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ABSTRACT

The aim of this paper was to provide a concise review of modern standards in the management of unilateral vocal fold paralysis (UVFP). This
article can be used as a proposal for unilateral vocal fold paralysis treatment and as a possible indication for referral to a tertiary laryngology
center. Unilateral vocal fold paralysis is a common condition, mainly caused by iatrogenic, neoplastic, or idiopathic causes. The initial treatment
consists of vocal therapy with or without injection laryngoplasty. If voice impairment persists, a permanent reconstruction is usually proposed,
mainly consisting of an adduction thyroplasty with or without arytenoid adduction or, to a lesser extent, laryngeal reinnervation, according to

the patient's wishes.
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Introduction

Unilateral vocal fold paralysis (UVFP) is defined by the
European Laryngological Society as partially or fully impaired
unilateral vocal cord movement due to injury to its efferent
motor input at any point along the neuromuscular pathway
from the central nervous system to the intrinsic laryngeal
muscles.! Unilateral vocal fold paralysis is not synonymous with
“vocal fold immobility,” which also includes mechanical fixa-
tion of the cricoarytenoid joint due to trauma, inflammatory
disease, or neoplastic involvement. The main cause of UVFP is
injury to the vagus nerve (X) or its terminal branch, the recur-
rent laryngeal nerve (RLN), due to neoplastic, traumatic, iat-
rogenic, or idiopathic causes.?2 Unilateral vocal fold paralysis is
a relatively common condition, with a postoperative incidence
after thyroidectomy, for instance, of 14%, most of them being
transient.® Treatment options include vocal therapy, injection
laryngoplasty, adduction thyroplasty with or without arytenoid
adduction, and laryngeal reinnervation.

This article summarizes modern standards in the management
of UVFP. This article can be used as a suggestion for UVFP
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management and as a possible tertiary laryngology center
referral strategy. The management options for bilateral vocal
fold palsy and vocal fold immobility due to mechanical fixation
of the cricoarytenoid joint will not be discussed in this article.

Anatomy and Neurophysiology

It is imperative to understand the neuroanatomy of the lar-
ynx (Figure 1).* The vagus nerve arises from the brainstem and
descends into the neck within the carotid sheath, after exiting
through the jugular foramen of the skull base. The vagus nerve
gives off 2 main branches innervating the larynx: the superior
laryngeal nerve (SLN) and the RLN. The SLN provides sensation
above the glottis and innervates the cricothyroid muscle which
provides tension and elongation of the vocal folds, modulating
the pitch. The RLN descends further into the mediastinum and
has a characteristic loop around the subclavian artery on the
right side and the aortic arch on the left side, before ascend-
ing back up into the neck, traveling lateral to the trachea and
esophagus and entering the larynx posterior to the cricothy-
roid joint. This rather long trajectory makes this nerve prone
to injury. The RLN provides sensations below the glottis and
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Figure 1. Anatomy of the larynx and recurrent laryngeal nerves.

innervates all remaining intrinsic laryngeal muscles, including
the posterior cricoarytenoid, lateral cricoarytenoid, interaryte-
noid, thyroarytenoid, and aryepiglottic muscle. The posterior
cricoarytenoid muscle is the sole abductor muscle of the vocal
folds, whereas the other muscles all produce adduction. The
main trunk of the RLN consists of 4 times more adductor
motor fibers compared to abductor motor fibers, and both
groups of motor fibers are randomly distributed throughout
the RLN.®

Depending on the severity of RLN injury, its function may
recover over the following 9 months.® Reported recovery rates
of vocal fold motion vary significantly in the literature, ranging
from 5% to 83%.7# In cases of neuropraxia and mild axonot-
mesis, full recovery is to be expected with the recovery of vocal
fold mobility and the production of normal voice. However,

Main Points

Voice impairment is not a disease, and therefore, the patient
should be involved in the decision-making process.
Unilateral vocal fold paralysis (UVFP) management depends
on the resultant disability experienced by the patient, the
time after the onset of UVFP, the prognosis of the underlying
cause, and the age and expectations of the patient.

If there is an unsatisfactory voice improvement 3 months
after the onset of UVFP, early injection laryngoplasty must
be proposed to reduce the need for permanent intervention
at the probabilistic term of natural recovery.

If voice impairment persists 9 months after the onset of
UVFP, an adduction thyroplasty is usually proposed, with or
without arytenoid adduction.

Laryngeal reinnervation is an alternative to adduction thy-
roplasty, which may be proposed according to the patient's
wishes.
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more severe RLN injury including severe axonotmesis and
neurotmesis will lead to either favorable aberrant reinnerva-
tion with an improved voice or unfavorable/failed reinnerva-
tion with a poor voice.® Laryngeal synkinesis indicates aberrant
cross-reinnervation between the adductor and abductor RLN
fibers, which may have a positive effect on voice and breath-
ing (favorable synkinesis) or a negative effect (unfavorable
synkinesis). Crumley'™ has proposed a functional classification
of the types of laryngeal synkinesis, with the first type being
favorable and the other 3 types being unfavorable: type I laryn-
geal synkinesis with satisfactory voice and breathing func-
tion due to a poorly mobile or immobile vocal cord in median/
near-median position, type Il laryngeal synkinesis with spas-
modic vocal folds and unsatisfactory voice and/or breathing,
type Ill laryngeal synkinesis with hyperadducted vocal folds
and breathing compromise, type IV laryngeal synkinesis with
hyperabducted vocal folds, poor voice, and aspiration risk.

In patients with UVFP without spontaneous recovery, the final
position of the paralyzed vocal fold ranges from median to lat-
eral position and determines the degree of glottal insufficiency.
This final position is influenced by the degree of RLN reinner-
vation, laryngeal synkinesis, possible aberrant reinnervation by
adjacent nerves such as autonomic nerve fibers, and/or fibrosis
of the denervated laryngeal muscles." If spontaneous reinner-
vation of the denervated intrinsic laryngeal muscles does not
occur, either by RLN motor fiber reinnervation or by aberrant
reinnervation adjacent nerve fibers, this will eventually lead to
amyotrophy which further attributes to glottal insufficiency by
increasing the horizontal and vertical laryngeal asymmetry.

Evaluation

The position of the paralyzed vocal fold and thus the degree
of the glottal gap evidently relates to the severity of the laryn-
geal dysfunction, with the main symptoms being dysphonia,
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Table 1. Causes of UVFP?

latrogenic (surgery)

Thyroid and parathyroid gland, esophagus, thymus, lung, heart, cervical spine, skull base, neck

dissection, paraganglioma, mediastinoscopy, carotid endarterectomy

Neoplastic Lung, esophagus, breast, thyroid, metastatic lymph nodes, skull base
Central Stroke, brainstem lesions, intracranial malformations
Traumatic Intubation, penetrating and blunt neck trauma, birth trauma, central line

Cardiovascular

Cardiac tamponade, cor pulmonale, rheumatic heart disease

Radiation-induced Head and neck cancer

Inflammation

Pneumoconiosis, pulmonary tuberculosis, deep neck infection, Lyme disease

Idiopathic

Believed to be of viral/vascular etiology

UVFP, unilateral vocal fold paralysis.

breathiness, dysphagia, aspiration, dyspnea, and weak cough.'?
Appropriate workup should start with a careful medical his-
tory, with special attention to previous surgery and intubations,
trauma, and cancer history. An indirect fiberlaryngoscopy with
stroboscopy should be performed, to confirm the diagnosis of
UVFP, to evaluate the degree of the glottal gap, and to rule out
other causes of dysphonia such as vocal fold lesions. It is use-
ful to have the patient perform a repetitive “ee-sniff” maneuver,
to alternate between maximal adduction and abduction. Some
residual adduction may be present in UVFP, due to the dual
innervation from both the ipsilateral and contralateral RLN of the
interarytenoid muscle. If the symptoms in patients with UVFP
started immediately following a surgical procedure at the level
of the neck or thorax, imaging is not warranted. In other cases,
computed tomography of the neck and chest is mandatory
due to the high likelihood of malignancy, to evaluate the entire
course of the vagus nerve and RLN. The most common causes
of UVFP are iatrogenic, neoplastic, central, and traumatic.2 Other
less common causes are cardiovascular, radiation-induced,
and inflammation. No cause can be identified in 10%-40% of
patients in whom a viral or vascular etiology is hypothesized.?
Additional examinations, such as brain imaging, may be consid-
ered based on the patient's history and physical examination.
The differential diagnosis of UVFP is provided in Table 1.

In-office indirect fiberlaryngoscopy alone may be inadequate
to differentiate between UVFP and mechanical fixation of the
cricoarytenoid joint. However, this distinction is very impor-
tant, especially when laryngeal reinnervation is considered.
During these instances, further workup is indicated, consist-
ing of direct laryngoscopy and/or laryngeal electromyography
(LEMG). Direct laryngoscopy is performed under deep sedation,
with inspection of the interarytenoid region and cricoarytenoid
joint palpation to rule out posterior glottic stenosis, arytenoid
subluxation, cricoarytenoid joint ankylosis, and tumoral infil-
tration. LEMG can also be performed, at least 2 weeks after
the onset of the voice complaints. Abnormal LEMG findings,
such as fibrillations, positive sharp waves, decreased motor
recruitment, and synkinesis, indicate UVFP. On the other hand,
normal LEMG findings such as normal motor unit recruitment,
indicate a non-neurological cause.'®'

Management of Unilateral Vocal Fold Paralysis

The management of UVFP can be defined as “personalized
care.” It will depend on the resultant disability experienced by

the patient, the time after the onset of UVFP, the prognosis
of the underlying cause, and the age and expectations of the
patient. As a matter of fact, specific treatment of UVFP's etiol-
ogy remains primordial (cancer treatment, ...).

This paper will only address the management of UVFP, not the
treatment of the underlying etiology. It should be noted that
voice impairment is not a disease. Therefore, as a physician, we
have an advisory role, and the patient should be involved in the
decision-making process. In addition, patients should be eval-
uated for aspiration, and precautions should be initiated in the
minority of cases if required. Guidance on the management of
UVFP is summarized in the flowchart (Figure 2). It is noted that
there is no evidence of a beneficial effect of steroids.

No Impairment

If the patient does not experience any symptoms due to ade-
quate contralateral vocal fold compensation, a wait-and-see
policy is advised. The patient should be informed about the
UVFP diagnosis. We recommend doing a 3-monthly checkup
during the first year, repeating the stroboscopic examina-
tion each time, to detect any delayed unfavorable vocal fold
repositioning, maladaptive compensatory mechanisms, and/or
thyroarytenoid amyotrophy with the creation of a subsequent
glottal insufficiency. If delayed symptoms should occur, differ-
ent treatment options should be considered (see later).

Voice Impairment and Potential for Spontaneous
Recovery

The degree of nerve damage (neuropraxia—axonotmesis—
neurotmesis) is usually unknown, except in some iatrogenic
cases where full transection of the nerve has been visualized
intraoperatively. This will ideally require immediate reconstruc-
tion (see later). It can take up to 9 months for spontaneous
recovery to occur, and therefore only temporary and non-
invasive treatment options are considered during these first 9
months.®

If patients experience voice impairment during the first 3
months after the onset of UVFP, voice therapy is the gold
standard. The sessions are led by a trained speech and lan-
guage pathologist and consist of direct voice therapy which
focuses on the voice production itself, indirect voice therapy
which focuses on education and vocal hygiene, and swal-
low therapy which focuses on swallow strength training and
safety maneuvers. There is clear evidence that direct voice
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Work-up:

- CT of the neck and chest
- lab work (if indicated)

- LEMG (optional)

If nerve has been voluntarily
resected and/or flat LEMG

Stroboscopic
follow-up every
3 months
(search for delayed Onset?
vocal fold
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thyroarytenoid
amyotrophy)
§ y
<3months | &[2 > 9 months Propose permanent
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3) laryngeal reinnervation
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No recovery of Propose injection
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Figure 2. Flowchart giving guidance on the management of UVFP. CT, computed tomography; LEMG, laryngeal electromyography; UVFP,

unilateral vocal fold paralysis.

therapy, irrespective of the exact technique, facilitates ade-
quate contralateral vocal fold compensation with a reduction
of the glottal gap.'® Of patients with UVFP treated conserva-
tively, one-fifth to one-third will eventually develop a normal/
near-normal voice despite the absence of vocal fold motion
recovery.®'® We reevaluate 3 months after starting the vocal
training, and if there is an unsatisfactory improvement, we
propose an injection laryngoplasty with temporary material
and continuation of voice therapy. If a symptomatic UVFP
patient presents to our clinic, between 3 and 9 months after
onset, we propose an injection laryngoplasty with temporary
material from the beginning in combination with the initiation
of vocal therapy.

Injection laryngoplasty is a minimally invasive procedure and
can be performed transoral or percutaneous, under local or
general anesthesia. If sufficient glottic closure can be achieved,
injection laryngoplasty provides an immediate better voice.
Moreover, it has been shown by functional neuro-imagery,
that early injection can trigger a specific brainstem-mediated
neuroplasticity leading to vocal fold motion recovery.” In
other words, injection laryngoplasty not only provides immedi-
ate restoration of the glottic vault and a better voice but also
allows a proprioceptive "boost” offering possible long-term
reinnervation benefits. This could explain why an injection with
a temporary material could offer long-lasting benefits largely
exceeding the lifespan of the injectable.

I 270

The most used injection materials for injection laryngoplasty
are hyaluronic acid, bovine gelatin, collagen-based products,
autologous fat, calcium hydroxylapatite, and calcium phos-
phate, of which there is insufficient evidence to establish
the superiority of one material over the other.'”® The main dif-
ference between the different materials is the time before
complete resorption, ranging from a few months (short-act-
ing materials) to a few years (long-acting materials).'® In our
center, we mainly use hyaluronic acid (Restylane, Hylaform)
since it is a short-acting material that lasts around 6 months.
A short-acting material is preferred in UVFP patients with the
potential for spontaneous recovery since there are concerns
that long-acting materials may adversely affect voice quality
if spontaneous recovery is taking place.?° If necessary, a sub-
sequent definitive surgical procedure may be performed after
6 months without the presence of residual material (see later).
Furthermore, hyaluronic acid has a proven safety profile and is
easy to use with local anesthesia, posing the least amount of
discomfort to the patient.?2°2! The complication rate of hyal-
uronic acid injection laryngoplasty is low, with most complica-
tions being mild such as inflammation and/or edema, which
can be managed with antibiotics and steroids.?? Several studies
have shown that early injection laryngoplasty does not affect
the reinnervation capacity of the RLN and could even reduce
the need for permanent medialization thyroplasty after the
9-month waiting period.2%2® Patient selection and an open dis-
cussion are paramount in the choice of approach. Office-based
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injection laryngoplasty is feasible in a great deal of the UVFP
patient population and should be considered first since it does
not require general anesthesia and can provide real-time audi-
tory feedback. However, in children or anxious patients, gen-
eral anesthesia might be the most suitable choice for injection
laryngoplasty through direct laryngoscopy.

Voice Impairment and No Potential for Spontaneous
Recovery

If voice impairment persists 9 months after the onset of UVFP,
definitive surgical procedures should be considered, since
spontaneous recovery after this time period is rare.® Exceptions
to this rule exist: short life expectancy (patient is unable to wait
for spontaneous improvement), some iatrogenic cases where
the nerve has been sacrificed, and unfavorable LEMG find-
ings. The definitive surgical procedures include medialization
thyroplasty with or without arytenoid adduction and laryngeal
reinnervation, each having its advantages and disadvantages
(Table 2). Voice therapy is often continued postoperatively, to
help patients become accustomed to their new voice.

Thyroplasty With or Without Arytenoid Adduction

Thyroplasty comprises laryngeal framework surgery in which
the main goal is the medialization of the paralyzed vocal fold.
The most frequently used thyroplasty technique was coined by
Isshiki?*25in 1974 and consists of the creation of a lateral win-
dow on the thyroid cartilage for the insertion of a prosthetic to
adduct the paralyzed vocal fold. It is usually performed under
local anesthesia and requires an external transverse incision to
expose the mid-thyroid ala. Three different prosthetics can be
used, titanium, Gore-tex, or silicone. When the paralyzed vocal
fold is fixed in a lateral position, additional arytenoid adduc-
tion can be simultaneously performed, by suturing the muscu-
lar process of the arytenoid to the anterior part of the thyroid
cartilage. By doing so, the function of the lateral cricoarytenoid
muscle and the lateral thyroarytenoid muscle are simulated,

Peetermans et al. Management of UVFP

further improving the glottal insufficiency. For a demonstra-
tion movie, we refer the reader to.?®

Thyroplasty offers an immediate significant voice improve-
ment, reaching a normal to near-normal voice. Many laryn-
gologists have raised concerns about the permanency of these
results since this is a static procedure that may not prevent
vocal fold atrophy over time.?” However, 2 studies evaluated
long-term voice results and did not show any voice deteriora-
tion over time.?829

Laryngeal Reinnervation

Laryngeal reinnervation is an alternative definitive surgical pro-
cedure, which restores the neural connections to the dener-
vated laryngeal muscles. Non-selective reinnervation involves
neurorrhaphy between the main trunk of the RLN and the ansa
hypoglossi, leading to the simultaneous reinnervation of both
the adductor and abductor laryngeal muscles, thereby creating
laryngeal synkinesis. Due to this reason, this procedure does
not restore vocal fold mobility.*® However, vocal fold volume
and tone will be preserved, and the reinnervated vocal cords
usually move to a median/near-median position due to the
predominance of the laryngeal adductor muscles (favorable
laryngeal synkinesis).3' Complete muscle atrophy is a contrain-
dication for reinnervation procedures in general. In UVFP, com-
plete muscle atrophy does not always develop, presumably due
to minimal (aberrant) spontaneous reinnervation.®? Therefore,
delayed reconstruction, even several years after UVFP onset, is
often useful. A preoperative LEMG is necessary to confirm the
absence of complete muscle atrophy in order to proceed to
laryngeal reinnervation surgery. The main advantages include
the restoration of both geometric and viscoelastic vocal fold
symmetry and the possibility of performing this in children.
The main disadvantages are the need for general anesthesia,
and the fact that it takes up to 6 months after reinnervation
has taken place. To overcome this disadvantage, an injection

Table 2. Comparison Between 2 Definitive Surgical Procedures for UVFP

Thyroplasty

Laryngeal reinnervation

Complexity Tedious because performed under sedation

Microsurgical skills

Surgical time + 70 minutes (without arytenoid procedure)

+ 120 minutes

Time to 7 days, after withdrawal of local edema After 6 months. Postoperative deterioration of the voice due

effectiveness to the shut-down of residual innervation only partially
compensated with injection laryngoplasty

Type of Local anesthesia most of the times General anesthesia, needs a combined injection procedure

anesthesia

Cost Cost of implant, not reimbursed Expensive surgery but reimbursed, price of the injectable

Voice rest 2 days 2 days (because of the concomitant injection laryngoplasty)

Vocal outcome
Children
Other

(Near-)normal voice (Near-)normal voice

Allowed

Not allowed

Additional arytenoid adduction, mostly if
use of Goretex or vertical discrepancy
between both vocal folds

Simultaneous injection laryngoplasty is mandatory to
compensate residual innervation shut-down

Complications  Hemorrhage, hematoma, wound infection,

extrusion, abscess

Hemorrhage, hematoma, wound infection, failure of
reinnervation

UVFP, unilateral vocal fold paralysis.
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laryngoplasty with temporary material must be performed dur-
ing the same procedure.

The ansa cervicalis-to-RLN reinnervation is a well-established
laryngeal reinnervation technique due to its close anatomic
proximity to the larynx, similar diameter to the RLN, and negli-
gible donor morbidity. This abandoned technique was reintro-
duced and updated by Crumley.®® Ansa cervicalis innervates
most of the strap muscles and has a constant resting activity
which reaches a maximum during phonation.®* In 95%-98% of
cases, a normal to near-normal voice can be achieved after 4
to 6 months.®5-%7 If failure of reinnervation or insufficient voice
improvement occurs, a subsequent alternative procedure such
as medialization thyroplasty is still possible, due to the struc-
tural preservation of the larynx.

Children

The same treatment protocol can be applied in children, with
some minor considerations. The most frequent causes of
UVFP in newborns are idiopathic, iatrogenic (patent ductus
arteriosus clipping, ...), and due to birth trauma.®® Intracranial
malformations and neoplastic causes need to be excluded in
idiopathic cases. Unilateral vocal fold paralysis in newborns
may have more severe symptoms, necessitating respiratory
and feeding support. Spontaneous recovery may sometimes
take up to 2 years.®® Early injection laryngoplasty with tem-
porary material under general anesthesia is useful in infants.
However, repeated injections in infants are avoided due to the
risk of fibrosis within the yet non-differentiated multi-layer
histological organization of their lamina propria. In older chil-
dren, speech therapy and definitive surgical treatment may
be considered. Thyroplasty in prepubescent children is not a
definitive option since it requires revisions to accommodate
their growing laryngeal anatomy.®%4° Furthermore, it is chal-
lenging to achieve the optimal size and position of the implant
since the procedure cannot be performed under local anesthe-
sia with intraoperative voice evaluation. Laryngeal reinnerva-
tion is preferable to thyroplasty since it preserves the growing
laryngeal structures and does not require the cooperativity of
the child for optimal results.*%#' Laryngeal reinnervation signifi-
cantly improves both voice and swallowing outcomes in chil-
dren as young as 2 years.*%#2 Therefore, laryngeal reinnervation,
even long-term after the onset of vocal fold paralysis, is pro-
posed as the first-line surgical treatment by some authors.394°

Conclusion

In conclusion, UVFP is a common condition that every otolar-
yngologist will encounter. If no obvious iatrogenic cause can be
identified, neoplasia should always be ruled out. Personalized
care should be offered, taking into account the resultant dis-
ability experienced by the patient, the time after the onset of
UVFP, the prognosis of the underlying cause, and the age and
expectations of the patient. In a good proportion of patients
with UVFP, voice recovery will occur with conservative treat-
ment, regardless of whether the vocal motion returns. If there
is an unsatisfactory voice improvement after 3 months, early
injection laryngoplasty must be proposed to reduce the need
for permanent intervention at the probabilistic term of natu-
ral recovery. If voice impairment persists, an adduction thyro-
plasty is usually proposed, with or without arytenoid adduction.
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Laryngeal reinnervation can also be proposed according to the
patient’s wishes.
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