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Abstract

Objective. This prospective case series aimed to present the outcomes of immediate selective
laryngeal reinnervation.
Methods. Two middle-aged women with vagal paraganglioma undergoing an excision oper-
ation underwent immediate selective laryngeal reinnervation using the phrenic nerve and ansa
cervicalis as the donor nerve. Multidimensional outcome measures were employed pre-opera-
tively, and at 1, 6 and 12 months post-operatively.
Results. The voice handicap index-10 score improved from 23 (patient 1) and 18 (patient 2)
at 1 month post-operation, to 5 (patient 1) and 1 (patient 2) at 12 months. The Eating
Assessment Tool 10 score improved from 20 (patient 1) and 24 (patient 2) at 1 month
post-operation, to 3 (patient 1) and 1 (patient 2) at 12 months. There was slight vocal fold
abduction observed in patient one and no obvious abduction in patient two.
Conclusion. Selective reinnervation is safe to perform following vagal paraganglioma excision
conducted on the same side. Voice and swallowing improvements were demonstrated, but no
significant vocal fold abduction was achieved.

Introduction

Patients with a cervical vagal tumour commonly present with a neck mass; the majority of
patients are asymptomatic as tumour growth is gradual. The definitive treatment for this
condition is surgery, which is associated with post-operative unilateral vagal paralysis.1

Unilateral vagal paralysis patients suffer dysphonia, dysphagia and aspiration.
Additional operative complications of glossopharyngeal and hypoglossal nerve paralysis
worsen the swallowing problems.2,3

Multiple paraganglioma is common, especially in patients with a family history of the
condition.4 Netterville et al. reported that 37 per cent of vagal paragangliomas were bilat-
eral.5 Multicentricity of vagal paragangliomas is a significant factor to consider when
deciding on the treatment.1 Urquhart et al. reported that 3 of 19 patients with paragan-
glioma were subjected to irradiation therapy rather than surgery because of multicentri-
city.4 This was to avoid the incapacitating morbidity of bilateral vocal fold paralysis, which
might result in a tracheostomy.

Dysphonia, dysphagia and aspiration caused by unilateral vagal paralysis following
vagal paraganglioma excision are significant issues that require rehabilitation. Surgical
interventions to improve voice and swallowing in such cases include thyroplasty, aryten-
oid adduction, injection laryngoplasty and laryngeal reinnervation.3,4,6–8 These studies
have shown the usefulness of the surgical interventions in rehabilitating the voice and
improving swallowing issues. However, the results were limited by the retrospectivity of
the studies, inherent biases, and the lack of details regarding the effects of voice and swal-
lowing treatment outcome monitoring.

Surgical interventions are ideally performed at the same sitting to minimise post-
operative morbidity. Laryngeal reinnervation may be a good option as the operation is pref-
erably conducted under general anaesthesia and it does not require fine-tuning of the voice.
Surgical reinnervation that aims to re-establish the tone and bulk of the denervated muscle
may be better than other surgical techniques. Woodson, in 2007, showed that spontaneous
regeneration did not occur following vagus transection in cats, possibly because of the long
course of the nerve to the recurrent laryngeal nerve (RLN), and only a small proportion of
the axons go to the RLN.9 Furthermore, re-establishment of vocal fold mobility may be pos-
sible by performing selective reinnervation, which may save patients from irradiation ther-
apy or tracheostomy should the tumour subsequently grow on the opposite side of the neck.

A prospective study with standardised outcome measures is necessary to demonstrate
the effect of selective reinnervation in patients with unilateral vagal paralysis following
surgery on the same side as the vagal paraganglioma.This prospective study aimed to pre-
sent the outcomes of selective laryngeal reinnervation in terms of improving voice, alle-
viating aspiration and re-establishing vocal fold mobility in patients with unilateral vagal
paralysis following vagal nerve tumour excision.
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Materials and methods

Patient selection

Two female patients diagnosed with left cervical vagal para-
ganglioma undergoing an excision operation were included

in the study. Patient one (40 years old) had left vocal fold
paralysis at presentation to the clinic, whereas patient two
(52 years old) had normal vocal folds at presentation.
Neither patient had any other medical problems.

Outcome measures

The patients were assessed pre- and post-operatively, using
multidimensional measures, to examine voice improvement,
and to assess the effect of reinnervation on the thyroarytenoid
muscles and swallowing. The measures included: (1) the voice
handicap index 10;10 (2) voice perceptual evaluation (with the
grade, roughness, breathiness, asthenia, strain (‘GRBAS’)
scale); (3) acoustic analysis using OperaVOX ( jitter, shimmer,
noise-to-harmonic ratio);11 (4) video-laryngostroboscopy
(mucosal asymmetry, duration of closure, vocal fold bowing,
vocal fold abduction); and (5) a swallowing questionnaire
(10-item Eating Assessment Tool; ‘EAT-10’).

The outcome measures were employed at baseline, and at 1,
6 and 12 months post-operatively.

Selective reinnervation surgical technique

Selective laryngeal reinnervation was conducted following
vagal nerve tumour surgery, either in the same sitting or five
weeks following the excision operation. The thyropharyngeus
muscle overlying the lateral border of thyroid cartilage lamina
was divided for the purpose of intra-laryngeal RLN dissection.
The main trunk of the RLN was identified behind the crico-
thyroid joint. The abductor and adductor branches of the
RLN were then identified. The phrenic nerve was normally
found deep to the transverse cervical artery, overlying the
anterior scalenus muscle. A split phrenic nerve technique
was used to reinnervate the posterior cricoarytenoid muscle.12

The greater auricular nerve was used as a cable graft to bridge
the phrenic nerve and the distal stump of the RLN before it
branched into the abductor branch. The adductor branch of
the RLN was anastomosed to the ipsilateral ansa cervicalis
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Fig. 1. Graphs showing improvements of (a) voice and (b) swallowing in patients one
and two, as measured by the Voice Handicap Index 10 (VHI-10) and Eating
Assessment Tool 10 (EAT-10) respectively. Pre-op = pre-operation; mth = month(s);
post-op = post-operation

Table 1. Summary of voice and swallowing assessments, and acoustic analysis

Parameter
Patient 1 assessment time point Patient 2 assessment time point

Pre-op 1 mth
post-op

6 mth
post-op

12 mth
post-op

Pre-op 1 mth
post-op

6 mth
post-op

12 mth
post-op

VHI-10 score 16 23 17 5 0 18 3 1

Overall dysphonia grade 2 1 2 1 0 1 0 0

Roughness score 2 1 1 0 0 1 0 0

Breathiness score 1 1 2 1 0 1 0 0

Jitter (%) 1.46 1.44 2.41 1.4 0.53 1.09 0.86 0.54

Shimmer (%) 2.71 1.28 1.9 1.67 1.76 3.54 2 2.36

Noise-to-harmonic ratio 0.1 0.08 0.1 0.07 0.12 0.11 0.08 0.09

Maximum phonation time
(seconds)

15 10 9 10 15 10 9 9

Mucosal asymmetry score 0 0 0 0 0 2 0 0

Duration of closure score 0 0 1 0 0 1 0 0

Vocal fold bowing (n) 0 0 1 0 0 1 0 0

EAT-10 score 6 20 6 3 0 24 2 1

Mucosal asymmetry and duration of closure were scored according to a stroboscopy research instrument developed and validated by Rosen et al.14 Pre-op = pre-operation; mth = month(s);
post-op = post-operation; VHI-10 = voice handicap index 10; EAT-10 = Eating Assessment Tool 10
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Fig. 2. Endoscopic images of patient 1 during phonation (left column) and breathing (right column) at: (a) before, and (b) 1, (c) 6 and (d) 12 months after selective
reinnervation. Paralysed vocal fold is marked with ‘P’.
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nerve.13 The left vocal fold was injected with porcine collagen
(Permacol; Tissue Science Laboratories, Aldershot, UK) to
temporarily help the voice while waiting for the reinnervation
to occur.

Results

The voice handicap index 10 scores improved from 23 (patient 1)
and 18 (patient 2) at 1 month post-operation, to 5 (patient 1)

Fig. 3. Endoscopic images of patient 2 during phonation (left column) and breathing (right column) at: (a) 1, (b) 6 and (c) 12 months after selective reinnervation.
Her normal vocal folds before the operation are not shown here. Paralysed vocal fold is marked with ‘P’.
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and 1 (patient 2) at 12 months. The Eating Assessment Tool
score improved from 20 (patient 1) and 24 (patient 2) at 1
month post-operation, to 3 (patient 1) and 1 (patient 2) at 12
months (Figure 1). There was slight vocal fold abduction
observed in patient one and no obvious abduction in patient two.

Results of the patients’ vocal and swallowing assessments
before the operation, and at 1, 6 and 12 months after the oper-
ation are summarised in Table 1.14

Endoscopic images of the patients at different time points
are depicted in Figures 2 and 3. Endoscopic examination
showed: no bowing of the paralysed vocal fold, closure of
the phonatory gap and improvement of muscle tension dys-
phonia features at 12 months after the operation compared
to baseline.

Discussion

Vagal paragangliomas are rare, but cause significant post-
tumour excision morbidity as a result of unilateral vagal par-
alysis.5 Multiple paragangliomas are common, especially in
those with a family history of such tumours, and this results
in a treatment dilemma as a subsequent synchronous contra-
lateral lesion will cause airway obstruction due to bilateral
vocal fold paralysis.1 Selective reinnervation has been reported
as a treatment option for bilateral vocal fold paralysis to
re-establish vocal fold abduction, in order to improve the glot-
tal airway and preserve the voice. Therefore, selective laryngeal
reinnervation is a potentially attractive option to rehabilitate
post-operative morbidities.

Both patients described in this paper demonstrated
improvement of voice and swallowing following selective
laryngeal reinnervation. Patients’ perceptions regarding its
effects on the physical, functional and emotional aspects of
voice (assessed using the voice handicap index 10) and swal-
lowing (examined using the Eating Assessment Tool 10)
returned to a normal range at 12 months post-reinnervation.
From one to six months after tumour excision, their voice
and swallowing were helped temporarily by bulking up the
vocal fold with collagen injections. Both of the patients had
enteral feeding for one week only, and neither patient had
aspiration pneumonia throughout follow up. Regarding the
glottal airway, there was slight abduction observed in patient
one and no obvious vocal fold abduction in patient two.
Nevertheless, using the phrenic nerve for selective reinnerva-
tion did not cause significant morbidity to pulmonary func-
tion in the present study.

Laryngeal reinnervation (non-selective) has been reported
to improve voice and swallowing in patients with unilateral
vagal paralysis following vagal paraganglioma excision. In
retrospective studies, Lee et al.15 and Lorenz et al.16 examined
a similar population of patients, who underwent ansa to
RLN reinnervation immediately after tumour removal.
They documented a favourable outcome of ansa to RLN
anastomosis, characterised by improvements in patients’
voice perception and acoustic analysis, a long lasting
improvement in glottic closure, and maintenance of the
vocal fold edge.15,16 However, in these studies, analysis of the
patients’ data was problematic: the pre-operative data were
unavailable because the voice was normal prior to tumour
resection.

Lamarre et al. reported a case of vagal paraganglioma resec-
tion with primary reinnervation of the larynx conducted in the
same sitting.8 In addition to ansa to RLN anastomosis, crico-
thyroid to cricothyroid reinnervation and greater auricular

nerve to superior laryngeal nerve anastomosis were performed.
The patient showed good glottic closure at 12 months post-
operatively and recovered swallowing function, but the mea-
surements were not explicitly reported. To date, there have
been no published attempts at selective reinnervation to the
posterior cricoarytenoid to re-establish vocal fold abduction
in this group of patients.

Selective reinnervation in the present study successfully
improved the voice and swallowing, but failed to re-establish
significant vocal fold abduction. This may be due to laryngeal
synkinesis or the inability of axons from the phrenic nerve to
trigger the abduction movement.

• Unilateral vagal paralysis following vagal paraganglioma
excision leads to dysphonia, dysphagia and aspiration

• Excision of bilateral vagal paraganglioma at different time
points may result in bilateral vocal fold paralysis requiring
tracheostomy

• Injection laryngoplasty, medialisation thyroplasty, arytenoid
adduction and laryngeal reinnervation are indicated to
manage voice and swallowing

• Laryngeal reinnervation can be performed in the same sitting
as vagal paraganglioma excision to minimise morbidity

• Selective reinnervation using the phrenic nerve did not cause
significant pulmonary function morbidity

• Two patients had voice and swallowing improvements following
selective reinnervation, but no significant vocal fold abduction

This study demonstrates the applicability of performing
immediate selective reinnervation in the same sitting as
vagal paraganglioma excision, to reduce post-operative mor-
bidity. It re-established the tone and bulk of the denervated
muscle, and thus improved the voice and swallowing to
normal or near-normal. Theoretically, the successful re-estab-
lishment of vocal fold abduction will prevent future dilemmas
regarding treatment should the tumour grow on the opposite
side. Phrenic nerve split arguably should be replaced with
another technique, such as that introduced by Marie and col-
leagues which uses the root of the phrenic nerve (C4),17,18 or
that described by Orestes et al. which uses the superior laryn-
geal nerve.19

Conclusion

Selective reinnervation is safe to perform following vagal para-
ganglioma excision conducted on the same side. Voice and
swallowing improvements were demonstrated, but no signifi-
cant vocal fold abduction was achieved. Future studies should
probably use the superior laryngeal nerve or the root of the
phrenic nerve, instead of the split phrenic nerve technique.

Competing interests. None declared.
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