -:1 ) i ::2

Test for overall effect: Z = 4.88 (P < 0.00001)

Preoperative Postoperative

Figure 2. Forest plot: a comparison of reinnervation studies that assessed the maximum phonation time values

3.00 -2.00 -1.00 0.00 1.00

Standardised difference in means (d)

The mean effect size is 1.32 with a 95% confidence interval of 0.79 to 1.85
The true effect size in 95% of all comparable populations falls in the interval -0.35 to 2.99

supplemental medialisation, surgeon’s experience, outcomes
measured and type of reinnervation. For example, we cannot
clearly determine the effect of reinnervation when it is supple-
mented with augmentation. However, many agree that the
effects of vocal fold augmentation are temporary and largely
determined by the material used, with Restylane lasting for 6
months, fat for 12 months and calcium hydroxyapatite for
18 months.’®*' As a result, the lack of consistency between
studies makes it challenging to generalise findings. Secondly,
some studies that investigated multiple reinnervation techni-
ques did not differentiate outcomes for each. Three studies
pooled pre- and post-operative data for ansa-RLN and primary
RLN.>'*"? Two studies combined ansa-RLN and NMP
data.”>** Furthermore, two studies pooled data for ansa-RLN
and ansa-RLN + cricothyroid muscle-nerve-muscle neuromus-
cular pedicle.'>'” This makes it impossible to attribute find-
ings to one technique. Thirdly, as is generally the case, the
review is limited by the quality of studies. Only one study'”
fulfilled all criteria for quality checks. Other studies had weak-
nesses in follow-up periods, data collection purposes and
incomplete data. In addition, certain studies did not provide
raw data and were excluded from quantitative synthesis. The

Regression test for funnel plot asymmetry (Egger's test)

z p

sei 2.835 0.005

Figure 4. Egger’s test. sei = standard error of the intercept
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Figure 3. Distribution of true effects.
d = standardised difference in means

authors were contacted to provide this information, but no
response was received at the time of writing this paper.

Conclusion

Based on the review of 803 adults, surgical reinnervation
demonstrated improvements in both voice and swallowing
for unilateral and bilateral palsies, with improvements in
decannulation rates also observed for bilateral palsies. Our
meta-analysis provides clinical evidence supporting the effect-
iveness of reinnervation. However, the lack of control groups
in most studies prevented a clear determination of the true
effect of reinnervation.

Despite significant advances in standardisation for measur-
ing outcome parameters and reinnervation, our study identi-
fied several limitations, such as small sample sizes and
highly heterogeneous studies, which limit the generalisability
of our findings to the broader adult population. Although rein-
nervation techniques are considered safe and viable alterna-
tives, particularly when other treatments have failed to
address vocal fold palsies, larger studies with control groups
and more precise recordings of each technique are necessary
to accurately determine their true effects. This information
will be critical in identifying the patients who would most
benefit from these techniques and enabling global dissemin-
ation of improved reinnervation techniques.

Moreover, non-selective reinnervation aims to preserve
glottic closure and voice quality, while selective reinnervation
focuses on restoring inspiratory abduction. Analysing these
techniques separately is necessary because of their differing
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outcomes, but the lack of reliable data makes it challenging to
obtain meaningful results. Our paper provides a valuable
resource for otolaryngologists and highlights the importance
of well-designed prospective studies.
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Appendix 1. Ovid search terms

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed
Citations and Daily <1946 to October 07, 2022>

1 exp Laryngeal Nerves/ or laryngeal.mp. 75529

2 Vocal Cords/ or vocal cord*.mp. 20734

3 vocal fold*.mp. 8057

4 vocal ligament*.mp. 136

5 lor2or3oréd 86115

6 reinnervat*.mp. [mp=title, book title, abstract, original title, name of substance

word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] 7094

7 re innervat*.mp. [mp=title, book title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] 658
8 6or7 7694

9 5 and 8565

10 exp animals/ not humans.sh. 5052892

11 9 not 10 337

10/10/22

Appendix 2. Embase search terms

Embase Classic+Embase <1947 to 2022 Week 40>

1 laryngeal.mp. or recurrent laryngeal nerve injury/ 90320

2 vocal cord*.mp. or vocal cord/ 31703

3 vocal fold*.mp. 9576

4 vocal ligament*.mp. 180

5 lor2or3ord 110715

6 exp reinnervation/ 5869

7 reinnervat*.mp. 10187

8 re innervat*.mp. [mp=title, abstract, heading word, drug trade name, original title,

device manufacturer, drug manufacturer, device trade name, keyword heading word,
floating subheading word, candidate term word] 995

9 6or7or8 10789

10 5and 9742

11 (exp animal/ or nonhuman/) not exp human/ 7694473

12 10 not 11 464

date 10/10/22
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Appendix 3. Funnel plot for meta-analysis of maximum
phonation time
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SE = standard error; SMD = standardised mean difference
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