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INTRODUCTION

The larynx major functions: airway protection, breathing, 

phonation, cough, and Valsalva all rely on the larynx’s 

dynamic properties. Though the current management 

of unilateral vocal fold paralysis (VFP) comprises a wide 

range of effective treatment options, none of those reliably 

restores vocal fold motion.

 This chapter provides a summary of the clinical evalu-

ation and management of unilateral vocal fold immobility, 

with distinct emphasis on unilateral VFP in adults caused 

by high vagal or recurrent laryngeal nerve (RLN) inju-

ries. Special considerations including pediatric patients, 

isolated superior laryngeal nerve (SLN) paralysis, and 

mechanical fixation are also discussed.

HISTORICAL ASPECTS

Restoration of vocal function by rearrangement of the 

laryngeal cartilage framework was first introduced at the 

beginning of the twentieth century. Nevertheless, only 

after Isshiki et al. published analysis of laryngeal frame-

work surgeries in the 1970s,1 those procedures became 

prevalent. Isshiki described four laryngeal framework 

surgeries that were classified as thyroplasty types I−

IV. Type I thyroplasty is a medialization procedure 

designed to treat glottic insufficiency. In 1978, Isshiki et 

al. described arytenoid adduction procedure for correc-

tion of large posterior glottal gaps.2 In the following years, 

several modifications of these procedures were reported, 

as well as introduction of arytenopexy and cricothyroid 

subluxation were reported.3,4 Today, these procedures 

became the major surgical management for glottal 

incompetence.

ANATOMY AND PHYSIOLOGY

The innervation to the larynx is long and tortuous, best 

demonstrated by the left RLN route around the aortic arch. 

VFP may occur due to general four types of neurologic 

deficits: (1) central nervous system (CNS), (2) high vagal, 

(3) isolated RLN, and (4) isolated SLN. Though historically 

believed that different lesion sites result in a typical vocal 

fold position, it is currently challenged, as the vocal fold’s 

position depends on additional factors such as degree of 

paresis, synkinesis, and compensation, along with the 

patient’s laryngeal anatomy.

 Since cortical lesions tend to spare the vocal folds, CNS 

injury causing laryngeal paralysis usually indicates brain-

stem dysfunction, which generally tends to involve other 

cranial nerves as well. Injury to the dorsal and ventral 

nucleus ambiguous would affect only motor innervation 

without sensory or secretory deficits. As upper motor neu-

ron lesion, the initial flaccid paresis becomes spastic with 

limited range slow movements. Extracranial high vagal 

lesions are characterized by motor, sensory, and secretory 

laryngeal injuries; those lesions precede the branching of 

the SLN from the vagus trunk. The vocal fold is frequently, 

but not necessarily in a paramedian position and the vocal 

process drops anteromedially. Isolated RLN injury resem-

bles high vagal lesions, yet it lacks the sensory, secretory, 

and cricothyroid muscle dysfunction which is related to 

the SLN.

ETIOLOGY

While vocal fold immobility might be related to either 

neurogenic or mechanical disorders, the most probable 

cause of unilateral vocal fold immobility is neurogenic. 

Hagit Shoffel-Havakuk, Michael M Johns III
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Chapter 19: Unilateral Vocal Fold Paralysis and Medialization Laryngoplasty 205

The causes of VFP can be categorized by the following four 

major groups: (1) traumatic (either iatrogenic or noniatro-

genic), (2) neoplastic (along the course of the vagus and 

RLN), (3) general medical diseases (either neurologic or 

nonneurologic), and (4) idiopathic. Possible causes for 

VFP are listed in Box 1, rates of leading causes can be found 

in Table 1. Through the past four decades, the leading 

causes for unilateral VFP remained unchanged. The most 

common etiologies are surgical trauma and malignancy, 

followed by idiopathic causes. In the past, thyroid surgery 

was considered the most common cause of iatrogenic 

paralysis; however, this has been changed recently, when 

nonthyroid surgeries such as anterior cervical approach to 

the spine and carotid endarterectomies became the most 

common iatrogenic causes.5 The most prevalent sites of 

malignancy that can induce VFP are pulmonary (either by 

a primary tumor or metastasis) and mediastinal tumors. A 

significant portion of VFP cases are considered idiopathic. 

It has been suggested that viral neuritis is responsible for 

some of those cases, particularly in paresis. This assump-

tion is supported by analogy to other cranial nerves pal-

sies, frequent reports of recent viral illness, and serologic 

association (e.g. herpes simplex virus, Epstein-Barr virus, 

and cytomegalovirus).

EVALUATION

History

Commonly, patients suffering from unilateral vocal fold 

immobility may complain of hoarseness with weak and 

breathy voice, which usually correlates with the degree 

of glottal gap. Other vocal symptoms may include speech 

dyspnea, vocal fatigue, increased effort, and difficulty 

to speak in a noisy environment or over the telephone 

and general difficulty with voice projection. Addition-

ally, patients may also report dysphagia, particularly for 

fluids and though aspirations may exacerbate due to 

weak cough,10,11 true aspirations are rare in isolated RLN 

injury, and may suggest “high vagal” injury.12 Patients may 

also complain of difficulty to perform a variety of every-

day tasks requiring Valsalva maneuver (e.g. lifting heavy 

weight, defecation). The symptoms and their severity 

may vary between patients, depending on the degree of 

paresis/paralysis, site of injury, and patient’s compensa-

tion. Severity of symptoms varies in different patients and  

generally depends on the degree of synkinesis and the 

Table 1: Etiology rates of unilateral vocal fold immobility in 
adults.

Maisel 

(1974)6

Yamada 

(1984)7

Terris 

(1992)8

Rosenthal 

(2007)9

Total (N) 127 519 84 363

Surgical trauma

 ■ Thyroid

 ■ Nonthyroid

15.7%

7.9%

7.9%

22.3%

11.9%

10.4%

34.5%

8.3%

26.2%

46.3%

15.7%

30.6%

Nonsurgical trauma 10.2% 2.3% 1.2% 2.2%

Neoplastic 24.4% 17.7% 40.5% 13.5%

CNS lesions 7.9% 1.2% 2.4% 3.0%

Intubation 3.1% 10.4% 7.1% 4.4%

Idiopathic 21.3% 41.8% 10.7% 17.6%

Others 17.3% 4.2% 3.6% 12.9%

(CNS: Central nervous system).

Box 1: Causes of vocal fold paralysis and paresis.
 ■ Trauma

• Iatrogenic

 − Cervical

 Surgery: Thyroidectomy, other head and neck sur-

gery, anterior approach to the cervical spine, carotid 

endarte rectomy

 Procedures: e.g. endotracheal intubation, central 

venous catheterization, forceps delivery

 − Thoracic: e.g. repair of thoracic aortic aneurysm, open 

heart surgery

 − Skull base surgery

• Noniatrogenic

 − Cervical or chest trauma

 ■ Neoplasia

• Skull base or brainstem

• Cervical: e.g. thyroid, metastatic lymph nodes, vagal 

schwannoma

• Thoracic: e.g. thymoma, mediastinal lymphadenopathy, 

esophageal carcinoma

 ■ Medical disease

• Neurological: e.g. cerebrovascular accident, intracranial 

neoplasm, Arnold-Chiari malformation, neurofibroma-

tosis, myasthenia gravis, multiple sclerosis, amyotrophic 

lateral sclerosis, Charcot-Marie-Tooth disease

• Cardiovascular: e.g. Ortner’s syndrome (cardiovocal syn-

drome), aortic aneurysm 

• Drug toxicity: e.g. vinca alkaloids, organophosphates

• Infectious 

 − Viral: e.g. herpes simplex virus, Epstein-Barr virus, 

cytomegalovirus, varicella zoster virus, postpolio syn-

drome

 − Bacterial: e.g. Lyme disease, syphilis, botulism 

• Granulomatous: e.g. tuberculosis, sarcoidosis

 ■ Idiopathic
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Section 3: Phonosurgery206

position of the paralyzed vocal fold on both the vertical 

and horizontal planes.

 It is important to ask the patients on associated symp-

toms, as neurological symptoms may raise suspicion for 

CNS or neurological disease. It is also important to obtain 

past surgical and medical history as well as family history, 

since data may reveal the origin of the paralysis. Positive 

smoking history along with weight loss may suggest malig-

nancy as a possible cause.

Physical Examination

The voice should be assessed during conversation and 

speech tasks; it would typically sound breathy, asthenic, 

and diplophonic. The maximum phonation time can be 

decreased due to glottal gap. Complete cranial nerves 

evaluation as well as lungs, head, and neck examination 

should be performed.13

 Every patient with suspected vocal fold immobi-

lity necessitates examination by either flexible or rigid  

laryngoscopy (Figs. 1 and 2). Flexible laryngoscopy pro-

vides a good view of the palate, pharynx, and larynx;  

additionally, pharyngeal and laryngeal muscles are in 

more neutral position than during rigid laryngoscopy, 

allowing for easier detection of delicate changes in  

muscle tone and function. The patient should be asked 

to perform both abduction and adduction; lack of vocal 

fold motion with phonation or ventilation is required in 

Figs. 1A and B: (A) An endoscopic image of open glottis, while breathing, in a patient with right vocal fold paralysis. (B) An endoscopic 
image of closed glottis, during phonation, in the same patient: demonstrating a relatively favorable paralyzed vocal fold position.

A B

Figs. 2A and B: (A) An endoscopic image of open glottis, while breathing, in a patient with left vocal fold paralysis. (B) An endoscopic 
image of closed glottis, during phonation, in the same patient: demonstrating an unfavorable paralyzed vocal fold position.

A B
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Chapter 19: Unilateral Vocal Fold Paralysis and Medialization Laryngoplasty 207

order to define vocal fold immobility. In cases of paresis 

or compensation due to cricothyroid, interarytenoid, and 

extralaryngeal muscles activity, the decreased motion 

might be disregarded. This may require repetitive vocal 

fold motion (/i/-sniff ) to reveal the deficit. The patient 

should also be asked to increase voice pitch, as inabi-

lity to do so may imply SLN deficit. In order to differen-

tiate neurological disorder from functional disorder, the 

examiner can ask the patient to cough, sniff, or whistle. 

 Passive arytenoid movement may be noticed when 

the mobile arytenoid “bumps” against the paralyzed aryt-

enoid, displacing its muscular process. Some cases may 

present with vestibular fold hyperadduction that might 

obscure the view of the paralyzed vocal fold.14 This find-

ing itself should urge the physician to look for an under-

lying cause. Pooling secretions in the piriform sinus of the 

affected side may be observed due to the RLN contribution 

to the cricopharyngeus muscle. The examiner should look 

for other possible causes of vocal fold immobility, such as 

posterior glottis scars or glottic web. A detailed analysis of 

the glottal configuration and gap (e.g. height mismatch, 

posterior gap) is required in order to decide on treatment 

and surgical approach.

 In some cases of paresis, the only signs to raise the 

suspicion might be mild bowing of the affected vocal fold 

or incomplete glottic closure. In such cases videostrobos-

copy may yield additional clues, such as prolonged “open 

phase” of the vibratory cycle, increased vibratory ampli-

tude on the affected side, or asynchronous mucosal wave 

propagation.

Further Studies

When the cause of the vocal fold immobility is not evident 

(e.g. immediately following neck surgery), the physician 

should perform a thorough investigation to find out or 

rule out etiologies such as malignancy and granulomatous 

diseases. In such cases, imaging of the vagal nerve route 

from the brain to the mediastinum is mandatory. Both 

computerized tomography (CT) scan and magnetic reso-

nance imaging (MRI) of the brain may be appropriate, yet 

MRI is superior and should be preferred when CNS lesions 

are suspected. For the mediastinum some may advocate 

routine chest radiography (CXR), due to its low radiation 

exposure and as it was found useful in specific cases.15 

However, CXR cannot demonstrate the neck, and CT scan 

is better in detecting the etiology. There is a general agree-

ment that a contrast CT scan or MRI from the skull base to 

the upper chest is adequate.

 Laryngeal electromyography (LEMG) represents the 

diagnostic gold standard for VFP and paresis. Neverthe-

less, due to its cost and invasiveness, LEMG is generally 

performed later in the evaluation, and if other studies were 

nondiagnostic. LEMG can distinguish between neuromus-

cular deficit and mechanical fixation. Useful information 

from LEMG can be obtained only in the period between  

1 month and 6 months after the onset of VFP, as Wallerian 

degeneration may take as long as 4 weeks depending on the 

axonal injury location, and since beyond 6 months the use 

of LEMG is limited due to generally poor prognosis. LEMG 

is considered the most reliable prognostic indicator for 

recovery, which is valuable for treatment decision-making. 

In general, preservation of normal motor unit action poten-

tial (MUAP) waveforms, activation during voluntary task, 

brisk recruitment, and absence of spontaneous activity are 

indicators of good prognosis. Absence of those findings and 

the presence of fibrillation potentials indicate less favora-

ble prognosis. Overall, LEMG is a more reliable predictor of 

poor prognosis.16 LEMG is further described in Chapter 12.

 When there is no suspicion of specific infectious, neu-

rologic, rheumatologic, or granulomatous disease, the 

yield of blood laboratory studies is very low and should not 

be performed. Yet, when indicated, studies as Lyme dis-

ease titer or acetylcholine receptor antibody levels should 

be considered. 

 Direct laryngoscopy for examination and palpation 

under anesthesia may serve to distinguish between neuro-

muscular disorder and mechanical disorder, and in cases 

of mechanical disorder can reveal the underlying cause. 

MANAGEMENT

Management of unilateral VFP should address quality of 

voice and the risk of aspiration. Factors such as progno-

sis for recovery, degree of impairment, patient’s general 

health, and patient’s requirements and desire for recovery 

influence the timing and type of intervention. Treatment 

options include observation, voice therapy, or surgical 

intervention by injection augmentation, laryngeal frame-

work surgery, or reinnervation.

 Some unilateral VFP patients may recover spontane-

ously, and half of the patients with idiopathic paralysis 

may regain normal or near normal function within the 

first year, even without vocal fold motion.17 Therefore, it 

is common to practice observation and watchful waiting 

for a period of 6−12 months prior to decision on definitive 

surgical treatment. Referral to speech pathology for voice 
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Section 3: Phonosurgery208

or swallow therapy may relief symptoms. Additionally, in 

this early period, symptomatic patients should be offered 

temporary injection augmentation. After this time period, 

it is reasonable that the vocal fold has reached stability; 

therefore, if reassessment shows indication, medialization 

framework surgery with medialization thyroplasty is the 

preferred intervention. Nevertheless, symptoms such as 

significant dysphagia, aspiration, and poor cough should 

prompt earlier intervention. 

SURGICAL TREATMENT OPTIONS

Injection Augmentation

Injection augmentation can improve glottic closure by 

adding bulk to the paralyzed vocal fold and medializing 

its free edge. Injection augmentation is usually consid-

ered a temporary solution, as most available injection 

materials absorb over time. Injection can be performed by 

either transcutaneous or peroral approaches, under topi-

cal, local, or general anesthesia. The practice of injection 

 augmentation was popularized due to its minimally inva-

sive nature and as it can be performed at the office. The 

variety of injection materials and techniques are described 

in detail in Chapter 10.

Laryngeal Framework Surgery 

The ideal framework surgery would simulate the normal 

vocal fold position during phonation, with concern for the 

vocal fold axial plane, arytenoid position, vocal fold height, 

medial edge contour, and vocal fold mass and elasticity.

Medialization Laryngoplasty 

Medialization laryngoplasty or type I thyroplasty (by the 

Isshiki classification) is the most commonly performed 

laryngeal framework surgery and is indicated to improve 

dysphonia or aspirations due to glottic insufficiency. It is 

considered the long-term solution for glottic insufficiency 

caused by unilateral VFP, vocal fold paresis, or atrophy. In 

medialization laryngoplasty, the vocal fold is medialized 

by insertion of an implant into the paraglottic space; it can 

offer a more favorable phonatory position for the para-

lyzed vocal fold than what can be achieved by injection 

augmentation. The procedure is contraindicated when 

there is concern for airway compromise or when there is 

an evident local malignancy. 

 Several implant materials and systems can be 

employed; these materials include silastic,  hydroxylapatite, 

polytetrafluoroethylene ribbon (Gore-Tex®), and titanium. 

A medium-grade silastic block can be used to create a 

hand-carved implant, allowing for individualized implant 

according to the patient’s laryngeal anatomy and the  

cartilaginous window. Those implants are well controlled 

and easily fitted into the desired position. Silastic is well  

tolerated with minimal tissue reactivity over time. Prefor-

med silastic implants are also available (e.g. Montgomery 

Thyroplasty Implant System). Conversely, some surgeons 

prefer the use of Gore-Tex® ribbon implants, particularly 

when there is significant vocal fold bowing or paresis. This 

implant spares the skills of hand carving and the degree 

of medialization can be adjusted easily. Self-contained 

systems of implants and instruments are also avail-

able; VoCom (nonporous hydroxyapatite ceramic) allows 

choosing between five implant sizes and four different 

shims. The implant can be secured in a horizontal or verti-

cal position and at any position along the anterior to pos-

terior and superior to inferior axes of the window. None 

of the implants has been proven to be  superior to others; 

therefore, implant selection usually relies on the surgeon 

preference and previous experience. 

 Unless contraindicated, decadron should be given 

preoperatively to avoid edema. Generally, the procedure 

is performed in the operating room while the patient 

is sedated. Some anesthesiologists prefer intravenous 

propofol, which can be reversed quickly when patient 

cooperation is needed. Local anesthesia and epineph-

rine is infiltrated to the skin and subcutaneous tissue of 

the anterior neck and along the thyroid cartilage. Topical  

anesthesia and decongestion are applied to the more  

patent nasal cavity, allowing the placement of a monitored 

flexible laryngoscope and offering the surgeon with visual 

feedback during the operation. The endoscope should be 

properly positioned and secured (Fig. 3). 

 Following proper preparation, a modest incision is 

made to the neck in a skin crease corresponding to the 

thyroid cartilage or cricothyroid membrane. Subplatysmal  

flaps are developed and the strap muscles midline raphae 

is divided in order to reveal the thyroid cartilage. The exter-

nal perichondrium on the affected side is incised and a flap 

is elevated. It is important to expose the inferior border of the 

thyroid cartilage before creating the cartilaginous window. 

The window should be placed at the level of the vocal fold. 

A rectangular window is usually located approximately 

5–7 mm posterior to the midline of the thyroid cartilage 

and 2–3 mm superior to the inferior border of the thyroid 

ala (Fig. 4A). The final location and size of the window 
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Chapter 19: Unilateral Vocal Fold Paralysis and Medialization Laryngoplasty 209

drium, strap muscles, platysma, and skin. A drain may be 

placed as necessary.

 Postoperatively, the patients should stay hospitalized 

overnight to avoid the risk of airway compromise. Voice 

rest is encouraged for 3–7 days; physical exercise should 

be refrained.

 As medialization narrows the airway, when combined 

with postoperative edema or hematoma, it may result in 

airway obstruction. Therefore, overnight observation is 

recommended and some surgeons would administer the 

patient an additional dose of steroids postoperatively. In 

different case series, 0.6–11% of the patients undergo-

ing laryngeal framework surgery required airway inter-

vention such as intubation or tracheostomy during the 

immediate postoperative period.18,19 The second principle 

complication is violation of the laryngeal mucosa, which 

may result in postoperative infection or implant extru-

sion. The surgeon should exercise extreme caution while 

dissecting in the paraglottic space, especially when close 

to the ventricular mucosa and avoid anterior dissection. 

When perforation has occurred, presence of endolaryn-

geal blood can be seen on the monitor; however, this may 

not be apparent in all cases. Therefore, it is useful to ask 

the patient for Valsalva maneuver, while the surgical field 

is irrigated and before the insertion of the implant; pres-

ence of bubbles indicates mucosal penetration. Extrusion 

of the implant is a rare, yet significant complication, as the 

implant predominantly extrude into the airway rather than 

Fig. 3: The operating room setup: A flexible nasolaryngoscope is 
suspended above the patient and covered with a sterile sheet. 
A video monitor is placed behind the patient’s head, allowing for 
vocal folds’ visualization throughout the procedure.

Figs. 4A and B: (A) The window outlines: The cartilaginous window should be located as low as possible, leaving 2–3 millimeters of 
cartilage below the window. The anterior border of the window is placed 5–7 millimeters back from the anterior midline (5 mm for women 
and 7 mm for men). The final size of the window itself depends on the chosen implant. (B) After the cartilaginous window has been 
created, the inner perichondrium is incised. This allows for creating a plane within the paraglottic space for implant insertion.

A B

depend on the chosen implant. After the window had been 

created, the internal perichondrium can be incised or  

removed and a careful undermining within the paraglottic 

space will establish the plane for the implant insertion 

(Fig. 4B). Satisfactory placement of the implant can be 

determined by both the patient’s voice and via the flexible 

laryngo scopy monitor (Figs. 5 to 7). The next steps are to 

secure the implant with a nonabsorbable suture and to 

perform closure of all layers including the outer perichon-
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Section 3: Phonosurgery210

transcutaneously. This complication can be prevented by 

avoiding and identifying mucosal penetrations.

 Unsatisfactory or suboptimal voice outcome may lead 

to revision surgery. Common causes include: posterior 

glottic gap, undermedialization, and malpositioning of the 

implant.20-22 The vocal process cannot be medialized effec-

tively by simple medialization laryngoplasty procedures 

and additionally, it is generally prolapsed and the height 

mismatch is not corrected. Therefore, in cases of persistent 

posterior glottic gap, revision medialization alone is not 

sufficient and should be combined with arytenoid repo-

sitioning. Undermedialization is common in prolonged 

procedures when the tissue becomes edematous and mis-

leads the surgeon to believe the vocal fold was sufficiently 

medialized. The administration of intravenous decadron 

preoperatively is also aimed to prevent this surgical error. 

When vocal fold edema is suspected, the preferred intra-

operative voice feedback should be mildly stained, rather 

than normal. Implant malpositioning may cause unsatis-

factory voice outcome; superior malposition is the most 

common and can result in a rough and diplophonic voice 

due to overmedialization of the vestibular fold and ven-

tricle. Anterior malposition would result in strained voice 

due to early anterior contact. 

Arytenoid Repositioning 

In some patients a medialization procedure alone will not 

provide adequate treatment, as the vocal process remains 

lateralized, leaving a posterior gap with height mismatch. 

Ideally, arytenoid repositioning procedures aim to mimic 

the arytenoid’s physiologic phonatory position; to medially 

rotate the arytenoid, lower the vocal process, stabilize and 

medialize the vocal process, and lengthen the membra-

nous vocal fold. Several techniques have been described, 

yet arytenoid adduction is the most commonly used. 

Generally, arytenoid adduction includes a suture which 

mimics the thyroarytenoid and lateral-cricoarytenoid 

(TA-LCA) muscle complex.23 The arytenoid is approached 

through the posterior border of the thyroid cartilage lam-

ina, by elevating the piriform sinus mucosa. Additional 

removal of some posterior thyroid cartilage can assist with 

Figs. 6A and B: (A) The final position of a hand-curved Silastic 
implant prosthesis, displacing the thyroarytenoid muscle toward 
the midline (axial view). (B) The final position of a hand-curved 
Silastic implant prosthesis (coronal view).

Fig. 5: Measurements for a hand-carved Silastic implant are taken 
using a depth gauge. The depth gauge is placed within the window 
to simulate the shape and size of the implant. The patient’s voice 
and the monitor are used for feedback.

A B

Fig. 7: Gore-Tex® ribbon implant layered through the cartilaginous 
window, displacing the thyroarytenoid muscle toward the midline 
(axial view).
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Chapter 19: Unilateral Vocal Fold Paralysis and Medialization Laryngoplasty 211

arytenoid exposure and manipulations. A nonabsorbable 

suture is placed through the arytenoid’s muscular process 

with gentle tension in the anterolateral direction to mimic 

the action of the TA-LCA muscle complex (Fig. 8A). Fol-

lowing adequate arytenoid rotation, the suture is secured 

to the anterior thyroid cartilage (Fig. 8B).

 Combined arytenopexy with cricoid subluxation is 

another alternative technique. Arytenopexy stabilizes the 

arytenoid while cricothyroid subluxation on the paralyzed 

side lengthens the vocal fold by increasing the distance 

from the cricoarytenoid joint to the anterior commissure. 

 Compared with medialization laryngoplasty alone, 

arytenoid repositioning procedures are longer, more sur-

gically challenging and pose higher complication rate.24 

The risk for mucosal perforation is increased due to  

elevation of the pirifom sinus; airway obstruction and 

edema are more frequent due to the longer procedure and 

additional manipulations. 

Laryngeal Reinnervation

The goal to regenerate the physiologic motion and sensa-

tion in the paralyzed larynx cannot be achieved reliably by 

current reinnervation techniques, as those generally lead 

to laryngeal synkinesis. Laryngeal synkinesis is character-

ized by simultaneous activation of adductor and abductor 

muscles which can result in immobile vocal fold. Never-

theless, patients with immobile vocal fold with evident 

laryngeal synkinesis per LEMG were found to have better 

phonatory function compared to those without synkine-

sis. This phenomenon could be explained by the improved 

muscle tone, vocal fold bulk, and to some extent, more 

favorable arytenoid position. 

 Cases of obvious nerve transection would greatly ben-

efit from primary nerve anastomosis. In cases of intact 

RLN, the most useful donor nerve is the ansa cervicalis;25 

it matches the size of the RLN, and there is little to no 

morbidity from transacting the branch to the sternohyoid 

or homohyoid muscles. Other donor nerves such as the 

hypoglossal26 have been described, yet with much higher 

donor site morbidity. The reinnervation might be per-

formed by, direct end to end neurorrhaphy, neuromuscu-

lar pedicle or direct muscle implant. In the neuromuscular 

pedicle technique, the nerve ending with a small muscle 

block from the donor site is transferred and implanted in 

the denervated laryngeal muscle. Laryngeal reinnervation 

can be combined with medialization procedures. 

SPECIAL CONSIDERATIONS

Vocal Fold Paresis

Paresis implies that there is some residual nerve function. 

The possible causes for vocal fold paresis are comparable to 

those of paralysis, however with higher rates of idiopathic/

viral cases. Moreover, a high index of suspicion must be 

maintained for neurologic diseases. Similarly to paralysis, 

when the cause is not obvious from the patient’s history, 

further workup including imaging of the vagal and recur-

rent laryngeal course should be obtained. Patients may 

present with effortful, weak and breathy voice, vocal fatigue, 

odynophonia, difficulty for projection, and problems  

Figs. 8A and B: (A) Arytenoid adduction: A posterior window is created to allow exposure of the arytenoid. Following retraction of the 
piriform sinus, a suture is placed through the muscular process of the arytenoid. (B) The limbs of the suture are pulled anteriorly and the 
vocal process is rotated to the midline. The upper limb of the suture is passed through the cartilage.

A B
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with singing voice. Dysphagia-related symptoms are much 

less common. On examination, there might be a notice-

able impaired vocal fold motion, yet in many patients the 

signs on fiberoptic laryngoscopy can be subtle and diffi-

cult to detect. The examiner should ask the patient for 

repeated “/i/-sniff” and to reevaluate the examination 

on a slow-motion, looking for any motion asymmetries. 

The presence of compensatory muscle tension disorders 

or vestibular fold hyperadduction is also common clues. 

Other mild signs that may suggest paresis could be bowing 

of the vocal fold, incomplete glottic closure, and on strobo-

scopy: prolonged open phase, unilateral increased ampli-

tude, and asynchronous mucosal wave propagation. As in 

paralysis, the gold standard for diagnosis is LEMG, in chal-

lenging cases it can be useful in determining which side is 

the affected side. Treatment options in vocal fold paresis 

are similar to those of paralysis; however, the approach in 

paresis is generally less aggressive.

Isolated Superior Laryngeal  
Nerve Paralysis

The SLN may be injured independently of the RLN, follow-

ing neck surgery (thyroid or nonthyroid), or it might be 

 idiopathic. Symptoms include throat clearing, globus  

sensation, and cough owing to sensory loss; when sensory 

loss is significant or bilateral it may even cause aspira-

tions. Vocal symptom due to the loss of cricothyroid mus-

cle function might be noticed only in voice professionals, 

who would complain of inability to reach high registers. 

Other vocal symptoms include voice fatigue, diplophonia, 

and abnormal singing voice. There is also an associated 

cricopharyngeal muscle dysfunction causing dysphagia.27 

Signs during physical examination would be secretions 

pooling in the ipsilateral piriform sinus and rotation of the 

arytenoids and posterior commissure toward the affected 

side during phonation. Gold standard diagnosis is by 

LEMG of the cricothyroid muscle. Cases of symptomatic 

SLN paralysis are generally treated with voice therapy 

aimed at building cricothyroid muscle strength and stabil-

ity. Though several surgical treatment options have been 

tried (e.g. Isshiki type 4 thyroplasty, reinnervation), their 

use for the treatment of SLN paralysis is uncommon and 

the outcome is not predictable. 

Mechanical Vocal Fold Fixation

The differential diagnosis of an immobile vocal fold 

includes neurogenic versus mechanical fixation. Mechanical 

vocal fold fixation is much less common cause for unilat-

eral vocal fold immobility. Nevertheless, mechanical fixa-

tion is more commonly associated with bilateral vocal fold 

immobility by means of posterior glottic stenosis, or bilat-

eral cricoarytenoid joint fixation, and is generally related 

to severe scarring and contraction. Posterior glottic steno-

sis is further described in Chapter 35. 

 Unilateral mechanical vocal fold fixation is very rare 

and may be related to cricoarytenoid joint fixation due to 

trauma or rheumatologic disease (e.g. rheumatoid arthri-

tis); or less commonly to cricoarytenoid joint dislocation 

which is generally related to severe external trauma. Cri-

coarytenoid joint abnormalities can be differentiated from 

VFP by either LEMG or palpation during direct laryngo-

scopy under general anesthesia. It is important to distin-

guish mechanical fixation from neurologic disorders as 

physiological vocal fold motion may be restored following 

the release of fixation. 

Pediatric Patients

Vocal fold immobility in pediatric patients differs from 

the adult population in etiology. In young children and 

neonates congenital central nervous system disorders, as 

Arnold-Chiari malformation type II, are the leading cause 

for bilateral VFP, and iatrogenic injury is the leading cause 

for unilateral paralysis. Cardiovascular anomalies and 

surgeries may be responsible for left VFP. Birth trauma is 

a common cause for paralysis in neonates. As opposed to 

adults, unilateral vocal fold immobility in children often 

causes stridor, other common symptoms might be a weak 

cry, feeding difficulties, and aspirations. Evaluation for  

etiology includes complete neurologic assessment, MRI of 

the brain, neck, and mediastinum. Fiberoptic laryngoscopy 

followed by rigid direct laryngoscopy and examination of 

the upper airway under anesthesia are recommended, as 

a great portion of those patients may have an associated 

upper airway anomaly. Management of VFP in children 

differs from that in adults, since children have much higher 

spontaneous recovery rate, which can occur even several 

years after the onset.28 Moreover, children compensate well, 

using the contralateral vocal fold, and only few will have 

permanent dysphonia. Therefore, most practitioners would 

prefer to delay intervention in those patients. Nevertheless, 

in patients with considerable disability, all surgical proce-

dures described for adults can be applied also in pediatric 

patients; temporary injection, medialization laryngoplasty, 

arytenoid repositioning, and reinnervation. Importantly, 

children pose higher risk for airway complications.
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Revision Surgery

Possible reasons for suboptimal results which may require 

a revision surgery are listed above. Many cases are due to 

implant malpositioning; however, a substantial portion 

of patients will require additional arytenoid reposition-

ing. When planning the location of the new cartilaginous 

window, the location of the original window should not 

be taken into consideration. The same measurements as 

in primary surgery should be used to establish the new 

window location, even if there is some overlap between 

the windows, creating an unusually shaped window. Most 

implants can be removed easily through the new window. 

Following the removal of the previous implant and before 

the insertion of the new implant, the fibrous capsule which 

was formed around and deep to the implant should be 

incised. 

NEW HORIZONS

Future investigation in VFP treatment is twofold. Since the 

ideal implant position in medialization laryngoplasty is yet 

to be determined, the physiological phonatory position 

of the vocal fold is a subject for ongoing studies. Future 

development of safe, durable, and easy to use injectable 

material might produce an attractive alternative for medi-

alization procedures. On the other hand, the restoration 

of vocal fold motion still poses a challenge, though recent 

studies on laryngeal pacing have demonstrated promising 

results.29-31

PEARLS
 ■ Vocal fold’s position depends on the site of injury, degree of 

paresis, synkinesis, compensation, and the patient’s laryn-

geal anatomy. 

 ■ In the past, thyroid surgery was the most common cause 

of iatrogenic paralysis; however, currently nonthyroid sur-

geries, such as anterior cervical approach to the spine and 

carotid endarterectomies are the most common iatrogenic 

cause. 

 ■ Laryngeal electromyography represents the diagnostic 

gold standard for VFP and paresis. Useful information from 

LEMG can be obtained only in the period between 1 month 

and 6 months after onset. 

 ■ Some unilateral VFP patients may recover spontaneously, 

others may regain normal function within the first year 

even without vocal fold motion. Therefore, it is common to 

practice observation for a period of 6–12 months.

 ■ Common causes for suboptimal surgical outcome of medi-

alization laryngoplasty: persistent posterior glottic gap, 

undermedialization and malpositioning of the implant.

 ■ In some patients medialization procedure alone will not 

provide adequate correction, due to posterior gap or height 

mismatch, those patients require additional arytenoid 

repositioning.

 ■ The suture in arytenoid adduction mimics the TA-LCA 

muscle complex.

 ■ Laryngeal reinnervation techniques improve phonatory 

function by enhanced muscle tone and vocal fold bulk and 

to some extent more favorable arytenoid position. 

 ■ Mild signs that may suggest vocal fold paresis: bowing, 

incomplete closure, prolonged open phase, unilateral 

increased amplitude, and asynchronous mucosal wave 

propagation.

 ■ Signs for isolated SLN paralysis would be: secretions pool-

ing in the ipsilateral piriform sinus and rotation of the aryt-

enoids toward the affected side during  phonation.

 ■ Mechanical vocal fold fixation can be differentiated from 

VFP by either LEMG or palpation during direct laryngos-

copy under general anesthesia.

 ■ Children have much higher spontaneous recovery rate and 

they tend to compensate well, therefore only few will have 

permanent dysphonia.

CONCLUSION

Vocal fold paralysis can be due to general four types of neu-

rologic deficits: (1) CNS, (2) high vagal, (3) isolated RLN, 

and (4) isolated SLN. When the cause of the vocal fold 

immobility is not evident, the physician should investigate 

for etiologies as malignancy and granulomatous diseases. 

Imaging of the vagal nerve route is mandatory. Factors as 

prognosis for recovery, degree of impairment, patient’s 

general health, and patient’s requirements and desire for 

recovery influence the timing and type of intervention. The 

treatment options include observation, voice therapy and 

surgical intervention by injection augmentation, laryngeal 

framework surgery, or reinnervation. Medialization laryn-

goplasty is considered the long-term solution for glottic 

insufficiency caused by unilateral VFP, vocal fold paresis, 

or atrophy. Several implant materials were confirmed to 

be safe and have excellent voice outcome: Silastic, hydroxy-

lapatite, polytetrafluoroethylene ribbon, and titanium. 

Medialization laryngoplasty may be combined with aryte-

noid repositioning or reinnervation procedure.
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