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Introduction

The Home Study Course is designed to provide relevant and timely clinical information for
physicians in training and current practitioners in otolaryngology - head and neck surgery. The
course, spanning four sections, allows participants the opportunity to explore current and cutting
edge perspectives within each of the core specialty areas of otolaryngology.

The Selected Recent Material represents primary fundamentals, evidence-based research, and state of
the art technologies in Laryngology, Voice Disorders and Bronchoesophagology. The scientific literature
included in this activity forms the basis of the assessment examination.

The number and length of articles selected are limited by editorial production schedules and copyright
permission issues, and should not be considered an exhaustive compilation of knowledge Laryngology,
Voice Disorders and Bronchoesophagology.

The Additional Reference Material is provided as an educational supplement to guide individual
learning. This material is not included in the course examination and reprints are not provided.

Needs Assessment

AAO-HNSF’s education activities are designed to improve healthcare provider competence through
lifelong learning. The Foundation focuses its education activities on the needs of providers within the
specialized scope of practice of otolaryngologists. Emphasis is placed on practice gaps and education
needs identified within eight subspecialties. The Home Study Course selects content that addresses these
gaps and needs within all subspecialties.

Target Audience
The primary audience for this activity is physicians and physicians-in-training who specialize in
otolaryngology-head and neck surgery.

Outcomes Objectives
1. Evaluate the utility of computed tomography in the evaluation of patients with idiopathic vocal fold paresis.
2. Communicate the current practice patterns for otolaryngologists in diagnosing unilateral vocal fold paresis.
3. Discuss the various etiologies of unilateral vocal fold paralysis and concurrent dysphagia findings that
these patients exhibit.
4. Evaluate the utility of stroboscopy in evaluating patients with laryngeal dysplasia, vocal fold paresis, and
vocal fold paralysis.
5. Articulate the effectiveness of photoangiolytic laser treatment for Reinke’s edema and expected voice
outcomes following treatment.
6. Determine the benefits of office-based biopsy of laryngeal lesions versus surgical intervention for these
pathologies.
7. Describe the anatomic changes that occur with vocal fold atrophy in the aging larynx and expected voice
outcomes following voice therapy for this disorder.
Evaluate the utility of impedance testing in patients with extraesophageal reflux symptoms.
Measure body mass index and communicate how it predicts tracheal size.
0. Recognize the outcomes of tracheal stenosis and other airway complications in trauma patients that
undergo percutaneous versus open tracheostomy.

11. Measure pulmonary function testing in patients that have undergone endoscopic treatment for subglottic
stenosis.

=2 © o



Medium Used
The Home Study Course is available in electronic or print format. The activity includes a review of
outcomes objectives, selected scientific literature, and a self-assessment examination.

Method of Physician Participation in the Learning Process

The physician learner will read the selected scientific literature, reflect on what they have read,
and complete the self-assessment exam. After completing this section, participants should have a
greater understanding of Laryngology, Voice Disorders and Bronchoesophagology as they affect
the head and neck area, as well as useful information for clinical application.

Estimated time to complete this activity: 40.0 hours

Accreditation Statement

The American Academy of Otolaryngology—Head and Neck Surgery Foundation (AAO-HNSF) is
accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical
education for physicians.

Credit Designation

The AAO-HNSF designates this enduring material for a maximum of 40.0 AMA PRA Category 1
Credit(s)™. Physicians should claim credit commensurate with the extent of their participation in the
activity.

ALL PARTICIPANTS must achieve a post-test score of 70% or higher for a passing completions to be
recorded and a transcript to be produced. Residents’ results will be provided to the Training Program
Director.

PHYSICIANS ONLY: In order to receive Credit for this activity a post-test score of 70% or higher is
required. Two retest opportunities will automatically be available if a minimum of 70% is not achieved.

Disclosure

The American Academy of Otolaryngology Head and Neck Surgery/Foundation (AAO-HNS/F) supports fair and
unbiased participation of our volunteers in Academy/Foundation activities. All individuals who may be in a
position to control an activity’s content must disclose all relevant financial relationships or disclose that no relevant
financial relationships exist. All relevant financial relationships with commercial interests! that directly impact
and/or might conflict with Academy/Foundation activities must be disclosed. Any real or potential conflicts of
interest? must be identified, managed, and disclosed to the learners. In addition, disclosure must be made of
presentations on drugs or devices, or uses of drugs or devices that have not been approved by the Food and Drug
Administration. This policy is intended to openly identify any potential conflict so that participants in an activity
are able to form their own judgments about the presentation.

(1A “Commercial interest” is any entity producing, marketing, re-selling, or distributing health care goods or services consumed by, or used on, patients.

2 «Conflict of interest” is defined as any real or potential situation that has competing professional or personal interests that would make it difficult to be
unbiased. Conflicts of interest occur when an individual has an opportunity to affect education content about products or services of a commercial interest with
which they have a financial relationship. A conflict of interest depends on the situation and not on the character of the individual.
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This 2016 Section 6 Home Study Course does not include discussion of off-label uses of drugs or devices which
have not been approved by the United States Food and Drug Administration:

Disclaimer

The information contained in this activity represents the views of those who created it and does not necessarily
represent the official view or recommendations of the American Academy of Otolaryngology — Head and Neck
Surgery Foundation.

January 3, 2017: Suggested Section 6 Exam submission deadline; course closed August 4, 2017.

EVIDENCE BASED MEDICINE
The AAO-HNSF Education Advisory Committee approved the assignment of the appropriate level of evidence to
support each clinical and/or scientific journal reference used to authenticate a continuing medical education activity.
Noted at the end of each reference, the level of evidence is displayed in this format: [EBM Level 3].

Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001)
Level 1 Randomized? controlled trials? or a systematic review® (meta-analysis*) of randomized
controlled trials®.

Level 2 Prospective (cohort® or outcomes) study’ with an internal control group or a systematic review
of prospective, controlled trials.

Level 3 Retrospective (case-control®) study® with an internal control group or a systematic review of
retrospective, controlled trials.

Level 4 Case series'® without an internal control group (retrospective reviews; uncontrolled cohort or

outcome studies).

Level 5 Expert opinion without explicit critical appraisal, or recommendation based on
physiology/bench research.

Two additional ratings to be used for articles that do not fall into the above scale. Articles that are informational only can be rated
N/A , and articles that are a review of an article can be rated as Review. All definitions adapted from Glossary of Terms, Evidence
Based Emergency Medicine at New York Academy of Medicine at www.ebem.org.

L A technique which gives every patient an equal chance of being assigned to any particular arm of a controlled clinical trial.

2 Any study which compares two groups by virtue of different therapies or exposures fulfills this definition.

3 A formal review of a focused clinical question based on a comprehensive search strategy and structure critical appraisal.

4 A review of a focused clinical question following rigorous methodological criteria and employing statistical techniques to combine data
from independently performed studies on that question.

5 A controlled clinical trial in which the study groups are created through randomizations.

6 This design follows a group of patients, called a “cohort”, over time to determine general outcomes as well as outcomes of different
subgroups.

" Any study done forward in time. This is particularly important in studies on therapy, prognosis or harm, where retrospective studies make
hidden biases very likely.

8 This might be considered a randomized controlled trial played backwards. People who get sick or have a bad outcome are identified and
“matched” with people who did better. Then, the effects of the therapy or harmful exposure which might have been administered at the start
of the trial are evaluated.

9 Any study in which the outcomes have already occurred before the study has begun.

10 This includes single case reports and published case series.


http://www.ebem.org/
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LARYNGOLOGY
A. Neurolaryngology: Injection and Diagnostics

Domer AS, Leonard R, Belafsky PC. Pharyngeal weakness and upper esophageal
sphincter opening in patients with unilateral vocal fold immobility. Laryngoscope. 2014,
124(10):2371-2374. EBM IEVEI 4.t 1-4

Summary: Individuals with unilateral vocal fold immobility of iatrogenic and idiopathic etiologies
with subjective dysphagia demonstrate objective evidence of pharyngeal weakness. The increased
prevalence of aspiration in this population may not solely be the result of impaired airway
protection.

Li M, Chen S, Wang W, et al. Effect of duration of denervation on outcomes of ansa-
recurrent laryngeal nerve reinnervation. Laryngoscope. 2014; 124(8):1900-1905. EBM

Summary: Although delayed laryngeal reinnervation is proved valid for unilateral vocal fold
paralysis, surgical outcome is better if the procedure is performed within 2 years after nerve injury
than after 2 years.

Paddle PM, Mansor MB, Song PC, Franco RA Jr. Diagnostic yield of computed
tomography in the evaluation of idiopathic vocal fold paresis. Otolaryngol Head Neck
Surg. 2015; 153(3):414-419. EBM IeVel 4........cccooviiiiiiiiiieee e 11-16

Summary: This study reviewed charts of 174 patients with a diagnosis of idiopathic unilateral
vocal fold paresis (IUVFP) who underwent CT scan from skull base to mediastinum in a tertiary
laryngology practice over a 10-year period. Of the 174 patients, 5 patients had a cause for their
paresis identified on CT. This equated to a diagnostic yield of 2.9% (95% confidence interval,
0.94% to 6.6%). In addition, 48 patients had other incidental lesions identified that required
further follow-up, investigation, or treatment. This equated to an incidental yield of 27.6% (95%
confidence interval, 21.1% to 34.9%). This review demonstrates a low diagnostic yield and a high
incidental yield. These findings suggest that the routine use of CT in the evaluation of idiopathic
vocal fold paresis should be given careful consideration and that a tailored approach to
investigation with good otolaryngologic follow-up is warranted.



Spataro EA, Grindler DJ, Paniello RC. Etiology and time to presentation of unilateral
vocal fold paralysis. Otolaryngol Head Neck Surg. 2014; 151(2):286-293. EBM
L= PSSP 17-24

Summary: Records were reviewed for 10 years at a single institution for unilateral vocal fold
paralysis (UVFP); 938 patients met inclusion criteria. Of this group, 522 patients (55.6%) had
UVFP due to surgery; 158 patients (16.8%) had UVFP associated with thyroid/parathyroid
surgery, while in 364 patients (38.8%), UVFP was due to non-thyroid surgery. Of the total group,
416 patients (44.4%) had nonsurgical etiologies, 124 patients (13.2%) had idiopathic UVFP, and
621 patients (66.2%) had left-sided UVFP. Thyroidectomy remains the leading cause of surgery-
related UVFP. Patients typically are seen within 3 to 4 months of onset.

Wu AP, Sulica L. Diagnosis of vocal fold paresis: current opinion and practice.
Laryngoscope. 2015; 125(4):904-908. EBM level 5......ccccocveviiiiiienincece e, 25-29

Summary: Wu and Sulica surveyed expert laryngologists who diagnosed vocal fold paresis
predominantly on stroboscopic examination. Gross motion abnormalities had the highest positive
predictive value. Laryngeal electromyography was infrequently used to assess for vocal fold
paresis.

. Stroboscopy

Djukic V, Milovanovic J, Jotic AD, Vukasinovic M. Stroboscopy in detection of
laryngeal dysplasia: effectiveness and limitations. J Voice. 2014; 28(2):262.e13-
262.621. EBM IEVEI 3a....c.ccviiiiiicicie ettt 30-38

Summary: This is a large study examining pre- and posttreatment stroboscopic findings in a
prospectively collected group of 112 patients with dysplasia. There were fairly stringent exclusion
criteria. The main finding was that abnormal amplitude of vocal fold vibration was significantly
associated with recurrence. The type of cordectomy performed for the dysplasia and involvement
of the vibratory segment was also associated with recurrence of dysplasia. Most recurrence
occurred in a moderate dysplasia group. One limitation was that there were smaller numbers of
patients in each dysplasia category; however, the study did highlight that caution should be
exercised in the posttreatment follow-up period, and that stroboscopy has to be used in
combination with other methods for an accurate diagnosis but can be helpful in predicting
recurrence.

Reiter R, Pickhard A, Sander S, Brosch S. Prognostic relevance of mucosal waves in
patients with unilateral vocal fold paralysis. Ann Otol Rhinol Laryngol. 2016;
125(4):331-335. EBM IEVEI 4. 39-43

Summary: This is a retrospective review of 100 patients with unilateral vocal fold paralysis
looking at stroboscopic characteristics and relationship to eventual outcome. The majority of
patients (75%) recovered function, and in all patients who recovered, there was an existing
mucosal wave. In patients who did not recover function, only 10% had a mucosal wave.



Rosow DE, Sulica L. Laryngoscopy of vocal fold paralysis: evaluation of consistency of
clinical findings. Laryngoscope. 2010; 120(7):1376-1382. EBM level 2................. 44-50

Summary: This study sent videostroboscopy examination results from patients with unilateral
vocal fold paralysis (VFP) to 22 blinded laryngologists and asked them to rate the results on
twelve different criteria. The interrater reliability for each criterion was then calculated. The
criteria with the best interrater agreement were glottic insufficiency, vocal fold bowing, and
salivary pooling, which showed moderate agreement. All other criteria showed fair or poor
agreement. The authors concluded that while it would be ideal to have a standardized rating scale
for evaluation of VFP, the lack of interrater agreement across a wide range of laryngologists with
different training and different backgrounds suggests that this may be very difficult to achieve.

Simpson CB, May LS, Green JK, et al. Vibratory asymmetry in mobile vocal folds: is it
predictive of vocal fold paresis? Ann Otol Rhinol Laryngol. 2011; 120(4):239-242.
EBIM HEVEI 4.ttt sttt r ettt naene e 51-54

Summary: This study is a retrospective review of 23 patients with symptoms suggestive of glottic
insufficiency and stroboscopy examinations showing normal vocal fold mobility and vibratory
asymmetry. All patients underwent laryngeal electromyography (LEMG) to determine presence
of paresis. A total of 19 patients (83%) had evidence of paresis on LEMG. Blinded reviewers
evaluated stroboscopy examinations for presence of paresis, but their ability to predict the
distribution (sidedness) of the paresis was 37% or worse. The authors note that their findings
suggest that all clinical and stroboscopic diagnoses of vocal fold paresis should be followed up
with LEMG as the gold standard for diagnosis.

. Office-Based Procedures

Croake DJ, Stemple JC, UhI T, et al. Reliability of clinical office-based laryngeal
electromyography in vocally healthy adults. Ann Otol Rhinol Laryngol. 2014;
123(4):271-278. EBM IEVEI 3. 55-62

Summary: Using a quantitative analysis protocol to inform an essentially qualitative technique, the
study results indicated that there was generally poor to fair reliability in the laryngeal
electromyography (LEMG) signal over testing sessions. Vocal intensity was an important variable
that affected LEMG signal reliability. Standardization of LEMG protocols using vocal control
parameters and quantitative analyses may help improve LEMG reliability in clinical settings.

Koszewski 1J, Hoffman MR, Young WG, et al. Office-based photoangiolytic laser
treatment of Reinke’s edema: safety and voice outcomes. Otolaryngol Head Neck Surg.
2015; 152(6):1075-1081. EBM IEVEL 4........cocuimiiiiiiiiee e 63-69

Summary: This study provides a retrospective analysis of patients undergoing office-based laser
treatment of endoscopically proven Reinke’s edema. Nineteen patients met criteria for the study
inclusion. Five procedures were truncated due to patient intolerance. Phonatory frequency range
increased (N = 12, p = 0.003), while percent jitter decreased (N = 12, p = 0.004). Phonation
threshold pressure decreased after treatment (N = 4, p = 0.049). The Voice Handicap Index also
decreased (N = 14, p = 0.001).



Richards AL, Sugumaran M, Aviv JE, et al. The utility of office-based biopsy for
laryngopharyngeal lesions: comparison with surgical evaluation. Laryngoscope. 2015;
125(4):909-912. EBM VeI 4......ooviiiiie et 70-73

Summary: Office biopsy for laryngopharyngeal lesions may offer early detection and avoid
operative intervention in some cases; however, for suspected dysplastic or malignant lesions,
direct microlaryngoscopy should be the standard of care to ensure adequate full-thickness
sampling and staging. For benign pathology, office biopsy is a safe and viable alternative to direct
microlaryngoscopy and biopsy/excision.

Verma SP, Dailey SH. Office-based injection laryngoplasty for the management of
unilateral vocal fold paralysis. J Voice. 2014; 28(3):382-386. EBM level 4............ 74-78

Summary: This study is a retrospective chart review of 82 consecutive office-based injection
laryngoplasty (OBIL) attempts on 57 patients. The most common route of access was transoral
(85.6%). All OBILs were able to be completed. Injectates used were hyaluronic acid derivatives
(57.3%), calcium hydroxyapatite (16%), and Cymmetra (16.5%). Three complications (3.7%)
occurred. Thirty percent of patients ultimately elected for thyroplasty or ansa reinnervation, 22%
found their condition to self-resolve, 14% died, and 25% were lost to follow-up.

. Aging Larynx

Branco A, Todorovic Fabro A, Gongalves TM, Garcia Martins RH. Alterations in
extracellular matrix composition in the aging larynx. Otolaryngol Head Neck Surg.
2015; 152(2):302-307. EBM IEVEI 4......coooveeeeeee et 79-84

Summary: This cadaver study proposes to further characterize extracellular matrix composition
(ECM) changes in the aged vocal fold. Through immunohistochemistry, an overall increase in
ECM mediated by increased collagen as well as decreased elastin were demonstrated. This work
further highlights the histologic changes responsible for age-related voice changes.

Lee YC, Lee JS, Kim SW, et al. Influence of age on treatment with proton pump
inhibitors in patients with laryngopharyngeal reflux disease: a prospective multicenter
study. JAMA Otolaryngol Head Neck Surg. 2013; 139(12):1291-1295. EBM

Summary: The authors aim to evaluate differences in laryngopharyngeal reflux (LPR) symptom
severity among different age cohorts as well as response to treatment. The authors demonstrate
that patients over 60 years of age experience greater symptoms and impact on quality of life from
LPR; however, they seem to achieve less benefit from proton pump inhibitor therapy.

Yamauchi A, Yokonishi H, Imagawa H, et al. Vocal fold vibration in vocal fold atrophy:
guantitative analysis with high-speed digital imaging. J Voice. 2015; 29(6):755-762.
EBM IBVEI 2.ttt sttt s e e e s ettt e s s e e e s st e e s e aben e eaes 90-97

Summary: This study shows that high-speed digital imaging gives more insight into characterizing
atrophic vocal folds.

Zeigler A, Verdolini Abbott K, Johns M, et al. Preliminary data on two voice therapy
interventions in the treatment of presbyphonia. Laryngoscope. 2014; 124(8):1869-1876.
EBM IBVEL 2D.....oi s 98-105

Summary: Zeigler et al demonstrate that vocal function exercise and PhoRTE voice therapy
techniques appear to be effective in atrophy patients.



BRONCHOESOPHAGOLOGY
A. Esophageal Dysphagia

Kocdor P, Siegel ER, Tulunay-Ugur OE. Cricopharyngeal dysfunction: a systematic
review comparing outcomes of dilatation, botulinum toxin injection, and myotomy.
Laryngoscope. 2016; 126(1):135-141. EBM level 2a.......c.ccccocvvvvveieieciecicniees 106-112

Summary: This systematic review of cohort studies evaluated the outcomes between different
interventions for cricopharyngeal (CP) dysfunction, including CP dilation, botulinum toxin
injections, and myotomy. The authors found that there was a significant increase in the odds of
success and decreased complication rates with endoscopic myotomy versus open myotomy. They
also found that myotomy was more effective than botulinum toxin injections.

Miles A, McMillan J, Ward K, Allen J. Esophageal visualization as an adjunct to the
videofluoroscopic study of swallowing. Otolaryngol Head Neck Surg. 2015;
152(3):488-493. EBM IEVEI 4......oocviieiiieeee et 113-118

Summary: Miles et al hypothesize that esophageal disorders are the cause for dysphagia in many
patients and propose that studying the esophagus as part of videofluoroscopic study of swallowing
will yield greater diagnosis of abnormalities. Their findings suggest that esophageal disease is
common and sometimes is the only abnormality in patients with cervical dysphagia. Furthermore,
esophageal abnormalities frequently coexist with oral and pharyngeal disorders.

Moawad FJ, Veerappan GR, Dias JA, et al. Randomized controlled trial comparing
aerosolized swallowed fluticasone to esomeprazole for esophageal eosinophilia. Am J
Gastroenterol. 2013; 108(3):366-372. EBM level 1b........ccccoevvivciiiiiiiicicnn, 119-125

Summary: This single-blinded, randomized controlled trial compared the efficacy of swallowed
aerosolized steroids (fluticasone) to a proton pump inhibitor (omeprazole) for the treatment of
eosinophilic esophagitis (EOE)—an important cause of esophageal dysphagia. Gastroesophageal
reflux disease (GERD) patients were stratified equally into each arm. GERD patients with
eosinophilia had improvement in their dysphagia symptoms and eosinophilia in biopsy specimens
with PPI treatment alone. Current guidelines recommend failed trial of PPI prior to formal
diagnosis of EOE due to this “newer” entity of PPI-responsive EOE.

Peng KA, Feinstein AJ, Salinas JB, Chhetri DK. Ultility of the transnasal esophagoscope
in the management of chemoradiation-induced esophageal stenosis. Ann Otol Rhinol
Laryngol. 2015; 124(3):221-226. EBM level 4...........ccooviiiviieicicieceecee, 126-131

Summary: This article establishes the applications and safety of the transnasal esophagoscope
(TNE) for chemoradiation-induced pharyngoesophageal swallowing dysfunction. Through use of
a modified dysphagia score, the Functional Outcome Swallowing Scale (FOSS), the authors also
suggest efficacy of TNE-based procedures in the population.

Esophagopharyngeal Reflux

Jetté ME, Gaumnitz EA, Birchall MA, et al. Correlation between reflux and

multichannel intraluminal impedance pH monitoring in untreated volunteers.
Laryngoscope. 2014; 124(10):2345-2351. EBM level 1b.......cccccoveiiiiiieicnnnee, 132-138

Summary: This study shows that the Reflux Finding Score (RFS) is not specific to detect
laryngopharyngeal reflux in healthy volunteers, suggesting that other things can cause laryngeal
inflammation.



Kavitt RT, Yuksel ES, Slaughter JC, et al. The role of impedance monitoring in patients
with extraesophageal symptoms. Laryngoscope. 2013; 123(10):2463-2468. EBM
TEVEIL 2D, et nen 139-144

Summary: Kavitt et al demonstrate that typical gastroesophageal reflux disease (GERD) testing
parameters cannot predict the same conclusions when impedance is performed while the patient is
on proton pump inhibitor therapy and recommend caution on over-interpreting impedance data in
laryngopharyngeal reflux.

Reichel O, Dressel H, Wiederdnders K, Issing WJ. Double-blind, placebo-controlled trial
with esomeprazole for symptoms and signs associated with laryngopharyngeal reflux.
Otolaryngol Head Neck Surg. 2008; 139(3):414-420. EBM level 1...................... 145-151

Summary: This study is a prospective, double-blinded randomized controlled trial examining
esomeprazole versus placebo in managing the symptoms and signs of laryngopharyngeal reflux
(LPR). Atotal of 62 patients with LPR were enrolled, and ultimately 30 patients were in the
esomeprazole group, with 28 in the control group. Study subjects were given either esomeprazole
20 mg twice daily or identical placebo. They underwent laryngoscopic examinations and
completed a Reflux Symptom Index (RSI) at 6 weeks and 12 weeks. There was minimal
difference between the two groups at 6 weeks, but at 12 weeks, there was a significant difference
in RSI as well as the Reflux Finding Score on laryngoscopy. The authors also found a high
percentage of placebo patients (42%) experienced complete relief of symptoms at the end of the
3-montbh trial, though the percentage of the esomeprazole group was significantly higher (over
78%). One possible limitation is that pH monitoring was not used to diagnose LPR.

Youssef TF, Ahmed MR. Treatment of clinically diagnosed laryngopharyngeal reflux
disease. Arch Otolaryngol Head Neck Surg. 2010; 136(11):1089-1092. EBM
TEVEL L. 152-155

Summary: This randomized controlled trial looked at the difference between monotherapy with
esomeprazole versus triple therapy with esomeprazole, amoxicillin, and clarithromycin in treating
patients with laryngopharyngeal reflux disease (LPRD) that have been found to be positive for H.
pylori stool antigen (HPSA). The authors first determined that there is no statistical difference in
symptoms between HPSA-positive and HPSA-negative patients with LPRD. Next, patients with
clinically diagnosis of LPRD confirmed on pH testing were divided into two treatment groups
based on HPSA status. HPSA-negative patients received esomeprazole 40 mg once daily for

4 weeks, while HPSA-positive patients were divided into monotherapy and triple therapy groups.
The monotherapy treatment was identical to the HPSA-negative treatment, while the triple therapy
group received esomeprazole 40 mg daily, 1 g amoxicillin daily, and 500 mg clarithromycin daily
for 4 weeks. The HPSA-negative group showed improvement in 97% of patients, while in the
HPSA-positive group, patients on monotherapy showed improvement in 40%, and 90% of those
on triple therapy showed improvement. A major weakness of the study is that “improvement” is
based on self-reporting by patients and by blinded laryngoscopic evaluation by the senior author.
While these are no doubt important factors to take into consideration, they do not make use of
objective testing, such as repeat 24-hour pH probe or validated questionnaires.



C. Tracheobronchial Disorders
D’Anza B, Knight J, Greene JS. Does body mass index predict tracheal airway size?
Laryngoscope. 2015; 125(5):1093-1097. EBM level 4.........cccoovvvveiiiivenveecee, 156-160

Summary: This study reviewed information on 123 patients who underwent tracheotomy over a
4-year period who also had CT imaging of the trachea in the 3 months preceding tracheostomy.
The size of the endotracheal tube at time of the tracheotomy was also noted. Measurements were
taken at the level of the first tracheal ring, as this was the most likely area for cuff-related injury of
the airway. Important findings from the study were that airway area was correlated with height,
and body mass index was inversely related to tracheal width after controlling for gender and age.

Gelbard A, Francis DO, Sandulache VC, et al. Causes and consequences of adult
laryngotracheal stenosis. Laryngoscope. 2015; 125(5):1137-1143. EBM
[NV I SRR 161-167

Summary: This study looked at 340 patients with tracheal or laryngeal stenosis at two different
sites. The etiology categories were idiopathic, iatrogenic, autoimmune, and trauma. The trauma
group had significantly younger patients, whereas the idiopathic group had significantly more
females. Comorbidities such as cardiovascular disease, peripheral vascular disease, and diabetes
were more prevalent in the iatrogenic group. The idiopathic group also had the least-severe degree
of laryngotracheal stenosis, with significantly fewer patients (none in this study) having had
tracheostomy. As expected, patients with higher-grade stenosis (Cotton-Myer grades Il or 1V)
had higher odds of being tracheostomy-dependent. The presence of tracheomalacia increased the
odds of requiring a tracheostomy in the iatrogenic group.

Kettunen WW, Helmer SD, Haan JM. Incidence of overall complications and
symptomatic tracheal stenosis is equivalent following open and percutaneous
tracheostomy in the trauma patient. Am J Surg. 2014; 208(5):770-774. EBM
TEVEI 3.ttt 168-172

Summary: This is a large (N = 616) retrospective comparative study of the rate of tracheal stenosis
in trauma patients who underwent either percutaneous (N = 351) versus open (N = 265)
tracheostomy. The authors found no significant difference in the rate of tracheal stenosis in the
open (1.9%) versus percutaneous (1.1%) groups. They did find that patients who developed
tracheal stenosis were younger (p = 0.02) and had longer mechanical ventilation periods

(p = 0.055). In addition, mortality was significantly higher in open tracheostomy patients, but this
may be secondary to selection bias since patients with higher acuity of illness may be more likely
to undergo open procedures.

Kraft SM, Sykes K, Palmer A, Schindler J. Using pulmonary function data to assess
outcomes in the endoscopic management of subglottic stenosis. Ann Otol Rhinol
Laryngol. 2015; 124(2):137-142. EBM leVel 4.........coo.oovvveeerroeeiereereeseesesrinenns 173-178

Summary: This retrospective case series described the utility of using pulmonary function tests to
evaluate the efficacy of interventions for idiopathic subglottic stenosis. The pulmonary function
parameters of PEF, PIF, FEV1/PEF, and FIF50% appeared to be the most valuable in judging
response to endoscopic management and were significantly improved after airway dilation. PIF
was the only parameter that was significantly associated with balloon size used for dilation. This
study suggests that changes in PFTs are individualistic and need to be compared pre- and
postprocedure for each patient (ie, there was no proposed “cut off” for intervention).



Taylor SC, Clayburgh DR, Rosenbaum JT, Schindler JS. Clinical manifestations and
treatment of idiopathic and Wegener granulomatosis-associated subglottic stenosis.
JAMA Otolaryngol Head Neck Surg. 2013; 139(1):76-81. EBM level 4............... 179-184

Summary: This article compares the clinical presentation, treatments, and outcomes in patients
with subglottic stenosis (SGS) due to granulomatosis with polyangiitis (GPA, previously Wegener
granulomatosis) versus idiopathic SGS. Although retrospective, this article has some interesting
comparisons between the groups after similar treatment. For example, following open airway
reconstruction, no idiopathic SGS patients required subsequent endoscopic dilations, while all
GPA-SGS patients required subsequent interventions and had a higher rate of tracheotomy.
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Pharyngeal Weakness and Upper Esophageal Sphincter Opening in
Patients With Unilateral Vocal Fold Immobility

Amanda S. Domer, MS, CCC-SLP; Rebecca Leonard, PhD, CCC-SLP; Peter C. Belafsky, MD, PhD, MPH

Objectives/Hypothesis: To evaluate pharyngeal strength and upper esophageal sphincter opening in patients with uni-
lateral vocal fold immobility (UVFI).

Study Design: Case control study.

Methods: Charts of individuals with UVFI who underwent a videofluoroscopic swallow study were reviewed. To exclude
confounding variables associated with pharyngeal weakness, inclusion was limited to patients with iatrogenic and idiopathic
UVFI. Data abstracted included patient demographics, etiology of UVFI, pharyngeal constriction ratio (PCR), and upper esoph-
ageal sphincter (UES) opening (UESmax). Data were compared to age/gender-matched controls with no history of dysphagia
or UVFI. Discrete variables were analyzed using a chi-square test of independence, and an independent samples ¢t test was
used to compare the UVFI and control groups (P = 0.05). A one-way analysis of variance (ANOVA) was used to compare iatro-
genic and idiopathic UVFI groups.

Results: The mean age of the cohort (n = 25) was 61 (=14 SD) years and 52% was female. The etiologies of UVFI were
iatrogenic (n=17) and idiopathic (n = 8). Thirty-eight percent of UVFI patients (n = 25) aspirated compared to 0% of con-
trols (P < 0.05). The mean PCR for the UVFI group was 0.14 (£0.02) compared to 0.06 (%£.01) for controls (P < 0.05). The
mean UESmax for the UVFI group was 0.82 cm (£0.04) compared to 1.0 cm (*=0.05) for controls (P> 0.05).

Conclusion: Individuals with UVFI of iatrogenic and idiopathic etiologies with subjective dysphagia demonstrate objec-
tive evidence of pharyngeal weakness. The increased prevalence of aspiration in this population may not be solely the result
of impaired airway protection.

Key Words: Dysphagia, aspiration, vocal fold immobility, swallowing disorder, unilateral vocal fold immobility, UVFIL.

Level of Evidence: 3b.
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INTRODUCTION

Glottal competence is essential in airway protection
during deglutition. If glottal closure is ineffective as a
result of unilateral vocal fold immobility (UVFI), airway
protection during the swallow may be compromised.
UVFI may result from damage to the 1) brainstem
nuclei, 2) vagus nerve, or 3) recurrent laryngeal nerve.
Etiologies of UVFI include surgical trauma/iatrogenic
(40%), tumor/neoplasm (30%), unknown/idiopathic (11%),
trauma (8%), central nervous system dysfunction (4%),
radiation (3%), inflammatory conditions (2%), and cardi-
ovascular disease (2%).! Individuals with UVFI may
present with aphonia (i.e., absence of voice), dysphonia
(i.e., voice impairment), and/or dysphagia (i.e., swallow-
ing impairment).
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The precise etiology of dysphagia in patients with
UVFI is uncertain. It is generally accepted that UVFI
results in diminished airway protection. If airway pro-
tection is ineffective, an individual may aspirate mate-
rial into the lungs, which may result in respiratory
infection and/or death due to aspiration pneumonia.
Approximately 33% to 42% of individuals with UVFI
have been identified to aspirate.>® Diminished airway
protection is presumed to be the primary cause of swal-
lowing dysfunction in patients with UVFL®% The integ-
rity of other important biomechanics of the swallow,
such as upper esophageal sphincter opening and pharyn-
geal contractility, however, has not been adequately eval-
uated in this patient population. Due to the highly
intricate nature of the nerves and muscles in the phar-
ynx and larynx, as well as the complex kinematics of the
swallow, we hypothesize that features aside from
impaired airway protection alone may contribute to
increased occurrence of aspiration in this population.

This has been hypothesized in previous studies,
which have demonstrated subjective findings in addition
to impaired glottic closure that the authors stated con-
tributed to a patient’s increased risk of aspiration. One
study that included patients with UVFI of both central
and peripheral origins identified poor pharyngeal move-
ment in patients with peripheral (i.e., recurrent laryn-
geal nerve injury, vagus nerve injury, or idiopathic
etiologies) UVFL* Another study identified decreased
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TABLE I.
Objective Measures and Definitions for a Dynamic Videofluoroscopic Swallow Study.

Objective Measures on Dynamic
Videofluoroscopic Swallow Study (DSS)

Definition

Total pharyngeal transit time (TPT)

The time between the head of the bolus passing the posterior nasal spine to the

time the tail of the bolus passes through the UES.

Upper esophageal sphincter opening (UESmax)

UES opening. The narrowest point of opening between C3 and C6 during

maximal distention for bolus passage.

Pharyngeal constriction ratio (PCR)

A surrogate measure of pharyngeal strength. Specifically, a ratio of pharyngeal

area measured in lateral fluoroscopic view at the point of maximal pharyngeal
constriction during the swallow to the pharyngeal area measured with the
bolus held in the oral cavity.

Hyoid to larynx approximation (HLx)

The difference in distance between the anterior margin of the hyoid bone with a

1cc bolus held in the oral cavity to maximal approximation of the hyoid and
larynx during swallow and maximal hyoid to larynx approximation. A clear and
consistently visible landmark on the anterior thyroid cartilage, such as
calcification, was used as an alternative to the subglottic air column if it could
not easily be visualized. Maximal approximation usually occurred just after
maximal hyoid excursion.

Hyoid excursion (Hmax)

The distance traveled by the hyoid to the point of maximal elevation during a

swallow from its position during hold.

sensation as a contributing factor to aspiration.® Other
studies have provided evidence to support the notion
that aspiration may not be solely related to vocal fold
immobility, as demonstrated by continued dysphagia
and/or aspiration after patients underwent surgical
intervention to improve glottic closure.®” There have yet
to be objective kinematic and temporal measurements
obtained from patients with subjective dysphagia as a
result of UVFI related solely to vagus nerve injury. The
purpose of this investigation was to evaluate pharyngeal
strength and upper esophageal sphincter (UES) opening
in individuals with UVFI caused by idiopathic or iatro-
genic injuries to the vagus nerve.

MATERIALS AND METHODS

A clinical swallowing database consisting of individuals
with dysphagia who underwent a dynamic videofluoroscopic
swallow study (DSS) was reviewed to identify individuals with
UVFI between January 1, 1999, and June 1, 2012. The Institu-
tional Review Board of the University of California, Davis,
approved use of this database for clinical research. All patients
with UVFI were confirmed by videolaryngoscopy and/or strobo-
videolaryngoscopy. Individuals were excluded if they were
under 18 years of age, had suspected vagus nerve injury of cen-
tral origin (e.g., cerebrovascular accident, neuromuscular dis-
ease, brain tumor, etc.), head or neck cancer (i.e., except that
isolated to the thyroid, which resulted in only surgical removal
of all or part of the thyroid), and/or anterior approach cervical
spine surgery. The purpose for excluding these populations was
the possibility of a more complex swallowing disorder not neces-
sarily limited to injury of the vagus nerve. This resulted in
patients with iatrogenic and idiopathic UVFI. None of the
patients had undergone a vocal fold medialization procedure
prior to the videofluoroscopic swallow study. The timing
between onset of UVFI and time of evaluation was not
recorded.

All swallow studies were preformed using a properly colli-
mated OEC Medical Systems 9800 Radiographic/Fluoroscopic
unit that provided a 63 kV, 1.2 mA-type output for the full field
of view mode (12-inch input phosphor diameter). In accordance
with our standard protocol, a metal ring of known diameter was
taped to the chin or neck of the patient for measurement cali-
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bration purposes. Lateral views were obtained while the
patient, seated in an examination chair, was administered
liquid barium (EZpaque barium sulfate suspension, 60% w/v;
EZ-EM, Inc., Westbury, NY) boluses of 1 cc, 3 cc, and 20 cc and
a 3-cc paste bolus (EZ-paste, EZ-EM, Inc.) measured with a
syringe or graduated medicine cup. The patient was then
turned to obtain anteroposterior views and administered liquid
barium boluses of 3 cc and 20 cc. Studies were recorded on a
Sony Md-1000 DVD recorder (Sony Corp. America, New York,
NY) and were played back using Quick Time (7.7.1; Apple,
Cupertino, CA). Measures were obtained from digitized images
using Imaged software (National Institutes of Health, Bethesda,
MD) and software tools from Iconico, Inc (New York, NY).
Specific measurement techniques have been previously
described in detail.®® An experienced unblinded clinician (i.e.,
the same clinician who conducted the videofluoroscopic swallow
studies) analyzed all studies; however, because this study was
retrospectively completed, there was no information available
related to this study at the time of evaluation. All measures for
the current study were obtained from the lateral view.

The primary outcome measures were upper esophageal
sphincter opening (UESmax) and the pharyngeal constriction
ratio (PCR). The PCR is a validated surrogate measure of pha-
ryngeal strength on fluoroscopy; and an elevated PCR suggests
pharyngeal weakness.® The secondary outcome measures were
larynx to hyoid approximation (HLx), hyoid displacement
(Hmax), and total pharyngeal transit time (TPT) (see Table I
for definitions). The data from each variable were compared to
age and gender-matched controls with no history of dysphagia.
Discrete variables were analyzed with a chi-square test of inde-
pendence and an independent samples ¢ test was used to com-
pare the control and combined UVFI groups with alpha set at
0.05. A one-way analysis of variance (ANOVA) was used to com-
pare the iatrogenic and idiopathic UVFI groups with the con-
trol group. A Bonferroni correction was applied to adjust for
multiple comparisons with alpha set at 0.01. There is a proba-
bility of 0.05 that a type I error has been made in the set of
tests.

RESULTS

A total of 137 individuals with UVFI were identified
from the clinical database. There were 25 subjects who
met strict inclusion and exclusion criteria (i.e., did not
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TABLE II.

Mean, Standard Deviation, and P Value for latrogenic and Idio-
pathic Groups.

latrogenic

UVFI vs. latrogenic (n = 17) Idiopathic (n = 8)

Idiopathic UVFI Mean (SD) mean (SD) P Value
UESmax (cm) 0.85 (0.05) 0.76 (0.07) 1.00
PCR 0.12 (0.02) 0.18 (0.04) 0.34
HLx (cm) 1.25 (0.14) 1.58 (0.15) 0.55
Hmax (cm) 1.91 (0.16) 1.84 (0.16) 1.00
TPT (seconds) 1.36 (0.09) 2.66 (0.93) 0.04

o=0.01.

*Statistical significance.

HLx =hyoid to larynx approximation; Hmax =hyoid excursion;
PCR = pharyngeal constriction ratio; SD = standard error; TPT = total pha-
ryngeal transit time; UESmax = upper esophageal sphincter opening;
UVFI = unilateral vocal fold immobility.

have dysphagia complaints that could be explained by
any other etiology in their medical history). The etiology
of UVFI was identified as iatrogenic in 17 individuals
and idiopathic in eight individuals. The cohort was 52%
female with a mean age of 61 (+14) years.

Comparison of the Idiopathic Group, Iatrogenic
Group, and Control Group

The idiopathic group (n = 8) was 50% female with a
mean age of 64 (*+14) years (Table II). The iatrogenic
group (n=17) was 53% female with a mean age of 60
years (+14) years. There was no difference in age or
gender between groups (P > 0.05).

The mean UESmax was 0.76 (+0.07) cm for the idi-
opathic group, 0.85 (+0.05) cm for the iatrogenic group,
and 1.0 (+0.05) cm for the control group. There were no
significant differences between any groups for UESmax
(P>0.01).

The PCR was 0.18 (+£0.04) for the idiopathic group,
0.12 (£0.02) for the iatrogenic group, and 0.06 (*=0.01)
for the control group. PCR was significantly greater for
the idiopathic group compared with the control group
(P <0.01). PCR for the iatrogenic group was not signifi-
cant, but less than the control group (P>0.01). There
was not a significant difference between the idiopathic
or iatrogenic groups (P > 0.01).

The HLx was 1.58 (+0.15) cm for the idiopathic
group, 1.25 (+0.14) cm for the iatrogenic group, and 1.42
(£0.12) cm for the control group (P> 0.01). There were
no significant differences between any groups for HLx
(P>0.01).

The Hmax was 1.84 (+0.16) cm for the idiopathic
group, 1.91 (£0.16) cm for the iatrogenic group, and 2.22
(£0.18) cm for the control group (P>0.01). There were
no significant differences between any groups for Hmax
(P>0.01).

The mean TPT was 2.66 (=0.93) seconds for the idi-
opathic group, 1.36 (*=0.09) seconds for the iatrogenic
group, and 1.01 (+0.06) seconds for the control group
(P>0.01). There was a significant difference between
the idiopathic UVFI and iatrogenic UVFI groups
(P<0.01). There was a significant difference between
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the idiopathic group and the control group. There was
not a significant difference between the iatrogenic and
the control group.

Thirty-eight percent of individuals with idiopathic
UVFI and 35% of individuals with iatrogenic UVFI aspi-
rated at least once during the videofluoroscopic swallow
study. There was not a significant difference between
either of the UVFI groups (P > 0.05); however, there was
a significant difference between the idiopathic group and
control group (P <0.05), as well as the iatrogenic group
and control group (P < 0.05).

UVFI Group Compared With the Control Group
The mean UESmax opening was 0.82 (+0.04) cm for
the UVFI group compared to 1.00 (+0.05) cm for controls
(P> 0.05 see Table III). The pharyngeal constriction ratio
was 0.14 (£0.02) for the UVFI group compared to 0.06
(£0.01) for controls (P <0.05). Larynx to hyoid approxi-
mation was 1.35 (+0.11) cm for the UVFI group and 1.42
(£0.12) cm for the control group (P > 0.05). The mean for
hyoid displacement was 1.89 (+0.12) cm for the UVFI
group and 2.22 (*0.17) cm for the control group
(P>0.05). The mean TPT was 1.78 (+0.32) seconds for
the UVFI group and 1.01 (+0.06) seconds for the control
group (P <0.05). Thirty-six percent of individuals with
UVFI aspirated at least once during the videofluoroscopic
swallow study compared to 0% of controls (P < 0.05).

DISCUSSION

The data in the current investigation provided evi-
dence to suggest that individuals with UVFI of iatro-
genic and idiopathic etiologies may present with
additional biomechanical findings that may increase the
prevalence of aspiration. The group of individuals with
UVFI of idiopathic and iatrogenic etiologies demon-
strated significantly prolonged TPT and elevated PCRs,
suggesting delayed bolus transit and pharyngeal weak-
ness. Additionally, individuals with UVFI of idiopathic
etiology demonstrated significantly prolonged TPT,
increased PCR (i.e., pharyngeal weakness), and
decreased UESmax compared to controls. These findings
support the notion that factors other than glottal

TABLE Il
Mean, Standard Deviation, and P Value for UVFI Group and
Controls.
UVFI vs. UVFI (n = 25) Controls (n = 25)
Controls Mean (SD) Mean (SD) P Value
UESmax (cm) 0.82 (0.05) 1.00 (0.05) 0.94
PCR 0.14 (0.02) 0.06 (0.01) 0.03*
HLx (cm) 1.35 (0.11) 1.42 (0.12) 0.94
Hmax (cm) 1.89 (0.12) 2.21 (0.17) 0.16
TPT (seconds) 1.78 (0.32) 1.01 (0.06) 0.02*

o=0.05

*Statistical significance.

HLx =hyoid to larynx approximation; Hmax = hyoid excursion;
PCR = pharyngeal constriction ratio; SD = standard error; TPT = total pha-
ryngeal transit time; UESmax = upper esophageal sphincter opening;
UVFI = unilateral vocal fold immobility.
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competence influence the increased prevalence of aspira-
tion observed in patients with UVFI.

The results of the present study confirm the quali-
tative findings of Jang et al. with objective data. In that
study, individuals with UVFI of peripheral origin (i.e.,
recurrent laryngeal nerve injury, vagus nerve injury, or
idiopathic etiologies) presented with subjective sugges-
tion of abnormal laryngeal elevation and epiglottic inver-
sion, residue in the valleculae, residue in the pyriform
sinuses, and aspiration.*

The percentage of aspiration in this study was also
comparable to previous studies, which identified aspira-
tion in approximately 33% to 42% of individuals with
UVFL27? It is important to note that the present study
was performed in an outpatient tertiary care center and
most of the previous work evaluating aspiration in
patients with UVFI was performed in acute care set-
tings. Although information about the length of time
from the onset of vocal fold immobility was not available
in these studies, we suspect that the individuals
included in the present investigation may have had a
more prolonged duration of UVFI in comparison to pre-
vious work. Nonetheless, the percentage of aspiration in
the current investigation was similar to previous
findings.

When evaluating UVFI between groups, the only
significant finding was total pharyngeal transit time.
This may be the result of a higher vagal injury in the
idiopathic group, compared to the iatrogenic group. How-
ever, this confirmed that, although the iatrogenic group
was more likely isolated to recurrent laryngeal nerve
and/or superior laryngeal nerve injury than the idio-
pathic group, the finding of increased PCR did not vary
significantly between groups. Additionally, the iatrogenic
group was approaching significance compared to the con-
trol group, and significance may be achieved with a
larger sample size. Therefore, pharyngeal weakness may
exist in individuals with UVFI of both idiopathic and
iatrogenic etiologies.

This study was not without limitations. Electromy-
ography was not utilized to determine the site of lesion
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causing UVFI. Also, in an effort to keep the groups as
homogenous as possible, the sample size was small.
However, the groups that were chosen were intended to
represent individuals with UVFI limited to vagus nerve
injury. None of the individuals underwent a vocal fold
medialization procedure prior to study, and all individu-
als presented with a dysphagia complaint. In addition,
this study was retrospective, so a future prospective
investigation with a larger sample size is required to
confirm these results.

CONCLUSION

Individuals with UVFI of iatrogenic and idiopathic
etiologies with subjective dysphagia demonstrate objec-
tive evidence of pharyngeal weakness. The increased
prevalence of aspiration in this population may not be
solely the result of impaired airway protection.
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Effect of Duration of Denervation on Outcomes of Ansa-Recurrent
Laryngeal Nerve Reinnervation

Meng Li, MD; Shicai Chen, MD; Wei Wang, MD; Donghui Chen, MD; Minhui Zhu, MD; Fei Liu, MD;
Caiyun Zhang, MD; Yan Li, MD; Hongliang Zheng, MD

Objectives/Hypothesis: To investigate the efficacy of laryngeal reinnervation with ansa cervicalis among unilateral vocal
fold paralysis (UVFP) patients with different denervation durations.

Study Design: We retrospectively reviewed 349 consecutive UVFP cases of delayed ansa cervicalis to the recurrent
laryngeal nerve (RLN) anastomosis. Potential influencing factors were analyzed in multivariable logistic regression analysis.
Stratification analysis performed was aimed at one of the identified significant variables: denervation duration.

Methods: Videostroboscopy, perceptual evaluation, acoustic analysis, maximum phonation time (MPT), and laryngeal
electromyography (EMG) were performed preoperatively and postoperatively. Gender, age, preoperative EMG status and
denervation duration were analyzed in multivariable logistic regression analysis. Stratification analysis was performed on
denervation duration, which was divided into three groups according to the interval between RLN injury and reinnervation:
group A, 6 to 12 months; group B, 12 to 24 months; and group C, > 24 months.

Results: Age, preoperative EMG, and denervation duration were identified as significant variables in multivariable logis-
tic regression analysis. Stratification analysis on denervation duration showed significant differences between group A and C
and between group B and C (P < 0.05)—but showed no significant difference between group A and B (P> 0.05) with regard
to parameters overall grade, jitter, shimmer, noise-to-harmonics ratio, MPT, and postoperative EMG. In addition, videostrobo-
scopic and laryngeal EMG data, perceptual and acoustic parameters, and MPT values were significantly improved postopera-
tively in each denervation duration group (P < 0.01).

Conclusions: Although delayed laryngeal reinnervation is proved valid for UVFP, surgical outcome is better if the proce-
dure is performed within 2 years after nerve injury than that over 2 years.

Key Words: Vocal cord paralysis, laryngeal reinnervation, ansa cervicalis, recurrent laryngeal nerve, denervation

duration.
Level of Evidence: 4.
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INTRODUCTION

Unilateral vocal fold paralysis (UVFP) is a condition
commonly seen in otolaryngology clinics. The most fre-
quent cause of UVFP is injury to the recurrent laryngeal
nerve (RLN).! UVFP can present as various degrees of
dysphonia and dysphagia, and has a significant impact
on a patient’s quality of life. There are various surgical
methods for treating UVFP. These include vocal fold
injection, thyroplasty, arytenoid adduction, and laryn-
geal reinnervation, which is an effective surgical proce-
dure with better long-term outcomes because it restores
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neural connections to laryngeal muscles and thus main-
tains the bulk, tension, and position of the paralyzed
vocal fold.2® Our previous large-scale study, as well as
reports from other researchers, demonstrated satisfac-
tory or good voice outcomes in patients who underwent
ansa cervicalis—RLN anastomosis.*®

Experimental studies have shown that reinnerva-
tion surgery can restore laryngeal function with excel-
lent results when performed immediately following
nerve resection.”® However, in clinical practice, there is
usually a considerable delay between RLN injury and
presentation for reinnervation surgery. In addition, 6 to
12 months are usually allowed for possible spontaneous
recovery of the paralyzed vocal fold or compensation
from the contralateral vocal fold, even when UVFP is
diagnosed early. Surgical intervention is considered only
in cases with unsatisfactory spontaneous recovery. At
present, there are no definitive clinical data regarding
the longest allowable period between the onset of RLN
injury and nerve reconstruction to achieve functional
recovery of the adductor muscle.

In the present study, we analyzed several potential
influencing factors of laryngeal reinnervation, including
gender, age of patients, preoperative maximal voluntary
motor-unit recruitment (VMUR) of laryngeal muscles,
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and denervation duration using multivariate logistic
regression analysis method in a large series of 349
UVFP patients who underwent delayed laryngeal rein-
nervation. We also performed further stratification anal-
ysis aimed at one of the identified significant variables—
denervation duration—in order to investigate the effect
of denervation duration on the surgical outcome of
laryngeal reinnervation.

MATERIALS AND METHODS

Patient Characteristics

Our study was approved by the institutional review board
of Second Military Medical University, Shanghai, People’s
Republic of China. The medical records of 349 UVFP patients
(94 males and 255 females; mean age 44.0 years, ranging 17-69
years) who underwent anastomosis of the main branch of the
ansa cervicalis to the RLN between January 1996 and January
2011, and who were followed for at least 2 years, were reviewed.
The etiology of UVFP in this series of patients was RLN injury
during thyroid surgery. Informed consent was obtained from all
patients involved in this study. Patients who were lost to follow-
up were excluded. There was a minimum waiting period of 6
months following onset of RLN injury to allow for possible spon-
taneous recovery or compensation. The median denervation
course was 16.1 months (range, 6-45 months). When stratified
by denervation duration, the number of patients in each dener-
vation duration group was: 172 (49.3%) patients with a dener-
vation duration 6 to 12 months (group A); 108 (30.9%) patients
with a denervation duration 12 to 24 months (group B), and 69
(19.8%) patients with a denervation duration>24 months
(group C). The median follow-up period after laryngeal reinner-
vation was 70.8 months (range, 24—156 months).

Surgical Procedure

The surgical procedure has been elaborated in our previ-
ous report.* Briefly, under general anesthesia, the ipsilateral
ansa cervicalis was explored, and the main branch was trans-
ected at the bifurcation and freely mobilized for preparation of
anastomosis. The RLN was dissected at a point sufficiently far
from the injury site to provide a tension-free anastomosis and
then transected. Under an operating microscope, the distal
RLN stump was anastomosed to the main branch of the ansa
cervicalis using nylon 11-0 thread in three to five epineural
sutures.

Videostroboscopy

All patients were observed via a videostroboscope (RICH-
ARD WOLF GmbH, model 5570, Knittlingen, Germany) during
“eee” phonation at a comfortable loudness and pitch for as long
as possible, and dynamic videos were recorded preoperatively
and postoperatively. Three experienced laryngologists who had
not performed any of the surgeries reviewed all of the videos.
The videos were randomized, and the reviewers were blinded to
whether the videos were preoperative or postoperative. Visual
laryngeal analysis included glottal closure (0, complete; 1,
slightly incomplete; 2, moderately incomplete; 3, severely
incomplete), vocal fold position, vocal fold edge of paralyzed
side, phrase symmetry, and regularity. Consensus of the
reviewers was reached on the visual appearance of the larynx.
Our previous studies demonstrated that the above parameters
were consistent in presenting reinnervation outcome of vocal
fold paralysis, among which the parameter glottal closure was
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the most representative one?; therefore, only the parameter
“glottal closure” was included when performing statistical anal-
ysis using a univariable analysis and multivariable logistic
regression analysis.

Vocal Function Assessment

Vocal function assessment included perceptual evaluation,
acoustic analysis, and maximum phonation time (MPT) mea-
surement. Preoperative and postoperative voice samples con-
taining sustained vowels /a/ and connected speech samples were
used for perceptual evaluation and acoustic analysis. The
recording equipment consisted of a digital audiotape recorder
and a dynamic microphone (Tiger Electronics Inc., North Read-
ing, MA). Five laryngologists who had been trained in grade,
roughness, breathiness, asthenia, and strain (GRBAS) rating
performed voice perceptual evaluation using a perceptual rating
scale (GRBAS) for voice quality and characteristics. The ratings
were accomplished in a blinded fashion, with patient voice sam-
ples arranged in a random manner. Each listener was asked to
score connected speech samples for overall grade, roughness,
breathiness, asthenia, and strain using a voice-quality scale for
each parameter (0, normal; 1, mild; 2, moderate; 3, severe). The
values were averaged among the five listeners. Our previous
studies demonstrated that the interrater and intrarater reliabil-
ity was acceptable (interrater reliability >0.76; intrarater
reliability > 0.81).%° In addition, the above five parameters of
perceptual evaluation were consistent in presenting vocal out-
come of vocal fold paralysis, among which the parameter overall
grade was the most representative one.* Therefore, only the
parameter “overall grade” was included when performing statis-
tical analysis using a univariable analysis and multivariable
logistic regression analysis.

The acoustic parameters of sustained vowel /a/ were eval-
uated using Praat software (Boersma, Paul & Weenink, David
(2011). Praat: doing phonetics by computer [Computer pro-
gram]. Version 5.1.12, retrieved from http://www.praat.org/).
The acoustic parameters were mean noise-to-harmonics ratio
(NHR) and measures of phonatory stability—jitter (local) and
shimmer (local). MPT was defined as the duration of sustained
phonation of the vowel /a/ after maximum inspiration and was
measured preoperatively and postoperatively.*

Laryngeal Electromyography

A four-channel electromyograph and concentric needle
electrodes (Dantec Counterpoint, Copenhagen, Denmark) were
used for the laryngeal electromyography (EMG) recordings. To
test for proper needle position, the unaffected vocal fold was
examined first. The electromyographic activity of the bilateral
thyroarytenoid (TA) muscles was recorded during the following
two stages: while breathing quietly when relaxed, and while
pronouncing the vowel /eee/ with the greatest exertion, then
sniff. One board-certified otolaryngologist performed the EMG,
and a neurologist operated the EMG machine and interpreted
the EMG results. The neurologist rated the VMUR using the
following scale: 0, full interference; 1, mixed interference; 2,
simple interference; and 3, without motor unit potential.*

Statistical Analysis

The perceptual evaluation, acoustic analysis, and MPT
data did not follow normal distribution and were presented as
median (low quartile, upper quartile). We sought to evaluate
influencing factors for the surgical outcome of laryngeal rein-
nervation using multivariable logistic regression methods.
Potential influencing factors were examined in univariable

Li et al.: Denervated Duration on Reinnervation for UVFP


http://www.praat.org/

TABLE I.
Univariable Analysis of Influencing Factors on the Surgical Outcome of Laryngeal Reinnervation.

Overall Grade Jitter Shimmer NHR MPT Post-VMUR Glottal Closure
Sex 0.7131 0.1844 0.1394 0.3456 < 0.001 0.1804 0.5141
Age < 0.001 0.3441 < 0.001 0.0010 < 0.001 < 0.001 < 0.001
Pre-VMUR < 0.001 0.3807 0.0630 0.1554 < 0.001 < 0.001 < 0.001
Denervation duration 0.0022 < 0.001 < 0.001 < 0.001 0.0007 0.0010 0.5410

Data in Table | represent P value calculated by univariable analysis.
P < 0.05 is deemed as statistically significant.

MPT = maximum phonation time; NHR = noise-to-harmonics ratio; VMUR = voluntary motor-unit recruitment.

analyses before building the multivariable logistic regression
model. Univariable logistic regression models containing each
covariate were fit. Covariates of known clinical significance or
with P value<0.05 in the univariable logistic models were
selected as candidates for the multivariable model. Statistical
significance was considered o-level 0.05.

RESULTS

Univariable Results

Table I displays the results of demographic or pre-
operative medical variables in wunivariable analysis.
Briefly, gender was only significantly associated with
MPT. Age was significantly associated with overall
grade, shimmer, NHR, MPT, postoperative VMUR, and
glottal closure. Preoperative VMUR was significantly
associated with overall grade, MPT, postoperative
VMUR, and glottal closure, whereas denervation dura-
tion was significantly associated with overall grade, jit-
ter, shimmer, NHR, MPT, and postoperative VM UR.

Multivariable Logistic Regression Model Results

Based on univariable logistic regression results, sig-
nificant candidate variables were identified (P < 0.05) for
assessment in the multivariable logistic regression
model. Table II shows the results of multivariable logis-
tic regression. These indicate that age of patients; sever-
ity of nerve injury, which was presented as preoperative
VMUR; and denervation duration had impact on the sur-
gical effect of laryngeal reinnervation. Stratification
analysis on other significant variables such as age of
patients and preoperative VMUR will be presented in
another report (unpublished). In the present study, we
performed further stratification analysis aimed at one of

the identified significant variables—denervation dura-
tion. The results are as follows (see Table III).

Videostroboscopic Findings

On preoperative videostroboscopy, the majority of
cases in each group had severely incomplete glottal clo-
sure, which did not differ significantly among the three
groups. On videostroboscopy performed 2 years after the
reinnervation operation, most patients showed complete
glottal closure. The postoperative stroboscopic findings
were significantly improved in total sample and within
each group compared with the corresponding preopera-
tive findings (P < 0.01). However, denervation duration
was not a significant variable with regard to multivari-
able logistic regression analysis in glottal closure.

Vocal Function Assessment

The preoperative values of perceptual evaluation
parameter (overall grade) and acoustic parameters—ijit-
ter (local), shimmer (local), and the NHR—showed no
significant differences among the three groups. Two
years after the reinnervation operation, the postopera-
tive value of overall grade was significantly improved
within each of the three groups compared with the corre-
sponding preoperative values (P <0.001). Postoperative
values of jitter (local), shimmer (local), and the NHR
were significantly lower within each group compared
with the corresponding preoperative values (P <0.05).
The postoperative MPT was significantly longer than the
preoperative MPT in each group (P < 0.05).

Denervation duration was identified as a significant
variable with regard to parameters (overall grade), jitter,
shimmer, NHR, and MPT in multivariable logistic

TABLE II.
Multivariable Analysis of Influencing Factors on the Surgical Outcome of Laryngeal Reinnervation.

Overall Grade Jitter Shimmer NHR MPT Post-VMUR Glottal Closure
Sex 0.6692 0.1124 0.0133 0.2320 < 0.001 0.4301 0.7663
Age < 0.001 0.2588 < 0.001 < 0.001 < 0.001 0.0080 0.0004
Pre-VMUR < 0.001 0.3374 0.4935 0.0091 < 0.001 < 0.001 < 0.001
Duration of denervation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.0004 0.1809

Data represent P value calculated by multivariable analysis.
P <0.05 is deemed as statistically significant.

MPT = maximum phonation time; NHR = noise-to-harmonics ratio; VMUR = voluntary motor-unit recruitment.
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TABLE lIl.

Stratification Analysis on Denervation Duration.

Changes Between Preoperative and Postoperative

Values

Preoperative Median

Postoperative Median

P Values of Preopera-
tive and Postoperative

P Values of Intergroups

Parameters Groups (QL, Q) (QL, Qu) Comparison Comparison
Overall Grade A 2 (2.0-2.4) 0 (0.0-0.4) < 0.001 P total <0.01
B 2 (2.0-2.4) 0 (0.0-0.6) < 0.001 P ab>0.05; P bc <0.01
C 2 (2.0-2.4) 4 (0.2-0.7) < 0.001 P ac <0.01
Overall sample 2 (2.0-2.4) 2 (0.0-0.6) < 0.001
Jitter A 1.87 (1.44-2.66) 0.26 (0.21-0.35) < 0.001 P total < 0.001
B 1.75 (1.33-2.34) 0.24 (0.15-0.30) < 0.001 P ab>0.05
C 1.85 (1.48-2.05) 0.49 (0.39-0.83) < 0.001 P ac <0.05; P bc <0.05
Overall sample 1.82 (1.40-2.47) 0.27 (0.22-0.42) < 0.001
Shimmer A 9.47 (8.49-10.90) 2.86 (2.44-3.61) < 0.001 P total < 0.001
B 9.55 (8.55-11.12) 3.12 (2.34-3.72) < 0.001 P ab>0.05; P bc <0.05
C 9.37 (8.37-10.87) 4.82 (4.04-5.54) < 0.001 P ac <0.05
Overall sample 9.49 (8.49-10.90) 3.22 (2.52-4.29) < 0.001
NHR A 0.18 (0.14-0.29) 0.02 (0.01-0.02) < 0.001 P total < 0.001
B 0.17 (0.14-0.25) 0.02 (0.01-0.02) < 0.001 P ab>0.05; P ac <0.05
C 0.20 (0.13-0.23) 0.04 (0.03-0.07) < 0.001 P bc < 0.05
Overall sample 0.18 (0.14-0.25) 0.02 (0.01-0.03) < 0.001
MPT A 6.02 (4.68-6.79) 17.17 (14.97-21.46) < 0.001 P total < 0.001
B 5.59 (4.46-6.89) 17.37 (14.93-20.75) < 0.001 P ab>0.05; P ac <0.05
C 5.45 (4.54-6.69) 14.75 (11.10-17.22) < 0.001 P bc <0.05
Overall sample 5.73 (4.60-6.79) 16.56 (14.42-20.33) < 0.001
Post-VMUR A 0 (1.0-2.0) 0 (0.0-0.0) < 0.001 P total < 0.01
B 0 (1.0-2.0) 0 (0.0-0.0) < 0.001 P ab>0.05; P bc <0.01
C 0 (1.0-2.0) 0 (0.0-2.0) < 0.001 P ac < 0.001
Overall sample 0 (1.0-2.0) 0 (0.0-1.0) < 0.001
Glottal closure A 0 (3.0-3.0) 0 (0.0-0.0) < 0.001 P total > 0.05
B 0 (3.0-3.0) 0 (0.0-0.0) < 0.001 P ab>0.05
C 0 (3.0-3.0) 0 (0.0-0.0) < 0.001 P bc>0.05; P ac>0.05
Overall sample 0 (3.0-3.0) 0 (0.0-0.0) < 0.001

MPT = maximum phonation time; NHR = noise-to-harmonics ratio; QL= low quartile; QU= upper quartile; VMUR = voluntary motor-unit recruitment.
P <0.05 is deemed as statistically significant.

regression analysis. In further stratification analysis,

ative

VMUR

in  multivariable

logistic

regression

there was a significant difference between group A and
C and group B and C (P <0.05), but not between group
A and B (P>0.05).

Electromyographic Findings

All patients received laryngeal electromyographic
examinations preoperatively. However, postoperative
EMG results were available in only 148, 97, and 41
patients in group A, B, and C, respectively. The electri-
cal activity in the TA muscles of the affected vocal folds
during EMG in the present study was divided into two
types: spontaneous activity and VMUR. Spontaneous
activity, which included positive waves, fibrillations, and
complex repetitive discharges, could not be recorded;
and VMUR were improved in each group postoperatively
(P <0.05). Denervation duration was identified as a sig-
nificant variable with regard to the parameter postoper-
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analysis. In further stratification analysis, there was a
significant difference between group A and C and group
B and C (P<0.05), but not between group A and B
(P>0.05).

DISCUSSION

Laryngeal reinnervation with ansa cervicalis to
RLN anastomosis was reintroduced by Crumley? and fol-
lowed by many other investigators,*® and it has been
presented as a good procedure to achieve a normal voice
quality. Previous studies in animal models”'®!! and in
humans'? have shown that reinnervation can potentially
restore laryngeal function when it is performed immedi-
ately after RLN injury. In the clinical setting, most
UVFP patients suffer from hoarseness and aspiration for
several months or even years before they seek medical
help. Even in UVFP patients who are diagnosed early,
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surgery is usually postponed for at least 6 months to
allow for possible spontaneous recovery or compensation
from the contralateral vocal fold. However, the studies
on regeneration of other peripheral nerves showed that
the degree of functional reinnervation lessens as the
period of denervation increases; and there appears to be
a time range beyond which effective reinnervation
declines dramatically.'® But a significant body of evi-
dence indicates that this does not necessarily apply to
the larynx.®'%1® Clinical and experimental evidences
have demonstrated that spontaneous regeneration com-
monly takes place after RLN injuries.'®1® Although this
type of reinnervation is usually nonfunctional and sel-
dom occurs with laryngeal mobility (termed subclinical
reinnervation), it can help to halt or even reverse muscle
atrophy and/or fibrosis caused by denervation.'® There-
fore, the researchers think that denervation duration
does not affect the surgical outcome of laryngeal reinner-
vation in a linear fashion. However, so far we have not
seen any report regarding the stratification analysis of
denervation duration on the laryngeal reinnervation
effect. Thus, it is of great clinical importance to explore
whether the same situation in the regeneration of other
peripheral nerves also happens to the recurrent laryn-
geal nerve—that regeneration capacity declines progres-
sively as the denervation duration increases.

Delayed reinnervation procedures have proven
effective after peripheral nerve injury in animal experi-
ments. For example, selective reinnervation of the poste-
rior cricoarytenoid muscle with a phrenic nerve transfer
has been feasible after a 9-month delay in cat models;
however, functional recovery was less successful than
with immediate reinnervation.'* We previously reported
that laryngeal reinnervation is still possible to some
degree, even after an 18-month denervation period in
dogs; however, the degree of RLN regeneration is less
than those with an 8-month denervation period.® In the
clinical studies, Maronian et al. reported on nine
patients, eight of whom had an interval between RLN
injury and surgery that exceeded 12 months. These
patients had a normal or improved voice after laryngeal
reinnervation. The longest denervation interval in that
series was 9 years, and the postoperative voice in that
case was improved.’® Olson et al. reported excellent
acoustic and perceptual results in patients with the
maximal interval of 6 years between injury and sur-
gery.'® Our study of a large sample of UVFP patients, in
which the longest denervation course was more than 3
years, confirmed that delayed reinnervation can be effec-
tive.? Nevertheless, the relationship between denerva-
tion duration and degree of functional recovery of the
laryngeal muscle in UVFP patients remains to be
elucidated.

Results of the present study showed that there was
no significant difference with regard to glottal closure
among the three groups. This was probably due to a lack
of standardization of inspiratory effort while the patients
were undergoing videostroboscopy examination. In addi-
tion, a difference in the vertical plane of the vocal folds
can result in a significant glottic gap, even when the
apparent closure as viewed from above seems
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adequate.!” However, all of the parameters of vocal func-
tion assessment, including perceptual evaluation, objec-
tive acoustic analysis, and aerodynamics parameter
MPT, showed that denervation duration was an influen-
tial factor to the surgical outcome of laryngeal reinner-
vation. Data of postoperative motor-unit recruitment
also support the vocal function results. The perceptual
and acoustic parameters showed no significant difference
postoperatively among patients with denervation inter-
vals of less than 24 months, and the parameter values
in these patients were better than those in patients with
longer denervation intervals. These results indicate that
delayed reinnervation is still effective. There are several
reasons that may support delayed laryngeal reinnerva-
tion. There may be an inherent cellular mechanism for
preserving the structure of denervated laryngeal
muscles.?’ Johns et al. found that 6 months after RLN
resection there was no significant difference in maximal
isometric force of the TA muscle between the experimen-
tal and control cats,?' possibly due to spontaneous
regeneration of the RLN. Our previous study indicated a
strong tendency for regeneration in the RLN following
injury, which may at least partially reinnervate the
laryngeal muscle, helping to maintain its structural
integrity and function and to alleviate excessive muscle
atrophy and fibrosis.'® In addition, laryngeal muscle
stem cells provide persistent regenerative potential for
delayed laryngeal reinnervation for up to 2 years after
denervation, as revealed by our previous study.?? The
population of activated muscle stem cells in the laryn-
geal muscles may be more resistant to apoptosis than
those in limb muscles, which may contribute to regener-
ative myogenesis in denervated laryngeal muscles
through compensatory mechanisms. 22

Nevertheless, after 2 years of denervation, the sur-
gical outcomes were less favorable in the present study,
although most postoperative parameters in these
patients showed improvement compared with the corre-
sponding preoperative values. As fixation of the cricoary-
tenoid joint was precluded preoperatively in these cases,
the compromise of the recovery of voice quality might
have been due to insufficient laryngeal reinnervation,
which was confirmed by postoperative EMG.

One cause of poor functional recovery after exces-
sive long-term muscle denervation is the failure of many
regenerating axons to elongate and/or make synaptic
connections with denervated muscle fibers. The ability of
nerve sheaths to support axon regeneration to long-term
denervated muscle fibers may progressively deteriorate
because of: a decrease in the number of Schwann cells to
a level that cannot provide adequate support for regen-
erating axons?®; degeneration and collagenization of
endoneurial tubes, which may obstruct axonal regenera-
tion?%; and an inability of the basal lamina to be
renewed without Schwann cell-axon contact.?® These
factors contribute to a profound reduction in the number
of axons that eventually reach denervated muscles.?®
Another possible explanation is occupation of the dener-
vated muscle end plates by axons coming from adjacent
nerves or by fibers of autonomous origin, precluding
delayed reinnervation.?” In addition, muscle fiber
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atrophy and irreversible muscle fibrosis and degenera-
tion of muscle endplates during long-term denervation
may hinder successful reinnervation.?® Even after rein-
nervation, muscle fibers may fail to resume their normal
size, possibly because of the progressive exhaustion of
satellite cells whose activity and status may be the key
determinant of skeletal muscle regeneration potential.
Our previous work showed that the levels of myoD and
myogenin, which are markers for activated satellite
cells, were upregulated 6 to 12 months after denervation
and then downregulated over time, ultimately becoming
undetectable by 2 years after denervation. This indicates
a decreased myogenic ability after a 2-year denervation
duration, 22 which might explain the better surgical out-
come of laryngeal reinnervation on patients with a
denervation duration less than 2 years than on patients
with a denervation duration longer than 2 years. There-
fore, for UVFP patients with a denervation course of
more than 2 years, it may be better to combine reinner-
vation surgery with arytenoid adduction.?3°

In addition, there are some other factors that may
also affect the surgical outcome of laryngeal reinnerva-
tion, such as the age of patients and the severity of nerve
injury.®® Crumley recommended that patients’ age
should be less than 70 in order to ensure the effectiveness
of laryngeal reinnervation,? while Paniello et al. revealed
that patients under age 52 had significantly better voice
recovery than those over age 52.3* Stratification analysis
on age in the present series of patients revealed that
laryngeal reinnervation is less effective when patients are
older than 60 years old. Details of further stratification
analysis on these two identified influential factors will be
presented in other reports (unpublished).

CONCLUSION

The data from this study indicate that surgical out-
come of laryngeal reinnervation is affected by denerva-
tion duration, the age of patients, and the severity of
nerve injury. Although delayed reinnervation is effective,
surgical outcome is better when the procedure is per-
formed within 2 years after nerve injury than when the
procedure is performed over 2 years.
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Abstract

Objective. To determine the diagnostic yield of computed
tomography (CT) in establishing an etiology in patients with
idiopathic unilateral vocal fold paresis (IUVFP). To determine
the proportion of CT scans yielding incidental findings
requiring further patient management.

Study Design. Case series with chart review.
Setting. Tertiary laryngology practice.

Subjects. Laryngology clinic patients under the care of the 2
senior authors.

Methods. All clinic patients were identified who had a diag-
nosis of [IUVFP and underwent CT of the skull base to the
upper mediastinum from 2004 to 2014. Demographic, his-
torical, examination, and investigation data were extracted.
CT reports and endoscopic recordings were reviewed.
Patients were excluded if there were insufficient clinical find-
ings recorded or if there was a known neurologic disorder,
complete vocal fold immobility, or bilateral involvement.

Results. A total of 174 patients with I[UVFP who had also
undergone contrast-enhanced CT were identified. Of the 174
patients, 5 had a cause for their paresis identified on CT. This
equated to a diagnostic yield of 2.9% (95% confidence inter-
val, 0.94% to 6.6%). Of the 174 patients, 48 had other inci-
dental lesions identified that required further follow-up,
investigation, or treatment. This equated to an incidental
yield of 27.6% (95% confidence interval, 21.1% to 34.9%).

Conclusion. This is the second and largest study to evaluate
the diagnostic yield of CT in the evaluation of IUVFP. It
demonstrates a low diagnostic yield and a high incidental
yield. These findings suggest that the routine use of CT in the
evaluation of idiopathic vocal fold paresis should be given
careful consideration and that a tailored approach to investi-
gation with good otolaryngologic follow-up is warranted.

Keywords

idiopathic unilateral vocal fold paresis, computed tomogra-
phy, diagnostic yield, incidental yield
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ocal fold paresis implies vocal fold hypomobility

& / due to neurologic injury, with a peripheral etiology

in 90% of cases. It may result from weakness of the

vagus nerve or its superior or recurrent laryngeal branches.

This may occur anywhere in its course—from the lower

motor neurons in the nucleus ambiguus of the medulla

through the jugular foramen, neck, and mediastinum. Vocal
fold paresis is unilateral in 90% of cases.'

Paresis is the most common cause of vocal fold hypomo-
bility, being present in 90% of cases. Other causes of vocal
fold hypomobility include myopathies (4%) and cricoaryte-
noid joint dysfunction (6%). Paresis is an increasingly
recognized phenomenon in patients with laryngologic com-
plaints. Previous studies reported mild vocal fold hypomobi-
lity in 46% of patients with vocal complaints, 71% of
singing teachers with complaints of technical difficulties,
and 23% of singing teachers with no vocal complaints.'*

Diagnosis of vocal fold paresis requires a high index of sus-
picion. The symptoms of vocal fold paresis are more varied
and subtle than paralysis. Classic symptoms of glottic
insufficiency—such as breathy dysphonia, diplophonia, aspira-
tion, and dysphagia—may be absent or muted. Instead, the
patient may complain of a loss of quality volume and range,
vocal instability, and increased phonatory effort.’ Atypical
symptoms, such as globus, chronic cough, and laryngospasm,
are also described.

Unlike the findings of an established vocal fold paralysis,
such as vocal fold atrophy, bowing, and arytenoid prolapse,
the examination findings of unilateral vocal fold paresis are
subtle and difficult to discern from nonpathologic asymme-
tries. Findings may include asymmetric vocal fold range
and velocity of movement, decreased ipsilateral false vocal
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fold and supraglottic contraction, pushing rotation of the
petiole toward the weakened side, and asymmetric fatigability
on repetitive movement. Findings associated with compensa-
tory hyperfunction may also be present, including contralat-
eral supraglottic contraction, and benign vocal fold lesions
such as nodules, polyps, or pseudocysts.* On stroboscopy,
asymmetry of mucosal wave motion may be the only mani-
festation. The diagnostic accuracy of these signs is controver-
sial, but when they are identified on nasoendoscopy, along
with a suggestive history, a diagnosis of paresis is made.

Idiopathic paresis is diagnosed when no cause is found
on thorough history and examination. In our clinic, paresis
with a history of preceding upper respiratory infection is
defined as idiopathic, as there is no definitive test to con-
firm causality.

Laryngeal electromyography (LEMG) is used as a diagnos-
tic and prognostic tool in cases of vocal fold paralysis. There
is no consensus on the use of LEMG in the context of vocal
fold hypomobility. When performed correctly, LEMG can con-
firm the presence and laterality of a neuropathy and identify
neuromuscular junction abnormalities and myopathies, as well
as ongoing degeneration or regeneration. Some advocates pro-
pose that it be employed systematically in paresis,’ while
others use it in situations where the results would alter patient
management.” Certainly, it does not obviate the role of ima-
ging studies in the evaluation of vocal fold paresis.

The rationale of imaging in paresis is twofold: First, par-
esis may be an early sentinel of an underlying pathology
that, where identified, would require further investigation
and management in its own right, particularly neoplasia.
Second, finding an underlying pathologic process may guide
management of the paresis itself. The role of computed
tomography (CT) in the evaluation of vocal fold paralysis is
well established, given a high overall diagnostic yield (35%
to 62%)%” and a high proportion of neoplastic causes (13%
to 33%).5!! However, its role in the evaluation of paresis is
not clearly established, and current practice seems to be
extrapolated from the paralysis literature. A single previous
study assessed the diagnostic yield of CT in the investiga-
tion of paresis.'? In our institution, CT is performed when
there is a clinical diagnosis of paresis but the cause remains
“idiopathic” after thorough history and examination—that
is, no clear history of preceding nerve injury or other com-
pressive or infiltrative lesion and no evidence of a cause on
otolaryngologic, neurologic, and chest examination and
video endoscopy. Patients may also refuse or strongly desire
a CT study.

Our study objectives are twofold: first, to establish a
diagnostic yield in performing CT in patients with idio-
pathic vocal fold paresis; second, to establish a percentage
yield of incidental lesions requiring further management in
this cohort of patients. This has important clinical, cost, and
medicolegal implications.

Method

This study was approved by the Massachusetts Eye and Ear
Infirmary Institutional Review Board. With a precision-based
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sample size calculation based on an expected diagnostic yield
of approximately 2.0%,'? an acceptable precision of 1.99%,
and a confidence level of 95%, an estimated 191 patients
were required. The practice records from January 2004 to
January 2014 of 2 senior laryngologists from a single tertiary
practice were reviewed. All adult patients were identified
who had a clinical diagnosis of idiopathic unilateral vocal
fold paresis (IUVFP) and underwent contrast-enhanced CT
from skull base to mediastinum. Patients were excluded if
they had bilateral vocal fold hypomobility due to the
decreased reliability of clinical assessment and the higher
likelihood of a central etiology.' Patients were also excluded
if there was a history of a neurologic diagnosis, such as lar-
yngeal dystonia or tremor, myoclonus, parkinsonism, stroke,
or other central neurologic process.

In each case, a diagnosis of paresis was made by a senior
laryngologist, using the above-described symptoms and
signs. CT images and reports were reviewed. In each case,
any etiology for paresis and any incidental finding were
recorded. An etiology for paresis was defined as any lesion
along the expected extracranial course of the ipsilateral
superior or recurrent laryngeal nerve or vagus, which could
be causing pathologic compression, invasion, stretch, or
inflammation. An incidental lesion was defined as any clini-
cally silent lesion, not associated with the diagnosis of par-
esis, but that could lead to further diagnostic or therapeutic
intervention.

Longitudinal review of files was also undertaken to iden-
tify evolution of findings or interval evidence of an etiology
for the diagnosed paresis. Due to the evolution in endo-
scopic diagnostic criteria for paresis over the 10 years of the
study, a sensitivity analysis was performed comparing the
mean diagnostic yield of the first 5 years with that of the
second 5 years. The null hypothesis of no difference
between the means was tested with an unpaired 2-sample ¢
test. Excel 2010 and Stata 10.0 were used for data storage
and statistical analysis.

Results

Patients (n = 237) with unilateral paresis were identified
over the period January 2004 to January 2014. Of these, 174
(73%) underwent contrast-enhanced CT scans of skull base
to mediastinum and were included in the study. The other
63 (27%) did not undergo CT due to either a clear etiology
of their paresis or patient refusal. There was no systematic
difference in the demographic characteristics of the CT and
non-CT workup patient populations. In the CT workup
group of patients, the mean age at diagnosis was 54.5 years
(range, 21 to 82). There were a greater proportion of
women (56%), while laterality of paresis was evenly distrib-
uted, with 51% of lesions being left sided (Table ).

The most common patient symptom was hoarseness.
Symptoms of glottic inefficiency were also common, such
as vocal fatigue, increased phonatory effort, and decreased
projection (Table 2). Patients less commonly complained of
loss of range, cough, laryngospasm, globus/dysphagia, and
pain.
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Table I. Demographic Data of IUVFP by Workup Groups: CT and
Non-CT?

CT Non-CT
Total unilateral paresis 174 63
Age, y° 545 (21-82) 53.9 (18-75)
Women 98 (56) 33 (52)
Left laterality 88 (51) 33 (52)

Abbreviations: CT, computed tomography; IUVFP, idiopathic unilateral vocal
fold paresis.

*Results presented as n (%), except where noted otherwise.

®Mean (range).

Table 2. Symptoms of Paresis Subjects Included in this Study.

Symptom n (%)

Hoarseness 144 (83)
Vocal fatigue 113 (65)
Increased phonatory effort 67 (39)
Decreased vocal projection 63 (36)
Loss of range 45 (26)
Cough 44 (25)
Dysphagia 37 (21)
Pain: odynophagia / odynophonia / laryngeal strain 20 (1)
Breathlessness during voicing 13 (7)

Laryngospasm Il (6)

On video endoscopy, common findings were subtle vocal
fold range-of-motion asymmetries, asymmetrically increased
glottic show, and asymmetric velocity of motion. These
were seen in 79%, 74%, and 67% of patients, respectively.
Asymmetries at rest were less prevalent as were signs of
bowing and incomplete closure (Table 3).

Of the 174 patients, 5 had CT that revealed an etiologic
lesion for their vocal fold paresis, a diagnostic yield of
2.9% (95% confidence interval, 0.94 to 6.6; Table 4). Of
these 5 CT-positive cases, 1 was positive for malignancy.
The patient had an exophytic thyroid nodule with possible
compression of the recurrent laryngeal nerve in the ipsilat-
eral tracheoesophageal groove. This nodule was positive for
papillary thyroid carcinoma on fine-needle aspiration. The
patient underwent total thyroidectomy and adjuvant radioac-
tive iodine. His paresis did not improve on serial follow-up.

Four CT-positive cases were benign: 1 was due to previ-
ous thoracic aortic aneurysm repair with dense scarring on
CT in the aortopulmonary window. Two cases were due to
tracheoesophageal groove masses. One mass was an exo-
phytic thyroid nodule and associated tracheoesophageal
groove lymph node. The patient underwent a right hemithyr-
oidectomy and prelaryngeal lymph node dissection. The
final histopathology was a benign follicular adenoma. The
other tracheoesophageal groove case was due to a large

Table 3. Videostroboscopic Findings of Paresis Subjects Included
in this Study.

Examination Feature n (%)

Asymmetry of velocity of movement 138 (79)
Increased glottic show 129 (74)
Asymmetry of range of movement 117 (67)
Phase asymmetry 91 (66)
Supraglottic hyperfunction 72 (41)
Incomplete closure 65 (37)
Bowing/atrophy of vocal fold 45 (26)
Deviation 26 (15)
Increased vibratory amplitude 17 (12)

parathyroid adenoma that, on removal, was seen to be
stretching the recurrent laryngeal nerve. A final case was
due to an undiagnosed Arnold Chiari II malformation with
tentorium crowding and tonsillar herniation. This patient
was referred to neurosurgery and underwent urgent posterior
fossa decompression. It is interesting to note that there were
no other neurologic symptoms or signs nor evidence of
bilateral paresis. In all of the above 3 benign cases under-
going surgery, there was no recovery of function of the
nerve after surgical intervention. The diagnostic yield
equates to a number needed to treat of 34. In other words,
to find 1 patient with a vocal fold paresis-associated lesion,
34 patients had to undergo CT.

In contrast, 48 of 174 patients had a new incidental finding
on CT that required further management. Further management
was defined as serial clinical examination, repeat imaging, a
diagnostic procedure, or operation. This equates to an inciden-
tal yield of 27.6% (95% confidence interval, 23.7% to 37.8%).

Of these 48 patients, 40 underwent clinical and or serial
imaging follow-up alone; 5 underwent fine-needle aspiration
alone; and 3 underwent surgery. The range of incidental
lesions included pulmonary nodules, thyroid nodules, and
other mediastinal and cervical lesions, predominantly lym-
phadenopathy (Table 5). Over the mean 2.95 years of
follow-up (SD, 1.52), none of these patients developed a
symptomatic or clinically significant pathology. Of the 3
patients who underwent surgery, 1 underwent hemithyroi-
dectomy for a follicular adenoma that had no extracapsular
extension and was not compressing on the tracheoesopha-
geal groove. A second patient underwent total thyroidect-
omy for a dominant intrathyroid nodule that was positive
for papillary carcinoma on fine-needle aspiration, and the
third patient underwent resection of a benign, submucosal
false fold lipoma. The number needed to ‘“harm’ was 4.

A sensitivity analysis of diagnostic yield revealed a yield
of 2.2% for the first 5 years of the study, compared with a
yield of 5.1% for the second 5 years of the study. An
unpaired 2-sample 7 test of the difference between these 2
means (2.9%) resulted in a P value of .34.
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Table 4. Yield of CT in IUVFP.

Yield Positive CT, n Yield, % (95% ClI) Needed to Treat/Harm, n
Diagnostic 52 2.9 (0.94-6.6) 34
Incidental 4g° 27.6 (21.1-34.9) 4

Abbreviations: Cl, confidence interval; CT, computed tomography; IUVFP, idiopathic unilateral vocal fold paresis.
Diagnostic of benign lesion, n = 4; diagnostic of a malignancy, n = |.
®Underwent clinical or imaging follow-up alone, n = 40; underwent fine-needle aspiration alone, n = 5; required operation, n = 3.

Table 5. Proportion of Incidental Lesions by Anatomic Group.

Incidental Lesion Type Proportion of All Incidental Lesions
Thyroid abnormadlities: nodules, cysts, enlargement 29
Pulmonary lesions: nodules, granulomas, pleural plaques, hilar lymphadenopathy 40
Mediastinal lesions: thoracic aortic aneurysms, mediastinal lymphadenopathy 15
Cervical abnormadlities: laryngocele, thyroglossal duct cyst, cervical lymphadenopathy 13
Miscellaneous: vertebral lesions 4
Table 6. Etiology of Vocal Fold Paralysis vs Paresis (in Percentages).
Paralysis Paresis

MacGregor'® Koufman* Heman-Ackah' Badia'? Present Study
Etiology (n = 1308) (n =50) (n = 46) (n=176) (n =237)
Total iatrogenic 22 20 4.3 39.2 34
Total neoplastic lesions 21.7 6 13 I.1 29
Total nonneoplastic benign disease 39.9 6 543 13.6 5.7
Idiopathic? 16.4 68 28.3 46 88

®Includes viral neuritis.

Discussion

The role of CT in the evaluation of vocal fold paralysis is
well established. Its near routine use is justified by a high
diagnostic yield (35% to 62%)>’ and a high proportion of
cases due to underlying neoplasia (13% to 33%).%' Its role
in paresis, however, is unclear, partly because the preva-
lence of a neoplastic etiology in published studies is a com-
paratively low (1.1% to 6%; Table 6)"*'? and partly
because there is a paucity of studies examining the diagnos-
tic yield of CT paresis. A previous study found the diagnos-
tic yield of CT in IUVFP to be 1.7%."2

The overall diagnostic yield of CT in the evaluation of
paresis in the current study was 2.9% (95% confidence
interval, 0.94% to 6.6%). Such values may justify the use of
routine CT evaluation. A similar percentage yield (1% to
4%) is seen by many authors as justification for the routine
use of magnetic resonance imaging in the evaluation of asym-
metric sensorineural hearing loss.'* This argument for routine
CT in paresis might be strengthened from a qualitative
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perspective, when one considers that 4 of 5 (80%) of our CT-
positive cases had a pathology that required operation,
which untreated may have led to serious morbidity.
Conversely, the study by Badia et al'? described a final
yield of 0%, as the single CT-positive case was benign and
required no intervention.

The argument against the routine use of CT in the eva-
luation of IUVFP is strengthened when one considers the
discovery of incidental lesions and the potential morbidities
due to the performance of additional diagnostic tests and
interventions. This study identified an incidental yield of
27.6%. The majority of these patients with incidental ima-
ging findings (83.3%) underwent serial examination and
imaging alone (including serial thyroid ultrasound, CT of
the neck and chest, and magnetic resonance imaging of the
brain), thus exposing them to additional perhaps unneces-
sary radiation and expense. In all of these imaging-alone
cases, the incidental lesions did not evolve into clinically
significant pathologies over the mean laryngologic follow-
up period of 2.95 years (SD, 1.52). Five patients underwent
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fine-needle aspiration for thyroid nodules. In all but 1 case,
these lesions were benign, and no direct complications from
the aspiration procedure were recorded. Two patients under-
went surgery for benign, otherwise asymptomatic lesions. In
both cases, there were no complications from surgery. Only
1 of the 48 incidental cases was an incidental finding clearly
beneficial to the patient. In this case, the patient had a ser-
endipitous incidental finding of a thyroid malignancy,
which was successfully treated with total thyroidectomy.
Although it is not possible to definitively state how many of
these lesions may have become clinically significant at a
later date, none of the lesions became symptomatic or
required further action over the period of follow-up. And
while it can be argued that the incidental discovery of an
early thyroid malignancy or a small descending thoracic
aortic aneurysm is beneficial for the patient and may lead to
improved survival, it cannot be argued that this justifies rou-
tine CT in the evaluation of IUVFP. One must be clear that,
in this context, CT investigation is a diagnostic test, trying
to answer the question of etiology of paresis, and is not a
screening investigation.

While not a focus of this study, the underlying etiologies
of vocal fold paresis further inform the finding of a low diag-
nostic yield. Compared with paresis, a larger proportion of
paralysis cases is due to neoplastic causes, and a smaller pro-
portion is idiopathic.®'> In the 4 published studies (including
this one), there is an increasing proportion of idiopathic cases
and a much smaller proportion of cases due to neoplasia. In
our study, the proportion of idiopathic cases that remained
idiopathic was 88%, and the proportion of cases due to neo-
plasia was 2.9%. Thus, there is already a low likelihood that
CT will uncover an underlying malignancy.

This is the largest published study to evaluate the role of
CT imaging in the investigation of unilateral vocal fold par-
esis. It has an adequate sample size for the desired precision
and has a rigorous study method. Only 1 other study addressed
the diagnostic yield of CT in the evaluation of IUVFP. Other
strengths of this study include the long-term follow-up of
patients with incidental findings and the use of 2 laryngologists
from a single institution. Given the controversy in the literature
in making a clinical diagnosis of paresis, having only 2 asses-
sors may limit generalizability, but this singular clinical defini-
tion of paresis maximizes internal validity.

A possible weakness of this study is the lack of routine
LEMG in the confirmation of a diagnosis of paresis, possi-
bly leading to misclassification bias. Certain authors sug-
gested that LEMG is an essential diagnostic tool in the
evaluation of paresis and espoused its use in every case,>*
emphasizing that there is a marked discrepancy between
clinical observations of paresis and LEMG findings, with
discordance in 25% to 40% of cases.* This discrepancy,
however, is not in the absence or presence of neuropathy in
the larynx but on the paretic side and the nerve involved. In
fact, there is excellent concordance between a clinical diag-
nosis of paresis and LEMG findings of the presence of a
neuropathy, with 1 study demonstrating LEMG confirma-
tion of a clinically diagnosed mild paresis in 86.4% of

cases'” and another demonstrating an LEMG-confirmed
neuropathy in 100% of clinically diagnosed pareses. Dursun
et al demonstrated that a thorough neurolaryngeal examina-
tion in the hands of an experienced laryngologist can diag-
nose superior laryngeal nerve paresis in 98% of cases with
characteristic examination findings.'® Merati et al demon-
strated that 92% of patients with clinical vocal fold motion
impairment had a neuropathy.'” Furthermore, the ability to
obtain reliable and accurate LEMG results in the larynx
requires a significant degree of experience and expertise,
specifically in the interpretation of laryngeal data, and it is
heavily dependent on accurate and consistent needle place-
ment, which limits its usefulness and availability in many
centers. Last, it is an invasive test, not without attendant
morbidity, and it does not often address the ctiology of the
paresis. Thus, it would not obviate the need for further ima-
ging and laboratory testing in confirmed cases.

A possible source of selection bias lies in the fact that
27% of paresis cases did not undergo CT. These cases
likely had a clear etiology on history and examination, such
as preceding surgical injury or known cervicothoracic
malignancy. While this may raise the diagnostic yield of CT
by excluding cases with a higher likelihood of a negative
finding, they are not true idiopathic cases, and CT in this
context would not likely provide additional diagnostic infor-
mation, which is the key clinical question.

Last, a possible source of misclassification bias lies in
the fact that the clinical diagnosis of vocal fold paresis has
evolved over the 10-year sample period. That is, we have
had a higher index of suspicion and perhaps a lower thresh-
old for the diagnosis of paresis in recent years, and patients
with more subtle findings of paresis may have been
excluded in earlier years of the study. However, a sensitivity
analysis was performed comparing the diagnostic yields of
the first 5 years of the study (2.2%) and the second 5 years
(5.1%), and it revealed no statistically significant difference
between these 2 periods (2.9%, P = .34).

In the light of the above findings, our current investiga-
tion of IUVFP involves a tailored approach. Patients who
have additional localizing symptoms and examination find-
ings are investigated in a targeted manner with imaging and
appropriate blood tests. In true clinically idiopathic cases,
we now offer the patient an informed choice between repeat
videostroboscopic evaluation and initial CT, having dis-
cussed the diagnostic and incidental yields of imaging. If
there is a convincing history of a significant preceding
upper respiratory infection and definitive coincident onset
of laryngologic symptoms, we are more likely to advise
repeat observation over up-front CT, as the underlying etiol-
ogy is more likely a viral neuritis. Reliability of follow-up
is also an important consideration.

On serial examination, if a paresis evolves into paralysis
or bilateral findings, our suspicion of an underlying nefar-
ious lesion is heightened, and we then perform CT and
other investigations as appropriate. Future prospective mul-
ticenter studies validating clinical diagnosis of paresis
against laryngeal EMG and CT are warranted.
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Conclusion

This study demonstrates that contrast-enhanced CT of the
base of the skull to the upper mediastinum has a low yield
of 2.9% in the initial evaluation of idiopathic vocal fold par-
esis. CT has a high rate (27.6%) of incidental asymptomatic
cervicothoracic findings. These findings suggest that routine
use of CT in the evaluation of idiopathic vocal fold paresis
should be given careful consideration and that a tailored
approach to investigation with good otolaryngologic follow-
up is warranted.
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Abstract

Objective. To determine the etiology, laterality, and time to
presentation of unilateral vocal fold paralysis (UVFP) at a
tertiary care institution over |0 years.

Study Design. Case series with chart review.
Setting. Academic medical center.

Subjects and Methods. All patients seen between 2002 and
2012 by the Department of Otolaryngology at the
Washington University School of Medicine (WUSM), with a
diagnosis of unilateral vocal fold paralysis, were included.
Medical records were reviewed for symptom onset date,
presentation date(s), and etiology of UVFP.

Results. Of the patients, 938 met inclusion criteria and were
included. In total, 522 patients (55.6%) had UVFP due to sur-
gery; 158 (16.8%) were associated with thyroid/parathyroid
surgery, while 364 (38.8%) were due to nonthyroid surgery.
Of the patients, 416 (44.4%) had nonsurgical etiologies, 124
(13.2%) had idiopathic UVFP, and 621 (66.2%) had left-sided
UVFP. The diagnosis was more common on the left side in
cases of intrathoracic surgeries and malignancies, as
expected, but also in idiopathic, carotid endarterectomy,
intubation, and skull base tumors. In total, 9.8% of patients
presented first to an outside otolaryngologist at a median
time of 2.1 months after onset, but these patients presented
to WUSM at a median time of 9.5 months. Overall, 70.6%
of patients presented to a WUSM otolaryngologist within
3 months of onset.

Conclusion. latrogenic injury remains the most common cause
of UVFP. Thyroidectomy remains the leading cause of surgery-
related UVFP. Patients are typically seen within 3-4 months of
onset; however, a significant delay exists for those referred to
WUSM.
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he etiology of unilateral vocal fold paralysis (UVFP)

is of great interest to the otolaryngologist and has

been reported in many studies over the past 40
years.' " Etiologies include thyroid surgery, nonthyroid sur-
gery, trauma, neurologic disease, malignancy, intubation,
infection, inflammatory diseases, and idiopathic causes.
Among past studies, there is great discrepancy between the
most common causes of vocal fold paralysis. The most
common have included lung malignancies,' idiopathic
causes,”®'% thyroid surgery,'''® and nonthyroid sur-
geries.">® In 2 recent large retrospective chart review stud-
ies, thyroid surgery was the single most common cause of
UVFP, but nonthyroid surgeries as a group more commonly
cause UVFP.'>1

The etiology of UVFP is important because it affects the
natural course, treatment, and outcome of the condition.
Both the mechanism and degree of injury are important,
ranging from neuropraxia, where complete recovery is
expected, to complete transection, which may require surgi-
cal intervention.’® Outcomes are affected by contralateral
vocal fold compensation, as well as the degree of reinnerva-
tion and synkinesis established.?’ In a recent review of idio-
pathic UVFP, most improvement of vocal fold function and
voice occurred within the first year of injury.”!

Treatment of UVFP includes voice therapy, permanent
and nonpermanent medialization procedures, and reinnerva-
tion. If the etiology suggests the nerve was not transected,
then some degree of recovery of laryngeal nerve function is
expected, and nonpermanent treatments are generally rec-
ommended until 6 to 12 months after onset of paralysis,
whereas if complete transection has occurred, permanent
medialization or reinnervation procedures may be underta-
ken sooner.?’ In addition, voice and airway are affected by
the degree of synkinesis present. Synkinesis is caused by
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reinnervation of opposing muscle groups by the same nerve,
leading the muscles to contract simultaneously. In canine
models, reinnervating axons begin reaching the vocal fold
muscles within 3 months of injury. Therefore, treatments to
prevent unfavorable synkinesis would need to be adminis-
tered within this time frame.?***

The objective of this study was to determine how often
patients with UVFP present to the Washington University
School of Medicine (WUSM) within 3 to 4 months of
symptom onset. These patients might be eligible for a
clinical trial of early intervention for the prevention of
synkinesis. A review of literature revealed no previous
studies focusing on time of presentation of patients with
UVFP. Etiology and laterality data were also collected and
reported.

Methods

Approval for the study was obtained from the WUSM
Institutional Review Board. Adult patients (>18 years of
age) seen between January 1, 2002, and January 1, 2012,
with a diagnosis of unilateral vocal fold paresis or paralysis
(based on International Classification of Diseases, Ninth
Revision and Current Procedural Terminology codes) were
identified via a query of electronic medical records. In most
cases, the diagnosis of UVFP was made by the attending
physician based only on examination of the larynx; electro-
myography or cricoarytenoid joint palpation was performed
in only a small percentage of patients. In all cases, the diag-
nosis was confirmed by flexible fiberoptic examination or
videostroboscopy.

Each patient’s chart was reviewed and data were col-
lected and stored in an electronic database. Data included
age at initial visit, sex, date of visit to a WUSM otolaryn-
gologist, date of presentation to a non-WUSM otolaryngolo-
gist (in any), primary symptom, date of symptom onset, side
of paralysis, etiology of paralysis, initial and subsequent
treatment received, date of initial treatment, voice improve-
ment, and fiberoptic examination vocal fold movement out-
comes. From this information, the time intervals from
symptom onset to initial presentation to an otolaryngologist
and the time interval from initial presentation to referral to
WUSM (if made), were calculated. The specific reason for
referral to the university was not usually recorded in the
chart, but very few had been previously treated. Diagnosis
of idiopathic UVFP was confirmed by negative imaging
along the course of the vagus and recurrent laryngeal
nerves. Patients with incomplete records were excluded.

Data were analyzed by first determining percentages of
men and women in the study population, laterality of
UVFP, and etiology. To evaluate laterality, a calculation for
left-right skew was devised as follows:

Skew=(# cases on right/total # cases) — 0.5.

With this formula, it can be seen that if there is a perfect 50-50
split, the skew is zero; as the proportion of left-sided cases
increases, the value becomes more negative (moves to the left),

18

and so on, with a maximum/minimum value of *0.5. This
value was determined and plotted for each etiology. Statistical
significance was determined based on a null hypothesis that the
frequency on each side was the same, using a x° test.

Median presentation time to an outside otolaryngologist
was compared with median referral presentation time to a
WUSM otolaryngologist. For this analysis, patients who ini-
tially presented to the WUSM were excluded. Due to wide
variance in presentation times and nonnormally distributed
data, the mean presentation times were not presented. To com-
pare median presentation times between the 2 groups, a paired
Wilcoxon rank sum test was used. Histograms were also gen-
erated incorporating all data, displaying number of patients
and cumulative percentage of patients by time of presentation.
Percentages of patients per etiology who presented at 2, 3, and
4 months after symptom onset were also calculated.

Results

Of the charts reviewed, 938 patients met inclusion criteria
for this study; 497 (53%) were women and 441 (47%) were
men. The average age of patients was 56.9 years (range, 18-
93 years). Overall, 621 (66.2%) patients had left-sided
UVFP, while 317 (33.8%) patients had right-sided UVFP.

Table | displays the etiologies of unilateral vocal fold
paralysis. In total, 522 (55.6%) patients had UVFP due to
iatrogenic effects related to surgery. The most frequently
observed surgery related to UVFP was thyroid/parathyroid
surgery, noted in 158 (16.8%) patients. Lung surgery (n =
73 [7.8%]), cardiac surgery (n = 58 [6.2%]), and cervical
spine surgery (n = 48 [5.1%]) were the next most common
surgical causes of UVFP.

In total, 358 patients (38.2%) had UVFP due to causes
not directly related to surgical intervention. Malignancy was
the cause of UVFP in 167 (17.8%) of patients. Lung malig-
nancy (n = 73 [7.8%]), metastatic malignancy (n = 24
[2.6%]), skull base malignancy (n = 18 [1.9%]), and direct
invasion by thyroid malignancy (n = 14 [1.5%]) were most
common. Idiopathic UVFP was noted in 124 patients
(13.2%). Other less common causes of UVFP included intu-
bation (n = 58 [6.2%]), trauma (n = 30 [3.2%]), cerebral
vascular accident (CVA; n = 18 [1.9%]), and neck radiation
(n = 8 [0.9%]).

Table 2 shows the laterality of UVFP based on etiology.
In total, 622 (66.2%) patients had left-sided UVFP. This
table shows the difference between right- and left-sided
UVFP. Left-skewed etiologies of UVFP, represented by
negative values, and right-skewed etiologies of UVFP, rep-
resented by positive values, are plotted in Figure 1. In
addition to the expected left-sided predominance of
intrathoracic etiologies (lung surgery, cardiac surgery, eso-
phageal surgery, and lung malignancy), other significantly
left-sided causes included idiopathic, intubation, carotid sur-
gery, and skull base malignancy. There were no etiologies
that were significantly skewed to the right.

Table 3 shows the median time of presentation for the
92 patients (9.8% of study population) who initially
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Table I. Etiology of Unilateral Vocal Fold Paralysis.

Etiology No. (% of Total)
Surgery
Cardiac surgery 58 (6.2)
Carotid surgery 22 (2.3)
Cervical spine surgery 48 (5.1)
Tracheostomy 2 (0.2)
Esophageal surgery 37 3.9)
Lung surgery 73 (7.8)
Mediastinal surgery 17 (1.8)
Laryngeal surgery 4 (0.4)
Lateral neck surgery 61 (6.5)
Parathyroid surgery 18 (1.9)
Thyroid surgery 140 (14.9)
Skull base surgery 18 (1.9)
Intracranial surgery 24 (2.6)
Total 522 (55.6)
Malignancy
Laryngeal cancer 20 (2.1)
Esophageal cancer I (1.2)
Lung cancer 73 (7.8)
Skull base tumor 18 (1.9)
Lymphoma 1 (0.1)
Mediastinal mass 5(0.5)
Metastatic cancer 24 (2.6)
Parotid cancer I (0.1)
Thyroid cancer—direct invasion 14 (1.5)
Total 167 (17.8)
Idiopathic 124 (13.2)
Intubation 58 (6.2)
Trauma 30 (3.2)
CVA 18 (1.9)
Transesophageal echocardiogram 1 (0.1)
I catheter placement 1 (0.1
Infected vagal nerve stimulator 1 (0.1
Neck infection 1 (0.1)
Right skull base osteomyelitis 1 (0.1)
Neck radiation 8 (0.9)
Lung radiation 2 (0.2)
Thoracic deformity 1 (0.1
Ankylosing spondylitis 1 (0.1)
Sarcoidosis 2 (0.2)
Total 938 (100.0)

Abbreviations: CVA, cerebral vascular accident; I, internal jugular.

presented to an outside otolaryngologist and were later
referred. The median time of presentation to an outside oto-
laryngologist was 2.1 months, while the median time of pre-
sentation to a WUSM otolaryngologist was 9.5 months (P <
.001). Given the very low rate of patients previously treated,
we conclude that this 7.4-month difference in median is the
period during which patients were observed by the outside
otolaryngologist for possible recovery prior to referral to

WUSM. The etiology with the largest delay between symp-
tom onset and treatment was trauma at 563 months, while
several etiologies had delays of only 0.5 months. Etiologies
with the greatest percentage of patients presenting to an out-
side otolaryngologist before a WUSM otolaryngologist
included carotid surgery (18.2%), laryngeal surgery (25.0%),
parathyroid surgery (16.7%), thyroid surgery (12.1%), laryn-
geal cancer (20.0%), thyroid cancer (28.6%), idiopathic
causes (16.9%), CVA (22.2%), and neck radiation (25.0%).

Figure 2 displays histograms of time of presentation to
any otolaryngologist and to a WUSM otolaryngologist
within 3 years of symptom onset, as well as cumulative per-
centages of patients who presented within this time window.
It can be seen that 81% of patients present within 6 months,
89% within 1 year, and 93% within 2 years. In Figure 3,
the same data focus on the first 4 months after onset, during
which 44% present within the first month (many during the
same hospital stay during which the paralysis began), 63%
within 2 months, 71% within 3 months, and 75% within 4
months. These are the patients for whom an early interven-
tion strategy might be an option. The cumulative plots for
all patients and for WUSM-only have similar contours
because the WUSM referral group comprises 90.2% of the
patients.

Table 4 shows the first 4-month presentation data by
etiology, excluding those groups with less than 10 patients.
Etiologies with the greatest percentage of patients present-
ing to the WUSM within a 4-month period included esopha-
geal cancer (90.9% present within 4 months), skull base
surgery (88.9%), esophageal surgery (86.5%), intubation
(86.2%), lung surgery (84.9%), and lung cancer (82.2%).
Etiologies with the lowest percentage of patients presenting
to the WUSM within a 4-month period included idiopathic
causes (54.8%), CVA (55.6%), thyroid cancer (57.1%), and
carotid surgery (59.1%). In patients who had UVFP caused
by thyroid surgery, 66.4% presented to the WUSM within 4
months, and in patients with parathyroid surgery, 72.2%
presented to the WUSM within 4 months.

Discussion
Etiology of UVFP

In this large retrospective study of UVFP, most of the etio-
logic findings were similar to 2 other large series, by
Rosenthal et al'> and Takano et al,16 as shown in Table 5.
Surgical/iatrogenic causes of UVFP are more common than
nonsurgical causes, and thyroid/parathyroid surgeries are
implicated more often than other types of surgery but do
not comprise most surgical etiologies overall. Intubation
injuries and idiopathic UVFP frequencies are similar in all
3 series, and the condition occurs on the left side in nearly
two-thirds of cases. Among nonsurgical cases, malignancy
was the most common category, most often lung cancer.
Malignancy of the lung was the most common cause in 3
previous studies.'™

The risk of iatrogenic injury to the recurrent laryngeal
nerve in different surgical procedures has been widely
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Table 2. Unilateral Vocal Fold Paralysis Laterality.?

Etiology n Right Left Skew P-value®
Thyroid surgery 140 64 76 —0.04 3l
Lung surgery 73 15 58 -0.29 <.0l
Lateral neck surgery 6l 25 36 —-0.09 16
Cardiac surgery 58 9 49 —0.34 <.01
Cervical spine surgery 48 27 21 0.06 .39
Esophageal surgery 37 6 31 -0.34 <.0l
Carotid surgery 22 6 16 -0.23 .03
Skull base surgery 18 12 6 0.17 .16
Parathyroid surgery 18 9 9 0 1.00
Mediastinal surgery 17 10 7 0.09 47
Idiopathic 124 39 85 -0.19 <.0l
Lung cancer 73 6 67 —0.42 <.01
Intubation 58 17 41 -0.21 <.01
Trauma 30 14 16 -0.03 72
Metastatic cancer 24 10 14 —-0.08 41
Laryngeal cancer 20 7 13 —0.15 .18
Skull base tumor I8 4 14 -0.28 .02
CVA I8 7 I —0.11 .35
Thyroid cancer—direct invasion 14 6 8 -0.07 .59
Esophageal cancer I 4 7 —0.14 .37

Abbreviation: CVA, cerebral vascular accident.
*Etiologies with less than 10 patients not shown.

PP values based on x* comparison with 50-50 L-R split with same N. Bold, P <.05.
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Figure |. Left-right skew by etiology. Solid circles, statistically signif-
icantly skewed; open circles, not significant. Skew = (# cases on right
/ total cases for etiology) — 0.5. If left = right, skew = 0 (as seen for
I8 parathyroid cases); if all cases occurred on left, skew = —0.5.
Grouped are the intrathoracic causes of unilateral vocal fold paraly-
sis (lung malignancy, thoracic, cardiac, and esophageal surgery).

reported. In a recent review by Misono and Merati,** the
risk of vocal fold paralysis in thyroidectomy was between
0.8% and 2.3%; anterior cervical spine injury, less than 1%;
cardiac/aortic surgery, 2%; mediastinoscopy, 0.2% to 6%;
esophagectomy, 11%; and carotid endarterectomy, 4%.
Idiopathic UVFP was the etiology in 124 (13.2%) patients.
Some older studies reported idiopathic etiologies to be the
most common cause of UVFP,2’6'10 but a recent review of
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the literature reported a rate of idiopathic UVFP of 24% =
10%.2" The decrease in idiopathic UVFP is likely due to
better imaging capabilities to find small lesions along the
nerve, as well as the shift toward surgery-related UVFP,
which increases the proportion of cases with a clear etiology.

The data in this study by comparison to earlier studies of
UVEP ectiologies show the trend toward increasing surgical
rather than malignant or idiopathic causes. This trend may
be due to several factors. Since this study was conducted at
a large tertiary referral center, as were the other recent stud-
ies by Rosenthal et al'’> and Takano et al,'® a greater
amount of surgery, as well as more complicated surgery,
was likely being performed. An increased number of com-
plicated surgeries both increase the risk of injury to the
recurrent laryngeal nerve, as well as the relative numbers of
UVFP due to surgical causes. In addition, as diagnostic ima-
ging capabilities continue to improve, UVFP due to malig-
nant or idiopathic causes will continue to decrease, as
tumors are identified before causing UVFP and the course
of the vagus and recurrent nerve can be imaged to deter-
mine the etiology of cases formerly diagnosed as idiopathic.

In analysis of laterality, 621 (66.2%) patients had left-
sided UVFP, consistent with previous studies showing
left-sided UVFP ranging from 59% to 81%.">7811.15.16
Intrathoracic etiologies had the expected left-sided predomi-
nance, due to the anatomic course of the left recurrent laryn-
geal nerve. The statistically significant left-sidedness of
some other etiologies may be a little harder to explain:
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Table 3. Presentation Time for 92 Patients Referred to the WUSM.?

Fraction of Outside ENT WUSM ENT Range in
Etiology n Original Total (%) Presentation, Median, mo Presentation, Median, mo Difference Difference
Carotid surgery 4 4/22 (18.2) 1.8 85 6.7 2-178
Cervical spine surgery 5 5/48 (10.4) 3.0 7.0 4.0 0.5-43
Lateral neck surgery 5 5/61 (8.2) 4.0 15.0 11.0 2-116
Parathyroid surgery 3 3/18 (16.7) 3.0 8.0 5.0 5-49
Thyroid surgery 17 17/140 (12.1) 1.5 12.0 10.5 0.5-111
Lung surgery 5 5/73 (6.8) 2.0 92.0 90.0 1-104
Cardiac surgery 4 4/58 (6.9) 25 6.5 4.0 2-5
Laryngeal cancer 4 4/20 (20.0) 1.5 45 3.0 3-7
Thyroid cancer 4 4/14 (28.6) 2.1 6.0 3.9 1.75-19
Idiopathic 21 21/124 (16.9) 3.0 12.0 9.0 0.5-51
Intubation 4 4/58 (6.9) 2.0 3.8 1.8 1-3
CVA 4 4/18 (22.2) 25 14.0 1.5 3-150
Total® 92 92/938 (9.8) 2.1 9.5 74 0.5-563

Abbreviations: ENT, ear, nose, and throat; WUSM, Washington University School of Medicine.
?Excludes etiologies with less than 3 patients.
PIncludes 12 outside referral patients not listed above.
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Figure 3. Histogram and cumulative plot from Figure 2, focusing
on the first 4 months after symptom onset. WUSM, Washington

University School of Medicine.

Figure 2. Histogram and cumulative plot of time from unilateral
vocal fold paralysis symptom onset to presentation to the
Washington University School of Medicine (WUSM; open bars) or
to outside otolaryngologist prior to referral to the WUSM (solid
bars; 9.8% of cases). Data shown for first 3 years following onset.
sided carotid endarterectomies more technically diffi-
cult for right-handed surgeons.®
Intubation. More people in general are right-handed;

Carotid endarterectomy. Stroke and death rates in caro- there may be some greater tendency for right-
tid endarterectomy have been shown to be higher for handed anesthetists to traumatize the left hemilarynx
left-sided vs right-sided surgeries. Explanations for more than the right during intubation. The mechan-
this observation include that due to the dominance of ism of UVFP with intubation is not known but may
the left cerebral hemisphere, left-sided events are relate to an acute event (at the time of intubation) or
more symptomatic than right-sided events, and there- a longer-term event (while the tube is in place) that
fore more surgeries occur on the left side. There also may be related to the cuff pressure or tube position-
may be a role in surgeon handedness, making left- ing. Some postintubation vocal fold immobility may
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Table 4. Percentage of Patients Presenting to Washington University School of Medicine within 2, 3, and 4 Months from Symptom Onset.”

No. (%)
Etiology n Within 2 Months Within 3 Months Within 4 Months
Intracranial surgery 24 17 (70.8) 17 (70.8) 17 (70.8)
Skull base surgery I8 15 (83.3) 15 (83.3) 16 (88.9)
Carotid surgery 22 10 (45.5) 13 (59.1) 13 (59.1)
Cervical spine surgery 48 23 (47.9) 26 (54.2) 31 (64.6)
Lateral neck surgery 6l 33 (54.1) 36 (59.0) 40 (65.6)
Parathyroid surgery I8 13 (72.2) 13 (72.2) 13 (72.2)
Thyroid surgery 140 81 (57.9) 86 (61.4) 93 (66.4)
Lung surgery 73 51 (69.9) 57 (78.1) 62 (84.9)
Mediastinal surgery 17 12 (70.6) 12 (70.6) 13 (76.5)
Cardiac surgery 58 19 (32.8) 41 (70.7) 44 (75.9)
Esophageal surgery 37 29 (78.4) 31 (83.8) 32 (86.5)
Skull base tumor I8 10 (55.6) 10 (55.6) 12 (66.7)
Laryngeal cancer 20 Il (55.0) 13 (65.0) 13 (65.0)
Thyroid cancer—direct invasion 14 6 (42.9) 6 (42.9) 8 (57.1)
Lung cancer 73 46 (63.0) 54 (74.0) 60 (82.2)
Esophageal cancer I 9 (81.8) 10 (90.9) 10 (90.9)
Metastatic cancer 24 17 (70.8) 19 (79.2) 19 (79.2)
Idiopathic 124 48 (38.7) 64 (51.6) 68 (54.8)
Intubation 58 40 (69.0) 46 (79.3) 50 (86.2)
Trauma 30 14 (46.7) 18 (60.0) 19 (63.3)
CVA I8 7 (38.9) 9 (50.0) 10 (55.6)

Abbreviation: CVA, cerebral vascular accident.
?Etiologies with less than |0 patients not shown.

Table 5. Some Comparisons between the 3 Largest Series of Unilateral Vocal Fold Paralysis Etiologies.

Etiology Rosenthal et al'® (n = 643) Takano et al'® (n = 797) Present Study (n = 938)

Surgery, total 36.5 51.1 55.6
Thyroid/parathyroid 12.4 14.1 16.8
Nonthyroid 24.1 37.1 38.8

Intubation 58 7.3 6.2

Malignancy 18.4 9.9 17.8

Idiopathic 18.5 16.8 13.2

Left side 60.9° 64.0 66.2

All values are percentages.

®Data reported for only 56.4% of patients in study.

have actually been cricoarytenoid joint ankylosis or
dislocation that was misdiagnosed as UVFP.
Idiopathic. This is commonly presumed to be a post-
viral neuropathy, but this would not explain a left-
sided preference unless the distal left recurrent
laryngeal nerve (RLN) is somehow more suscepti-
ble to viral attack than the right. Alternately, there
may be some mechanism in which sudden neck
extension or other postural change causes the left
RLN to be stretched around the aorta. There may
also be differences in intrathoracic connective
tissue near the aorta that predispose to this sort of

injury.
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Skull base tumor. This finding may simply be related
to the relatively low number of patients in this
series.'"® We can find no references indicating a
biological explanation for a left-sided predilection
for skull base tumors.

Time to Presentation

To our knowledge, this study is the first large series to
investigate time to presentation of these patients. It was
found that three-fourths of patients with UVFP seen at the
WUSM present within 3 or 4 months of the onset of symp-
toms. While this is encouraging, it also indicates that there
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is potential for earlier presentation in the remaining 25% of
patients. In patients who initially presented to an outside
otolaryngologist, there was a significant referral delay of 7.4
months in median presentation time to the WUSM. This
also highlights an opportunity for education of the referring
physicians of the value of early intervention. For example, a
recent study by Young et al'* found that patients with
UVFP had better vocal function after undergoing temporary
vocal fold injection (VFI) even after direct benefit of VFI
had dissipated, regardless of whether vocal fold mobility
had recovered. Yung et al,*® Arviso et al,’” and Friedman
et al’® all reported lower rates of thyroplasty in patients
who underwent temporary VFI. Bhattacharyya et al*’ found
that early medialization within 1 to 4 days after onset of
UVEP after thoracic surgery decreased the rate of pneumo-
nia and led to a shorter length of stay compared with late
medialization. Early intervention for UVFP clearly improves
patient outcomes.

Early intervention could also involve treatment to prevent
synkinesis. In animal studies, it has been found that following
UVFP, some degree of reinnervation is evident within 3
months of injury.** One strategy that has been proposed is to
perform a chemical blockade of reinnervation of the posterior
cricoarytenoid muscle using a neurotoxic drug such as vin-
cristine.®*' In an animal model, this was found to improve
adductor recovery if given at 3 months postinjury but not at 5
months, > indicating there is a window of opportunity for
treatment, after which it becomes too late for effective early
intervention strategies. The present study shows that 71% of
patients would be eligible for such intervention with current
referral patterns. A clinical trial is the next step to determine
whether this approach can help these patients.

A limitation of this study is that the surgical care at a ter-
tiary care referral center skews data due to the greater
number of difficult cases with a greater likelihood of nerve
injury during surgery. In addition to missing data from
those with incomplete charts, there are also an unknown
number of patients who may have had a vocal fold paralysis
but, due to quick recovery of voice, never sought treatment
at a tertiary care facility.

Future directions of this study include analysis of the ini-
tial treatment and outcomes for each etiology of UVFP.
Outcomes include voice improvement and return of vocal
fold motion by fiberoptic examination. This analysis would
allow further correlation with specific UVFP etiologies with
the natural history of the disease, effectiveness of treatment,
and type of treatment received. Outcomes specific to the
length of time from symptom onset to treatment can also be
assessed. This assessment would determine if delay in treat-
ment adversely affects outcomes.

Conclusion

This retrospective medical record review of 938 patients
with UVFP over the past 10 years is the largest series to
date. It expands on the previous reports of UVFP etiology,
with surgery and specifically thyroid surgery being the most
common causes of UVFP. This study also reflects the

growing contribution of nonthyroid surgeries accounting for
a significant amount of injury to the recurrent laryngeal
nerve, especially on the left side. Presently, 71% of patients
with UVFP are seen within 3 months of RLN injury and
would be eligible for early intervention procedures. Patients
referred from outside otolaryngologists present, on average,
after a significant delay.
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Diagnosis of Vocal Fold Paresis: Current Opinion and Practice

Amy P. Wu, MD; Lucian Sulica, MD

Objectives/Hypothesis: No accepted standard exists for the diagnosis of vocal fold paresis (VFP). Laryngeal specialists
are surveyed to establish expert opinion on diagnostic methodology and criteria.
Study Design: Cross-sectional survey.

Methods: Questionnaires were distributed at laryngology conferences in fall 2013. Responses were collated anony-
mously and subjected to cross-tabulated data analysis.

Results: Fifty-eight responses completed by posttraining physicians whose practice focused in laryngology > 75% were
analyzed. One (1.7%) relied principally on laryngeal electromyography, one (1.7%) on history, 10 (17%) on laryngoscopy, and
42 (72%) on strobovideolaryngoscopy for diagnosis. Only 12 (21%) performed laryngeal electromyography on > 50% of vocal
fold paresis patients. Laryngeal electromyography sensitivity was considered moderate (61 = 3.7%, ¢ = 28). Laryngoscopic/
stroboscopic findings considered to have the strongest positive predictive value for VFP were slow/sluggish vocal fold motion
(75 = 3.0%, o = 23), decreased adduction (67 * 3.5%, ¢ = 27), decreased abduction (65 = 3.4%, ¢ = 26), and decreased vocal
fold tone (61 % 3.5%, o = 26). Asymmetric mucosal wave amplitude (52 * 4.2%, ¢ = 32), asymmetric mucosal wave phase
(60 =4.1%, o =31), hemilaryngeal atrophy (60 *4.0%, ¢ =31), and asymmetric mucosal wave frequency (49 * 4.0%,
o = 30) generated greatest disagreement.

Conclusions: Surveyed expert laryngologists diagnose vocal fold paresis predominantly on stroboscopic examination.
Gross motion abnormalities had the highest positive predictive value. Laryngeal electromyography was infrequently used to

assess for vocal fold paresis.

Level of Evidence: 5

Key Words: Vocal fold paresis, laryngeal electromyography, laryngoscopy, stroboscopy.
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INTRODUCTION

Vocal fold paresis (VFP) is a partial motor denerva-
tion of the vocal fold causing variable degrees of compro-
mised glottal function.! Appreciation of its clinical
significance has grown hand in hand with an increas-
ingly sophisticated understanding of laryngeal neuropa-
thy, and it continues to evolve. Although not different in
kind but only in degree from vocal fold paralysis, VFP is
often considered separately; the spectrum of difficulties
it causes is different, and perhaps most important, its
diagnosis is more challenging and controversial. Paresis
is usually diagnosed based on qualitative findings on lar-
yngoscopy, stroboscopy, and/or laryngeal electromyogra-
phy (LEMG). Endoscopic diagnosis typically rests on the
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observation of asymmetries of laryngeal motion. How-
ever, some asymmetry in laryngeal motion may be with-
out clinical significance. Electromyographic findings may
be indistinct as well.'™ In the absence of a standard for
diagnosis, investigation of important aspects of paresis
including causes, incidence, natural history, and effec-
tiveness of treatment is challenging.

In the context of these limitations, expert clinical
consensus may provide a useful basis to initiate discourse
regarding VFP. The purpose of this investigation is to
describe expert opinion regarding the diagnosis of VFP
by means of a survey of practicing laryngeal specialists.

MATERIALS AND METHODS

A 29-item, 4-part questionnaire (see Appendix 1) was
designed to characterize responders’ experience, training and
practice setting (part 1), assess diagnostic strategy (part 2),
evaluate opinion regarding the positive predictive value of vari-
ous laryngoscopic signs (part 3), and evaluate option regarding
the sensitivity of LEMG (part 4). The roster of laryngoscopic
signs was compiled from clinical experience, consultation with
colleagues, and a review of the literature regarding VFP diagno-
sis and VFP-associated lesions. It included vocal fold hypomobil-
ity,“2® glottic insufficiency,”® unilateral atrophy,! supraglottic
hyperfunction,>® mucosal wave asymmetries,>” glottic axis
deviation,2® vocal fold height mismatch, arytenoid rotation,®
and presence of a contact lesion®%1° or pseudocyst.?!* Examples
are illustrated in Figures 1 to 3. Opinion regarding each
sign and LEMG sensitivity was assessed using a visual analog
scale.

Wu and Sulica: Paresis Survey
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Fig. 1. A 44-year-old man with atrophy of the left hemilarynx, man-
ifested as an enlarged laryngeal ventricle, and the beginning of a
right vocal fold pseudocyst.

This questionnaire was distributed to attendees at three
national laryngology conferences that took place in 2013: 1) the
Neurolaryngology Study Group at the American Academy of
Otolaryngology Annual Meeting, Vancouver, BC; 2) the Fall
Voice Conference, Atlanta, GA; and 3) Advances and Controver-
sies in Laryngology, Elk Grove, IL. Duplicate responses were
avoided, and confidentiality was preserved by separately track-
ing responder identity. Responses were collated anonymously
and subjected to cross-tabulated data analysis. Only otolaryng-
ologists were surveyed.

Physicians whose practices did not predominantly focus on
laryngology (< 75% laryngology), who did not see patients with
dysphonia as a chief complaint, or who never diagnosed
patients with VFP were excluded. Responders still in training,
whether in residency or fellowship, were also excluded. Incom-
plete surveys were removed from analysis. One response with
internally conflicting responses (a greater number of monthly
paresis diagnoses than new dysphonic patients) was excluded.
Statistical analysis using descriptive frequencies and cross-
tabulations were performed with 2011 Microsoft Excel.

RESULTS

A total of 88 responses were received. After apply-
ing the exclusion criteria, a total of 58 entries were
included for data analysis. Respondent demographics
are summarized in Table I. The vast majority of
respondents are laryngology fellowship-trained otolar-
yngologists with predominantly adult practices in the
United States. Practice specifics related to VFP are sum-
marized in Table II. Most respondents (72%) base diag-
nosis principally on stroboscopy. Only 12 (21%)
respondents performed LEMG on greater than 50% of
their VFP patients. Figure 4 and Table III summarize
the respondents’ opinion regarding positive predictive
value of laryngoscopic findings in VFP patients. In gen-

Fig. 2. A 38-year-old woman with atrophy of the left vocal
fold, incomplete glottic closure, unilateral (right) supraglottic
hyperfunction, and impairment of arytenoid rotation on the left.
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Fig. 3. A 30-year-old woman with a left-sided contact lesion and
decreased left vocal fold adduction.

eral, abnormalities of gross vocal fold motion were con-
sidered to be most highly predictive, followed by
stroboscopic signs. Associated lesions, namely contact
lesions and pseudocysts, were not considered highly
diagnostic of paresis. Respondents rated the sensitivity
of LEMG at 61 *=3.7%, g = 28.

DISCUSSION

The prevalence and clinical importance of VFP is
not yet established, which should not be surprising
when diagnostic criteria remain under discussion, but it
has the potential to be substantial. Among our respond-
ents, VFP was diagnosed 8 times in a typical month, or
roughly 100 times per year, and was found in about one-
sixth of new patients presenting with voice complaints.
By comparison, the largest reported series of VFP only
consist of under 50 patients per year reviewed.??% The
prevalence of paresis has been proposed to be similar to
paralysis on the basis of similar pathophysiology." The
prevalence of paralysis varies widely from report to
report and is dependent on practice environment, geo-
graphic location, patient selection, and a host of other
factors. Studies from one center have reported 46% prev-
alence of mild vocal hypomobility among patients with
vocal complaints, 15% to 23% among singing teachers
without vocal complaints, and 71% among singing teach-
ers with technical difficulty complaints.'?* Simpson
et al.® drew cases from a series of 739 patients present-
ing to their tertiary laryngology practice over a 4-year
period with a chief complaint of dysphonia. Of 195
(26.4%) patients initially diagnosed with VFP or paraly-
sis by videostroboscopy, only 13 or 1.8% of the overall
dysphonic patients had LEMG-confirmed unilateral or
bilateral VFP. Koufman et al.!® reviewed 415 patients
who underwent LEMG over a 5-year period. This group
found “abnormal diagnostic LEMG” results (presumed to

TABLE I.
Respondent Demographics (N = 58).

11+1.1 (¢ = 8.6, range 0.1-31)

Years in practice posttraining

Laryngology fellowship trained 54 (93%)

Practicing in the United States 56 (97 %)

Percent of practice which is 93+1.0%
laryngology

Percent adult patients 91+1.1%

Wu and Sulica: Paresis Survey



TABLE II.
Practice Related to VFP

New patients with voice-related
complaint/month

49+3.2,0=25

VFP diagnosis/month 85+x1.6,0=12

Diagnosis of VFP Rests Principally On:

History 1(1.7%)
Laryngoscopy (continuous light) 10 (17%)
Strobovideolaryngoscopy 42 (72%)
LEMG 1(1.7%)

% Patients diagnosed with VFP
who had videostroboscopy

% patients diagnosed with VFP
who had LEMG

96+1.6%, 0 =12

26 +4.0%, 0 =31

LEMG = laryngeal electromyography; VFP = vocal fold paresis.

represent paresis or paralysis in large part) in 346 (83%)
patients. Sataloff et al.'* reviewed 751 patients who
underwent LEMG for all causes over a 4-year period.
This series contained 689 suspected cases of paresis/
paralysis by videostrobscopy, with LEMG confirming the
diagnosis in 661 patients (95.9%). The variation among
these three series reveals substantial differences among
practitioners regarding diagnosis and testing.
Respondents indicated that they principally relied
on laryngoscopy, usually under stroboscopic light, to
make the diagnosis of VFP. Although LEMG is the only
way to definitively diagnose laryngeal neuropathy objec-
tively in vivo, the vast majority of respondents evidently
felt that laryngoscopic criteria were sufficiently reliable

to support the diagnosis alone. Only one respondent rou-
tinely relied on LEMG for diagnosis, and only the minor-
ity of patients ever had LEMG at all. Many reasons may
prevent the use of LEMG, lack of availability and exper-
tise prominent among them, but respondents felt that
the sensitivity of LEMG was not high. There is little
doubt that LEMG is highly specific for neuropathy. Find-
ings of fibrillations, positive sharp waves, or polyphasic
motor unit action potentials are unambiguous signs of
neurologic impairment. Unfortunately in paresis, such
clearly abnormal findings may be absent or obscured.
Decreased recruitment of otherwise normal-appearing
motor unit action potentials may be the only abnormality
present. Because this relative change may be small and
mimicked by incomplete muscle activation or suboptimal
needle placement, there remains a role for physician
judgment and inevitably error. Moreover, the maximal
interference pattern in striated muscle is typically pres-
ent at only 30% of maximum isometric contraction, which
creates the possibility that even substantial paresis may
be obscured during testing. Thus, although LEMG can
provide important information that laryngoscopy cannot,
it is not clear that it is a more accurate diagnostic tool
than laryngoscopy in the diagnosis of VFP.

Reliance on laryngoscopy begs the question of which
findings are considered important. To say that one may
find signs of paresis in virtually every larynx is only a
mild exaggeration. Unlike systems such as the extraocu-
lar muscles, mild discoordination in the larynx probably
carries little functional and evolutionary disadvantage
as long as glottic closure for airway protection is brisk
and effective. Thus, much asymmetry in vocal fold

Laryngoscopic characteristics of VFP, Average %

0.0 100 200 300 400 50.0

Decreased VF adduction
Decreased VF abduction 1
4
Decreased VF tone
Asymetric MW phase ]
Hemilarynx atrophy I
Unilateral supraglottic hyperfunction )
Glottic insufficiency
Asymetric MW amplitude
Asymetric MW frequency )
VF height difference |
Impairment of arytenoid rotation 1
Glottic axis deviation
1

Bilateral supraglottic hyperfunction

Presence of contact lesion
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60.0 70.0 80.0 90.0

Fig. 4. Positive predictive value of
laryngoscopic signs for vocal fold
paresis. MW = mucosal wave;
VF = vocal fold.
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TABLE lIl.

Respondent Opinion Regarding Positive Predictive Value of
Laryngoscopic Findings in VFP.

Examination finding Average % Error a

Slow/sluggish motion 74.9 3.0 22.8
Decreased VF adduction 67.3 3.5 26.7
Decreased VF abduction 65.4 3.4 26.1
Decreased VF tone 61.1 3.5 26.3
Asymetric MW phase 60.2 4.1 31.3
Hemilarynx atrophy 60.1 4.0 30.8
Unilateral supraglottic hyperfunction 58.9 3.9 29.4
Glottic insufficiency 55.4 3.5 26.8
Asymetric MW amplitude 51.7 4.2 31.7
Asymetric MW frequency 48.6 4.0 30.6
VF height difference 43.5 3.8 28.6
Impairment of arytenoid rotation 42.9 3.6 27.8
Glottic axis deviation 41.3 3.8 29.3
Bilateral supraglottic hyperfunction 32.0 3.3 25

Presence of contact lesion 27.3 2.4 18.1
Presence of pseudocyst 22.3 2.8 21.4

MW = mucosal wave; VF = vocal fold; VFP = vocal fold paresis.

motion may be without clinical significance. Further,
Roy et al. showed that laryngoscopic findings are not
consistent from case to case, even in experimentally
induced isolated unilateral superior laryngeal nerve
palsy, a condition probably more homogeneous than that
which presents clinically.!” Respondents identified defi-
cits of gross motion as having the highest positive pre-
dictive value for VFP, despite reporting heavy reliance
on stroboscopic examination in practice. This may reflect
merely that stroboscopy is the standard clinical exami-
nation for patients with a voice complaint in the special-
ized practices of these physicians rather than the use of
examination under stroboscopic light to identify VFP.
Mucosal wave phase asymmetry was deemed the most
useful stroboscopic sign, ranking only fifth in order of
preference despite a report that identified it as correlat-
ing very well with LEMG abnormalities.” Stroboscopic
signs (phase, amplitude, and frequency) were also
marked by the greatest divergence of opinion regarding
significance, as reflected by the standard error. The few
signs that have been the subject of systematic analysis
in the literature, namely arytenoid rotation® and unilat-
eral ventricular fold hyperfunction,® were not regarded
as among the most useful. Reports have proposed a rela-
tionship between contact lesions®'® and vocal fold pseu-
docysts'! and VFP. Despite this, respondents thought
that the potential for VFP to be present when such
lesions were identified was very low.

Overall, this investigation reveals that paresis is fre-
quently diagnosed and appears to be a significant clinical
entity in laryngology practices. Diagnosis appears to be
made on the basis of qualitative findings on laryngoscopy,
principally deficits of gross vocal fold motion. Although
stroboscopy is widely used, stroboscopic signs are not con-
sidered the most reliable signs to identify VFP. Electro-
physiologic testing is not used often. Plainly, there exists
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no clear consensus on how the diagnosis of VFP should be
made in a given patient, and establishing one will be a
challenge in the absence of tests or findings that are both
reasonably specific and sensitive. Under these circum-
stances, and given the frequency of asymmetric motion in
the larynx, VFP is at risk of being diagnosed uncritically
when no other obvious reason for a patient’s complaint is
evident to the examiner.

The survey format is subject to substantial recall
bias and may give a false impression—likely falsely ele-
vated—of the prevalence of paresis. This survey explic-
itly did not distinguish between superior laryngeal nerve
paresis and recurrent laryngeal nerve paresis, fre-
quently separated in the literature, which may have
caused surveyed physicians to assign less positive pre-
dictive value to the signs under consideration than a
more specific diagnosis. Reasons for the relatively rare
use of LEMG were not investigated; these may have lit-
tle to do with reservations regarding LEMG utility. Most
importantly, the format of the survey necessarily does
not well reflect the method of diagnosis of VFP in clini-
cal practice. Such a diagnosis is rarely made on the basis
of a single element of the evaluation or a single sign con-
sidered by itself, but depends on an educated critical
synthesis of the clinical evidence. Physicians may form
an impression of the likelihood of a given diagnosis
based on the history, which then informs the physical
examination. In fact, the perceived likelihood of VFP
based on symptoms and clinical evolution of the com-
plaint may significantly affect the perceived positive pre-
dictive value of a given laryngoscopic sign. Despite these
limitations, this data may form a useful basis for further
consideration of this challenging topic.

CONCLUSION

Surveyed laryngologists diagnose VFP frequently,
relying principally on laryngeal strobovideolaryngoscopy
to make the diagnosis. Among laryngoscopic signs, gross
motion abnormalities were judged to have the highest
positive predictive value for VFP, followed by abnormal-
ities in the mucosal wave. Opinion varied most about
the importance of these. LEMG was infrequently used to
assess for VFP and was considered to have only moder-
ate sensitivity for the diagnosis. Given the perceived
clinical importance of VFP, directed investigation is nec-
essary to refine diagnostic accuracy.
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Stroboscopy in Detection of Laryngeal Dysplasia
Effectiveness and Limitations

¥ tVojko Djukic, *,TJovica Milovanovic, *,tAna D. Jotic, and tTMilan Vukasinovic, *{Belgrade, Serbia

Summary: Vocal fold pathology changes the appearance and vibratory patterns observed during stroboscopic exam-
ination, but a strict correlation between the vibratory pattern and the dysplasia type does not exist. The aims of this study
were to determine the role of stroboscopy in vocal fold dysplasia assessment and to determine whether stroboscopy is
the deciding factor when performing laryngomicroscopy with biopsy in suspicious lesions. This prospective controlled
study involved 112 patients with laryngeal dysplasia treated over a 2-year period at a tertiary medical center. Patient data
and clinical, stroboscopy, laryngomicroscopy, and histopathologic reports were reviewed. During the stroboscopy, glot-
tic occlusion, phase symmetry, periodicity, amplitude, mucosal wave, and nonvibratory segments were followed. Lar-
yngomicroscopy with different types of endoscopic cordectomies (types I-1II) was performed as a therapeutic measure,
with a 12-month follow-up period. Nonvibrating segments were present in 15.1% of the patients with mild dysplasia and
in 38.5% of the patients with moderate dysplasia. In 45.5% of the patients with severe dysplasia (carcinoma in situ),
nonvibrating segments were absent. The amplitude of vocal fold vibrations in patients with mild dysplasia
(P =0.03) was a significant factor indicative of recurrent disease, but none of the stroboscopic signs was significant
for the disease progression. Severe dysplasia can be related to both nonvibrating and vibrating vocal fold segments. Stro-
boscopy cannot be used reliably for classifying laryngeal dysplasia and may indicate the need to perform laryngomicro-
scopy with biopsy in suspicious vocal fold lesions. The warning factors for recurrence and progression of dysplasia are

treatment modality, abnormal amplitude of vibration, and nonvibrating segment.
Key Words: Laryngeal dysplasia—Stroboscopy—Nonvibrating segment.

INTRODUCTION

Despite all the efforts made in discovering and classifying vocal
fold lesions, uncertainty exists when determining which lesions
are malignant or premalignant. These lesions are usually de-
scribed as chronic laryngitis, parakeratosis, leukoplakia, eryth-
roplakia, or dyskeratosis. A number of histologic results can be
found under the same clinical appearance; therefore, the histo-
logic nature of these lesions is completely unpredictable until
a biopsy is performed. Malignant transformation rates range
from 6% to 22%, and the rates increase with the severity of
the precancerous lesion.'™ Therefore, the early detection of
these lesions is of paramount importance.

Another difficulty in diagnosing these lesions is that there is
no universally accepted histopathologic classification system.
In the current literature and clinical practice, there are several
widely accepted classification systems: the 2005 World Health
Organization (WHO), Squamous Intraepithelial Neoplasia,
Laryngeal Intraepithelial Neoplasia, and the Ljubljana Classifi-
cation of Squamous Intraepithelial Lesions systems. This
disparity makes it difficult to compare the diagnostic and
follow-up studies. The WHO system uses three tiers of dyspla-
sia: mild, moderate, and severe. Severe dysplasia includes what
has been previously reported as noninvasive carcinoma (carci-
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noma in situ [CIS]) and severe dysplasia.* The progression
and transformation to invasive carcinoma is one of the impor-
tant outcome measures for intraepithelial lesions. Correlating
molecular parameters with clinical outcome was recently sug-
gested as a gold standard for classifying dysplasia. Some au-
thors have stated that any histopathologic classification of this
millennium should also depend on additional evidence, such
as the genetic and molecular structural changes of the cells
that contribute to the malignant transformation.’

Stroboscopy is considered to be an important part of diagnos-
ing patients with laryngeal dysplasia. Nevertheless, we must
note that a strict correlation between a vocal fold vibratory pat-
tern and a certain type of lesion does not exist. Vocal fold pa-
thology may produce changes in the appearance and vibratory
patterns observed during stroboscopic examination. Interpret-
ing the stroboscopic examination involves systematic judgment
and describing the different vibratory pattern signs. These
signs, which were first identified by Hirano and Bless,6 included
the fundamental frequency and periodicity, amplitude of hori-
zontal excursion, glottal closure, symmetry of bilateral move-
ment, mucosal wave, and nonvibrating portions of the vocal
fold. Recently, Kelley et al have attempted to improve or refine
the basic stroboscopic rating form and develop criteria to im-
prove the reliability of selected stroboscopic signs.” Few studies
have indicated which stroboscopic signs are more significant
than others in evaluating the vibratory pattern of vocal folds
with premalignant lesions. The aim of this study was to deter-
mine the importance of stroboscopy in diagnosing vocal fold
dysplasia and ascertain if it can reliably estimate a level of dys-
plasia and be the deciding factor when performing laryngomi-
croscopy with biopsy. We also wanted to determine whether
other factors, such as treatment modality and stroboscopic
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signs, could be used to anticipate if disease recurrence or
progression will occur.

MATERIALS AND METHODS

This prospective study included 112 patients who were treated
over a 2-year period (between January 1, 2010 and December
31, 2011, with a 12-month follow-up period) in the Clinic for
Otorhinolaryngology and Maxillofacial Surgery at the Clinical
Centre of Serbia in Belgrade. This study was approved by the
Institutional Ethical Committee, and all patients provided writ-
ten informed consent before their inclusion in the study.

The following inclusion criteria were applied: the presence
of a vocal fold lesion of any grade of dysplasia according to
the WHO classification (mild, moderate, and severe dysplasia),
a vocal fold lesion on the superior surface and free edge of the
membranous part of the vocal fold, lesions ranging in size
from 2 to 10 mm and up to 2 mm in thickness, normal motility
of the vocal folds and arytenoid, no previous or simultaneous
vocal fold lesions (inflammatory, dysplastic, carcinoma, or
otherwise), and no previous laryngeal surgery, radiotherapy,
or endotracheal intubation. All patient data, including clinical,
stroboscopy, and laryngomicroscopy examinations and histo-
pathologic reports were evaluated.

Stroboscopy was performed with the ATMOS Strobo 21
LED, ATMOS Cam 31 DV Data, and Laryngoscope 70° resp.
90° (ATMOS MedizinTechnik GmbH & Co., Lenzkirch, Ger-
many) during modal pitch at comfortable intensity on sustained
vowel /i/. The following parameters were rated:

1. glottic occlusion (1, sufficient or 2, insufficient),

2. phase symmetry (1, symmetrical or 2, asymmetrical
opening and closing of the other vocal fold mirrors),

3. periodicity (1, regular or 2, irregular successive
vibrations),

4. amplitude (1, normal; 2, decreased; or 3, increased),

5. mucosal wave (1, normal with 30-50% lateral travel; 2,
increased with lateral travel greater than 50%; or 3, de-
creased with lateral travel less than 30%),

6. nonvibratory segment (1, presence or 2, absence of non-
vibratory segment in the vocal fold or a portion thereof).

Laryngomicroscopy and different types of endoscopic cordec-
tomy with cold instruments (types I-III according to recommen-
ded European Laryngological Society (ELS) classification for
endoscopic cordectomies)® were performed using a Carl Zeiss
Surgical OPMI Sensera optical microscope (Carl Zeiss Meditec
Inc, Dublin, CA) under general endotracheal anesthesia.

The follow-up period for every patient was 12 months. Dur-
ing this period, a control examination with stroboscopy was
performed monthly, and all patients with established recurrent
vocal fold lesions on their control examinations underwent a lar-
yngomicroscopy with complete lesion removal and histopatho-
logic analysis. Any histologic progression of the lesions was
noted.

PASW Statistics 18 program (IBM Corporation, New York,
NY) was used for the data analysis. To determine the statistical

significance of change in dynamics between the stroboscopic
signs before the treatment and after the follow-up period, the
McNemar and the Wilcoxon signed-rank tests were used. To
determine a correlation between the chosen predicting factors
and dysplasia, a multivariate regression analysis was per-
formed. To assess which of the stroboscopic signs was most
useful in predicting the histopathologic outcome and the degree
of dysplasia, logistical regression was used. P values <0.05
were considered statistically significant.

RESULTS

The study included 98 males (87.5%) and 14 females (12.5%),
with an average age of 55.65 years. There were 105 (93.7%)
smokers, 95 (90.5%) of whom were males and 10 (9.5%)
were females. Considering histopathologic results according
to the WHO classification, 53 (47.3%) patients were classified
as mild, 26 (23.2%) as moderate, and 33 (29.5%) as severe
dysplasia.

Stroboscopic signs for patients with mild dysplasia before
any treatment and after 12 months of follow-up because of re-
current disease are shown in Table 1. Considering phase sym-
metry, periodicity, amplitude of the vocal fold vibrations, and
mucosal wave appearance, there were significant changes in
the number of patients before the treatment and after the
follow-up (McNemar or Wilcoxon signed-rank test, P < 0.00).
Nonvibrating segments were present in eight (15.1%) patients
before the treatment and in nine (17.0%) patients after the treat-
ment (P = 1.000, McNemar test).

Considering the number of patients in the group with moder-
ate dysplasia (Table 2), the changes in glottic occlusion and the
presence of nonvibrating segment were not statistically signif-
icant, but the changes in the number of patients considering
phase symmetry, periodicity, amplitude of vocal fold vibra-
tions, and the mucosal wave appearance were statistically sig-
nificant (McNemar or Wilcoxon signed-rank test, P <0.00).
In the group with moderate dysplasia, nonvibrating segments
were present in 38.5% of the patients before the treatment
and in 23.1% of the patients after the 12-month follow-up.

The results were similar in a group with severe dysplasia
(Table 3). There were significant changes in the number of
patients considering periodicity, amplitude of vocal fold vibra-
tions, mucosal wave appearance, and the existence of nonvi-
brating segments (McNemar or Wilcoxon signed-rank test,
P <0.00). In this group, McNemar test could not be performed
for the phase symmetry because all patients had asymmetric
vibrations of the vocal fold vibrations before the treatment.
Nonvibrating segments were present in 54.5% patients before
the treatment and in 24.2% of patients after the 12-month
follow-up. Most stroboscopic parameters were statistically sig-
nificantly improved in all three patient groups.

Considering the treatment options, our patients underwent
cordectomy types I-III, according to ELS classification for en-
doscopic cordectomies, the microscopic appearance of the
change, and the assessment of the vertical expansion of the le-
sion (Table 4). Type I cordectomy was performed in 64.1% of
the patients with mild dysplasia, 25.4% of the patients with
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TABLE 1.
Stroboscopic Signs for Patients With Mild Dysplasia Before Treatment and After 12 Months of Follow-Up or Before
Retreatment
Mild Dysplasia
Stroboscopic Signs Before Treatment (%) After 12 Months (%) Sig.
Glottic occlusion 0.791
Sufficient 38/53 (71.7) 40/53 (75.5)
Insufficient 15/53 (28.3) 13/53 (24.5)
Phase symmetry 0.000*
Symmetrical 6/53 (11.3) 36/53 (67.9)
Asymmetrical 47/53 (88.7) 17/53 (32.1)
Periodicity 0.000*
Regular 6/53 (11.3) 36/53 (67.9)
Irregular 47/53 (88.7) 17/53 (32.1)
Amplitude 0.000*
Normal 10/53 (18.9) 35/53 (66)
Decreased 25/53 (47.1) 14/53 (26.4)
Increased 18/53 (34) 4/53 (7.6)
Mucosal wave 0.000*
Normal with 30-50% lateral travel 13/53 (24.5) 35/53 (66)
Increased with lateral travel greater than 50% 32/53 (60.4) 17/53 (32.1)
Decreased with lateral travel less than 30% 8/53 (15.1) 1/53 (1.9)
Nonvibratory segment 1.000
Presence 8/53 (15.1) 9/53 (17.0)
Absence 45/53 (84.9) 44/53 (83.0)
Abbreviation: Sig., statistical significance.
*P<0.05.
TABLE 2.

Stroboscopic Signs for Patients With Moderate Dysplasia Before Treatment and After 12 Months of Follow-Up or Before

Retreatment

Moderate Dysplasia

Stroboscopic Signs Before Treatment (%) After 12 Months (%) Sig.
Glottic occlusion 1.000
Sufficient 16/26 (61.5) 17/26 (65.4)
Insufficient 10/26 (38.5) 9/26 (34.6)
Phase symmetry 0.007*
Symmetrical 3/26 (11.6) 14/26 (53.8)
Asymmetrical 23/26 (88.4) 12/26 (46.2)
Periodicity 0.021*
Regular 4/26 (15.4) 14/26 (53.8)
Irregular 22/26 (84.6) 12/26 (46.2)
Amplitude 0.001*
Normal 3/26 (11.6) 14/33 (42.4)
Decreased 18/26 (69.2) 12/33 (57.6)
Increased 5/26 (19.2) 0/33 (0)
Mucosal wave 0.029*
Normal with 30-50% lateral travel 6/26 (23.1) 14/33 (42.4)
Increased with lateral travel greater than 50% 18/26 (69.2) 11/33 (54.6)
Decreased with lateral travel less than 30% 2/26 (7.7) 1/33 (3)
Nonvibratory segment 0.344
Presence 10/26 (38.5) 6/26 (23.1)
Absence 16/26 (61.5) 20/26 (76.9)

Abbreviation: Sig., statistical significance.
*P < 0.05.
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TABLE 3.

Stroboscopic Signs for Patients With Severe Dysplasia Before Treatment and After 12 Months of Follow-Up or Before

Retreatment

Severe Dysplasia

Stroboscopic Signs Before Treatment (%) After 12 Months (%) Sig.
Glottic occlusion 1.000
Sufficient 25/33 (75.8) 24/33 (72.7)
Insufficient 8/33 (24.2) 9/33 (27.3)
Phase symmetry —
Symmetrical 0/33 (0) 19/33 (57.6)
Asymmetrical 33/33 (100.0) 14/33 (42.4)
Periodicity 0.000*
Regular 1/33 (3.0) 19/33 (57.6)
Irregular 32/33 (97.0) 14/33 (42.4)
Amplitude 0.000*
Normal 1/33 (3) 19/33 (57.6)
Decreased 29/33 (87.9) 14/33 (42.4)
Increased 3/33 (9.1) 0/33 (0)
Mucosal wave 0.000*
Normal with 30-50% lateral travel 1/33 (3) 19/33 (57.6)
Increased with lateral travel greater than 50% 0/33 (0) 0/33 (0)
Decreased with lateral travel less than 30% 32/33 (97) 14/33 (42.4)
Nonvibratory segment 0.013*
Presence 18/33 (54.5) 8/33 (24.2)
Absence 15/33 (45.5) 25/33 (75.8)

Abbreviation: Sig., statistical significance.
*P < 0.05.

moderate dysplasia, and 36.4% of the patients with severe dys-
plasia. Type II cordectomy was performed in 35.9% of the pa-
tients with mild dysplasia, 34.6% of the patients with moderate
dysplasia, and 57.6% of the patients with severe dysplasia. Type
IIT cordectomy was performed in only two (6%) patients with
severe dysplasia.

Recurrence of the disease occurred after 8 months in six
patients, after 9 months in five patients, after 10 months in
four patients, after 11 months in eight patients, and after 12
months in five patients. Most patients with recurrence were in
a group with moderate dysplasia (Table 5). Disease progression
was noted in 10 patients with recurrence. Invasive carcinoma
developed in four patients: one from group with moderate dys-
plasia and three from group with severe dysplasia.

Multivariate regression analysis was performed to determine
how factors such as cordectomy type and stroboscopic signs
(glottic occlusion, phase symmetry, periodicity, amplitude of
vibrations, mucosal wave, and nonvibrating segment) corre-

TABLE 4.
Treatment Modalities for the Different Grades of Dysplasia

lated with the histopathologic verification of different types
of dysplasia (Table 6). Some factors, such as the type of cordec-
tomy and the existence of nonvibrating segment, were set apart
from others and were proven to be significantly different in var-
ious levels of dysplasia (P <0.05).

Logistic regression was used to determine whether the recur-
rence and progression of the disease could be anticipated by
cordectomy type and stroboscopic signs (glottic occlusion,
phase symmetry, periodicity, amplitude of vibrations, mucosal
wave, and nonvibrating segment) (Table 7). Of all the analyzed
factors, only the amplitude of vocal fold vibrations in group
with mild dysplasia (P = 0.03) was statistically significant for
recurrent disease. In this group, some factors indicated a higher
risk of recurrence but not statistically significant enough. Pa-
tients with asymmetry in vocal fold vibrations and irregular vo-
cal fold vibrations, with abnormal amplitude of vocal fold
vibrations, and the existing nonvibrating segment were at
higher risk of recurrence. None of the factors was statistically

Cordectomy Types Mild Dysplasia (%) Moderate Dysplasia (%) Severe Dysplasia (%) All Patients (%)
I 34/53 (64.1) 17/26 (65.4) 12/33 (36.4) 63/112 (56.2)
I 19/53 (35.9) 9/26 (34.6) 19/33 (57.6) 47/112 (42.0)
I 0/53 (0) 0/26 (0) 2/33 (6.0) 2/112 (1.8)
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TABLE 5.
Patients With Recurrent Disease, Progression of the Disease, and Developed Invasive Carcinoma After 12 Months of
Follow-Up
Recurrence (%) Progression of the Disease (%) Malignant Transformation (%)
Mild dysplasia 12/53 (22.6) 4/53 (7.5) 0/53 (0)
Moderate dysplasia 9/26 (34.6) 3/26 (11.5) 1/26 (3.8)
Severe dysplasia 7/33 (21.2) 3/33 (9.1) 3/33 (9.1)
All patients 28/112 (25) 10/112 (8.9) 4/112 (3.6)

significant in patients with moderate dysplasia, but factors, such
as cordectomy type, abnormal amplitude of the vocal fold vi-
brations, and the existence of nonvibrating segment, placed
the patients at greater risk of recurrent disease. In patients
with severe dysplasia type of cordectomy, insufficient glottic
occlusion and abnormal amplitude of the vocal fold vibrations
carried higher risk of recurrent disease than others, but this re-
sult was not statistically significant. In this group, logistic re-
gression could not be performed for phase symmetry because
all patients had asymmetric vibrations of the vocal fold vibra-
tions. For all patients, regardless of the degree of dysplasia, ab-
normal amplitude of vocal fold vibrations (P =0.01) was
a significant factor connected with recurrence. Considering
the other factors, the type of cordectomy and the existence of
vibratory segment placed the patients at greater risk of recur-
rence, but this result was not statistically significant.
Regarding the disease progression, none of the considered
factors proved to be statistically significant. Some factors
placed the patients at greater risk of progression (Table 8).
The existence of nonvibrating segment carried higher risk of
progression in group with mild and moderate dysplasia and in
all patients regardless of the degree of dysplasia. In a group
of patients with severe dysplasia, logistic regression could not
be performed for the phase symmetry because all patients had
asymmetric vibrations of the vocal fold vibrations.

DISCUSSION
In our study, there is male predominance in laryngeal dysplasia
(87.5% males). The average age of our patients was 55.63
years, and most patients were in their sixth and seventh decades
of life. There were 105 (93.7%) smokers. These facts aligned
with other studies, with slight variations; therefore, we can gen-
erally expect this demography.”~"' Malignant transformation
occurred in 3.6% of the patients after 12 months of follow-up.
Most patients were from the group with severe dysplasia. Ricci
et al” observed a recurrence rate of 14.1% for all dysplasia
patients. Dispenza et al observed a recurrence rate of 13.2%
for patients with LIN1 and 29% for patients with LIN2 after
a 1-year follow-up.” Malignant transformation in those studies
ranged from 6.48%° to 16%.%'*'? Weller et al observed
a progression rate (according to severity) of 21% with severe
dysplasia compared with 14% for mild and moderate
dysplasia, which differed from our results.

Gamboa et al'® conducted a study on stroboscopic assess-
ment of chronic laryngitis in 27 patients (eight of whom had dif-
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ferent degrees of laryngeal dysplasia). Among the 15 cases with
absence of mucosal wave in the stroboscopic exploration, 60%
of the cases had severe dysplasia with squamous cell carci-
noma. The authors concluded that the stroboscopic results
were related to the pathologic results.

Atypical mucosal waves, as viewed through stroboscopy,
should travel one-half of the width of the superior surface of
the vocal fold during modal phonation. A reduced mucosal
wave and decreased amplitude during modal phonation sig-
nifies stiffness, which may result from a lesion, edema, or
scar. The vocal fold epithelium normally shows five to 10 cell
layers and a thickness of 100-200 um. Arens et al'* determined
that vocal fold mucosa shows progressive thickening from nor-
mal epithelium (147 um) over the different epithelial dysplasia
grades (grade I epithelial dysplasia, 258 um; grade II epithelial
dysplasia, 301 um; and CIS, 445 um) up to early invasive car-
cinoma (974 um). This result can explain the increasing num-
ber of patients with decreased mucosal wave in the three
dysplasia groups. Colden et al'” also conducted a study to deter-
mine whether stroboscopy is a reliable method for differentiat-
ing invasive glottic carcinoma from intraepithelial atypia and
determining the depth of cancer invasion. The authors exam-
ined 62 keratotic lesions (45 intraepithelial and 17 carcinomas).
The reduced amplitude of vocal fold vibration and/or mucosal
wave propagation associated with keratosis did not reliably
predict the presence of cancer or the depth of cancer invasion.
Reductions in the amplitude of vocal fold vibration and in mu-
cosal wave magnitude were noticed in intraepithelial atypia, de-
spite the fact that there was no invasion into the superficial
lamina propria. The authors concluded that the reduced epithe-
lial flexibility could be caused by voluminous keratosis without
dysplasia and that abnormalities of the superficial lamina prop-
ria could be provoked by inflammation or fibrovascular scar-
ring; for this reason, the absence of mucosal wave was not
synonymous with malignancy.

The existence of atypical vocal fold vibration patterns was
also reported in normophonic speakers.'® Nonvibrating seg-
ments were associated with the existence of malignant infiltra-
tion of the vocal fold epithelium and basal membrane. In our
patients, nonvibrating segments were present in 15.1% of the
patients with mild hyperplasia, 38.5% of the patients with mod-
erate hyperplasia, and 54.5% of the patients with severe hyper-
plasia. Shaw and Deliyski'’ determined the presence of atypical
magnitude and symmetry of the mucosal waves in the vocal fold
vibration of normophonic speakers. In their study, mucosal
wave absence was noted in at least 21% of vocal fold vibration
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TABLE 6.

Phase
Symmetry

Glottic

Occlusion

Cordectomy

Nonvibratory Segment

Mucosal Wave

Amplitude

Periodicity

Type
5.31
1.22 (0.76 to 1.68)

10.39
2.950 (2.39 to 3.51)

5.288
1.68 (1.05 to 2.30)

6.69
2.03 (1.43 to 2.63)

2.36
1.24 (0.19 to 2.28)

1.39
0.80 (—0.34 to 1.94)

7.65
1.88 (1.39 to 2.37)

t
OR (95% Cl)

Sig.

0.000*

0.636

0.474

0.265

0.076

0.791

0.006*

Abbreviations: Cl, confidence interval; OR, odds ratio.

*P < 0.05.

samples from normophonic speakers. The authors strongly ad-
vised that caution should be used when determining the abnor-
mality of mucosal wave variations during clinical visualization
procedures. One concern in our study is that in 45.5% of the pa-
tients with histopathologically determined CIS, nonvibrating
segments were absent, which is a significant number.

Treatment involves removing the lesion with epithelium,
basal membrane, and lamina propria and, depending on the
type of cordectomy, deeper underlying structures. Vocal fold
scaring was examined on animal models. Rousseau et al'®'
described the development of a vocal fold scar 6 months after
surgical injury in canine and rabbit models. As early as 2
months after the surgical removal of the epithelium and
lamina propria, no significant difference in collagen density
was noted, but at 6 months after injury, collagen density was
significantly increased in the surgically injured animals
compared with those with normal vocal folds. By 6 months,
the procollagen and elastin levels had achieved the densities
observed in normal vocal folds, although the elastin fibers
remain fragmented and disorganized. The basal layer of the
mucosal epithelium continues to experience remodeling in
the later stages of wound healing, whereas the intercellular
epithelial space undergoes remodeling earlier during the
acute stage of wound healing.?’

Kishimoto et al*! investigated the maturation process of vo-
cal fold scarring after cordectomy in 10 patients (eight with
early laryngeal carcinoma and two with laryngeal dysplasia) us-
ing videostroboscopy. The patients were treated with cordec-
tomy types I-III. Improvements in amplitude of mucosal
wave were visible 6 months after the procedure and continued
to improve up to 14 months after the procedure. Twelve months
after the initial treatment was a reasonable time to assess the
treatment results in our study. Indeed, there were improvements
in phase symmetry, periodicity, amplitude of vocal fold vibra-
tions, and the regularity of mucosal wave. The number of pa-
tients with nonvibratory segment decreased. At the end of the
follow-up period, there were 23 (20.53%) patients with detected
nonvibrating segment. Four patients who developed invasive
carcinoma were among these patients. In other patients, this
result could be explained by the vocal fold scarring process,
particularly because in these patients, type II and type III cor-
dectomies were performed as a treatment of choice. This is
yet another limiting factor for stroboscopy use because it cannot
reliably distinguish the vocal fold process resulting from the ex-
istence of a nonvibrating segment.

Many voice disorders are marked by either aperiodicity or
fluctuating frequency and, therefore, cannot be visualized
with stroboscopy.”? There are a growing number of articles
that emphasize the importance of different and more effective
methods in evaluating irregular vocal fold vibrations and the
propagation and existence of the mucosal wave, such as electro-
glottography, high-speed digital imaging, videokymography, or
digital kymography. Mucosal wave propagates in both vertical
and horizontal directions, and quantifying the vertical displace-
ment is crucial for understanding the effect of pathologies on
the mucosal wave. Stroboscopy, videokymography, and high-
speed digital imaging only provide a two-dimensional image
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I:;I;EZ .Regression Analysis of Different Stroboscopic Signs and Type of Treatment and Recurrent Disease
Pretreatment
Mild Dysplasia Moderate Dysplasia Severe Dysplasia All Patients
Cordectomy type
Sig. 0.84 0.34 0.17 0.13

OR (95% Cl)
Glottic occlusion

Sig.

OR (95% Cl)
Phase symmetry

Sig.

OR (95% Cl)
Periodicity

Sig.

OR (95% Cl)
Amplitude

Sig.

OR (95% Cl)
Mucosal wave

Sig.

OR (95% Cl)

1.15 (0.29 to 4.49)

0.66
0.73 (0.18 to 2.92)

0.71
0.65 (0.07 to 6.21)

0.71
0.65 (0.07 to 6.21)

0.03*
2.93 (1.08 to 7.95)

0.94
0.96 (0.34 to 2.71)

Nonvibratory segment

Sig.
OR (95% Cl)

0.06

4.62 (0.95 to 22.51)

2.45 (0.39 to 15.49)

0.2
0.33 (0.06 to 1.78)

0.96
0.93 (0.07 to 11.99)

0.66
0.58 (0.05 to 6.58)

0.22
2.80 (0.53 to 14.7)

0.77
0.79 (0.17 to 3.66)

0.65
1.47 (0.28 to 7.63)

3.03 (0.61 to 15.02)

0.49
2.21 (0.22 to 21.78)

o =

0.6
2.03 (0.14 to 28.86)

1

0.49
0.55 (0.10 to 2.97)

1.96 (0.82 to 4.67)

0.40
0.68 (0.27 to 1.68)

0.84
0.85 (0.16 to 4.33)

0.58
0.64 (0.13 to 3.16)

0.01*
2.79 (1.25 to 6.22)

0.83
0.91 (0.39 to 2.11)

0.35
1.53 (0.63 to 3.72)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*P < 0.05.
TABLE 8.
Logistic Regression Analysis of the Different Stroboscopic Signs and Type of Treatment and Disease Progression
Pretreatment
Mild Dysplasia Moderate Dysplasia Severe Dysplasia All patients

Cordectomy type

Sig. 0.13 0.99 0.92 0.78

OR (95% Cl) 0.16 (0.02 to 1.68) 0 1.10 (0.14 to 8.73) 0.84 (0.25 to 2.79)
Glottic occlusion

Sig. 0.88 0.85 0.7 0.97

OR (95% Cl)
Phase symmetry

Sig.

OR (95% Cl)
Periodicity

Sig.

OR (95% Cl)
Amplitude

Sig.

OR (95% Cl)
Mucosal wave

Sig.

OR (95% Cl)

1.2 (0.11 to 12.54)

0.99
0

0.99
0

0.66
1.37 (0.33 to0 5.7)

0.75

0.77 (0.15 to 3.95)

Nonvibratory segment

Sig.
OR (95% Cl)

0.07

7.17 (0.84 to 60.79)

1.28 (0.10 to 16.34)

0.99
0

0.99
0

0.79
1.33(0.15 to 12.09)

0.59
0.53 (0.05 to 5.48)

0.31
3.75 (0.29 to 47.99)

0.61 (0.048 to 7.76)

0.99
0

0.75
1.84 (0.04 to 73.47)

1

0.45
0.38 (0.03 to 4.69)

0.97 (0.23 to 4.01)

0.99
0

0.99
0

0.55
1.41 (0.46 to 4.26)

0.56
0.68 (0.19 to 2.48)

0.21
2.29 (0.62 to 8.48)

Abbreviations: Cl, confidence interval; OR, odds ratio.
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of the mucosal wave, whereas digital kymography can be used
to provide a complete three-dimensional profile of vocal fold
vibration dynamics.”*** Although these new techniques are
superior to stroboscopy, there are some limitations to their
use. High-speed imaging systems are still too expensive to be
widely used in clinical practice, gathering larger data sets is
problematic because of that fact, and there are no general ac-
cepted clinical protocols in laryngology for these techniques.®

After performing the multivariate regression analysis, some
factors, such as the type of cordectomy and the existence of
a nonvibrating segment, were set apart from others and were
proven to significantly correlate with various levels of dysplasia
(P <0.05). However, after logistic regression of all chosen fac-
tors (ie, cordectomy type and stroboscopic signs—glottic occlu-
sion, phase symmetry, periodicity, amplitude of vibrations,
mucosal wave, and nonvibrating segment), only the abnormal
amplitude of vocal fold vibrations was observed to occur signif-
icantly more frequently for recurrent disease in the group with
mild dysplasia and in all patients. None of the factors was signif-
icant for disease progression. The presence of some factors
placed the patients at higher risk of recurrence and progression
of the disease. The patient group with mild dysplasia and abnor-
mal vocal fold vibration amplitudes had a 2.93 times greater risk
of recurrence, and the group with nonvibrating segments was at
4.62 times greater risk compared with patients without those
stroboscopic signs. Nonvibrating segment placed those patients
at a 7.17 times greater risk of disease progression than those
patients without nonvibrating segment during stroboscopic
examination. In the group with moderate dysplasia, patients
with insufficient glottic occlusion and abnormal amplitude of
vocal fold vibrations were at a greater risk of recurrence. In
that group, the patients with insufficient glottic occlusion, with
abnormal amplitude of vocal fold vibrations, and the existence
of nonvibrating segment were at a greater risk of disease pro-
gression. In the patient group with severe dysplasia, the greater
risk of recurrence and disease progression aligned with the type
of cordectomy and abnormal amplitude of vocal fold vibrations.
These findings could also be the result of a relatively small
number of patients in the different dysplasia groups, which is
one of the limitations of this study. With a larger number of pa-
tients, some of the stroboscopic signs could be more prominent.
Chang et al*® conducted a study on a small (18 patients) and
nonhomogenous group of patients with laryngeal dysplasia
and carcinoma to determine whether the clinical features and
clinical appearance of the lesions at presentation correlated
with the outcomes of treatment in terms of cure rate and voice
outcome. They noted that the clinical appearance of the lesion
at presentation, as judged by either still light endoscopy or stro-
boscopy, did not correlate with disease recurrence. The lesion
appearance on still light endoscopy and vibratory characteristics
on stroboscopy also did not correlate with the disease-free inter-
val or voice outcome after endoscopic resection.

Stroboscopy is a subjective method in terms of a stroboscopic
parameter rating system, and the person conducting the proce-
dure should be well trained to reduce variation and bias. Be-
cause of the increasing popularity of stroboscopy equipment
in the general otolaryngology office, it is useful to point out

some limitations of stroboscopy that can benefit less experi-
enced examiner. In this article, we showed that a large and clin-
ically significant number of cases with CIS with absence of
nonvibrating segments can be overlooked when relying solely
on stroboscopy. Caution must be exercised when assessing
stroboscopic findings, particularly during the posttreatment
follow-up period, or if other more sophisticated means of
diagnostics are unavailable.

CONCLUSION

Stroboscopy cannot be used reliably for classifying laryngeal dys-
plasia. Some stroboscopic signs cannot be used as an indication
for performing or not performing laryngomicroscopy with biopsy
in cases of any suspicious vocal fold lesions. In the absence of
more expensive and advanced diagnostic methods, vocal fold dys-
plasia could be precisely classified only by histopathology analy-
sis. The patient age, treatment modality, and stroboscopic signs,
such as abnormal amplitude of vocal fold vibration and the exis-
tence of nonvibrating segment, can be considered as warning fac-
tors for recurrence and disease progression.
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Prognostic Relevance of Mucosal
Woaves in Patients With Unilateral
Vocal Fold Paralysis

Rudolf Reiter, MD, PhD', Anja Pickhard, MD, PhD?, Sylvia Sander’,
and Sibylle Brosch, MD, PhD'

Abstract

Objectives: To analyze the prognostic relevance of mucosal waves (MWs) for recovery of unilateral vocal fold paralysis
(UVP).

Methods: The charts and stroboscopic examinations of 100 consecutive patients with a complete UVP were reviewed
retrospectively. All had a minimal (estimated <3 mm) mucosal gap on stroboscopy. A positive or negative MW on the
paralyzed vocal fold was associated with complete recovery to full adduction and abduction. All patients were followed
for at least 12 months.

Results: Causes of the paralysis were iatrogenic/traumatic (n = 82), malignancy associated (n = 10), and idiopathic
(n = 8). In patients with positive MW at diagnosis (n = 80), the chance of recovery of unilateral vocal fold paralysis was
91.25%, whereas the chance of recovery with a negative mucosal wave (n = 20) was only 10%.

Conclusion: Positive MWs in stroboscopy are a predictor for recovery of (iatrogenic/traumatic) unilateral vocal fold
paralysis and should be used in routine diagnostic assessment.

Keywords

unilateral vocal fold paralysis, mucosal wave, microstroboscopy, recovery

Introduction

Unilateral vocal fold paralysis (UVP) is a challenge for oto-
laryngologists and phoniatricians. Insufficient glottic clo-
sure during phonation can lead to severe vocal impairment
with dysphonia and reduced vocal intensity. The etiology of
UVP is often traumatic (especially in thyroid surgery) fol-
lowed by malignancy-associated and idiopathic paralysis.'
Recovery of vocal fold paralysis is mainly observed within
12 months after onset, as shown in a literature review of 717
cases with an idiopathic UVP.>* Recovery of postoperative
vocal fold paralysis in patients with thyroidectomy usually
occurs within the first 6 months,* but according to a litera-
ture review, up to 11% do not recover.” Knowing the progno-
sis of UVP is helpful in planning therapy such as voice
therapy and augmentation, either early temporary or perma-
nent.®® Stroboscopy is a tool for imaging the vibration of the
vocal folds during phonation, especially the mucosal
waves.”'? By analyzing the vibrations of the vocal folds, an
assessment can be made as to the state of the mucosa (cover)
and the underlying laryngeal muscle tone (body).”!' In
patients with UVP, reduced vocal fold movement (adduction
or abduction), vocal fold bowing, incomplete glottis closure,

or a vibratory asymmetry, and absent mucosal waves (MW)
can be observed in videostroboscopy. Recurrence of MW
suggests reinnervation of the paretic vocal fold.'*"> The aim
of this study was to analyze the prognostic relevance of MW
for recovery of mobility to full adduction and abduction in
unilateral vocal fold paralysis in 100 patients.

Material and Methods

A retrospective review was made of a select group of 100
consecutive patients who had a UVP with complete vocal

'Section of Phoniatrics and Pedaudiology, Department of
Otolaryngology, Head and Neck Surgery, University of Ulm, Ulm,
Germany

Department of Otolaryngology Head and Neck Surgery, Technical
University, Munich, Germany

*Institute of Epidemiology and Medical Biometry, University of Ulm,
Germany

Corresponding Author:

Rudolf Reiter, Section of Phoniatrics and Pedaudiology, Department
of Otolaryngology, Head and Neck Surgery, University of Ulm,
Frauensteige 12, 89070 Ulm, Germany.

Email: rudolf.reiter@uniklinik-ulm.de

39


mailto:rudolf.reiter@uniklinik-ulm.de
http://sagepub.com/journalsPermissions.nav
http://aor.sagepub.com/

40

Annals of Otology, Rhinology & Laryngology 125(4)

fold immobility and a minimal mucosal gap (estimated <3
mm by 2 experienced phoniatricians) in videolaryngostro-
boscopy between January 2008 and January 2013. They
were identified in our “Electronic Patient Record of the
University Hospital Ulm”—a specially designed electronic
health record. As we have a close connection to a large
over-regional center of (thyroid) surgery, all their patients
with voice problems are routinely seen in our department,
usually the day after surgery, and could be included in this
study. Taken together, all stroboscopic examinations were
done 1 day to a maximum of 3 days after surgery (iatrogenic
paralysis) and about up to 3 weeks after onset of the symp-
toms (other paralyses).

The videolaryngostroboscopic vocal fold examination
was done (90° endostroboscope 5052, Wolf, Hamburg,
Germany) and documented (rpSzene, Rehder, Hamburg,
Germany). For measurement of the glottal gap and MW
presence on the paralyzed vocal fold by a phoniatrician,
phonation trials were performed with a sound pressure level
of 65 dB and 100 Hz for men and 200 Hz for women. Only
patients diagnosed with a UVP who had a vocal fold posi-
tioned with a minimal mucosal gap (estimated <3 mm) by
videolaryngostroboscopy were included in this study group.
It was only in these patients that evaluation by videolaryn-
gostroboscopy was technically feasible because the vocal
fold could get into contact (couple). Analysis of the pres-
ence of a MW in the paralyzed vocal fold was done by 2
experienced phoniatricians.

Patients with chronic laryngitis/leucoplakia, carcinoma,
and scar formation of the vocal folds were not included as
these pathologies influence mucosal waves. Similarly,
patients with a medialization or augmentation of the para-
lyzed vocal fold were excluded. Positive MW (pMW) and
negative MW (nMW) on the paralyzed vocal fold in stro-
boscopy were associated with complete recovery of the
paralysis to full adduction and abduction. All patients were
followed for at least 12 months at an interval of 3 to 6
months.

Statistical data analysis was performed with Microsoft
Excel 2003 and SAS 9.3 (SAS Institute, Cary, North
Carolina, USA). In the descriptive statistical analysis
median, minimum and maximum were calculated for quan-
titative variables. For qualitative variables, absolute and
relative frequencies with corresponding exact 95% confi-
dence interval were calculated. The study was approved by
the local Ethics Committees at the University of Ulm.

Results

Patients, Etiology of UVP, and Therapy

A hundred patients (median age 49.6 years; range, 16-81
years; 28 males/72 females) with a UVP were included. The
group was divided iatrogenic/traumatic group (n = 82;

median age 46.5 years; range, 16-76 years; 18 males/64
females), a malignancy-associated UVP (n = 10; median
age 51.3 years; range, 16-70 years; 4 males/6 females), and
an idiopathic UVP (n = 8; median age 43.5 years; range,
20.5-65.7 years; 6 males/2 females). The etiology of the 82
patients with iatrogenic/traumatic was thyroidectomy in 61
patients (56 thyroid hypertrophy and 5 patients with thyroid
carcinoma), cardiac/carotid surgery in 14 patients, and
spine surgery in 7 patients. In 10 patients, a UVP was
observed as a primary symptom of a malignancy (8 carci-
noma of the thyroid gland, 2 bronchial carcinoma), and in 8
cases, idiopathic paralysis was diagnosed. These patients
received voice therapy (n = 88) or observation (n = 12).
Patients with a medialization or augmentation of the para-
lyzed vocal fold were not included.

Time of Recovery

Out of the 100 patients, a complete recovery was seen in 75
patients with none in the remaining 25 patients. This recov-
ery was observed at a median of 6.6 months (range, 1-14
months) after diagnosis. In the group of the 67 patients
with iatrogenic/traumatic paresis, complete recovery
occurred at a median of 6.5 months (range, 2-14 months).
In thyroid hypertrophy surgery associated paralysis (n =
43), recovery was observed at a median of 4.6 months
(range, 2-12 months) and in surgery because of a thyroid
carcinoma (n = 5) in 10.4 months (range, 4-14 months).
The 1 malignancy-associated UVP recovered after 10
months and the idiopathic paralysis (n = 7) after a median
of 5.7 months (range, 3-9).

Relationship of Recovery With MW

As mentioned before, recovery was observed in 75%
(75/100; 95% CI, 65.3-83.1). In total, 80 patients had pMW
and 20 nMW.

In all patients with pMW at diagnosis, the chance of
recovery of UVP was 91.25% (73/80; 95% CI, 82.8%-
96.4%) (Figure 1), whereas the chance of recovery of the
UVP was only 10% (2/20; 95% CI, 1.2%-31.7%) in patients
with nMW (Figure 2, Table 1).

In the subgroup of the 82 patients with iatrogenic/trau-
matic UVP, a recovery was observed in 81.7% (67/82; 95%
CIL, 71.6%-89.4%), especially in 90.4% (66/73; 95% CI,
81.2%-96.1%) in patients with pMW. In 3 cases with nMW
that did not resolve, the nerve was cut.

The best chance of recovery was in the group of the
patients with idiopathic UVP in 87.5% (7/8; 95% CI,
47.4%-99.7%). All patients who recovered had pMW. Only
1 patient (10%, 1/10; 95% CI, 0.3%-44.5%) recovered in
malignancy-associated UVP. This patient had nMW.
Unilateral vocal fold paralyses with pMW were not
observed in this group (Tables 2-4).
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Figure |. A patient with a unilateral vocal fold paralysis (UVP)
on the right side. Positive mucosal waves (MWs) are seen in
microstroboscopy on the paralyzed right (—) and the non-
paralyzed vocal left fold.

Figure 2. A patient with a unilateral vocal fold paralysis (UVP)
on the left side. Positive mucosal waves (MWs) are seen in
microstroboscopy on the non-paralyzed right side but are
absent in the paralyzed left vocal fold (—).

Table I. Recovery of Unilateral Vocal Fold Paralysis (UVP)
Dependent on Mucosal Wave (MW) in All Patients.

uvpP Positive MW Negative MW Total
Recovery 73 2 75
No recovery 7 18 25
Total 80 20 100
Discussion

The main reasons for UVP are iatrogenic/traumatic paraly-
sis (about 4/5, especially in thyroid surgery) followed by
malignancy-associated and idiopathic paralysis, as shown
recently in a cohort of 400 patients' and confirmed in our
study. latrogenic paralysis after (thyroid) surgery represents
the majority of patients because we are associated with a

large supra-regional center of thyroid surgery where diffi-
cult cases including revision operations are performed. All
patients with voice problems after surgery were sent to our
department and could be included in this study.

Unilateral vocal fold paralysis often causes severe
impairment of the voice with dysphonia and reduced inten-
sity because of insufficient glottic closure during phonation.
However, UVPs have a potential of resolution that usually
occurs within 12 months and in most cases within the first 6
months* (also confirmed in our study).

The overall rate of recovery was 75 of 100 (75%) in all
patients and 67 of 82 (82%) in the iatrogenic/traumatic group,
respectively. Studies have shown that permanent paralysis
remains in 15% after thyroid surgery and in up to 20% in 717
patients with an idiopathic paralysis—similar to our study.**

In order to plan therapy and keep the patient informed, it is
advantageous to know if any resolution of paralysis is likely.
Laryngeal electromyography (LEMG) is an established
method of assessing the neuromuscular status of the paralyzed
vocal fold. Early evidence of reinnervation or innervation in
paresis can be shown by this method. Laryngeal electromyog-
raphy criteria for poor prognosis were the presence of sponta-
neous activity and absence or reduced recruitment of motor
unit potentials.'® In a meta-analysis by Rickert et al'® and an
analysis by Sittel et al,'”” LEMG predicted defective recovery
defined as absence of completely free vocal fold mobility in
up to 94%. However, in a study with a small cohort, it was
shown that LEMG findings predict only 44.4% of the resolved
cases,'™!” which is less satisfactory. A drawback of the LEMG
is the fact that it takes time and is an invasive procedure not
well tolerated by patients. Furthermore, it requires expensive
equipment and an experienced investigator.”

By analyzing the vibrations of the vocal folds, the state
of the mucosa (cover), and the underlying laryngeal, muscle
tone (body) can be assessed.”"" In microlarygostroboscopy,
the mucosal wave represents the clinical correlate for mus-
cular tonicity of the vocal cord. When present, recurrent
nerve function is at least in a sense present, that the epithe-
lium of the vocal cord can exactly follow the musculus
vocalis movements in pitch as well as in intensity. However,
mucosal waves can only be judged when there is no phona-
tion gap <3 mm in UVP, enabling the mucosa to get in con-
tact with each other. Furthermore, MWs are reduced or
absent if mucosa (cover) adheres/sticks to the musculus
vocalis and/or ligamentum vocale (body). This phenome-
non is observed in patients with chronic laryngitis/leucopla-
kia, carcinoma, and scar formation of the vocal folds. The
warning factors for progression of dysplasia to invasive car-
cinomas is a nonvibrating segment/absence or reduction of
the MW in videostroboscopy.”**' A scarred vocal fold has
an absent or limited MW?*? as well, and for this reason, such
patients were excluded from our study.

To our knowledge, this is the first clinical study to report
the prognostic relevance of MW in laryngostroboscopy for
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Table 2. Recovery of Unilateral Vocal Fold Paralysis (UVP) Dependent on Mucosal Wave (MW) in latrogenic/Traumatic UVP.

UVP Positive MW Negative MW Total
Recovery 66 (42 thyroid hypertrophy, 5 thyroid carcinoma, 12 I (I thyroid hypertrophy) 67
cardiac/carotid surgery, 7 spine surgery)
No recovery 7 (6 struma, | cardiac/carotds surgery) 8 (7 thyroid hypertrophy, | 15
cardiac/carotid surgery)
Total 73 9 82

Table 3. Recovery of Unilateral Vocal Fold Paralysis (UVP)
Dependent on Mucosal Wave (MW) in Malignancy-Associated
UVP.

Positive
UVP Mw Negative MW Total
Recovery 0 I (I thyroid carcinoma) |
No recovery 0 9 (7 thyroid carcinoma, 2 9
bronchial carcinoma)
Total 0 10 10

Table 4. Recovery of Unilateral Vocal Fold Paralysis (UVP)
Dependent on Mucosal Wave (MW) in Idiopathic UVP.

UVP Positive MW Negative MW Total
Recovery 7 0 7
No recovery 0 | |
Total 7 | 8

recovery of a (iatrogenic/traumatic) UVP. It was shown that
the chance of recovery of UVP was over 90% when pMW
were present at diagnosis in patients with a UVP, whereas
only in 10% if not. Laryngostroboscopy is always done rou-
tinely in patients with UVP by an experienced phoniatrician
or laryngologist. It is a noninvasive procedure that takes
only a few minutes.

A disadvantage of laryngostrobsocopy is the fact that in
our experience, reliable stroboscopic signals are only
obtained in patients with the paralyzed vocal fold close to
midline during phonation (glottis gap <3 mm during pho-
nation). This is the reason why only 61 out of 100 patients
could be analysed in a study by Harries and Morrison.” In
a recent study with 400 patients with a vocal fold paralysis,
it was shown that microstroboscopy was technically feasi-
ble in 76% of the patients because the vocal folds could get
into contact (couple).! These data show that a routinely
performed microlarygostroboscopy is a very good, nonin-
vasive alternative to EMG in patents with UVP and—in
addition—much better tolerated and less expensive.

Conclusion

The authors conclude that positive mucosal waves in
microstroboscopy are a simple predictor for recovery of

(iatrogenic/traumatic) UVP and should be used in routinely
for diagnosis and prognosis
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Laryngoscopy of Vocal Fold Paralysis: Evalu-
ation of Consistency of Clinical Findings

David E. Rosow, MD; Lucian Sulica, MD

Objectives/Hypothesis: Laryngoscopy is the
principal tool for the clinical assessment of vocal fold
paralysis (VFP). Yet no consistent, unified vocabulary
to describe laryngoscopic findings exists, compromis-
ing the evaluation and comparison of cases, outcomes,
and treatment. The goal of this investigation was to
evaluate laryngoscopic findings in VFP for inter- and
intra-rater consistency.

Study Design: Prospective survey-based study.

Methods: Half-minute excerpts from strobo-
scopic exams of 22 patients with VFP were mailed to
22 fellowship-trained laryngologists. Each reviewer
was sent exams in randomized order, with three ran-
dom repeats included to determine intra-rater reli-
ability. Twelve laryngoscopic criteria were assessed
and recorded on preprinted sheets. Eleven criteria
were binary in nature (yes/no); glottic insufficiency
was rated on a four-point scale (none/mild/moderate/
severe). Raters were blinded to clinical history, each
other’s ratings, and to their own previous ratings.
Inter-rater agreement was calculated by Fleiss’
kappa.

Results: Twenty reviewers (91%) replied. Intra-
rater reliability by reviewer ranged from 66% to
100% and by laryngoscopic criterion from 77% to
100%. Of the laryngoscopic criteria used, glottic
insufficiency (x = 0.55), vocal fold bowing (kx =
0.49), and salivary pooling (x = 0.45) showed mod-
erate agreement between reviewers. Arytenoid sta-
bility (x = 0.1), arytenoid position (x = 0.12), and
vocal fold height mismatch (x = 0.12) showed poor
agreement. The remainder showed slight to fair
agreement.

Conclusions: Inter-rater agreement on com-
monly used laryngoscopic criteria is generally fair to
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poor. Glottic insufficiency, vocal fold bowing, and sali-
vary pooling demonstrated the most agreement
among responding laryngologists. These findings sug-
gest a need for a standardized descriptive scheme for
laryngoscopic findings in VFP.

Key Words: Vocal fold paralysis, vocal cord
paralysis, laryngoscopy, reliability, agreement.
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INTRODUCTION

Laryngoscopy is the mainstay investigation in the di-
agnosis of vocal fold paralysis (VFP), and not infrequently
the sole diagnostic evaluation on which direct treatment
(as opposed to treatment of underlying cause) is based.
For much of the history of laryngology, complex nosologi-
cal schemes have been constructed around the
laryngoscopic appearance of VFP. Semon’s law, for
instance, held that differences in vocal fold position were
the product of differential vulnerability of adductor and
abductor fibers of the recurrent laryngeal nerve.! Wagner
and Grossman maintained that the position of the para-
lyzed vocal fold was indicative of the integrity of the
superior laryngeal nerve.®? Such constructs were aban-
doned as increasing anatomical knowledge and careful
physiological investigations invalidated their assump-
tions. In the course of this progress, systematic analysis of
the laryngoscopic appearance of VFP has apparently been
abandoned too, as unrewarding in the face of the evident
complexity of the neuropathology underlying VFP.

Yet, it is clear to any clinician that VFP manifests
itself laryngoscopically in many different ways. Terms
like height and length mismatch, arytenoid prolapse,
flaccidity, posterior gap, and others that plainly refer to
physical characteristics of the appearance of the para-
lyzed vocal fold make their appearance in the
professional discourse with some frequency. Woodson, in
a seminal study of the paralyzed vocal fold, described
several such features: foreshortening, arytenoid displace-
ment, decreased vocal process contact, bowing, and
ventricular hyperfunction.* Recent literature has
addressed vocal process height asymmetry.>® Both the
configuration and degree of glottic insufficiency related
to VFP have been presented as important in the selec-
tion of treatment techniques.”®

Rosow and Sulica: Laryngoscopy of Vocal Fold Paralysis
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Rating Sheet for Evaluators

Examiner #

Patient #
Volitional Adduction Present Not Present
Vocal Process Normal Impaired/Decreased

Contact

Arytenoid Stability
(“Jostle Sign™)

Normal (no jostle) Impaired/Decreased

Arytenoid Position Normal Displaced

Vocal Fold Tone Normal Decreased

Vocal Fold Atrophy Not Present Present

Vocal Fold Bowing Not Present Present

Vocal Fold Not Present Present

Shortening

Salivary Pooling Not Present Present

Height Mismatch Not Present Present

Ventricular (False Not Present Present

vocal fold)

contraction

Glottic Insufficiency None Moderate
Mild Severe

Fig. 1. Rating sheet for evaluators.

Despite the acknowledgment of variability in the
laryngoscopic appearance of VFP implicit in these terms,
no widely accepted rating system, or even a consistent,
unified vocabulary to describe such variability exists.
Consistency and reproducibility is fundamental in the
evaluation and comparison of cases, their outcomes, and
their treatment; even a brief reflection on the House-
Brackmann scale for grading facial paralysis reveals the
broad potential utility of such a standardized approach.

The goal of this investigation was to evaluate character-
istics of the laryngoscopic appearance of VFP with respect to
inter- and intra-rater consistency, and to identify features
for which clinical consensus exists, which might lend them-
selves to a useful, standardized description system for VFP.

MATERIALS AND METHODS

Selection of Examinations

Strobovideolaryngoscopies of patients with a clinical diag-
nosis of VFP based on history, physical examination, and
laryngoscopy were selected from a corpus of such examinations
recorded during the course of routine evaluation. All recording
was made under stroboscopic light using either a rigid glass rod
peroral laryngoscope (Model 9106; KayPentax, Lincoln Park,
NJ) or a distal chip flexible transnasal laryngoscope (VNL-
1170K; Pentax Medical, Montvale, NJ). Only patients with VFP
of known cause were included. Nineteen had pathology or
injury limited to the recurrent laryngeal nerve, and three had

Laryngoscope 120: July 2010

paralysis from vagal neuropathy. For inclusion, the examination
had to feature a sustained, unobstructed view of the glottis, ary-
tenoids, aryepiglottic folds, and pyriform sinuses. A 20-second
sample of each exam, containing at least one example each of
phonatory adduction and postphonatory abduction as well as
several cycles of phonatory vibration, was selected and saved.
The pitch and intensity capabilities of patients were variable
from exam to exam, as one would expect in cases of VFP. How-
ever, as evaluators’ ratings of identical examinations were
assessed in this study, no effort was made to standardize these
parameters among examinations.

Patients who had been treated for their VFP in any way,
including injection augmentation, framework surgery, and rein-
nervation were excluded. Cases of vocal fold paresis in which
significant gross vocal fold mobility remained, even if it was
clearly less than normal, were excluded. The authors recognize
that the distinction between paralysis and paresis is not always
sharply defined and does not necessarily reflect the underlying
neurologic status.

Each exam was numbered, and randomly ordered lists of
these exams, one for each potential reviewer, were generated. In
each list, three exams were selected to be repeated by a random
number generator, which created a new set of three numbers for
each of the reviewers and brought the total number of exams to
25. Therefore, every reviewer had a randomly selected series of
repeat examinations to test their intra-rater reliability. The pur-
pose of de novo, random selection of the repeat exams for every
reviewer was to eliminate any possibility that one exam might be
more easily identified on repeat viewing than the others. Such a
scenario would bias the entire sample and yield an artificially
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TABLE I.

Examiners and Their Intra-Rater Reliabilities Determined Via the
Three Repeat Examinations Given to All Participants.

Examiner % Agreement Pearson Spearman
A 0.944 0.932 0.898
B 0.806 0.794 0.775
C 0.889 0.836 0.839
D 0.833 0.849 0.768
E 0.917 0.906 0.906
F 0.861 0.846 0.764
G 1.000 1.000 1.000
H 0.944 0.949 0.957
| 0.667 0.616 0.446
J 0.778 0.700 0.678
K

L 0.694 0.605 0.526
M 0.778 0.711 0.661
N 0.778 0.752 0.652
O

P 0.833 0.773 0.681
Q 0.861 0.893 0.775
R 0.750 0.700 0.623
S 0.889 0.890 0.803
T 0.750 0.675 0.650
U 1.000 1.000 1.000
\ 0.833 0.631 0.622
Average 0.840 0.803 0.751

Examiners K and O did not participate in the study.

high intra-rater reliability. By randomizing the repeat exams
across all reviewers, this potential source of bias was eliminated.
Each list of exams was then burned to a DVD with all identifying
information removed; the file names on the disc simply appeared
in order as Ol.avi, 02.avi, and so on.

Selection of Reviewers
Twenty-two fellowship-trained laryngologists were asked
to participate in the study. A package containing the disc of vid-

eos, 25 prelabeled rating sheets, an institutional review board
waiver, and a return mailer was sent to each. Results from
returned rating sheets were entered into Excel spreadsheets
(Microsoft Corp., Redmond, WA) for analysis.

Examination Rating

Each stroboscopic exam was rated with respect to 12 fea-
tures (Fig. 1). A standard vocabulary to describe the paralyzed
vocal fold does not exist. Therefore, criteria were selected from
a literature review of the diagnosis and treatment of VFP,
including those articles cited above*® and others,>® and infor-
mal consultation with colleagues. No formal definition of each
term was presented; the study relied on common clinical usage
to inform raters’ perception of the meaning of each term rather
than any formal training. We also acknowledge that some terms
might be in part redundant or overlapping—for example, tone,
atrophy and bowing—but sought to evaluate the utility of each
of these concurrently. Responses to 11 of 12 categories were bi-
nary (normal/not normal or present/not present); the exception
was glottic insufficiency, which was rated on a four-point scale
of none/mild/moderate/severe. However, for the purposes of sta-
tistical analysis, answers in this category were grouped in
binary fashion into none/mild or moderate/severe. Reviewers
were instructed to view and rate examinations sequentially;
individual exams could be reviewed an unlimited number of
times, but once a new examination was started, examiners were
instructed not to return to any prior examinations or alter rat-
ings. Raters were therefore blinded to clinical history, each
other’s ratings, and their own previous ratings. Reviewers were
also asked not to include written justification for their answers
on the rating forms.

Statistical Analysis

Inter-rater reliability was determined using the kappa sta-
tistic as described by Fleiss'*'2; values closer to 0 represent
poor agreement, whereas those close to 1 represent near-perfect
agreement. Although no uniformly agreed-upon scale exists for
Fleiss’ kappa, Fleiss described a scale where values >0.75 rep-
resent excellent agreement, 0.40 to 0.75 represent fair to good
agreement, and values <0.40 represent poor agreement.'?
When an examiner omitted a rating for one of the 12 categories
for an examination (accidental or otherwise), all of that exami-
nation’s rankings in that category were excluded from kappa

TABLE II.
Laryngoscopic Criteria and Their Associated Inter- and Intra-Rater Reliability Scores.
Inter-Rater Intra-Rater
Laryngoscopic Criterion Fleiss % Agreement Pearson Spearman
Volitional adduction 0.335 0.900 —0.053 —0.053
Vocal process contact 0.303 0.817 0.445 0.445
Arytenoid stability (jostle) 0.097 0.833 0.615 0.615
Arytenoid position 0.119 0.817 0.629 0.629
Vocal fold tone 0.310 0.900 0.744 0.744
Vocal fold atrophy 0.326 0.867 0.726 0.726
Vocal fold bowing 0.488 0.883 0.714 0.714
Vocal fold shortening 0.225 0.817 0.610 0.610
Salivary pooling 0.454 0.900 0.762 0.762
Height mismatch 0.123 0.733 0.457 0.457
Ventricular contraction 0.217 0.883 0.756 0.756
Glottic insufficiency 0.550 0.733 0.818 0.798
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analysis. This exclusion assured a constant denominator in all
the statistical calculations.

Intra-rater reliability for each examiner was determined
by comparing the 12 laryngoscopic criteria in each of the three
repeated patients, for a total of 36 comparison points. Intra-
rater reliability for each criterion was determined in a similar
fashion, with the denominator determined by adding up the 20
examiners’ three repeated tests, by criterion, for a total of 60
comparison points. Three complementary methods were used to
assess intra-rater reliability, both for each examiner and for
each laryngoscopic criterion. The overall percent agreement was
calculated, simply as the number of points of agreement divided
by the total. This was compared to two known measures of cor-
relation, Pearson product moment coefficient and Spearman
corrected rank correlation coefficient.

This investigation was approved by the institutional
review board of Weill Cornell Medical College.

RESULTS
Twenty of 22 examiners returned the survey, for a
91% response rate. The overall intra-rater reliability for

Fig. 3. Vocal process contact impaired. This case generated the
most consistent rating for impaired vocal process contact. All rat-
ings were made from dynamic examinations. [Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com.]

Laryngoscope 120: July 2010

Rating category

each individual examiner varied between 44% and
100%, with an average internal consistency of 75% to
84%, depending on the statistical method used (Table I).
As measured by all three statistics, 18 of 20 examiners
(90%) showed >60% internal consistency (Table I).

The intra-rater reliability for each stroboscopic cri-
terion had, for the most part, a very similar range of
44% to 100% (Table II), The single exception was voli-
tional adduction, a category in which not a single
examiner rated an exam as normal on both viewings. As
a result, despite a 90% rate of intra-rater agreement,
this category was found to have near-0 intra-rater corre-
lation by both Spearman and Pearson correlation
coefficients. Overall, height mismatch, vocal fold short-
ening, and vocal process contact had the lowest intra-
rater reliability, whereas the ratings of salivary pooling,
glottic insufficiency, ventricular contraction, and vocal
fold tone were generally consistent.

Inter-rater reliability for each stroboscopic criterion
was determined by kappa analysis. As represented in
Figure 2, these kappa values ranged from 0.10 (poor

Fig. 4. Arytenoid position displaced. This case generated the most
consistent rating for displaced arytenoid position. All ratings were
made from dynamic examinations. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]
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Fig. 5. Vocal fold tone decreased. This case generated the most
consistent rating for decreased vocal fold tone. All ratings were
made from dynamic examinations. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]

agreement) to 0.55 (moderate agreement). Ratings for
arytenoid stability, arytenoid position, and height mis-
match generated the poorest values, whereas glottic
insufficiency, vocal fold bowing, and salivary pooling
resulted in the best (Fig. 3—-Fig. 8].

DISCUSSION

Traditionally conceptualized as an all-or-none phe-
nomenon, VFP has been shown by ample clinical and
laboratory investigation to represent a continuum of
neurogenic dysfunction encompassing partial denerva-
tion, complete denervation, and variable degrees and
patterns of reinnervation. It should come as no surprise,
then, that its clinical appearance too is highly variable.
This is not synonymous with random, however; this vari-
ability no doubt reflects the considerable heterogeneity

Fig. 6. Vocal fold shortened. This case generated the most con-
sistent rating for shortened vocal fold. All ratings were made from
dynamic examinations. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

Laryngoscope 120: July 2010

Fig. 7. Glottic insufficiency: none to mild. This case generated the
most consistent rating for no or mild glottic insufficiency. All rat-
ings were made from dynamic examinations. [Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com.]

in the neurologic dysfunction that underlies the immo-
bile vocal fold. Historical efforts to decipher the
laryngoscopic appearance have fallen short, compro-
mised by oversimplifications and an incomplete
understanding of the relevant pathophysiology. Given
these limitations, we find these failures neither particu-
larly surprising nor discouraging.

Lest a re-examination of laryngoscopy in VFP be
considered unnecessary or irrelevant, it is important to
appreciate that existing neurodiagnostic techniques have
also been defeated by the complex neurologic picture
underlying the paralyzed vocal fold. Electromyography
has proved to be as qualitative as laryngoscopy, and it is
similarly susceptible to individual variation in interpre-
tation. Although it has yielded crucial insight in the

Fig. 8. Glottic insufficiency: moderate to severe. This case gener-
ated the most consistent rating for moderate to severe glottic
insufficiency. All ratings were made from dynamic examinations.
[Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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pathophysiology of VFP, it has proved particularly disap-
pointing as a prognostic tool, at best only partially
helpful in informing treatment of individual patients.

This study was undertaken with the understanding
that any re-examination of the laryngoscopy of VFP
must be carried out using a commonly agreed-upon
array of findings. The evolving discussion about vocal
fold paresis, or partial paralysis of the vocal fold, reveals
clearly that lack of consensus regarding clinical findings
prevents conclusions regarding diagnosis, much less
prognosis, treatment, and outcomes.3

No definitions of the terms used were provided to
the reviewers for the simple reason that no such defini-
tions exist. The terms used in this study have entered
the literature informally, and the medical discourse has
generally assumed that a broad and consistent under-
standing of these descriptors exists. This study is a
formal testing of that assumption.

This investigation reveals that the evaluation of lar-
yngoscopic appearance of VFP remains a personal and
individual activity. As demonstrated by multiple correla-
tion calculations, most evaluators were relatively
consistent in their own evaluations across the entire
range of features presented. These results were roughly
equivalent to those of Rosen, who found that two thirds
of voice professionals reviewing stroboscopic exams had
intra-rater reliability scores less than 0.80.}* Thus, it is
possible that individual practitioners might use laryngo-
scopic features to analyze cases for diagnosis, as for
example to identify degree of denervation, distribution of
involvement across laryngeal muscles, and for selection
and timing of treatment in a reasonably reliable manner.
It remains to be proven, of course, that pathophysiologic
aspects such as degree and distribution of neural com-
promise indeed have consistent laryngoscopic correlates.
Incidentally, this study does not demonstrate whether
individual observations across multiple examinations are
reliable, or if changes over time in the same case can be
consistently identified.

On the other hand, inter-rater variability
revealed considerable lack of consensus regarding all
aspects but salivary pooling, bowing, and a simplified
rating of the degree of glottic insufficiency. Our study
might even have been biased in favor of greater inter-
rater agreement by the inclusion of the audio track in
the video samples sent to reviewers. Such additional
information might provide clues to blinded reviewers
who are ultimately being studied for their video per-
ceptual analysis alone. Future work in this area will
require removal of all audio from samples sent to
reviewers. Not only is this lack of agreement discour-
aging for the development of a unified rating system
for this disorder, it also calls into question existing
assumptions in the literature about consensus in the
rating of features such as posterior gap (an important
factor in the selection of patients for arytenoid adduc-
tion surgery), vocal fold height (hypothesized to be
relevant to rehabilitation technique), and other fea-
tures referred to in the discussion of the evaluation of
unsatisfactory results of medialization.”**"17 General-
izations from study to study might be compromised by
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patient populations that are not comparable or equiva-
lent. Also, treatment recommendations or descriptions
of outcome based on laryngoscopic features are likely
to be of limited utility. The prospects for agreement
on vocal fold paresis, where clinical variability would
be expected to be greater than in VFP at the same
time that the degree of abnormality would be less,
appear to be extremely poor.

Based on our results, degree of glottic insufficiency,
vocal fold bowing, salivary pooling, and perhaps to a
lesser extent volitional adduction, vocal fold tone, and
vocal fold atrophy appear to be the best candidates for
development into a standardized system of rating VFP.
A rating or classification system for VFP based on only
the three most consistently appreciated criteria might
not be discriminating enough to be useful in diagnosis or
treatment. We hypothesize that more formal develop-
ment of rating categories, including explicit definitions
and examples, would generate greater inter-rater agree-
ment, for the terms and concepts evaluated in this
investigation have received relatively little formal atten-
tion despite commonplace clinical use. We intend to
explore this further before trialing an integrated rating
system. At the same time, we recognize the possibility
that individual variation in laryngeal anatomy and pos-
sibly in innervation, and the heterogeneity of
neuropathic dysfunction might yet defeat such an effort.

CONCLUSION

However, although individuals are often consistent
in their own evaluation of laryngoscopic features of VFP,
little consensus appears to exist among physicians
regarding these same findings. This raises the possibility
that many assumptions about the significance of lar-
yngoscopic features might not be reliable. This is an
obvious challenge to arriving at a unified understanding
of the laryngoscopic appearance of the disorder and will
need to be addressed.

Results suggest that degree of glottic insufficiency,
vocal fold bowing, and salivary pooling appear to be lar-
yngoscopic features in cases of VFP with the highest
inter-rater reliability. With further investigation and
standardization, these might form a basis for the devel-
opment of a clinically useful rating scheme.
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Vibratory Asymmetry in Mobile Vocal Folds:
Is It Predictive of Vocal Fold Paresis?

C. Blake Simpson, MD; Linda Seitan May, MD; Jill K. Green, MS;
Robert L. Eller, MD; Carlayne E. Jackson, MD

Objectives: The purpose of this study was to determine whether the videostroboscopic finding of vibratory asymmetry in
mobile vocal folds is a reliable predictor of vocal fold paresis. In addition, the ability of experienced reviewers to predict
the distribution (left/right/bilateral) of the paresis was investigated.

Methods: This is a retrospective chart review of all patients who presented to our clinic during a 3-year period with
symptoms suggestive of glottal insufficiency (vocal fatigue or reduced vocal projection) accompanied by the videostro-
boscopic findings of bilateral normal vocal fold mobility and vibratory asymmetry. Twenty-three of these patients under-
went diagnostic laryngeal electromyography of the thyroarytenoid and cricothyroid muscles to determine the presence
of vocal fold paresis.

Results: Nineteen of the 23 patients (82.6%) were found to have electrophysiological evidence of vocal fold paresis,
either unilaterally or bilaterally, when videostroboscopic asymmetry was present in mobile vocal folds. However, the
three expert reviewers’ ability to predict the distribution (left/right/bilateral) of the paresis was poor (26.3%, 36.8%, and
36.8%, respectively).

Conclusions: The videostroboscopic finding of vibratory asymmetry in mobile vocal folds is a reliable predictor of vo-
cal fold paresis in most cases. However, the ability of expert reviewers to determine the distribution (left/right/bilateral)
of the paresis using videostroboscopic findings is poor. This study highlights the value of laryngeal electromyography in
arriving at a correct diagnosis in this clinical situation.

Key Words: electromyography, videostroboscopy, vocal fold paralysis, vocal fold paresis.

INTRODUCTION nocent asymmetries [on laryngoscopy] from signifi-
cant findings may present the greatest challenge in
defining vocal fold paresis.”’(P15%) The clinical set-
ting of glottal insufficiency symptoms and grossly
intact vocal fold mobility has previously been de-
scribed. In these cases, vibratory asymmetry may be
the only laryngoscopic clue to suggest VFP.” Identi-
fication of the asymmetry may help guide the clini-
cian toward performing LEMG and eventually con-
firming a diagnosis of VFP.

Vocal fold paresis (VFP) is a well-established, al-
beit controversial, entity. Its incidence is not well
established, but it is likely rare. The few reports that
are available in the literature have shown a range of
as many as 29 cases in a year to as few as 13 cases
over 4 years in tertiary laryngology practices.!* Al-
though all of these studies used laryngeal electro-
myography (LEMG) to confirm the diagnosis, clini-
cians often use subtle asymmetries on videostrobos-
copy as indicators that paresis is likely present. Dur-
ing videostroboscopic examination, reduced vocal
fold movement (adduction or abduction), vocal fold
bowing, incomplete glottal closure, and vibratory

The purpose of this study was to determine wheth-
er the videostroboscopic finding of vibratory asym-
metry in mobile vocal folds was a reliable predic-
tor of VFP. In addition, the ability of experienced

asymmetry can all be associated with VFP.4> Rubin
et al® have also described the use of repetitive pho-
natory tasks to induce fatigue as a means of bringing
out hypomobility in paretic vocal folds. As pointed
out by Sulica and Blitzer, however, “Separating in-

reviewers to predict the distribution (left/right/bilat-
eral) of the paresis was investigated.

METHODS

Institutional Review Board approval was obtained

From the Departments of Otolaryngology—Head and Neck Surgery (Simpson, May, Green) and Neurology (Jackson), University of
Texas Health Science Center—San Antonio, and the Department of Otolaryngology—Head and Neck Surgery, Wilford Hall Medical Cen-

ter, Lackland Air Force Base (Eller), San Antonio, Texas.
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from our institution before the study period. A retro-
spective chart review was carried out for all patients
who presented to our clinic during a 3-year period
and underwent LEMG for suspected vocal fold pa-
resis.

Over the study period, 48 patients with suspected
VFP underwent diagnostic LEMG. Of those, 23 pa-
tients met the study criteria with symptoms of VFP
(vocal fatigue or reduced vocal projection) accom-
panied by the videostroboscopic findings of bilat-
eral normal vocal fold mobility and vibratory asym-
metry. The diagnostic LEMG examinations includ-
ed an evaluation of the motor unit morphology and
recruitment of motor unit potentials (MUPs) for the
thyroarytenoid and cricothyroid muscles. Interpre-
tation of the LEMG findings was done by a neu-
rologist (C.E.J.) who was blinded to the findings of
the laryngoscopic examination. In all cases, abnor-
mal LEMG findings were considered to be present
when there were large-amplitude polyphasic MUPs
and incomplete recruitment of MUPs. All abnormal
LEMG findings were then classified as left, right,
or bilateral, depending on the side of involvement.
We did not distinguish between recurrent larynge-
al nerve (RLN) and superior laryngeal nerve (SLN)
neuropathy for the purposes of this portion of the
study. In other words, if the RLN, SLN, or both
showed electrophysiological evidence of denerva-
tion, the findings were considered “abnormal” for
that side.

Our endoscopic clinical examination protocol was
as follows. All of the patients underwent videostro-
boscopy by means of a flexible laryngoscope with
a distal chip (Olympus ENF-VQ, Olympus Surgi-
cal, Orangeburg, New York) rhinolaryngoscope, and
most also had rigid laryngoscopy with a 70° rigid
endoscope (KayPENTAX, Lincoln Park, New Jer-
sey). The patients were instructed to phonate /i/ at
low, modal, and high frequencies. When indicated,
the technique of “unloading” as described by Kouf-
man® was also used to help reveal more subtle vibra-
tory asymmetry that may have been hidden under
compensatory muscle tension patterns.

When retrospective evaluation of the endoscop-
ic segments was carried out, the following proto-
col was used. The best-quality videostroboscopic
examination (either flexible or rigid) was used for
each case. Of the 48 cases in which LEMG was per-
formed for suspected paresis, 23 examinations that
were considered to show isolated vibratory asym-
metry were selected for the study. The other 25 cas-
es, which showed vocal fold immobility, partial im-
mobility, videostroboscopic evidence of incomplete
closure, or vocal fold lesions, were excluded.

TABLE 1. VOCAL FOLD PARESIS DEMOGRAPHICS

AND LEMG FINDINGS
Age Cause of
(y)  Gender Duration LEMG Findings Paresis
62 F ly B RLN + SLN Idiopathic
67 F ly B RLN Idiopathic
30 M 9y LRLN + SLN Idiopathic
36 M 36y B RLN Congenital
28 M 4 mo B RLN Idiopathic
65 M 6y B RLN + SLN Idiopathic
36 F 10y B RLN Idiopathic
69 F 2 mo B RLN Idiopathic
35 F ly B RLN Idiopathic
36 M Ty B RLN Idiopathic
44 F 9y R RLN Idiopathic
29 F 15y LRLN Idiopathic
58 F 9 mo LRLN Idiopathic
37 F ly B RLN Idiopathic
51 F Sy LRLN Idiopathic
43 F 16 mo R RLN Idiopathic
76 M 6 mo B RLN Idiopathic
58 M 14 mo B RLN Idiopathic
54 F 4 mo L SLN Traumatic

LEMG — laryngeal electromyography; B — bilateral; RLN — re-
current laryngeal nerve paresis; SLN — superior laryngeal nerve pa-
resis; L — left; R — right.

The videos were edited to include only segments
in which the vocal folds were in a fully adducted
position and were engaged in vibratory activity. We
decided not to show footage of vocal fold mobility,
in order to help exclude any possible bias that could
occur from interpreting vocal fold movement. The
video segments were then randomized and were in-
terpreted by three reviewers with extensive experi-
ence in videostroboscopic interpretation. Each video
segment was reviewed, and the following questions
were addressed: 1) Is asymmetry of vibration (am-
plitude or mucosal wave) present? 2) If vibration is
asymmetric, which side has the increased amplitude
and/or mucosal wave? and 3) On which side would
you predict the paresis to be present?

The LEMG results were used as the gold standard
for the diagnosis of VFP. Interpretation of the vid-
eostroboscopic findings by our reviewers was then
compared to this gold standard to determine the pre-
dictive value of subjective vibratory asymmetry on
videostroboscopic examination.

RESULTS

Of the 19 patients with a diagnosis of LEMG-con-
firmed VFP (Table 1), the mean patient age was 48.5
years (range, 28 to 76 years). Twelve of the patients
were female (63.2%) and had a mean age of 48.8
years, and 7 patients were male (36.8%) and had a
mean age of 47 years. The mean time interval from
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TABLE 2. LEMG RESULTS AND REVIEWERS’

INTERPRETATION
Patient  Reviewer 1 ~ Reviewer 2  Reviewer 3 LEMG
1 L R R B
2 R R R B
3 R R R L
4 R B R Normal
5 R B B B
6 R R R Normal
7 R R R B
8 L L L B
9 L R B R
10 B B B B
11 R B B B
12 L L L B
13 R B L R
14 L B B Normal
15 R B R L
16 L L R L
17 R B B B
18 R L L Normal
19 L B B L
20 R B R R
21 R L R B
22 R B B B
23 R B L L

L — left-sided paresis; R — right-sided paresis; B — bilateral pa-

resis.

the onset of symptoms to presentation to our clinic
was 4.8 years (range, 2 months to 36 years). The
cause of the paresis was idiopathic in the vast major-
ity of cases (17 of 19 or 89.5%), and the remaining
cases were congenital (1 of 19 or 5.2%) or traumatic
(1 of 19 or 5.2%). In terms of neural involvement,
the majority of cases involved the RLN only. Ten
cases were bilateral RLN paresis, and 5 cases were
unilateral RLN paresis. The remaining cases were 2
cases of bilateral combined RLN and SLN paresis, 1
case of unilateral combined RLN and SLN paresis,
and 1 case of unilateral SLN paresis.

Of the 23 patients with symptoms of glottal insuf-
ficiency and isolated vibratory asymmetry on vid-
eostroboscopy, 19 (82.6%) were found to have elec-
trophysiological evidence of denervation of one or
both vocal folds (Table 2). However, the individual
reviewers’ ability to correctly predict the distribution
of the paresis was quite poor. Given three options
(bilateral, left, or right), each reviewer was unable
to correctly predict the side in most cases (reviewer
1,5 of 19 correct; reviewer 2, 7 of 19 correct; and
reviewer 3, 7 of 19 correct). With all examination
evaluations combined, the side of paresis was cor-
rectly predicted in only 33.3% of cases (19 of 57).

DISCUSSION
The idea behind this study was to answer a com-

mon question that is posed in our multidisciplinary
clinics. As a general rule, the voice team (which in-
cludes the senior author, speech pathologist, and res-
ident physician) reviews the videostroboscopic ex-
amination of the patient and discusses the subjective
interpretation of the vibratory parameters. In most
cases of suspected VFP, the clinicians can agree that
vibratory asymmetry is present, and LEMG will
later confirm the diagnosis. However, the reliabil-
ity of using vibratory asymmetry to correctly pre-
dict the presence of VFP has not been examined.
Although we can usually agree on the presence of
vibratory asymmetry, there is often a debate about
the sidedness of the suspected paresis. Conventional
thinking suggests that the denervated side will have
an increased amplitude and/or mucosal wave due to
the laxity of the paretic vocal fold. Despite this con-
sensus, we have noted that many times the clinicians
do not agree as to which side(s) is involved.

Obviously, the clinical diagnosis of some cases of
VFP is fairly straightforward when based on video-
stroboscopic findings and clinical history. In the set-
ting of gross hypomobility and glottal insufficien-
cy, the diagnosis is not often in question. However,
when there are no readily apparent differences in vo-
cal fold mobility, the diagnosis can be more difficult
to make, or may not be suspected by the clinician
at all. In these cases, vibratory asymmetry may be
the only clue that VFP is present.” This finding may
help guide the clinician toward performing LEMG
and establishing a correct diagnosis.

Our clinical protocol for patients with symptoms
suggestive of glottal insufficiency and an increased
amplitude and/or mucosal wave or “chasing wave”
(asymmetry of vibration) is to recommend LEMG.
Obviously, not all patients with this combination of
symptoms and findings agree to undergo or follow
up for diagnostic LEMG, so we are not able to com-
ment on the positive predictive value of vibratory
asymmetry in these cases. Nonetheless, when vibra-
tory asymmetry prompted LEMG testing in our se-
ries, the clinical “hunch” ended up being correct in
83% of cases. However, the ability of experienced
clinicians to correctly predict which side was in-
volved was quite poor (33.3%). This is exactly the
percentage one would expect if the clinician’s de-
termination were randomly generated; ie, there is a
1-in-3 chance of predicting the outcome correctly.
The difficulty partially arises from using the sub-
jective observation that one side demonstrates in-
creased vibratory amplitude (often thought to be a
manifestation of reduced muscular tone in a dener-
vated vocal fold). By necessity, that determination
involves using the contralateral side as a control,
ie, the side with the “normal tone.” In many cas-
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es, however, this side may also be affected, mak-
ing the assumption of unilaterality erroneous. De-
spite this problem, there were many cases in which
the reviewer correctly predicted that the paresis was
unilateral, but the predicted side (ie, distribution of
involvement) was incorrect.

Relying solely on laryngoscopic findings to pre-
dict VFP continues to be problematic. Other studies
have shown that 25% to 40% of patients had LEMG
findings that were not predicted by their laryngo-
scopic examination.2 Although vibratory asymme-
try is fairly predictive of VFP (83% of cases in our
study), determining the distribution (left/right/bilat-
eral) of the paresis is very poorly predictive.

Interpretation of videostroboscopic examinations
is by nature subjective. We have observed that vi-
bratory asymmetry can sometimes be difficult to de-
tect on routine stroboscopy. The best method of ac-
centuating asymmetry is to have the patient phonate

at a modal or low fundamental frequency at a high
intensity. In addition, extinguishing any secondary
supraglottic muscular tension seems to be benefi-
cial, as this allows for the differential tension of the
true vocal folds to be observed. Last, recording the
examination and playing it back in slow motion, or
performing frame-by-frame analysis, is yet another
method to aid in the detection of vibratory asym-
metry.

CONCLUSIONS

The videostroboscopic finding of vibratory asym-
metry in mobile vocal folds is a reliable predictor of
VFP in most cases. However, the ability of expert
reviewers to determine the distribution (left/right/
bilateral) of the paresis using videostroboscopic
findings is poor. This finding highlights the value
of LEMG in arriving at a correct diagnosis in this
clinical situation.
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Abstract

Objective: This study aimed to conduct a 3-session reliability assessment of the laryngeal electromyography (LEMG)
signal in healthy participants during intensity controlled vocalization tasks. We hypothesized that vocal intensity level and
testing session would affect LEMG measures.

Methods: This prospective study used a 2-factor repeated measures design. Seven participants underwent bipolar needle
LEMG of the right thyroarytenoid muscle. Data were collected over 3 testing sessions using vocalization tasks performed
with visually guided intensity feedback targets (65 and 75 dB SPL). Root mean square amplitudes in microvolts were
analyzed for within-session and between-session reliability.

Results: The main effect for intensity was found to approach significance (F = 5.71, P = .054). However, intraclass
correlation coefficients (ICCs) using a 2-factor mixed random effect model indicated poor to fair signal reliability between
testing sessions (ICC = 0.56 at 65 dB, 0.40 at 70 dB). Intraclass correlation coefficients for within-session data indicated
excellent reliability for all testing conditions (0.84-0.98).

Conclusion: Using a quantitative analysis protocol to inform an essentially qualitative technique, our results indicated
that there was generally poor to fair reliability in the LEMG signal over testing sessions. Vocal intensity was an important
variable that affected LEMG signal reliability. Standardization of LEMG protocols using vocal control parameters and

quantitative analyses may help improve LEMG reliability in clinical settings.

Keywords
LEMG, motor units, neuromuscular, thyroarytenoid

Introduction

Laryngeal electromyography (LEMG) is commonly used
for the assessment of neuromuscular disorders of the lar-
ynx.! Laryngeal electromyography is the only direct mea-
sure of laryngeal muscle activity, and although it provides
general information about the function of the laryngeal
musculature, its in-office clinical utility beyond general
appreciation of gross neuromuscular function is debat-
able.”” Studies regarding clinical usefulness of LEMG have
not addressed the question of LEMG reliability both within
a patient and across clinical testing sessions. Nonclinical
and experimental investigations using LEMG have the
advantage of signal processing software, control of environ-
mental conditions to reduce electromagnetic field noise,
tasks that provide graded control of laryngeal muscle
recruitment, and less constrained time frames under which
to perform LEMG. Because many variables may affect
LEMG reliability, it remains unknown whether clinical
office-based LEMG, often performed qualitatively, without

vocalization control parameters and under less than optimal
recording conditions, can be considered a reliable and clini-
cally meaningful diagnostic tool.

Laryngeal electromyography has been used for research
and assessment of the function of the intrinsic laryngeal
muscles for more than 60 years and has been shown to be
useful in revealing the function of the laryngeal muscula-
ture and demonstrating the dynamic control of this muscu-
lature during voicing.*” Laryngeal electromyography is
frequently used in conjunction with stroboscopic/
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laryngoscopic evaluation of vocal fold mobility to assess a
variety of laryngeal disorders such as dystonia and vocal
fold paresis and paralysis, to differentiate among various
neurological disorders,” and for guiding the placement of
botulinum toxin for the treatment of spasmodic dyspho-
nia."® Laryngeal electromyography may also be poten-
tially useful as a tool for the prognosis of laryngeal nerve
disorders.”"’

In general, electromyography (EMG) recordings are
affected by multiple confounding variables including elec-
trode type and placement, level of muscle activation, left
and right side dominance, artifact from electrode move-
ment, and so on, which may all, or in part, compromise the
accuracy of the data necessary for diagnostic evaluation.'"'?
Electromyographic investigations of between-session and
intra-session reliability for some limb muscles have
revealed high reliability for both between- and within-ses-
sion measurements.'>'* However, similar data for laryn-
geal-based EMG are absent and cannot be directly
interpolated from limb studies due to significant differences
in anatomical structure and the ability to control for muscle
length and loading.

Unlike most limb muscles that have skeletal support and
firm attachment points, the larynx is suspended in the neck,
surrounded by soft muscle tissue, a series of membranes,
and a somewhat yielding cartilaginous framework. Distinct
muscle force and leverage points are difficult to determine
in the laryngeal complex because of these flexible attach-
ment points. Placing a consistent and measureable isotonic
load on laryngeal muscles for accurate and reliable activa-
tion is difficult, complicating replication of motor unit acti-
vation in these muscles.

Another factor to be considered regarding the reliability
of clinical in-office LEMG is that phonation is an emergent
behavior, arising through the complex interaction of respi-
ratory, phonatory, and resonance subsystems of the vocal
tract. These vocal subsystems function synergistically, inte-
grating properties of tissue elasticity, muscle activation, and
aerodynamics toward normal vocal function. A change in
any subsystem’s dimension will potentially alter vocal out-
put. These additional confounding variables have the poten-
tial to further complicate in-office LEMG interpretation.'®

In general, reliable LEMG measurements are dependent
on consistent muscle activation tasks. These tasks must be
carefully controlled and performed for measurement reli-
ability. For example, to describe relative recruitment of
motor unit potentials for the thyroarytenoid muscle (TA),
maximum voluntary contraction (MVC) strategies have
been used for comparison. Typically, a maximal voluntary
contraction is assigned a 100% possible recruitment value
whereby subsequent muscle contractions during voicing
tasks are given a percentage of decreased recruitment.
Maximum voluntary contraction in the laryngeal system is
typically accomplished through performance of a Valsalva

maneuver (hard breath hold).® However, it has been shown
that vocal fold closure is not consistently accomplished dur-
ing Valsalva maneuvers up to 14% of the time, potentially
leading to significant diagnostic error.'® Other qualitative
ratings such as decreased recruitment scales are not compa-
rable across offices due to their highly subjective nature and
lack of standardized between-office collection protocols."”

Another commonly used clinical LEMG technique is
comparison of recruitment against the contralateral muscle.
Unfortunately, this technique does not take into account the
notion that the contralateral TA muscle is dependent on the
co-contraction of neighboring intrinsic muscles. Thus, TA
contraction may be altered in the presence of a contralateral
paresis or paralysis. In this scenario, compensatory muscle
activation is a likely confounder.'® In addition, a large-scale
retrospective study reported unexpected contralateral neu-
ropathy in 26% of patients with laryngeal movement disor-
ders.” Electromyography studies of limb muscle also
indicate significant contralateral differences in motor unit
recruitment even during simultaneously controlled muscle
contractions.'?

Because raw EMG signals are quasi-random in nature,
they cannot be directly compared. Thus, a principle goal of
this study was to use quantitative methodology with the
addition of control parameters and measures, to character-
ize the reliability of a primarily qualitative clinical evalua-
tion. One such measure was quantification of the LEMG
signal via calculation of the root mean square (RMS). Root
mean square is considered to be the current “gold standard”
for quantitative electromyographic analysis'""'? and allows
for rapid quantitative comparisons among groups of sig-
nals. Root mean square was chosen as a measurement met-
ric because it provides an indication of mean muscle activity
and signal power and is the analog to voltage output.
Because RMS is also considered a data smoothing tech-
nique, it is not well suited for visualization of waveform
transients and morphology characteristics such as polypha-
sic or nascent potentials; however, it is useful to quantify
and compare LEMG across samples in terms of signal volt-
age and power. Because EMG is a time-varying signal con-
taining positive and negative values, RMS is an ideal
quantitative measure that can be easily calculated post hoc
or in real time with many commercially available data
acquisition software programs.

Determining LEMG data reliability within the context of
an in-office clinical environment is important to make care-
ful and useful clinical interpretations and to potentially
improve clinical protocols. To our knowledge, in-office
clinical LEMG reliability has not been systematically inves-
tigated in a cohort of vocally healthy adults. As such, the
purpose of this study was to prospectively investigate
LEMG signal reliability recorded from the thyroarytenoid
muscle over multiple testing sessions using a common in-
office clinical routine. We modeled our basic methodology
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after the University of Iowa head and neck protocol for
LEMG diagnostics.”’ Laryngeal electromyography was
performed on the right thyroarytenoid muscle of 7 partici-
pants with normal vocal function on 3 separate occasions
with the application of an additional behavioral control for
vocal intensity. We hypothesized that time of testing and
vocal intensity would significantly alter quantitative mea-
sures of thyroarytenoid EMG signals.

Materials and Methods

Seven participants, ages 18 to 40 years (3 male and 4
female), were recruited and volunteered for this study. Ten
participants were initially recruited based on power analysis
for the repeated measures design. Two participants did not
complete the entire study protocol, and 1 participant had
unusable data. All were nonsmokers, English speaking, and
free of laryngeal pathology and movement disorders as
judged by stroboscopic examination of the larynx. Exclusion
criteria were professional voice training, diagnosed bleed-
ing disorder, prior head/neck/spinal surgery, and/or intuba-
tion within the past 5 years. All procedures were approved
by the University of Kentucky Institutional Review Board,
and informed consent was obtained from all participants.
All assessments were performed at the University of
Kentucky Laryngeal & Speech Dynamics Laboratory.

Prior to data collection, all participants received a
laryngeal exam via videostroboscopy to ensure normal
vocal function and structure (Kay Elemetrics Rhino-
Laryngeal Stroboscope [Model RLS 9100 B], Kay
Elemetrics 70 degree rigid endoscope [Model SN 1541];
PENTAX Medical, Montvale, New Jersey, USA). This
examination was performed by a certified/licensed speech-
language pathologist and reviewed by a board certified
otolaryngologist.

After imaging was completed, electromyographic biopo-
tentials (uV) were acquired from the right TA muscle via a
25-mm, 30-gauge concentric bipolar needle electrode
(XLTEK 101468; Natus Medical, San Carlos, California,
USA). The raw EMG signal was routed to a biopotential
amplifier (Grass Model 15A54; Natus Neurology, Warwick,
Rhode Island, USA) and serially coupled to a 16-bit analog-
to-digital converter sampling at 10 kHz (PowerLab 1630;
ADlInstruments, Inc, Colorado Springs, Colorado, USA).
Prior to digitization, analog signals were band-pass filtered
(30 Hz-3 kHz @ —3 dB), with an in-line notch filter applied
to reduce 60 Hz line contamination. The LEMG analog out-
put was paralleled to a sterco amplifier and played over
loud speakers to provide the otolaryngologist with auditory
feedback of muscle activity during needle insertion. Audio
(volts) and sound intensity levels (dB SPL) from the partici-
pant’s vocalizations were recorded by a lapel-style micro-
phone (Sony ECM44B; Sony Corporation, New York, New
York, USA) and a commercially available sound level meter

(REED ST-8850; REED Instruments, Sainte-Anne-De-
Bellvue, Quebec, Canada). Both signals were also digitized
by the A/D system (audio sampling rate = 2 kHz; sound
pressure level = 1 kHz). All signals were recorded in cali-
brated units using a proprietary 2-point interpolation
method found in our digitization software package
(LabChart 7; ADInstruments, Inc). Post-acquisition LEMG
signal processing was completed using custom-coded
LabChart routines.

Laryngeal electromyography testing was performed in a
custom-built Faraday booth to reduce electromagnetic field
effects. Participants were seated in an examination chair,
reclined to approximately 60 degrees, with their heads
comfortably supported by a neck pillow. No sedation or
anesthetic was used during the needle insertion and record-
ing procedure. A ground electrode was placed on the par-
ticipant’s neck, below the mastoid process. Thyroarytenoid
needle insertion by an otolaryngologist with 10 years of
experience performing clinical LEMG procedures was
accomplished using a para-medial approach percutane-
ously with the electrode directed in a superolateral direc-
tion through the cricothyroid ligament with the muscle
entered submucosally. Needle electrode placement was
confirmed using the following behavioral tasks: normal
rest breathing, phonation on sustained /i/, sniff, and sus-
tained phonation of falsetto /i/. Upon completion of the
study, the needle electrode was removed by the physician
and participants were monitored for 15 minutes after the
study in case of complications.

Digitized raw LEMG signals were full-wave rectified
and RMS signal amplitude values were calculated online
with the LabChart software package. Root mean square was
calculated as the square root of the mean of a series of
squared LEMG amplitude values. Root mean square ampli-
tudes were used in all analyses to determine if significant
variance in the LEMG signal existed as a function of vocal
intensity and time of data acquisition.

Experimental Protocol

Electromyography of the right TA was performed on each
participant on 3 different occasions with a minimum of 1
month between adjacent procedures (mean duration = 2.5
months) to allow for tissue healing. Each session took place
at approximately the same time of day and lasted no more
than 30 minutes (including videostroboscopy). After needle
electrode placement was confirmed within the TA, LEMG
signals were recorded under 2 task conditions. First, a con-
firmation condition was completed by recording baseline
LEMG signals while the participant was instructed to relax
and breathe normally, sustain the vowel /i/ at a comfortable
modal pitch, gently sniff through the nose, and sustain a
falsetto /i/. Second, a feedback condition was completed
with the participant producing a sustained /i/ at 2 different
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intensity targets (65 and 75 dB [+ 3 dB]). These intensity
targets were chosen to represent a typical healthy vocaliza-
tion intensity range present in everyday speech. In this con-
dition, participants received visual feedback of their
intensity level by monitoring a dB sound level meter placed
16 inches from the individual’s mouth. The participant was
asked to hold the intensity constant for a minimum of 3 sec-
onds. Trials less than 3 seconds were not accepted for analy-
sis. A total of 10 trials of each task condition were recorded.
The initial and final 2 trials were discarded, leaving 6 trials
for post-hoc data analysis.

Habitual fundamental frequency F) for the vocalization
tasks was initiated by the participant without prompting
from the investigators. The F chosen by the participant was
recorded and played back via an auto-tuner before data col-
lection so that the participant could remain in an acceptable
modal pitch range. Before all data collection procedures
and to ensure performance consistency, each participant
was trained and given time to practice all tasks before data
collection.

Data Analysis

A 2-factor repeated measures analysis of variance
(RM-ANOVA) was used to compare the effect of the 2
independent variables among participants. The independent
variables included (1) LEMG data recording sessions (3
sessions) and (2) the task-related vocal intensity levels (2
dB levels). To evaluate the reliability of LEMG signals
across testing times, intraclass correlation coefficients
(ICCs) using a 2-way mixed random effects model were
calculated. For between-session measurements, standard
error of the measurement (SEM) was calculated to deter-
mine the minimum detectable change (MDC) in microvolts
with 70% and 95% confidence boundaries. Intraclass cor-
relations were also calculated to measure intra-session reli-
ability. All statistical calculations were performed using
SPSS version 18 (IBM, Armonk, New York, USA).

Data Selection and Calculations

A 1-second window from the mid-portion of each 3-second
task recording window was selected for detailed analysis.
Root mean square amplitude values were automatically
calculated for each of the 1-second windows using a cus-
tom sub-routine in LabChart (ADInstruments, Inc). To be
included for further processing and analysis, digitized sam-
ples had to fall within +/— 1 dB of the desired intensity
levels (65 or 75 dB). In certain cases, the RMS amplitude
was not stable for 1 second at +/— 1 dB. In these cases, a
shorter window was averaged to eliminate portions of the
signal with poor signal quality. The inclusion of smaller
analysis windows for these cases was preferable to averag-
ing poor signal quality. Smaller sampling windows do not

Table I. Means for Intensity Level at 65 dB.

Variable Session Mean SD Min Max
Root mean square | 80.2 34.8 44.7 1515
(1Y) 2 91.8 284 454 1176
3 73.08 1964 4631 9848
Table 2. Means for Intensity Level at 75 dB.
Variable Session  Mean SD Min Max
Root mean square | 84.0 374 46.0 155.5
(1V) 2 106.5 294 69.2 1369
3 85.04 1682 5542 101.56

Table 3. Repeated Measures Analysis of Variance for Baseline
Laryngeal Electromyography Across Time.

Source df F Value P Value
Participant 6 0.85 .555
Time 2 0.02 978

Table 4. Repeated Measures Analysis of Variance for Root
Mean Square Values.

Source df F Value P Value
Participant 6 1.91 .160
Time 2 1.38 .289
Intensity | 5.71 .054
Time*Intensity 2 2.23 .150

significantly affect analyses, as comparisons of EMG sam-
ple windows using RMS have been shown to produce mod-
erate to excellent ICC reliability data from 1000 ms down
to 100 ms window sizes."

Results

Statistical Analysis

Group data, including means and standard deviations for
the dependent variable (RMS) for intensities at 65 dB and
75 dB, are presented in Tables 1 and 2, respectively. Results
of the 2-factor RM-ANOVA during baseline and the task
conditions are presented in Tables 3 and 4. Repeated mea-
sures ANOVA for the baseline data did not reveal a signifi-
cant main or interaction effect for testing time (session)
versus RMS, indicating stable LEMG baseline activity
across recording sessions. Results of the RM-ANOVA for
the feedback condition were not significant for the main
effect of testing time (df =2, F = 1.38, P =.289). However,
the main effect for intensity level closely approached our a
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Table 5. Intraclass Correlation Coefficients (ICCs) Between
Sessions, Standard Error of Measurement (SEM), and Minimum
Detectable Change (MDC) in pV Necessary to Detect True
Change Between Measurements.

ICC Sessions SEM MDCinpyV@ MDCinpvV @
1-3 Sessions -3 70% Confidence 95% Confidence
65 dB 0.56 18.57 26.26 51.47

75 dB 0.40 23.0 325 63.7

Table 6. Intraclass Correlation Coefficients (ICCs) for Within-
Session Data.

Within-Session

ICC Session | Session 2 Session 3
65 dB 0.95 0.93 0.84
75 dB 0.88 0.84 0.98

priori significance level of a = .05 (df =1, F=5.71, P =
.054). This indicated that vocal intensity may play a role in
LEMG signal reliability. No interaction effects between
intensity and time factors were found.

To further evaluate the reliability of LEMG signals
across the 3 testing days, ICCs using a 2-factor mixed ran-
dom effect model were calculated. Average measures from
6 sample trials per participant were compared across the 3
testing sessions to evaluate reliability. The ICCs across
Sessions 1 through 3 were 0.56 for the 65 dB condition and
0.40 for the 75 dB condition. These between-session ICCs
were low, suggesting an interpretation of poor to, at best,
fair reliability across testing sessions. Although not stan-
dardized, typical calculated values for ICC interpretation
are as follows: less than 0.40 = poor reliability, 0.40 to
0.75 = fair to good reliability, and greater than 0.75 = excel-
lent reliability."” In addition, the SEM was calculated. The
SEM was then used to determine the MDC in microvolts
necessary to demonstrate a true difference if the muscle was
tested on multiple days with 95% confidence boundaries.
Results indicated that a change of 51V would be necessary
to determine a true difference in LEMG activity between
testing sessions. Numerical results of ICC, SEM, and MDC
are presented in Table 5. Intraclass correlations for within-
session data revealed strong reliability among participants
ranging from 0.84 to 0.95 and from 0.88 to 0.98 for the 65
dB and 75 dB conditions, respectively. Comparisons of
within-session data are located in Table 6.

Discussion

The use of clinical in-office LEMG has been incorporated
into the diagnostic routine for the evaluation and treatment
of voice disorders in many practices across the country.®
Although some evidence supports LEMG use in the

diagnosis and prognosis of certain neuromuscular disorders,
the general reliability of the LEMG signal in normal partici-
pants has not been carefully evaluated. This study measured
the reliability of the LEMG signal in normal, vocally healthy
participants over time with the central aim of determining if
significant LEMG signal variance occurred as a function of
multiple testing sessions. Our second aim was to determine
if vocalization intensity affected the LEMG signal. In limb
studies, control over the degree of muscle contraction is nec-
essary to achieve results that are comparable within and
across participants. Both maximal and submaximal contrac-
tions have been shown to demonstrate strong reliability in
limb muscle.”” We used vocal intensity as a method to con-
trol laryngeal muscle contraction levels among participants.
Our results indicated that between-session LEMG reliability
was poor to fair and that control of vocal intensity may be an
important performance variable to help improve the reliabil-
ity of these measurements.

This study mirrored the University of lowa head and
neck protocol for LEMG diagnostics.”' In addition to this
basic protocol, we used vocal intensity control and a
Faraday booth to reduce ambient electrical noise to improve
the fidelity of the data and provide the optimal set of cir-
cumstances under which to perform our LEMG clinical
evaluation. The intent of this study was not to quantify
LEMG precisely but rather to use quantitative means to
measure LEMG in an ideal environment to test the hypoth-
esis that clinical LEMG data are variable across testing ses-
sions even with added control parameters in place.

Repeated measures analysis of variance indicated a non-
significant effect for time of testing, suggesting that LEMG
signals for pooled data did not vary significantly across test-
ing sessions. Intraclass correlation coefficient analysis for
within-session reliability was considered excellent for both
intensity conditions ranging from 0.84 to 0.95 and from
0.88 to 0.89 for the 65 dB and 75 dB conditions, respec-
tively. However, the between-session ICC revealed poor to
fair reliability for both intensity conditions. It should be
noted that the most qualitatively consistent data from our
study were collected when the participants vocalized at 65
dB, indicating a less reliable measure at greater loudness
levels. Data from Sessions 1 and 2 at 65 dB represented the
strongest reliability association with an R* value of 0.048.
This indicated poor reliability even across the most consis-
tent recording sessions (see Figures 1 and 2).

Reliability debates concerning the clinical usefulness of
LEMG for diagnostic and prognostic applications have
been raised.! According to a recent evidence-based review
and clinical recommendations, LEMG data have been con-
sidered questionable for clinical uses such as diagnosing
paresis/paralysis from joint fixation, for accuracy diagnos-
ing diseases of the neuromuscular junction, and for provid-
ing accurate diagnostic information of neuropathic and
myopathic disorders."® To address these questions, it has

59


http://aor.sagepub.com/

60

Annals of Otology, Rhinology & Laryngology 123(4)

Interval Plot of RMS (microvolts)
95% Confidence Interval for Mean

140 Intensity
——  E5dE
130 — 5B

RMS (microvolts)
8

Tntensity 1 7 1 3 1 3
Time 1 2 &)

Figure |. Interval plot with the mean of each data set
presented with 95% confidence bars. The x-axis is scaled with
regard to intensity and testing session. The y-axis for root mean
square (RMS) is scaled in microvolts.
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Figure 2. Scatter plot for voice task at the 65 dB target
between sessions | and 2. These sessions represent the most
consistent data from this study. Data points are mean root mean
square (RMS) values in uV for each participant. The R* value
does not indicate a strong association between the data for the
2 sessions. Approximately 5% of the data from Session | can be
explained by Session 2.

been suggested that additional evidence-based research
concerning LEMG methodology and validity be con-
ducted.® Data from this study suggest that variables such as
data collection time (multiple sessions) and possibly vocal
intensity may play a role in the outcomes of LEMG assess-
ment, suggesting methodological limitations of LEMG in
terms of its clinical accuracy.

Our results indicated that to be 95% confident that a true
detectable change could be observed between testing ses-
sions, a change of 51 uV RMS was necessary with intensity
level held constant. It is likely, then, that uncontrolled vocal
intensity during LEMG procedures may operate as a con-
founding variable. Careful regulation of vocal intensity dur-
ing LEMG may be necessary if the clinical utility of LEMG

is to be determined with any degree of accuracy. In fact,
intensity would be expected to contribute to changes in the
RMS value of the LEMG signal. A near linear relationship
between muscle force and EMG activity has been found in
classic EMG studies.”** Although EMG does not measure
muscle force directly, vocal intensity can be viewed as a
global indicator of performance effort and muscle loading
on the vocal apparatus. It was not surprising, then, that con-
trolling for intensity revealed changes in our calculated
RMS values.

It has been previously demonstrated that both intensity
and vocal frequency contribute to variability in quantita-
tive LEMG output with frequency being the greater factor
in TA recruitment variability, suggesting the need for con-
trol of both parameters for improved clinical assess-
ment.”>*® In this study, participants were generally able to
maintain and regulate the intensity of their vocalization
constant at 65 dB across all trials. Although participants
were trained to reach the 75 dB target, many could not
produce this intensity level consistently for 1 second with
the LEMG needle in place. In the 75 dB condition, inten-
sity levels actually ranged from 66.70 dB to 75.22 dB with
a mean value of 70.42 dB. Thus, it can be inferred that not
only does intensity play a role in LEMG signal stability
but relatively small changes in intensity level (approxi-
mately 5 dB) can strongly affect RMS values, further
arguing for the need and importance of regulating vocal
intensity during LEMG diagnostics.

Limitations

The small sample size of 7 participants in this repeated mea-
sures study limits the ability to generalize our results to a
larger clinical population. Changes in vocal intensity were
limited to a 10 dB interval. Larger intensity intervals and addi-
tional participant data may better demonstrate differences in
mean RMS values across testing conditions. The standard
deviations of the RMS values in this study were large. This is
an inherent problem with attempting to quantify LEMG
because it is difficult to determine which variable(s), such as
ambient noise, movement artifact, interpersonal differences in
phonation, and so on, may be causing deviations in the sig-
nal.""*’ Needle electrodes, as used in this study, have been
shown to demonstrate greater artifact at greater intensities.”
Movement/vibration artifact cannot be alleviated but is a con-
cern because of the unsteadiness of the needle electrode and
the vibration of the vocal fold mucosa. A solution to this prob-
lem may be to consider the use of hooked wire electrodes in
clinical LEMG studies to ameliorate these concerns.

Clinical Relevance and Future Directions

The results of this study demonstrate that even during con-
trolled laboratory conditions, the LEMG signal appears
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significantly variable across testing sessions. It is reasonable
to expect greater variability in an office setting without these
control parameters. Laryngeal electromyography holds much
potential to be a useful clinical tool available for diagnosing
movement disorders of the larynx. To obtain the maximum
benefit from clinical LEMG, a universal standardized proto-
col that is feasible within a typical in-office setting should be
developed. Further prospective research studies should con-
sider the evaluation of (1) hooked wire electrode use for con-
tralateral comparisons and (2) vocal frequency and intensity
controls to regulate muscle recruitment to maximize the
interpretability of LEMG measures. Quantitative LEMG
techniques that may be used for clinical application are now
feasible and relatively inexpensive and should be explored.
Laryngeal electromyography follow-up diagnostics would
also be useful for data comparisons. A recent article by
Sataloff et al stated that follow-up LEMG is not performed in
up to 90% of cases if visual inspection of the larynx demon-
strates improved vocal fold mobility.”> Follow-up testing
could provide useful reliability data for LEMG as performed
in the clinic.

Data from this study offer insight into the importance
of using loading controls (control of intensity and fre-
quency) in order to obtain the most accurate data from
clinical LEMG. Methodologically, the use of hooked wire
LEMG may be a good alternative to needle electrodes for
several reasons, including freeing the clinician to direct
the patient to control pitch and loudness levels, allowing
for simultanecous measures, and reducing the possibility
of artifact from needle electrode movement. With today’s
technology, control of vocal frequency and intensity can
be ecasily accomplished through visual feedback to the
patient using an inexpensive headset microphone con-
nected to a laptop computer or other mobile device run-
ning commercially available sound intensity applications.
In addition, quantitative signal processing tools are
becoming more accessible and less expensive, allowing
for the real-time use of quantitative techniques such as
RMS to improve the quality of in-office assessments and
the use of rise-time functions to confirm optimal elec-
trode placement.*’

In closing, LEMG is a clinical assessment tool that has
not yet reached its full potential. The means to make LEMG
a more quantitative and reliable assessment method are
available and ready for usage to improve the clinical reli-
ability and usefulness of this potentially important diagnos-
tic method.
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Abstract

Objective. To evaluate the safety, tolerability, and voice outcomes
of office-based photoangiolytic laser treatment of Reinke’s edema.

Study Design. Case series with chart review.
Setting. Academic medical center.

Subjects and Methods. We performed a retrospective analysis
of patients undergoing office-based laser treatment of
endoscopy-proven Reinke’s edema. Safety and tolerability were
evaluated by reviewing complications. Voice outcomes were
analyzed by comparing pre- and postprocedural acoustic, aero-
dynamic, and Voice Handicap Index measurements. Complete
data sets were not available for all subjects; sample size for
each parameter is reported with the corresponding result.

Results. Nineteen patients met inclusion criteria. There were
no minor or major complications. Five procedures were
truncated due to patient intolerance. Phonatory frequency
range increased (n = 12, P = .003), while percent jitter
decreased (n = 12, P = .004). Phonation threshold pressure
decreased after treatment (n = 4, P = .049). Voice Handicap
Index also decreased (n = 14, P <.001).

Conclusion. This study represents the largest series of
patients undergoing office-based photoangiolytic laser treat-
ment specifically for Reinke’s edema. Our data suggest that
this is a safe and effective modality to treat dysphonia asso-
ciated with Reinke’s edema, although patient intolerance of
the procedure may represent a barrier.

Keywords

Reinke’s edema, photoangiolytic laser, office-based treat-
ment, voice
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einke’s edema is a benign disease of the true vocal
folds, characterized by edema and vascular congestion
within Reinke’s space, leading to diffuse polypoid

degeneration. Patients are generally middle-aged women, and
they have voice complaints of abnormally low speaking pitch
and a rough voice quality." Multiple risk factors have been
identified, including tobacco use, vocal abuse, and laryngo-
pharyngeal reflux.>™ Critical to preventing progression of the
disease and managing the dysphonia are nonsurgical strategies,
such as smoking cessation, voice therapy, and treatment of
underlying laryngopharyngeal reflux.'® When a nonsurgical
approach is inadequate, surgery is employed. Traditional surgi-
cal options have focused on mucosal microflap elevation with
removal of tissue,7’8 microdebridement,9 carbon dioxide laser
ablation,'®'" and cold knife cytoreduction.'?

Recently, photoangiolytic laser treatment has been pro-
posed as an alternative treatment.'*'® Unlike traditional
methods that involve the physical removal of tissue, the
potassium titanyl phosphate (KTP) laser and pulsed dye
laser (PDL) target oxyhemoglobin and are thought to
address the vascular congestion characteristic of Reinke’s
edema. Importantly, both the KTP and the PDL have flex-
ible fibers that can be passed through a flexible endoscope
for office-based interventions, thus avoiding risks associated
with general anesthesia.'” Performing procedures in the
office rather than the operating room has several notable
advantages, including decreased cost'® and avoidance of the
potential complications of microlaryngoscopy, such as
dental injury and dysgeusia.'’

Office-based use of lasers for the treatment of Reinke’s
edema has gained popularity with the advent of improved
instrumentation and evidence that the procedures are safe
and cost-effective. Koufman et al and Sheu et al reported
large series demonstrating support for the use of photoan-
giolytic lasers in the treatment of an array of laryngeal
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lesions, with the latter demonstrating preserved or improved
mucosal wave and glottic closure after treatment.'®'
Pitman et al evaluated the effect of office-based KTP laser
treatment in 7 patients with Reinke’s edema and found sig-
nificant improvement in subjective measures for voice qual-
ity as well as a trend toward improvement in objective
measures. "

Although these studies provided important initial support
for the use of office-based photoangiolytic laser therapy in the
management of Reinke’s edema, they are limited by a modest
sample size and measurement of few objective voice para-
meters. As such, larger studies addressing the safety, tolerabil-
ity, and voice outcomes for this approach are necessary. We
report on 19 patients who underwent office-based photoangio-
lytic laser treatment of Reinke’s edema. We hypothesized that
no complications would occur, patients would tolerate the pro-
cedure, Voice Handicap Index would decrease, and objective
voice parameters would move toward the normal ranges.
Specifically, we hypothesized that posttreatment assessment
would show increased fundamental frequency range, decreased
jitter, decreased phonation threshold pressure, and increased
maximum phonation time (MPT).

Materials and Methods

Subjects

Approval for this study was obtained from the University of
Wisconsin Health Sciences Institutional Review Board. The
study was designed as a retrospective case series of patients
treated at the University of Wisconsin—Madison. Patient data
were obtained from the University of Wisconsin—Madison
Voice and Swallow Outcomes Database. Appropriate patients
were identified by the University of Wisconsin—Madison Voice
and Swallow Outcomes database manager by cross-matching
diagnosis with the existence of a procedure, and data extraction
was performed by a separate researcher. All patients presented
to the University of Wisconsin Hospital and Clinics between
January 2007 and November 2013 and underwent voice analysis
by a speech-language pathologist, as well as evaluation and
treatment by an otolaryngologist. All patients with documented
Reinke’s edema who underwent at least 1 office-based treatment
were considered for inclusion. Patients were excluded if they
were <18 years old, had a history of laryngeal malignancy, had
a history of a neurolaryngologic disorder (eg, cerebrovascular
accident, amyotrophic lateral sclerosis, vocal tremor, or recurrent
laryngeal or superior laryngeal nerve injury), had a history of
airway stenosis, or were unable to provide consent.

Treatment

All procedures were performed in a clinic setting without seda-
tion. Patients are positioned sitting upright. Local nasal
anesthesia is obtained by placing 4% lidocaine and 0.05%
oxymetazoline-soaked sponges in the nasal cavities. A flexible
endoscope is passed through the nasal cavity for indirect visua-
lization of the endolarynx. Laryngeal anesthesia is obtained by
instilling 3 aliquots of 0.5 mL of 4% lidocaine through the
working channel of the endoscope during sustained phonation
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Figure |. Endoscopic view of glottis immediately before (A) and
immediately after (B) treatment. Note the superficial blanching
without reduction in tissue mass immediately following application
of laser energy.

(the “laryngeal gargle”). The laser fiber is passed through the
working channel and advanced until the tip of the fiber is
visualized. Laser energy is then applied to the involved tissues.
Of note, tissue ablation is not desired during these procedures;
rather, enough energy is applied to blanch the superficial tis-
sues (Figure ). Importantly, no immediate reduction is tissue
size is desired. Twelve procedures were performed using the
KTP laser, and 13 were performed using the PDL.

Experimental Data

Patient demographics, chief complaint, and social history
were collected. Endoscopic findings and physician impres-
sion were recorded to ensure diagnosis, as well as to docu-
ment unilateral versus bilateral involvement. Treatment of
laryngopharyngeal reflux disease was also documented.
Reported complications and patient tolerance data were also
collected by extracting physician documentation from the
University of Wisconsin—Madison Voice and Swallow
Outcomes database. This included whether a procedure was
truncated, as well as the number of procedures performed
for each patient and whether operative interventions were
ultimately required. Minor complications included nasal or
pharyngeal pain, minor nosebleed, and vasovagal events.
Major complications included need for emergent airway
intervention, hospitalization or presentation to the emer-
gency department after treatment, airway bleeding, airway
stenosis, reported myocardial infarction or cerebrovascular
accident, and extralaryngeal tissue injury. Patients were
requested to report complications at follow-up visits; how-
ever, our data set did not allow for standardized follow-up
of all possible complications.

Objective voice measures were obtained as part of a stan-
dard comprehensive voice assessment. Aerodynamic para-
meters included MPT, mean airflow rate, laryngeal resistance,
phonation threshold pressure, and mean peak air pressure.
Aerodynamic parameters were measured using the Phonatory
Aerodynamic System (model 6600, KayPENTAX, Montvale,
New Jersey); the device was calibrated prior to each use
according to manufacturer specifications. For MPT, patients
produced a sustained /a/ at a modal pitch for as long as possible;
this was repeated 3 times, and the longest trial taken as the
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Figure 2. Sample pre- and posttreatment images from 2 patients. A, subject |: Al, pretreatment, normal inspiration; A2, posttreatment,
normal inspiration; A3, posttreatment, vocal fold abduction. B, subject 2: BI, pretreatment, vocal fold abduction; B2, pretreatment, normal
inspiration; B3, posttreatment, vocal fold abduction; B4, posttreatment, normal inspiration.

MPT. For mean airflow rate, laryngeal resistance, and peak air
pressure, patients produced 3 /pa/ syllable trains at comfortable
pitch and loudness; the first and last /pa/ token within each train
were removed and the average values computed. For phonation
threshold pressure, patients produced 3 /pi/ syllable trains, each
beginning with a soft whisper, followed by incremental
increases in subglottal pressure until comfortable voicing was
achieved; the lowest subglottal pressure at which phonation
occurred was recorded as the phonation threshold pressure.
Acoustic parameters included minimum and maximum funda-
mental frequency, phonatory frequency range, and percent jitter.
Acoustic data were recorded using the Computerized Speech
Lab (model 4150B, KayPENTAX) and Multi-Dimensional
Voice Program (model 5105, KayPENTAX). For fundamental
frequency values, patients performed ascending and descending
glides on the vowel /a/ and were instructed to achieve the
lowest and highest frequencies possible, inclusive of falsetto
phonation; this was repeated 3 times and the extrema recorded.
Phonatory frequency range was calculated as the difference
between maximum and minimum fundamental frequency. For
percent jitter, patients produced a stable /a/. Dysphonia severity
index was calculated as described by Wuyts et al.”® Subjective
voice changes were quantified using pre- and postprocedural
scores from the Voice Handicap Index.! This instrument mea-
sures the impact of one’s voice in 3 separate subcategories:
functional, physical, and emotional. Finally, total energy deliv-
ered was collected.

Although a standardized clinical protocol is followed for
collection of voice measures at clinical visits, occasionally

not all voice measures are available in the database.
Accordingly, a complete data set including all voice para-
meters was not available for every subject. Analyses were
performed using the data that were available, and the
number of subjects included in each analysis has been speci-
fied. A subject was not included in a given analysis of effi-
cacy if he or she did not have a measurement of that
parameter before and after the procedure.

Statistical Analysis

Evaluation of treatment efficacy was performed using
paired ¢ tests. If data did not meet assumptions for para-
metric testing, a Wilcoxon-Mann-Whitney matched pairs
signed-rank test was performed. All tests were 2-tailed with
a significance level of a = 0.05. As complete data sets were
not available for all subjects, sample size for each parameter
is reported with the corresponding result.

Results
Subject Characteristics

Nineteen patients underwent 25 in-office endoscopic laser
treatments of Reinke’s edema between January 2007 and
November 2013. All but 1 patient was a woman, and all
were smokers at the time of presentation. Average age at pre-
sentation was 53.9 £ 7.7 years (range, 43-67 years). All but
1 patient had bilateral involvement, with 1 demonstrating
polypoid change affecting only 1 vocal fold. Sample pre- and
posttreatment images are provided in Figure 2.
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Table I. Voice Outcome Data.

Parameter Pretreatment Posttreatment No. P Value
Dysphonia severity index —-7.0 =33 —3.0 =26 12 .003
Acoustic
Maximum Fq 290 £ 53 482 + 272 12 <.001
Minimum Fy 110 £ 35 119 = 95 12 147
Frequency range 180 + 67 363 = 295 12 .003
Percent jitter 4.05 = 2.83 1.66 = 1.10 12 .004
Aerodynamic
Maximum phonation time 8.77 = 4.28 9.29 £ 371 13 674
Phonation threshold pressure 821 = 3.10 6.69 = 2.59 4 .049
Mean airflow rate 0.30 = 0.07 0.27 £ 0.13 4 .536
Laryngeal resistance 47.36 = 16.97 46.46 * 24.29 4 918
Peak pressure 14.04 = 4.58 10.92 = 4.07 4 .069
Voice handicap index
Functional 18 =10 12+9 14 <.001
Physical 21 =8 15+ 10 14 .001
Emotional 17 =10 I =10 14 .005
Total 56 = 26 37 £27 14 <.001

Abbreviation: Fy, fundamental frequency.

?Data are presented as mean * standard deviation. Complete data sets with measurements of all parameters were not available for every subject; sample

size is therefore variable.

Safety and Tolerability

There were no reported minor or major complications. Five
procedures had to be truncated due to patient intolerance.

Voice Outcomes

Summary data are presented in Table |. After treatment,
dysphonia severity index changed significantly, with a move
toward normal voice (P = .003). Phonatory frequency range
increased (P = .003), and percent jitter decreased (P =
.004). Phonation threshold pressure decreased (P = .049),
but there were no significant changes in MPT, mean airflow
rate, or laryngeal resistance. Total VHI (P < .001) as well
as each component of the VHI decreased significantly after
treatment (functional: P < .001; physical: P = .001; emo-
tional: P = .005; Figure 3).

Energy Delivered

Energy delivery data were available on 21 procedures per-
formed to treat bilateral disease. Average energy delivered
per procedure was 132 * 68 J (range, 23-268 J). There was
no meaningful difference between the amounts of energy
delivered with each laser. For KTP procedures, 126 * 63 J
(range, 47-246 J) were applied; for PDL procedures, 128 =+
75 J (range, 23-268 J) were applied. In 2 procedures for uni-
lateral disease, 108 and 45 J were delivered with the KTP
and PDL, respectively.

Discussion

We present a retrospective case series of patients who under-
went office-based laser treatment of Reinke’s edema. To our
knowledge, this study is the largest such series to date.
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Figure 3. Each component, as well as the total Voice Handicap
Index, decreased significantly after treatment. Bar height represents
average reported voice handicap; error bars represent standard

deviation.

The increasingly common use of lasers in otolaryngology
reflects a general trend toward rendering treatment in the
office rather than the operating suite. Office-based treatments
offer several advantages. In addition to avoiding the risks of
general anesthesia, including myocardial infarction and
stroke, unsedated office-based treatment of patients with
airway limitations allows the patient to remain in control of
his or her own airway throughout the procedure, reducing the
risk of airway compromise during induction of general
anesthesia. Office procedures cost less,'® require less time,
and avoid the potential complications of microlaryngoscopy,
such as dental injury and dysgeusia.'” Moreover, attempting
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an office procedure does not preclude subsequent operative
intervention. Still, patients with advanced airway compromise
or concerning medical comorbidities are not appropriate for
treatment in an office setting, and some patients will demon-
strate recalcitrant anxiety to these procedures. In our study,
all patients without an obvious airway concern were at least
offered an office-based procedure; we do not, however,
include patients in the present study who were not amenable
to office treatment due to the above limitations.

Surgical lasers fall into 2 broad categories: cutting/ablating
lasers and photoangiolytic lasers.”* Photoangiolytic lasers,
including KTP and PDL, selectively target hemoglobin and
are therefore most often used to manage highly vascular
lesions. Reinke’s edema is characterized in part by vascular
congestion and stasis within the superficial lamina propria.>*®
While the exact mechanism of the laser-tissue interaction in
benign lesions remains under investigation, it is theorized that
photoangiolytic laser energy is effective in improving polypoid
degeneration by ablating damaged microvasculature within the
SLP, ultimately inducing regression of nonvascular pathologic
tissue.”* It has been proposed that localized energy delivery
causes a nonspecific inflammatory response, leading to selec-
tive and time-dependent expression of inflammatory cytokines
such as transforming growth factor beta 1 and cyclooxygenase
2,52% a5 well as procollagen/collagenase genes such as matrix
metalloproteinases.”®?” These changes are thought to result in
favorable alterations in tissue remodeling. As such, in contrast
to classical surgical interventions designed to physically
remove excessive tissue, laser therapy is thought to induce a
favorable biochemical shift—a biological solution for a biolo-
gical problem.

In our procedures, energy delivery is titrated to a point of
superficial blanching of tissues. No immediate reduction of
tissue mass is seen; instead, functional improvement is
expected after a period of tissue remodeling. In our study,
an average of 132 J was delivered per procedure; however,
optimal laser settings and energy titration end points remain
undefined. Efforts are underway to characterize these para-
meters. A recent study examined outcomes for Reinke’s
edema as a function of laser parameters and initial treatment
effects; the average energy applied was 157 J delivered over
a 0.369-second exposure time, and voice outcomes were
favorable.”® In an effort to standardize measurement, a vali-
dated classification schema was recently proposed to estab-
lish a consistent means for measuring response to the KTP
laser.*?° The present study adds to this growing body of
work beginning to evaluate the relationship between amount
of energy delivered and treatment outcome.

The patients in our series underwent comprehensive voice
analyses before and after completing an intervention, allowing
for detailed evaluation of treatment effect. Acoustic measures
improved significantly; patients demonstrated improved fre-
quency range due to a higher posttreatment maximum funda-
mental frequency, representing an improvement in the classic
“low pitched voice™ reported by many patients. Percent jitter
also improved after treatment, perhaps reflecting improved
vocal fold symmetry after tissue remodeling. Changes in

aerodynamic parameters were less pronounced. MPT, laryngeal
resistance, mean airflow rate, and peak pressure did not signifi-
cantly improve following treatment. This may in part be influ-
enced by selection bias, as patients with significant airway
compromise—and thus, likely, the most abnormal pretreatment
aerodynamic profiles—were not offered office procedures.
Phonation threshold pressure did, however, improve after treat-
ment. Finally, our patients demonstrated improvement in all
subcategories of the Voice Handicap Index—functional, physi-
cal, and emotional. This perhaps more than other measures sug-
gests the utility of these procedures.

Some aspects of the present study may require clarifica-
tion. First, some individuals showed worsening of certain
voice measures after treatment. For example, 1 patient
showed increased phonation threshold pressure and airway
resistance after a second laser treatment, and 3 patients had
decreased MPT after treatment. Also, note that 6 patients
underwent multiple procedures. The decision for repeat
treatment was based on clinical assessment of recurrent or
persistent Reinke’s edema with ongoing dysphonia rather
than on objective voice data.

While unsedated endoscopic procedures are possible in
the majority of patients, anatomic and physiologic limita-
tions as well as anxiety-related factors will represent a bar-
rier in some patients. Of the 25 procedures presented here, 5
were truncated due to patient intolerance. All patients were
active smokers at the time of treatment; it is possible that
reactive airway physiology contributed to this high rate of
intolerance. Our database did not include which patients
ultimately underwent operative interventions, but it is likely
that some did. Given this limitation, we are unable to assess
voice changes related to subsequent surgical intervention
and therefore cannot comment on voice outcomes in these
patients. Importantly, no patients required emergent airway
intervention during or immediately after the procedure, had
significant bleeding, or required hospitalization immediately
following the procedure. As such, office-based laser treat-
ments in our series were safe.

The present study has several important limitations. As a
retrospective analysis without a control group, we cannot
determine whether the changes in voice parameters
observed after treatment were actually due to the interven-
tion or simply reflect normal temporal variation of the dis-
ease. Second, although this is the largest series of patients
undergoing photoangiolytic laser therapy for Reinke’s
edema, our sample size is still modest. Further, complete
data sets were not available for all patients. This reduced
our effective sample size for the pre- and posttreatment
analyses and precluded detailed analysis of parameters over
longer periods. Finally, our data set did not provide a stan-
dardized means for follow-up; as such, patients who devel-
oped complications following the conclusion of their
procedure may not be included.

As office-based procedures become increasingly more
common, there are many points for further study. Definition
of laser settings to optimize tissue remodeling remains an
important and active area of investigation. Prospective
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studies with larger numbers will help define effect of treat-
ment and clarify the appropriate frequency for follow-up
evaluation. To reduce potential cofounders, further studies
may benefit from tightly controlling for untreated voice
abuse and LPR. Additionally, analyzing differences in out-
comes between patients who continue to smoke and those
who have quit may define the impact of continued tobacco
use on Reinke’s edema and healing following photoangioly-
tic laser intervention. Finally, attention toward procedural
details to optimize comfort and minimize anxiety may
improve procedure tolerability in a broader population.
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The Utility of Office-Based Biopsy for Laryngopharyngeal Lesions:
Comparison with Surgical Evaluation

Amanda L. Richards, MBBS, FRACS; Manikandan Sugumaran, MD; Jonathan E. Aviv, MD;
Peak Woo, MD; Kenneth W. Altman, MD, PhD

Objectives/Hypothesis: Advances in flexible endoscopy with working-channel biopsy forceps have led to excellent visu-
alization of laryngopharyngeal lesions with capability for in-office awake biopsy. Potential benefits include prompt diagnosis
without risk of general anesthesia, preoperative counseling, and avoiding an anesthetic should the lesion return benign. We
evaluate the accuracy of these biopsies in order to determine their role and diagnostic value.

Study Design: Retrospective chart review.

Methods: Medical records were reviewed from January 1, 2010, through July 31, 2013, of patients who underwent
office-based current procedural terminology code 31576 and were taken to the operating room for direct microlaryngoscopy
with biopsy/excision. Clinical diagnoses and pathology reports were reviewed. For statistical analysis, we considered three
groups: 1) malignant and premalignant, 2) lesions of uncertain significance, and 3) benign lesions.

Results: In the study period, 76 patients with an office biopsy had a clinical picture to warrant direct microlaryngo-
scopy and biopsy/excision. Kendall’s coefficient for each group indicated moderate correlation only. When groups 1 and 2
were considered together, there was a substantial and statistically significant correlation. For malignant and premalignant
lesions, the office biopsy analysis was as follows: sensitivity = 60%, specificity = 87%, positive predictive value = 78%, and
negative predictive value = 74%.

Conclusion: Office biopsy may offer early direction and avoid operative intervention in some cases; however, for sus-
pected dysplastic or malignant lesions, direct microlaryngoscopy should be the standard of care to ensure adequate full-
thickness sampling and staging. For benign pathology, office biopsy is a safe and viable alternative to direct microlaryngo-

scopy and biopsy/excision.

Level of Evidence: 4.

Key Words: Office biopsy, lesion, leukoplakia, dysplasia, microlaryngoscopy, medical decision making.
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INTRODUCTION

Advances in flexible laryngoscopy, imaging technol-
ogy, instrument miniaturization, and changes to proce-
dure reimbursement have led to an increase in office-
based management in laryngology. Since the introduc-
tion of the fiber optic laryngoscope in 1976, there have
been steady advances in the quality of lighting and
imaging for office laryngeal examinations from fiber
optic to distal chip endoscopes.! Also, adaptations in the
design of the flexible scopes have allowed for the use of
a side channel port or disposable sheath for passage of a
cupped laryngeal biopsy forceps.2 The combination of
these forceps with optimal imaging has provided an
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option to obtain tissue for pathology during an outpa-
tient office visit with topical anesthesia. Traditionally,
these patients would require a visit to the operating
room (OR) with general anesthesia for a direct microlar-
yngoscopy and biopsy or excision of the lesion. However,
regardless of technique, all biopsies need to provide a
representative sample of the lesion to demonstrate cell
morphology. In addition, sample depth is also important,
particularly in cases of dysplasia for which deeper levels
may determine a different diagnosis and prognosis.®

There are a proposed number of conditions for
which office biopsy alone has been proposed as suffi-
cient: 1) confirmed diagnosis of carcinoma when clini-
cally suspected; 2) complete excision of a lesion at the
time of office biopsy; 3) benign pathology and resolution
of the lesion with treatment; 4) evidence for keratosis,
papilloma, or mild dysplasia with stable clinical exami-
nation; and 5) the risks of surgical evaluation with gen-
eral anesthesia outweigh the potential diagnostic or
therapeutic benefits of the procedure. Potential benefits
include the following: 1) avoiding the risk of general
anesthesia, 2) reduced duration from clinical suspicion
to histologic confirmation, 3) negating patient anatomic
limitations, and 4) avoiding the costs of general anesthe-
sia and the OR.*
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Benign lesion surveillance

Definitive diagnosis of malignancy

False negatives

Fig. 1. Flow of office biopsy patients. (Operating room biopsy diagnoses are listed in the last row). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

Traditionally, patients warranting direct microlar-
yngoscopy after office biopsy are those with limited tis-
sue obtained during attempted office biopsy, a concern
regarding false-negative office biopsy results, a require-
ment for disease volume reduction to avoid respiratory
or swallowing impairment, and a need for excision of the
lesion to improve the voice. Other advantages of direct
microlaryngoscopy include a more detailed examination
of the extent of a tumor, more accurate biopsy capabil-
ities, and the option for definitive treatment by excision
for many lesions.

Despite the popularity of office biopsy, there is a
paucity of data in the literature evaluating the accuracy
compared to histologic diagnosis at operation. The goals
of this study are to determine the accuracy of office biop-
sies when compared to direct microlaryngoscopy and to
evaluate its role and diagnostic value.

MATERIALS AND METHODS

A retrospective medical chart review was performed from
January 1, 2010, to July 31, 2013, after receiving approval from
the Institutional Review Board Human Subjects Committee.
This review identified 261 patients in the clinical practices of
the authors who underwent office biopsy (current procedural
terminology code 31576) for laryngeal and pharyngeal lesions.
Patients’ records were then reviewed to determine those who
underwent direct microlaryngoscopy with biopsy.

Patients who had resolution of the lesion following biopsy,
surveillance of a previously histologically proven benign diagno-
sis, and a definitive diagnosis of cancer who proceeded to non-
surgical definitive treatment were excluded from the study. We
also excluded current anticoagulation, anterior commissure
lesions, submucosal lesions, and anatomically obstructive
pathology. Patients with brush biopsy alone were also excluded.
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The pathology reports were reviewed for consistency between
office and surgical specimens and compared to clinical diagno-
ses. The flow of the patients is summarized in Figure 1.

Office biopsies were performed using distal chip video endo-
scopes (ENT-5000, Vision Sciences, Inc. or VNL-1570STK,
KayPENTAX Montvale, NdJ) in conjunction with a 2-mm channel
endosheath and 1.8-mm nonserrated cup biopsy forceps. The
nasal cavity was anesthetized with aerosolized 4% lidocaine with
epinephrine 1:100,000 or 4% lidocaine with phenylephrine hydro-
chloride. The channel-sheathed video endoscope was then passed
transnasally into the laryngopharynx. Topical laryngopharyngeal
anesthesia was achieved by delivering 0.5 cc of plain 4% lido-
caine to the laryngeal surface of the epiglottis. Once supraglottic
anesthesia was achieved, 1 to 2 cc of plain 4% lidocaine was then
delivered topically to the glottis. The 1.8-mm biopsy forcep was
then passed under videoendoscopic guidance and biopsies were
performed.

Direct microlaryngoscopy with biopsy was performed under
general anesthesia, and lesions were visualized with a zero-
degree telescope and binocular microscope. Lesions were excised
or sampled for pathologic evaluation using phonosurgical instru-
ments. The procedures included a submucosal dissection in order
to obtain epithelial basement membrane in the specimen.

Office biopsy results were divided into clinically relevant
groups that would normally used to direct patient care algo-
rithms. For example, mild to moderate dysplasia was separated
from severe dysplasia and carcinoma in situ (CIS)/squamous
cell carcinoma (SCC). For statistical analysis, we considered
three groups: 1) malignant and premalignant (SCC, CIS, and
severe dysplasia); 2) lesions of uncertain significance (mild—
moderate dysplasia and hyperkeratosis); and 3) benign lesions.
Patients who were noted to have a dual diagnosis on histology
(e.g., inflammation with mild dysplasia) were analyzed within
the group that would direct their final treatment.

To test interrater reliability, we utilized Kendall’s coeffi-
cient of concordance for the numerically coded ordinal responses

Richards et al.: Office-Based Biopsy for Laryngopharyngeal Lesions

71


http://wileyonlinelibrary.com/

TABLE I.
Summary of Results.

Accuracy Pathology of
Office Compared Missed Rate of
Office Biopsy Biopsy to Final Diagnosis False
Pathology N= Pathology (False Negatives) Negatives%
SCC 4 100.0% N/A 0.0%
Severe 23 17.4% SCC 56.5%
dysplasia/ Mild-Moderate 8.7%
dysplasia
Inflammation only 8.7%
Polyps or nodule 4.3%
Keratosis 4.3%
Mild to 12 25.0% SCC 25.0%
moderate ;
dysplasia Severe dysplasia/CIS  33.3%
Polyps or nodule 8.3%
Keratosis 8.3%
Keratosis 7 14.3% SCC 28.6%
without :
dysplasia Severe dysplasia/CIS  14.3%
Polyps or nodule 28.6%
Inflammation only 14.3%
Inflammation 8 12.5% SCC 12.5%
only Severe dysplasia/CIS  25.0%
Keratosis 12.5%
Polyps or nodule 25.0%
Papilloma 12.5%
Polyp/nodule 10 100.0% N/A 0.0%
Papilloma 11 81.8% Inflammation only 9.1%
Other 9.1%
Other benign 6 0.0% SCC 16.7%
Keratosis 33.3%
Inflammation only 33.3%
Papilloma 16.7%
Inadequate 4 N/A SCC 50.0%
Polyp or nodule 50.0%

CIS = carcinoma in situ; SCC = squamous cell carcinoma.

via the SAS macro MAGREE. Kendall’s coefficients do not treat
all misclassifications equally. For instance, Kendall’s coefficients
considers the consequences of misclassifying a perfect (rat-
ing = 5) object as bad (rating = 1) as more serious than misclas-
sifying it as very good (rating =4). For all statistical analysis,
data was analyzed using the SAS System software (SAS Insti-
tute, Inc., Cary, NC).

RESULTS

Seventy-six subjects underwent evaluation with 81
office biopsies with subsequent direct microlaryngoscopy
under general anesthesia. The age range of the subjects
was 21 to 84 years, with a median age of 62 and a male
to female ratio of 5:1. There were 76 laryngeal biopsies
and five oropharyngeal biopsies. The oropharynx sub-
sites included two for tonsil, two for tongue base, and
one for soft palate. There were no complications from
any of the office or operative procedures performed.
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The results of office biopsy and their subsequent
direct microlaryngoscopy (DML) and biopsy/excision are
summarized in Table I.

When considered as separate groups, Kendall’s coeffi-
cient for each group was all 0.5, indicating “moderate
correlation” only. None of these approached statistical sig-
nificance (P = 0.5). When groups 1 and 2 (i.e., lesions of
uncertain significance and premalignant/malignancy) were
considered together, the coefficient was 0.64 (P = 0.029),
indicating “substantial correlation.” For malignant/prema-
lignant lesions, the office biopsy analysis was as follows:
sensitivity = 60%, specificity = 87%, positive predictive val-
ue = 78%, and negative predictive value = 74%.

DISCUSSION

Medical decision making, patient counseling, and
surgical planning benefit from understanding the nature
of a lesion based on patient demographics, clinical his-
tory, the physical examination, and cytologic or patho-
logic diagnosis. The nature of a laryngeal lesion will
affect prioritizing the different surgical goals of the fol-
lowing: 1) confidence in a pathologic diagnosis, 2) control
of disease, and 3) voice preservation or improvement.
See Table II for proposed office biopsy candidacy.

While office biopsy increases in popularity, there
needs to be further clarification regarding its utility. The
results of this study highlight the concern of office biopsy
being used as a substitute for traditional DML. The small
tissue sample, limited depth past the basement membrane,
and ability to sample only portions of a suspicious lesion
are known disadvantages to this technique, especially with
leukoplakia and lesions that have some degree of dyspla-
sia. Serrated or other forceps, however, may favourably
influence the sensitivity and specificity of the findings, and
appropriate selection of forceps is a major consideration in
the management of early laryngeal malignancy by any
method. Therefore, just as in the OR under direct laryngo-
scopic conditions for which the surgeon would choose the
forceps for biopsy carefully, the same considerations must
be applied when performing transnasal biopsy.

Although it may be acceptable for some screening
tests to have a high specificity and lower sensitivity, this
is not appropriate for this diagnostic test. Sensitivity for
malignancy/premalignancy was only 60%, indicating that
it is inadequate as a diagnostic test: clinical suspicion
alone in this setting would seem at least equivalent. Only
15% of invasive SCC was identified at office biopsy, and it
is evident that any clinically suspicious neoplasm must

TABLE II.
Candidates for Office Biopsy.

Inclusion Exclusion

Anatomic limitations for DML
Voice less critical

Following a known benign
diagnosis

High risk for general anesthesia

Anticoagulation
Anterior commissure location
Submucosal lesion

Lesion associated with
obstruction

DML = direct microlaryngoscopy.
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be evaluated with direct microlaryngoscopy as possible.
Cohen et al. noted a 33% false negative rate of in-office
flexible laryngeal biopsy; and in their series, CIS on office
biopsy was most often SCC at DML.? It should be noted,
however, that when an office biopsy showed a diagnosis
of SCC, it was correlated with the final histologic diagno-
sis in 100% of patients. For patients with a suspected
malignant lesion who are unable to undergo a general
anesthetic, reassurance can be given that a diagnosis of
cancer in the office correlates with a diagnosis of cancer
in OR. The substantial correlation for malignancy/any
degree of dysplasia may be adequate to counsel certain
patients, and early diagnosis with office biopsy may offer
extra confidence in the treatment paradigm, particularly
when multiple treatment options are available. It may
also reduce time to definitive treatment. When a histo-
logic diagnosis of severe dysplasia or CIS in a lesion with
malignant suspicion is added to the diagnostic/staging
capabilities of imaging modalities such as CT scanning,
radiation may be employed with increased confidence of
the clinical diagnosis and stage.® Seventy-eight percent of
our patients with severe dysplasia, CIS, or SCC on office
biopsy were counseled appropriately in advance of sur-
gery and underwent microlaryngoscopy with CO2 laser
cordectomy at the time of initial surgical evaluation.

It is an accepted standard of care that mild to mod-
erate dysplasia may be observed, and so it follows that
this diagnosis at office biopsy may reassure the clinician.
However, lesions of uncertain significance have only
moderate correlation to their final pathologic diagnosis.
Mild to moderate dysplasia frequently represents more
sinister disease, and it may be false reassurance to rely
on office biopsy alone. Similar to brush biopsy,” a dys-
plastic office biopsy result indicates a need for further
investigation, without providing a definitive diagnosis.

The diagnosis of hyperkeratosis/parakeratosis (path-
ologic correlates of leukoplakia) and inflammation also
frequently correlate with a final histopathologic diagnosis
of malignancy and highlight the limitations on biopsy of
the awake patient with the absence of tactile feedback. It
is well known that potentially malignant and CIS epithe-
lia are associated with pronounced stromal reaction,?
which is reflected in the 37% of patients with only an
office biopsy of inflammation, however, with severe dys-
plasia/CIS or SCC on final diagnosis. Clinical judgment is
paramount in ensuring that patients with suspected false
negative biopsies undergo DML.

When considering benign lesions such as papilloma
and vocal fold nodules or polyps, office biopsy may play
a more definitive role. A clinical suspicion of papilloma
or polyps/nodules correlated well with final diagnosis.
When clinically indicated, these lesions are appropriate
for office management alone.

In the current environment of financially accounta-
ble medicine, consideration should be given to cost.
Naidu et al.? and workers found an average cost saving
of $6,970.56 per patient when office biopsy cost was com-
pared to OR biopsy; however, it is instructive to consider
that any patient who undergoes both office biopsy and
OR biopsy does so at considerable financial burden.

There are limitations to our study, including selection
bias determining the candidacy or need for office biopsy.
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In addition, the technique and types of cupped forceps
used were not compared to other approaches. The utility
of serrated forceps or rigid endoscopy with nonflexible for-
ceps should also be considered and may enhance sampling.
The ability to obtain high diagnostic yield biopsies in the
office is also dependent on the experience of the surgeon;
our group obtaining the biopsies has over 5 years experi-
ence with this method. Classification of the severity of dys-
plasia is also variable from different classification systems
and pathologists,? which can skew the accuracy of office
biopsies when different grades of dysplasia are considered.
A multicenter study is warranted, especially in the realm
of medical decisionmaking in complex laryngeal lesions, as
well as outcomes of prioritizing disease eradication over
voice outcomes with dysplastic lesions.

CONCLUSION

Our study shows that office biopsy has the highest
utility in clinically benign lesions and those with SCC.
Laryngopharyngeal biopsies have only a moderate corre-
lation with final pathology, although the potential utility
increases in certain clinical scenarios and with careful
choice of forceps. Office biopsy has a tendency to under-
estimate the severity of dysplastic lesions, and any
degree of dysplasia should be considered as potentially
malignant until, as possible, proven otherwise with oper-
ative assessment. However, preoperative patient coun-
seling, surgical planning, and therapy may be positively
impacted by information from office biopsies, comparable
to management of other head and neck neoplasms. For
benign pathology that clinically harbors no suspicion for
malignancy, office biopsy is a safe and viable alternative
to direct microlaryngoscopy and biopsy/excision.
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Office-Based Injection Laryngoplasty for the
Management of Unilateral Vocal Fold Paralysis

*Sunil P. Verma and tSeth H. Dailey, *Irvine, California and tMadison, Wisconsin

Summary: Objective. Office-based injection laryngoplasty (OBIL) is a common method of addressing glottal insuf-
ficiency. This retrospective chart review identifies the demongraphics, laterality, technique, success rate, injectates, and
complications of OBIL performed over a 3-year period at a single institution.

Study Design. Retrospective chart review.

Methods. All OBILs performed for the management of UVFP by the senior author over 3 years (2007-2009) were
identified from billing records. The age, gender, laterality, underlying disease process, augmentation material, route
of injection, and complications were recorded.

Results. Eighty-two OBILs were attempted on 57 patients. The most common route of access was transoral (85.6%).
All OBILs were able to be completed. Injectates used were hyaluronic acid derivatives (57.3%), calcium hydroxyapatite
(16%), and Cymmetra (16.5%). Three complications (3.7%) occurred. Thirty percent of patients ultimately elected for
thyroplasty or ansa reinnervation, 22% found their condition to self-resolve, 14% died, and 25% were lost to follow-up.
Conclusions. Using a variety of approaches, OBIL is possible in almost all patients. The single surgeon transoral
route using a rigid angled telescope and curved injection needle was the most commonly used approach. Multiple in-
jectates can be used and have good safety records. The final disposition of patients may be variable and warrants further
investigation.

Key Words: Laryngology-Laryngeal surgery—Office-based—Procedures—Surgery—Vocal fold paralysis—Hoarseness—

Thyroplasty—Reinnervation.

INTRODUCTION

Injection laryngoplasty (IL) has been a cornerstone in the
management of unilateral vocal fold paralysis (UVFP) since
its first description." During the majority of the last century,
IL was commonly performed in the operating room (OR). How-
ever, with the advent of “chip-tip” endoscopes, refinements
in the ability to deliver anesthesia to the larynx™ and the
development of numerous injectables,”” there has been a
move toward IL performed in the office. Advantages of
OBIL include markedly decreased cost, avoidance of the risks
of general anesthesia, and the ability titrate injectate delivery
for optimized voice outcomes, among others.’

As the population ages and grows and as some of the most
common causes of UVFP increase,® including the number
of thyroid cancers,” cervical spine surgeries,'” lung cancer re-
sections, and aortic valve replacements,’' one may expect the
incidence of UVFP to increase as well. As the paradigm of
OBIL for UVFP continues to evolve, there are questions which
remain to be answered.

The first involves the safety profile of both OBIL and the
numerous injectables which are being used for the treatment.

Accepted for publication October 10, 2013.

Financial Disclosures: None.

Conflicts of interest: None.

Presented at the 2011 UCSF Fall Voice Conference/International Association of Phono-
surgery; November 3, 2011; San Francisco, California.

From the *University Voice and Swallowing Center, Department of Otolaryngology-
Head and Neck Surgery, University of California, Irvine School of Medicine, California;
and the TDivision of Otolaryngology-Head and Neck Surgery, Department of Surgery, Uni-
versity of Wisconsin School of Medicine and Public Health, Madison, Wisconsin.

Address correspondence and reprint requests to Seth H. Dailey, Division of
Otolaryngology-Head and Neck Surgery, Department of Surgery, University of Wisconsin
School of Medicine and Public Health, K4/760 Clinical Science Center, Madison, WI,
53792-7395. E-mail: dailey @surgery.wisc.edu

Journal of Voice, Vol. 28, No. 3, pp. 382-386

0892-1997/$36.00

© 2014 The Voice Foundation

http://dx.doi.org/10.1016/j.jvoice.2013.10.006

74

UVFP often occurs secondary to malignancy, complications
from surgery, or both. As such, patients with UVFP often
possess multiple morbidities including general health concerns,
cardiopulomonary compromise, need for anticoagulation,
among other medical and psychosocial concerns. With this in
mind, it is critical to evaluate the safety of OBIL as has been
done for other office-based laryngeal surgeries.'”'” In an
effort to avoid general anesthesia, another question to be
answered is how often OBIL can actually be completed.
Finally, there is an active discussion regarding the ultimate
disposition of patients after injection.'*'®

To answer these questions, a retrospective chart review was
performed of all OBILs performed for UVFP over a 3-year
period at an academic tertiary care institution.

MATERIALS AND METHODS

After obtaining approval by the institutional review board, all
OBILs attempted for UVFP by the senior author over 3 years
(2007-2009) were identified from billing records. The age,
gender, laterality, underlying disease process, route of injection,
procedural success rate, amount and type of augmentation ma-
terial used, complications, and patient disposition were
recorded.

All procedures were performed in the otolaryngology clinic
examination suite containing a powered examination chair,
video tower with photodocumentation capability. Informed
consent was obtained and a procedural “time-out” was per-
formed before each procedure. Patient vital signs were
collected before the visit; however, no cardiopulomonary moni-
toring was performed during the procedure. All injectates were
directed toward the paraglottic space musculature. Approaches
used were transoral,]7 transcricothyroid rnernbrane,]8 trans-
thyrohyoid membrane,'” and transthyroid ala.
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For the transoral approach, the oral cavity is first anesthetized
with topical lidocaine spray applied with an atomizer. The
tonsillar pillars, base of tongue, and posterior pharyngeal wall
are sprayed with lidocaine. The patient is asked to assume the
“sniffing” position and directed to hold his tongue with gauze.
Visualization of the laryngopharynx is obtained with a transoral
rigid 70° angled telescope held by the surgeon. The view from
the scope is transmitted to a screen on the video tower
(Figure 1).

An Abraham cannula attached to a syringe with 4% lidocaine
is placed along the patient’s lingual sulcus and directed over the
larynx. A “laryngeal gargle” is performed with 4% lidocaine
dripping lidocaine to the endolarynx during sustained phona-
tion. The surgeon then advances a syringe with injectate
attached to an orotracheal injector needle (model # 1650030
and 1650050; Medtronic, Minneapolis, MN) along the patient’s
lingual sulcus and directs it to the larynx. The needle may be
used to lateralize the patient’s false vocal fold. The needle is in-
serted through the superior surface of the vocal fold into its
body. Injectate is applied within the paraglottic space with
approximately 20% overinjection to account for reabsorption.

The percutaneous techniques are performed with a surgeon
and an assistant. The skin is anesthetized with 1% lidocaine. Af-
ter the nasal cavity is anesthetized, a channeled flexible laryn-
goscope is advanced into laryngopharynx. A laryngeal gargle
is performed by dripping 4% lidocaine to the endolarynx via
the channel of the laryngoscope during sustained phonation.
A 25 gauage 1.25-in needle is passed through the skin into
the larynx by the surgeon and is directed into the vocal fold.

RESULTS
Eighty-two OBILs were attempted on 57 patients. Patients in-
jected were aged between 16 and 83 years, with a mean age
of 60 years. Thirty-five males and 22 females were treated.
UVFP occurred on the left side in 40 patients and on the right
side in 17. Tables 1 and 2 list the etiology of paralysis and
approach used for injection, respectively. No procedure had
to be terminated early and all procedures were able to be per-
formed to the intended completion point. On average, 0.64
mL of injectate was used in each setting. The augmentation ma-
terial used is listed in Table 3.

Three complications (3.7%) were noted during or after
OBIL. One patient had a hypersensitivity reaction to Restylane.
One patient had calcium hydroxyapatite injected superficially

4 / A
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FIGURE 1. Surgeon and patient positioning for transoral vocal fold
injection.

TABLE 1.
Etiology of UVFP

Etiology Percentage of Patients
Thoracic 36
Idiopathic 30
Cervical 21
Cerebral 10
Intubation 3

requiring microdirect laryngoscopy and removal at a later
date. One patient experienced vocal fold edema after injection
and was observed in the office without incident.

Figure 2 details the disposition of patients after OBIL.

DISCUSSION

UVFP is an entity often encountered by otolaryngologists-head
and neck surgeons. Management options include voice therapy,
OBIL, and injection laryngoplasty performed under general
anesthesia in the OR, reinnervation, thyroplasty, and arytenoid
repositioning maneuvers. Definitive treatment typically is de-
ferred for the first 9 months after onset and during that time, pa-
tients’ options are observation, voice therapy, or IL.

IL has an important role in the management of glottal insuf-
ficiency. It provides immediate treatment of symptoms related
to voice and cough. OBIL offers some advantages over IL per-
formed in the OR. OBIL permits an unobstructed view of the
vocal folds, allowing the surgeon to clearly visualize the change
in configuration during injection.” There is room for immediate
analysis of results permitting simultaneous modification if
necessary.”” Performing the procedure under local anesthesia
not only reduces the risks associated with general anesthesia
but also allows patients to return to normal activities immedi-
ately, preventing lost time from work.

Another advantage of OBIL is cost savings. Grant et al esti-
mated increased charges of $8250 for IL performed in the OR
compared with the office.”! Similarly, other authors have noted
significant financial savings associated with performance of IL
in office as opposed to the OR.***

Surgeon preference for performance of IL in the OR versus
the office for management of UVFP varies tremendously. A
recent multi-institution analysis reported equal numbers of IL
performed in the OR and in the office.” Recent reports of
UVFP management show IL performed entirely in the of-
fice™”” and entirely in the OR.?® Rationale beyond surgeon
preference drives the decision of where to perform IL, including

TABLE 2.
Approach Used for OBIL

Number of Times

Approach (Percent of Total)
Transoral 71 (86.6)
Transcricothyroid membrane 8 (9.8)
Transthyrohyoid membrane 2 (2.4)
Transthyroid ala 1(1.2)
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TABLE 3.
Injectate Used During OBIL
Number of
Times Used
Injectate (Percent of Total)
Hyaluronic acid (Hylaform, Allergan- 33 (40.2)
Inamed Crop, Irvine, CA)
Calicium hydroxyapetite (Radiesse 20 (24.4)
Voice, BioForm Medical, San
Mateo, CA)
Micronized dermis (Cymetra, LifeCell 14 (17.1)
Corp, Branchburgh, NJ)
Hyaluronic acid gel (Juvederm Ultra 8(9.8)
Plus, Allergan, Santa Barbara, CA)
Hyaluronic acid (Restylane, Q Med, 6 (7.3)

Uppsala, Sweden)

Teflon 1(1.2)

access to resources. In this series, all patients were treated in of-
fice. One reason for this is the fact that University of Wisconsin
Clinics is a hospital-based practice in which injectables may be
billed to the insurance. In a stand-alone clinic, patients are
responsible for cost of the injectate, which causes many to elect
for procedures in the OR. Additionally, the office laryngeal sur-
gery suite is located within the hospital building, allowing both
inpatients and outpatients to be examined and treated using the
same setup.

The average age of patients treated in this series was 60 years
which is similar to other reports.”>>” The left vocal fold was
affected more often, which is also consistent with large
studies.® The most common etiology of paralysis was thoracic
which included injury to the recurrent laryngeal nerve (RLN)
from mass effect of benign and malignant disease or complica-
tions after chest surgery. All patients in this series were able to

be injected to the intended completion point using a transoral,
transcricothyroid membrane, transthyrohyoid membrane, or
transthyroid ala approach. The transoral approach was
preferred by the authors as it can be performed by one surgeon,
without the need for an assistant. It also allows for the entirety
of the needle to be visualized during the injection.

The average amount of injectate applied in this population
was 0.64 mL. Mau and Courey”® demonstrated that on average
0.62 and 0.41 mL of calcium hydroxyapatite were necessary to
medialize a cadaveric vocal fold via a lateral injection. The in-
crease may be a result of the overinejction necessary to account
for reabsorption of injectate. Numerous injectates were used in
this study, which were tolerated well by most patients. Howev-
er, two complications noted in this study were related to the in-
jectate used. The first was a hypersensitivity reaction to
Restylane. A study of rabbit vocal folds injected with Restylane
revealed that at 1 week and 3 months after injection, the vocal
folds experienced “low fibrinogenesis,” “a slight inflammatory
reaction and absence of necrosis,” and “granuloma formation
and low fibrinogenesis.””’ However, within the Dermatology
literature, injection site inflammation resulting in transient
redness and edema of the injected site immediately after injec-
tion has been noted in 0.02% of individuals who underwent in-
jection of hyaluronic acid gel for soft tissue augmentation.”
Additionally, hypersensitivity and inflammatory reactions to
hyaluronic acid gel have been noted after cutaneous injections
for management of facial rhytids.’* It is very possible that the
patient treated in this series experienced a similar reaction in the
vocal fold after injection.

The other complication resulted from an injection of calcium
hydroxyapatite into the superficial lamina propria, requiring
removal under general anesthesia during microlaryngoscopy.
This was removed in a manner similar to techniques described
by others.” Ensuring placement of the injectate into the correct
portion of the larynx is paramount in OBIL.

Disposition of patients after OBIL

m Thryoplasty or Ansa-RLN reinnervation - 30%
m/Lostto follow-up - 25%

m UVFP self-resolved - 22%

®/Died - 14%

B No furtherintervention - 9%

FIGURE 2. Disposition of patients after OBIL.
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UVFP often results from malignancy, surgery, and sometimes
both. As mentioned earlier, patients may also have general
health concerns, cardiopulomonary compromise, anticoagula-
tion needs, as well as psychosocial stressors. As such, the safety
of any intervention for this patient population must critically be
evaluated. These data, in combination with other data sets,
confirm the notion that OBIL is a safe procedure for patients
with UVFP.***> One patient had a complication in which
vocal fold edema was noted and that the procedure was
terminated without incident. There were no complications
requiring hospital admission. Patients who were on aspirin
prophylactically to prevent cardiac events were asked to stop
taking medication 1 week before injection. However, those
patients who were taking anticoagulants for therapeutic
treatments did not stop taking medications for IL. No
complications with hematoma or airway compromise occurred
with this approach. For most patients who had injection
performed transorally, IL was performed using a 27 gauge
needle, in which little, if any, bleeding was noted even if
patients were anticoagulated. For this reason, it was deemed
safe to continue blood thinners for patients in whom it was
medically necessary and do not report any complications with
this approach. Others have also shown that procedures
performed while a patient is taking anticoagulants are safe.” "

There are risks associated with general anesthesia, which is
one of the major motivators to performing office-based laryn-
geal surgery. Graboyes et al’® recently published their experi-
ence with IL performed under general anesthesia for patients
with UVFP after thoracic surgery. Although the majority of
their patients did quite well, one of the 20 patients did have in-
traoperative bile reflux on induction of anesthesia resulting in
pneumonitis that may have been avoided with OBIL.

The disposition of patients after injection is shown in
Figure 1. Thirty percent of patients sought a definitive interven-
tion in the form of thyroplasty or ansa cervicalis-RLN reinner-
vation. These results are similar to a study performed by Arviso
et al,'® in which 29% of patients who underwent IL (in the OR
or the office) for UVFP required further definitive intervention
with medialization thryoplasty. Sixteen percent of the patients
treated by Damrose” for UVFP required thryoplasty and/or
arytenoid adduction after OBIL.

There are multiple reasons why this may have occurred. The
concept of laryngeal synkinesis describes abnormal reinnerva-
tion of the laryngeal muscles after injury to the RLN.”" 7 After
deinnervation of the vocal fold, regeneration of RLN motor
axons place the vocal fold in either a favorable or unfavorable
position.”” It has been posited that early medialization of the
vocal fold with IL places the vocal fold in a favorable position
that is maintained by synkinetic reinnervation.'” Another
consideration is that fibrosis and scarring secondary to IL assist
in placing the vocal fold in a permanent medial position.'*"
Perhaps due to a combination of these reasons, only 30% of
the patients in this study required definitive treatment.

In the present study, 22% of individuals had a documented
return of function and normal voice noted during stroboscopic
examination of the larynx. Fourteen percent of the individuals
died, and 9% returned to the office, were noted not to have

full recovery of vocal fold motion, and opted for no further
intervention. One-quarter of patients did not follow-up.
Although this is a sizable number, it is similar to the results
of other retrospective studies.'”'**” One reason for this is
likely due to the large draw of the University of Wisconsin
where patients may choose to follow-up with a local otolaryn-
gologist or primary care physician. Some of these patients may
have had return of normal or near normal voicing and not found
a reason to follow-up. Sulica®’ noted that in idiopathic vocal
fold paralysis, which was the second most common reason
for UVFP in this series, 52% = 17% of individuals affected re-
gained complete recovery of voice.

There are limitations to this study which should be recog-
nized. All patients were treated by a single-physician and the
data were analyzed in a retrospective fashion. Outcome mea-
sures were not obtained in this study, so it is not possible to
examine how effective OBIL is. However, other studies have
demonstrated improvements in voice quality, swallowing abil-
ity, and voice-related quality-of-life after OBIL.'**’

From these data, further questions remain to be answered.
Multiple injectates were used and it would be interesting to
determine which of these is the most durable. The reasons for
patients not opting for a more definitive surgery would also
be helpful to know.

CONCLUSIONS

OBIL is a safe procedure that is well tolerated in the manage-
ment of UVFP. Multiple injectates may be used, and familiarity
with multiple approaches is beneficial to be able to treat the
most number of individuals in the office setting. As noted in
this and other studies, a minority of patients who undergo IL
require laryngeal framework surgery or a reinnervation
procedure.
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Abstract
Objective. To study by immunohistochemistry the alterations
of collagens |, Ill, IV, and V and elastin in the aging process of

the human larynx.
Study Design. Cadaver study.

Setting. Universidade Estadual Paulista, Botucatu Medical
School, Sao Paulo State University (UNESP), Brazil.

Subjects and Methods. Thirty vocal folds were obtained at
autopsy from 10 adult men (aged 30 to 50 years) and 20
geriatric men (10 aged 60 to 75 years and |0 aged >75
years). Mid membranous vocal fold slides were subjected to
immunohistochemical reactions. Digital imaging software
(Imagej) was used to quantify the increase in brownish stain-
ing of the lamina propria structures of vocal folds, from
superficial to deep layers.

Results. There was an increase of collagen | and lll immu-
noexpression in the elderly larynges, in both layers.
Collagens IV and V were immunoexpressed in the vessels
endothelium of the lamina propria and in the basement
membrane. The immunoexpression of elastin decreased in
the elderly larynges, in both lamina propria layers of the
vocal folds.

Conclusion. A clear increase of collagens | and Ill and a
decrease of elastic fibers were observed in the lamina pro-
pria of vocal folds. The concentration of collagens IV and V
was the same across age groups. These findings suggest that
as men age, the density of the extracellular matrix increases,
brought about by an increase in collagen, while the loss of
elastin results in decreased viscoelasticity.
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®SAGE

he physiology of voice production is intimately con-

nected with the characteristics of the vocal fold lamina

propria,'” the vocal fold being the main vibrating
structure during phonation.® In the pursuit to understand the
vocal properties typical of age groups, sexes, and diseases,
researchers have gone deeper in their morphological studies,
trying to elucidate the mechanisms involving the lamina pro-
pria microstructures of vocal folds, mainly relating to elastic,
collagen, and protein fibers.

Collagen fibers are found across the whole lamina pro-
pria, from its superficial to its deepest layers,*> supporting
tissue structure through enhanced stability and resistance,
relevant to vocal physiology. Gray et al® confirmed that col-
lagen and elastic fibers are involved in vocal fold biomecha-
nics, in which the former allow tension and stretching while
the latter allow deformation and a quick return to the initial
shape.

The composition of the vocal folds extracellular matrix
varies significantly between sexes and age groups, implying
biomechanical differences that directly influence the vocal
properties.” The lamina propria trilaminar structure in the
adult larynx described by Hirano® is not present in the new-
born.*>'% Tt starts to organize only in childhood, from 6
years of age onward. In aging people, anatomical and func-
tional changes occur in the vocal tract, especially in the
vocal folds. At this stage of life, structural and functional
changes take place in the epithelial covering, the muscle,
and the lamina propria of vocal folds, notably, the atrophy
of epithelial layers and the vocal muscle, as well as density
alterations in collagen and elastic fibers and in hyaluronic
acid.''"13

Elastic fibers change morphologically in elderly people,
relative to adults. Their remodeling with age is reflected by
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parameters such as thickness, size, orientation, and location.'
The ratio of collagen to elastic fibers also evolves, increasing
with age, and the predominance of the former explains the
rigidity and reduction of the vibratory mucosal wave. Such
alterations, combined with loss of elastin and hyaluronic
acid, further decrease the viscosity of vocal folds and nega-
tively affect voice emission in the elderly population,'*>-1%13

Given the complexity and interdependence of vocal fold
microstructures, one can expect them to be susceptible to
organic changes with aging. Published studies focused more
on collagen types I and III, while the rest were little investi-
gated. Thus, the goal of our study was to analyze the con-
centration of collagen types I, III, IV, and V and of elastin
in human larynx senescence by immunohistochemistry.

Methods

The research project was approved by the Ethics Committee
for Research on Human Beings of Botucatu Medical
School/UNESP, Sdo Paulo, Brazil (reference 3861/2011).

Twenty larynges from elderly men (aged 60-90 years)
were included, as well as 10 from male adult controls (aged
30-50 years), collected at autopsy. The elderly group was
subdivided into 2 age subgroups: 60 to 75 years (n = 10)
and greater than 75 years (n = 10).

The cause of death was retrieved from the autopsy
records, and when necessary, additional information was
obtained from medical records and family. The exclusion
criteria were septicemia; prolonged intubation; systemic
infections; persistent dermatologic, autoimmune, or meta-
bolic diseases; smoking habit; and cervical trauma of any
kind or other conditions that might compromise the mucosa
of vocal folds and invalidate the immunohistochemical
analysis.

Fresh larynges were incised at their posterior portion and
examined macroscopically to exclude lesions. As a standard
procedure, the middle part of the right vocal fold was dis-
sected (Figure 1) and immediately embedded in 10% buf-
fered formaldehyde for 24 to 48 hours. Paraffin blocks were
prepared for histological slides (hematoxylin and eosin
[H&E] stain) and immunohistochemical reactions. The left
vocal fold was used in another study.

The following antibodies were used: collagen I (CollAl,
1:2000 dilution; Dako, Carpinteria, California), collagen III (Col
3Al, dilution 1:1000; Dako), collagen IV (Col4A, 1:40 dilution;
Santa Cruz Biotechnology, Santa Cruz, California), collagen V
(Col 5A1, 1:100 dilution; Santa Cruz Biotechnology), and elas-
tin (1:200 dilution, Dako). The antigen preparation for immuno-
histochemical reactions of collagens I, III, and V and of elastin
was performed with 1% pepsin at pH 1.8 and incubated for 15
minutes at 60°C and then 30 minutes at 37°C. Blocking was
performed with 8% methanol and hydrogen peroxide, followed
by 3% Molico milk (Nestlé, Vevey, Switzerland). The second-
ary complex HRP EnVision (Dako) was added for 1 hour.
Diaminobenzidine was added for 5 minutes, and Harris hema-
toxylin was added for 20 seconds. For collagen IV antigenic
sites retrieval, we used a Pascal (Dako) pressure chamber for 3
minutes in the pretreatment solution Trilogy (Cell Marque,

Figure 1. Vocal fold showing the site of the fragment dissection.

Rocklin, California). Following the protocol recommended by
our laboratory, the positive control used for collagen I, III, and
V and elastin was a fragment of kidney and, for negative control
of these same antibodies, only buffered saline, replacing the pri-
mary antibody in a series of sections each sampling.

Protein Expression Analysis

Reading of histological slides was performed by 3 authors,
blindly and randomly. The slides were evaluated at random,
without knowledge of the groups and the age of patients,
using a light microscope from Zeiss (Axiostar plus, Carl
Zeiss do Brasil Ltda), at 40X.

The analyzed locations were the basement membrane,
the endothelium vessels, and the lamina propria (superficial
and deep layers). Because of the imprecise nature of the
boundaries surrounding the intermediate layer of the lamina
propria, we decided to divide the lamina propria into 2
layers (superficial and deep) to facilitate presentation of the
results. The size of the lamina propria was measured
between the basal membrane and muscle fibers. The thick-
ness of the lamina propria was divided into 2 portions sub-
jectively as the superficial layer, corresponding to the upper
portion and positioned just below the basement membrane,
and the deep layer, corresponding to the lower portion and
positioned just above the muscle fibers.

Measurement of antibodies involved quantification of the
level of brown staining of the lamina propria and basement
membrane structures. The area was set at 2 wm, with per-
centage used to report results.'®!” Image) software was
used in this analysis. We set the polygon as the selection
tool for the area of interest, choosing 3 fields at random,
and we set the Color Deconvolution plugins to HDAB and
Make Binary.

Statistical Analysis

To compare age groups, considering the response profile
assessed in 2 layers of the vocal fold (superficial and deep
layers), we used a parametric variance analysis combined
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Figure 2. (A) Control group: collagen fibers in the lamina propria, some fibroblasts and vessels. (B, C) Elderly groups: dense collagen in
the lamina propria and thickened basement membrane. Hematoxylin and eosin, 10X.

Table |. Immunoexpression of Antibodies for Collagens I, Ill, and Elastin, Measured as Area Percentage (%).”
Antibodies

Collagen | Collagen 1l Elastin
Age Group, y SL DL P Layers SL DL P Layers SL DL P Layers
30-50 34.2 (8.5) 38(104) .105 256 (21.6-29.4) 23.6 (20.5-29.9) .046  28.2 (25.7-29.3) 27.5(23.6- 33.3)  .508
60-75 39.6 (5.1) 444 (7.5 14 31.2(23.7-35.6) 24.6 (20.1-29.7) .0051 20.8 (19.2-23.7) 23.0 (18.7-28.2) 114
>75 40.4 (5.7) 469 (9.3) 14 324 (24.8-44.4) 29.9 (22.1-40.1) .333 15.9 (10.8-24.3) 18.2 (14.3-25.9) .285
P ages .002* .0061* .00001*

“Mean (standard deviation) or median (minimum and maximum) according to age group and depth of vocal folds lamina propria. DL, deep layer; SL, superficial

layer.
*P with statistical significance.

with the respective multiple comparisons tests and the non-
parametric model when necessary (median, minima, and
maxima values). Means and standard deviations of each

Table 2. Immunoexpression of Antibodies for Collagens IV and V,
Measured as Area Percentage (%).”

. Collagen IV Collagen V
group were presented when the parametric model was used.
For the nonparametric model, medians and their minimum Age Group, y SL DL SL DL
and maximum values were presented, considering the 5%
significance level (P < .05) within each age range. 30-50 209 (2.9) 176 (37) 385(144) 366 (85)
60-75 207 (44) 193 (42) 362(89) 350 (5.6)
>75 213 (39) 204 (3.5 31.8(56) 31.3(6.0)
Results P ages .573 2597
The starting point in our study was to analyze H&E slides P Layers 0034 397

to check the syntopy of the lamina propria structures in
vocal folds and then perform the immunohistochemical
study. In these images (Figure 2), it was possible to
observe in the control group adults that collagen fibers are
arranged as a loose fabric between some fibroblasts and ves-
sels in the entire vocal fold lamina propria. In the 60- to 75-
year-old group subjects, it was possible to identify a dense
collagen thickness deposited on the subepithelial layer
(Figure 2B). Finally, in the elderly group (greater than 75
years of age), dense collagen uniformly occupied the whole
lamina propria (Figure 2C).

The immunoexpression of antibodies for collagens I, III,
and elastin as well as collagens IV and V is presented in
Tables | and 2, respectively, and shown in Figures 3 to 7.
We observed that, for collagen I and III, there was an
increase of labeling density in the elderly larynges, without

*Mean (standard deviation) according to age group and depth of vocal folds
lamina propria. DL, deep layer; SL, superficial layer.
*P with statistical significance.

any statistical difference between elderly subgroups.
Regarding collagens IV and V, a greater labeling density was
observed in the endothelium of vessels of the lamina propria
and basement membrane. Finally, regarding elastin, we
observed a decrease of this antibody as the age increased in
both elderly groups.

Discussion

Presbyphonia is a physiological effect of the senescence
process that takes place in the whole body. Trying to
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Figure 3. Vocal folds. (A) Control group:

collagen | staining the superficial and deep layers of the lamina propria. Immunohistochemical reaction, 20X.

d |5 oo

ontrol group: collagen Il staining the basement membrane and the superficial layer. (B, C) Elderly groups: col-

lagen Il staining the superficial (B) and deep layers (C) of the lamina propria. Inmunohistochemical reaction, 20 X.

correlate the alterations in the vocal folds of the elderly
population with the rest of the body’s epithelial covering,
Ximenes Filho et al'® performed the simultaneous histomor-
phometric analysis of vocal folds and inguinal skin from 20
elderly cadavers (10 male and 10 female), finding similar
alterations in both locations such as lamina propria and
epithelial atrophy.

The immunohistochemical staining revealed that this net-
work is mainly formed by collagen I and III (Table I;
Figures 3 and 4) with a significant decreased in density of
elastin in the elderly larynx (Table I; Figure 7). These
structural changes in the vocal fold cover are responsible
for the hardening of the vocal folds,*'** clinically mani-
fested by symptoms of hoarseness, vocal fatigue, and vocal
range restriction, having a direct impact on speech in higher
frequencies.”'*

Keeping the proportion of elastic and collagen fibers in
the lamina propria of the larynx is important for this organ
to retain local resistance, provided by collagen fibers, and
distensibility, given by the elastic fibers. Studies of the
larynx in animals®® and in humans®* have confirmed the
role of collagen I in resistance and that of collagen III and
elastin in flexibility and elasticity. These parameters work
as a “‘balance,” whose equilibrium determines the relative
participation of the different vocal fold layers in phonation.
When collagen fibers start to predominate in the lamina pro-
pria, as seen in our study, the vocal folds become more
rigid, which negatively affects voice qualities.'” According

to Ohno et al,* the collagen increase in the elderly larynx
affects the mucosal wave, resulting in decreases of phona-
tory intensity and fundamental frequency, especially in
women. The voice becomes failing and weak, a vocal pat-
tern known as phonasthenia.?

In an attempt to better understand what causes the abnor-
mal production of collagen in the elderly larynx, Kosztyta-
Hojna et al*’ studied the ultrastructure of vocal folds retrieved
at elderly autopsies or from total laryngectomies due to supra-
glottic larynx carcinomas, without damage to the actual vocal
folds. Using transmission electronic microscopy, the authors
observed the destruction of epithelial cells, a vacuolar degen-
eration of the cell’s cytoplasm, a considerable increase of col-
lagen fibers, a vacuolar degeneration of fibroblasts, an increase
of the endoplasmic reticulum, and an increase of blood vessels.
These authors suggest that the increase of collagen fibers is
connected to the cytoplasmatic alterations observed in fibro-
blasts. This possibility is insufficiently supported by the litera-
ture and therefore requires additional studies.

Although the mechanisms are not yet understood, the
elderly larynx fibroblasts produce collagen in an excessive
and irregular way, as well as a lower amount of hyaluronic
acid and elastic fibers. In a study of young and elderly rat
larynx fibroblast cultures, Hirano et al'? observed in the latter
lower amounts of hyaluronic acid and higher concentrations
of collagen I. They observed the opposite when the fibro-
blasts were exposed to fibroblast growth factor, which was
thus considered by the authors a potential therapeutic tool for
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Figure 5. Vocal folds. (A) Control group: collagen IV staining the vessel endothelium (arrow). (B, C) Elderly groups: collagen IV staining
the vessel endothelium and the basement membrane (arrows). Immunohistochemical reaction, 20X.
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Figure 7. Vocal folds. (A) C
elastin in the lamina propria. Imunohistochemical reaction, 20X.

lamina propria collagen modulation, opening new perspec-
tives for presbyphonia and vocal fold atrophy treatments.***®

The basement membrane and the vessels endothelium
having a structural function, they also contain collagen
types IV and V, which contribute to support the lamina pro-
pria.?’ As in our results, it was observed that these antibo-
dies, when quantified in said locations, also increased with
age (Table 2). Similar results have been reported in lar-
ynges with chronic inflammation in morphological studies.**
The increase of said collagens is probably related to the
simultaneous increase of blood vessels, which is observed
with both persistent inflammation and aging.

Elastic fibers in the elderly larynx not only are found
in lower amounts but also present structural alterations.
Sato and Hirano'> observed that with aging, these fibers
lose elasticity because of an increase in amorphous sub-
stance, a decrease in microfibrils, and their metabolic
alteration. Thus, we can infer that synchronicity of the
phonatory system can depend on biomechanic changes,

due to the physiological remodeling of the extracellular
matrix.>'

We can therefore stress that the vibration mechanism of
vocal folds is governed by the laryngeal tissue biomecha-
nics. The observed alterations in the elderly larynx lamina
propria components are interpreted in the endoscopic exami-
nations as vocal fold atrophy and spindle chink, giving the
voice different degrees of hoarseness, asthenia, and breathi-
ness.”> These “new” micro- and macroanatomic configura-
tions present in the elderly larynx may mirror age-dependent
physiological remodeling; that is, the structural changes in
the vocal folds lamina propria that occur with aging make it
necessary for the extracellular matrix and its components to
be remodeled to remain functional.

Conclusions

In our methodological conditions, we observed in the vocal
folds lamina propria a clear increase of collagens I and III,

&3
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as well as a decrease of elastic fibers. The concentration of
collagens IV and V did not change according to age group.
These findings suggest that as men age, the density of the
extracellular matrix increases, brought about by an increase
in collagen, while the loss of elastin results in decreased
viscoelasticity.
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Influence of Age on Treatment With Proton Pump Inhibitors
in Patients With Laryngopharyngeal Reflux Disease

A Prospective Multicenter Study

Young Chan Lee, MD; Jun Seok Lee, MD; Seung Woo Kim, MD; Kee Hwan Kwon, MD, PhD;
Young Gyu Eun, MD, PhD

IMPORTANCE Several trials on the predictors of response to proton pump inhibitor (PPI)
treatment of laryngopharyngeal reflux (LPR) have shown conflicting results. Furthermore,
the influence of age in disease severity and response to PPI therapy is unclear.

OBJECTIVE To assess the difference in disease severity and response to PPI therapy according

to age in patients with LPR.

DESIGN, SETTING, AND PARTICIPANTS Prospective multicenter study at 3 tertiary medical
centers of 264 consecutive patients with LPR who were referred to the otolaryngology clinic
from November 2010 to February 2012.

INTERVENTIONS Participants were prescribed 15 mg of lansoprazole (PPI) twice daily for
3 months.

MAIN OUTCOMES AND MEASURES Reflux Symptom Index (RSI), Reflux Finding Score (RFS),
and laryngopharyngeal reflux-health-related quality of life (LPR-HRQOL) were collected at
baseline and at 1and 3 months postbaseline.

RESULTS After 3 months, 35 patients were lost to follow-up and excluded; the remaining 229
patients included 135 men and 94 women. The oldest group (60-79 years; n = 111) showed
higher baseline RSI (P < .001) and LPR-HRQOL (P < .001) scores than the 18- to 39-year-old
(n = 35) and 40- to 59-year-old (n = 83) groups. However, baseline RFS scores showed no
significant difference among age groups (P = .44). Within each age group, the RSI, RFS, and
LPR-HRQOL improved significantly with PPI therapy (all P < .001); however, no significant
difference in improvement of RSI (P = .59), RFS (P = .50), or LPR-HRQOL (P = .09) was seen
among the groups. At 3-month follow-up, significantly more responders, defined as those
whose RSl score improved by more than 50%, were found in the 18- to 39-year-old and 40-
to 59-year-old groups (86% and 75%, respectively) than in the oldest group (57%)

(P =.002), but there was no significant difference in proportion of responders among age
groups at 1-month follow-up (P = .69).

CONCLUSIONS AND RELEVANCE In patients with LPR, age seems to affect the subjective

symptoms and resulting impact on quality of life but not the laryngeal findings. Furthermore,
older patients are more likely not to respond to PPI therapy than younger patients.
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Published online November 7, 2013.

Copyright 2013 American Medical Association. All rights reserved.

Author Affiliations: Department of
Otolaryngology-Head and Neck
Surgery, Kyung Hee University School
of Medicine, Seoul, Korea (Y.C. Lee,
J.S. Lee, Eun); Department of
Otolaryngology-Head and Neck
Surgery, Seoul Veterans Hospital,
Seoul, Korea (Kim); Department of
Otorhinolaryngology-Head and Neck
Surgery, Kangdong Sacred Heart
Hospital, Hallym University School of
Medicine, Seoul, Korea (Kwon).

Corresponding Author: Young Gyu
Eun, MD, PhD, Department of
Otolaryngology-Head and Neck
Surgery, Kyung Hee University School
of Medicine, 1Hoegi-dong,
dongdaemun-gu, Seoul 130-702,
Korea (ygeun@hanmail.net).

85


mailto:ygeun@hanmail.net

86

Research Original Investigation

aryngopharyngeal reflux (LPR) refers to the retrograde

flow of stomach contents into the throat and larynx,

which leads to symptoms such as chronic dysphonia,
throat clearing, cough, globus sensation, and sore throat.! In
otolaryngologic practice, approximately 10% of patients pre-
senting to outpatient clinics and more than 50% of patients with
voice problems receive a diagnosis of LPR.? Laryngopharyn-
geal reflux is a gastrointestinal and otolaryngological condi-
tion related to but distinct from gastroesophageal reflux dis-
ease (GERD). Thereflux of gastric contents is at the core of both
LPR and GERD, but the mechanism and symptoms of the 2 dis-
orders are different.? The laryngeal mucosa are vulnerable to
exposure to acidic substances, so patients often present with
laryngopharyngeal symptoms without heartburn or
regurgitation.* Several studies have suggested that the fre-
quency of GERD complications (esophagitis, Barrett esopha-
gus, stricture) is higher in geriatric patients because of many
potential aggravating factors®>7; however, the influence of age
in LPR is unclear. Although a 3-month empirical trial of pro-
ton pump inhibitor (PPI) treatment is generally regarded as a
cost-effective modality for the initial management of LPR, the
difference in response to PPI therapy according to age is not
established. Garrigues et al® suggested that response to therapy
was associated with younger age and shorter duration of la-
ryngeal symptoms, but the response could not consistently be
predicted in patients with chronic posterior laryngitis.

Thus, we conducted a prospective cohort study to assess
the difference in symptom severity according to age in pa-
tients with LPR through the Reflux Symptom Index (RSI),°
Reflux Finding Score (RFS),'° and laryngopharyngeal reflux-
health-related quality of life (LPR-HRQOL)" score. Further-
more, we evaluated the influence of age on response to PPI
therapy.

Methods

Subjects and Study Design

Patients with suspected LPR who were referred to 3 different
otolaryngology clinics from November 2010 to February 2012
were assessed for eligibility for the study. All patients under-
went otolaryngologic evaluation by 1 of us (S.W.K., K.H.K.,
Y.G.E.), including laryngoscopy and video strobolaryngos-
copy. A diagnosis of LPR was made on the basis of the pres-
ence of at least 1 of the following symptoms: hoarseness,
chronic cough, throat irritation, laryngospasm, chronic throat
clearing, and dysphasia. Diagnosis of LPR was also based on
confirmed signs such as erythema, vocal cord edema, subglot-
ticedema, posterior pachydermia, laryngeal edema, ventricu-
lar obliteration, and thick endolaryngeal mucus and granu-
loma from the findings of the laryngoscope. Last, diagnosis
required that symptoms not be due to laryngitis caused by up-
per airway infections and/or allergies. A consensus meeting
among the 3 otolaryngologists was conducted to improve in-
terrater reliability. The enrolled participants included all the
patients who initially received a diagnosis of LPR and had no
history of PPI treatment. Patients younger than 18 years, those
experiencing GERD symptoms but not LPR symptoms, and
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those who had a malignant tumor or major psychosis were ex-
cluded. The study protocol was reviewed and approved by the
institutional review boards of Kyung Hee University Hospital
at Gangdong, Seoul Veterans Hospital, and Samsung Chang-
won Hospital. Written informed consent was obtained from
the participants.

In addition to advice about lifestyle modification (avoid-
ance of caffeine, alcohol, smoking, fatty food, and eating close
to bedtime), patients with LPR were prescribed 15 mg of lan-
soprazole 2 times a day for 3 months. Patients were in-
structed to take the PPI 30 minutes before meals. The disease
severity and changes in subjective symptoms were assessed
using 2 surveys, the RSIand LPR-HRQOL, for 3 months.®* The
surveys were administered 3 times during this period at out-
patient department visits: the first visit and follow-up visits
at 1and 3 months. In addition, to evaluate the objective find-
ings of the laryngeal condition, the RFS by Belafsky et al'® was
conducted by an otolaryngologist. A greater than 50% pri-
mary RSI improvement from baseline was considered a re-
sponse to PPI therapy.

The Questionnaires

The RSIis a high-validity survey that not only assesses the level
of severity of LPR but also includes 9 questions to estimate the
response to treatment. The questionnaire evaluates the level
of symptoms and their severity through a 6-point Likert scale,
which ranges from 0 to 5. A high score indicates that patients
have more severe symptoms, whereas 0 indicates the ab-
sence of symptoms.

The LPR-HRQOL, developed by Carru et al,' has been
shown to be a reliable and valid rating scale for evaluating the
quality of life (QOL) of LPR patients. It consists of a simple ques-
tionnaire of 43 questions in the 5 categories of hoarseness,
cough, throat clearing, swallowing, and overall impact of acid
reflux. The questionnaire consists of basic 7-point Likert scale
questions in the first 4 categories and concludes with a 10-
point Likert scale question regarding the overall impact of acid
reflux. A high score indicates that patients have more severe
symptoms, whereas 0 indicates the absence of symptoms.

Examination of the Larynx

All enrolled participants underwent laryngoscopy to evalu-
ate objective signs of LPR on the basis of the RFS. An otolar-
yngologist performed the examination using a strobolaryn-
goscope, and 70° rigid endoscopes were generally used.
When the vocal cords and surrounding structures were not
clearly visible in the rigid endoscope, a flexible nasopharyn-
goscope was used to increase accuracy. Participants were
instructed to verbalize “yee” in a high-pitched tone, low-
pitched tone, and regular-pitched tone. Through this proce-
dure, the diagnosis of LPR and the RFS, the rating scale of
clinical advanced LPR, were assessed. The RFS ranged from
0 (normal state) to 26; a higher score indicates a deterio-
rated laryngeal condition. A consensus meeting among the 3
clinics was conducted to improve the interrater and intra-
rater reliability in RFS scoring. This investigation was per-
formed according to standard protocol and scored by
observers blinded to the patient’s identity.
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Copyright 2013 American Medical Association. All rights reserved.


http://jamaotolaryngology.com/

Age and Proton Pump Inhibitor Treatment

Original Investigation Research

Table 1. Initial Reflux Symptom Index (RSI), Reflux Finding Score (RFS), and LPR-Health-Related Quality of Life (LPR-HRQOL) According to Age Group

Score, Mean (SD)

18-39y 40-59y 60-79y
Test (n =35) (n=83) (n=111) P Value
RSI 13.88 (7.68) 12.20 (8.90) 18.45 (10.43) <.001
RFS 6.78 (4.86) 7.18 (4.55) 7.75 (3.84) 44
LPR-HRQOL
Voice 14.48 (18.65) 18.63 (21.36) 29.55 (21.17) <.001
Cough 6.42 (7.36) 8.96 (7.36) 14.10 (12.40) <.001
Throat clearing 6.97 (7.99) 6.15 (7.22) 12.78 (11.50) <.001
Swallowing 6.05 (7.25) 6.40 (6.38) 11.31 (9.30) <.001
Overall impact of acid reflux 21.28 (18.46) 21.45 (14.72) 34.81 (23.26) <.001

Table 2. Improvement in Reflux Symptom Index (RSI), Reflux Finding Score (RFS), and LPR-Health-Related Quality of Life (LPR-HRQOL) After Proton

Pump Inhibitor Therapy According to Age

Score, Mean (SD) P Value
Test Baseline 1 Month 3 Months Within Group Among Groups
RSI
18-39y 13.88 (7.68) 8.77 (6.80) 4.62 (5.35) <.001
40-59y 12.20 (8.90) 7.57 (7.31) 5.32 (6.28) <.001 .59
60-79y 18.45 (10.43) 12.89 (9.15) 10.81 (9.86) <.001
RFS
18-39y 6.21 (4.87) 3.89 (3.10) 2.92 (2.59) <.001
40-59y 6.46 (4.70) 4.34 (3.36) 2.98 (2.66) <.001 .50
60-79y 7.74 (3.92) 5.76 (3.39) 4.40 (2.67) <.001
LPR-HRQOL
18-39y 21.50 (19.29) 14.28 (8.38) 11.93 (4.13) <.001
40-59y 20.81 (14.50) 17.41 (12.40) 14.02 (8.03) <.001 .09
60-79y 35.20 (23.29) 24.27 (17.57) 23.08 (19.15) <.001

Statistical Analysis

For statistical analysis, SPSS, version 18.0 (SPSS), was used, and
all of the data are presented as mean (SD). A t test and analy-
sis of variance (ANOVA) were used to compare age differ-
ences in RSI, RFS, and LPR-HRQOL data. A repeated measure
of ANOVA was used to determine which age group showed a
greater response to PPI therapy. An ANOVA model in re-
peated measures at 3 time points was used with Bonferroni cor-
rection for multiple comparisons. Comparison of the propor-
tion of responders according to age was made using a x>
analysis. A difference was considered statistically significant
when the P value was less than .05.

. |
Results

Study Populations

0f 264 consecutive patients considered for the study, 35 were
excluded because of loss of follow-up at 3 months. A total of
229 patients with LPR were enrolled and completed the study
without loss to follow-up. There were 135 men (59.0%) and 94
women (41.0%). The mean (SD; range) age of the patients was
55.7 (14.0; 18-79) years. Patients were divided into 3 age groups
of 18 to 39, 40 to 59, and 60 to 79 years. The number of pa-
tients in each group was 35 (15.3%), 83 (36.2%), and 111 (48.5%),
respectively.

jamaotolaryngology.com

Difference of RSI, RFS, and LPR-HQOL

According to Age

The oldest patient group (60-79 years) with LPR had signifi-
cantly higher mean (SD) baseline RSI scores than the 18- to 39-
year-old and 40- to 59-year-old patient groups (18.45 [10.43]
vs 13.88 [7.68] and 12.20 [8.90], respectively; P < .001). How-
ever, the RFS score showed no significant difference among
age groups. The oldest patient group showed significantly
worse results on all domains of the LPR-HRQOL (all P < .001)
(Table 1).

Improvement of RSI, RFS, and LPR-HRQOL

After PPl Therapy

Within each age group, scores on all 3 tests improved signifi-
cantly during the period of PPI therapy; however, there was
no significant difference among groups in the amount of im-
provement (RSI, P = .59; RFS, P = .50; LPR-HRQOL, P = .09)
(Table 2).

Difference in Proportion of Responders on RSI

According to Age

Among the age groups, the proportion of responders, as evalu-
ated by RSIscore, showed no significant difference at 1 month;
however, responders were significantly more plentiful in the
2 younger groups than the oldest group at 3 months (P = .002)
(Table 3).
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Table 3. Proportion of Responders as Evaluated by Reflux Symptom Index (RSI) According to Age

Responders,? No. %

18-39y 40-59y 60-79y
Follow-up Period, mo (n=35) (n=83) (n=111) P Value @ Responders were defined as those
1 11 (31) 26 (31) 41 (37) 70 whose RSl score improved by more
0,
3 30 (86) 62 (75) 63 (57) 002 than 50% after proton pump

|
Discussion

The major finding of this prospective study is that the subjec-
tive severity of LPR is significantly greater in older than in
younger patients. In addition, the older patients showed lower
response rates after PPI therapy.

In a previous cohort study in 100 patients with no history
of voice or laryngeal symptoms, 35% were found to have symp-
toms of LPR and 64% showed 1 or more physical findings of LPR
on laryngoscopic examination.' Despite the high prevalence of
LPR, there are few data on the influence of age on symptom se-
verity or response to PPI treatment. The present prospective
study investigated the influence of age on severity and PPI re-
sponse in LPR. We assessed the subjective severity through the
LPR-HRQOL, which evaluated the QOL of patients with LPR, as
well as the RSI in groups stratified according to age. To our
knowledge, this is the first report of greater severity of disease
and negative impact on QOL in geriatric patients with LPR.

It is known that the incidence of GERD symptoms does not
increase with age; however, several studies suggest that the
frequency of GERD complications such as esophagitis, stric-
ture, or Barrett esophagus is significantly higher in older
people.>”!34 The most likely reason for the increased sever-
ity of GERD in older people is the cumulative injury of acid to
the esophageal mucosa over time. In addition, a defective an-
tireflux barrier, abnormal esophageal clearance, altered esoph-
ageal mucosal resistance, and delayed gastric emptying could
contribute to this phenomenon.*>

It is not known whether the severity of LPR in older pa-
tients is greater than in younger patients. Saruc et al'® dem-
onstrated that age is not a risk factor for the development of
LPR. In our results, older patients with LPR showed a higher
score on the RSI. Moreover, LPR symptoms had a signifi-
cantly greater negative impact on the lives of older patients.
In a recent study on the QOL impact of LPR, LPR symptoms
had a significant correlation with all tested QOL parameters."”
However, we could not find any difference in RFS, the objec-
tive laryngeal finding, among the groups. Our data suggest that
age affects the subjective symptoms and resulting impact on
the QOL in LPR but not the laryngeal finding. The difference
may be the result of a different perspective on their health sta-
tus among people of different ages.

Many previous studies agree that PPI therapy is the corner-
stone of LPR treatment.'®'° The current management strategy
for patients with LPR is empirical therapy with a twice-daily PPI
for 3 months'®; however, the proportion of patients who re-
spond to PPI therapy varies, ranging from 27% to 83% for 1 month
of treatment and 41% to 100% for 3 months of treatment.?°>*
Although several randomized clinical trials demonstrated no sig-

inhibitor therapy.

nificant postintervention difference between groups receiving
aPPIvs placebo, in arecent open-label observational study, sig-
nificant improvement in RSI (primary RSIimprovement of >50%)
was obtained in 75% of patients after 12 weeks.>3 This is similar
totheresponserate in the 40- to 59-year-old group in our study.
Moreover, we were able to find a difference in response among
the groups according to age. This is a noteworthy finding in our
trial, although there was no placebo group.*

Several trials on the predictors of response to PPI treat-
ment have also shown conflicting results. Park et al** demon-
strated that pretherapy abnormalities in the interarytenoid mu-
cosa and true vocal fold were associated with a 2-fold increase
in symptom response to PPI treatment. Williams et al?* re-
ported that neither baseline GERD symptoms nor endoscopic
findings predicted laryngoscopic or symptomatic response. An-
other study suggested that baseline anxiety levels and heart-
burn scores and medication dose might be relevant factors in
predicting faster response to PPI treatment in carefully se-
lected patients.?® In our data, different age groups had differ-
ent proportions of responders as evaluated by the RSI. The re-
sponse rate in the oldest patients was significantly lower than
in other age groups.

Few published articles have investigated PPIresistance in
LPR. Amin et al*” suggested that incomplete suppression might
result from a shorter duration of drug action in unresponsive
patients, possibly through increased metabolism of the PPI1 by
theliver. Another explanation for poor response to PPI therapy
is low bioavailability of the drug. Ashida et al*® suggested that
decreased plasma levels of PPI in patients with resistant gas-
tric ulcers were due to an increase in gastric emptying time.
Several authors have showed that older adults have a signifi-
cant decrease in the amplitude of peristaltic pressures.?-' This
is associated with a higher prevalence of diabetes mellitus or
rheumatological disorders, which may alter esophageal mo-
tility in older persons. Therefore, decreased acid clearance in
geriatric patients might be a possible cause of decreased re-
sponse to PPI therapy.

Limitations of the present study include the lack of a pla-
cebo group as control. Moreover, we did not demonstrate the
reflux events by means of multichannel impedance or pH moni-
toring studies. Although the gold standard diagnostic method
for LPR is dual-probe 24-hour pH monitoring, it is an invasive
test with a high false-negative rate.>* Also, LPR is a fluctuating
condition and there can be substantial day-to-day variation of
acid exposure in the hypopharynx.3? However, the response to
PPItherapy in patients with suspected LPR is usually so explicit
that empirical PPI therapy in LPR is recommended by both gas-
troenterology and otolaryngology experts and guidelines.'®-33-34
The present study might have meaningful implications for the
difference in the effects of PPI therapy according to age.
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Although there was no significant difference in the objec-
tive findings among the different age groups, the subjective
severity of LPR in geriatric patients is significantly greater
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Vocal Fold Vibration in Vocal Fold Atrophy:
Quantitative Analysis With High-Speed
Digital Imaging

*Akihito Yamauchi, THisayuki Yokonishi, *Hiroshi Imagawa, tKen-Ichi Sakakibara, *Takaharu Nito,
§Niro Tayama, and *Tatsuya Yamasoba, *{§Tokyo and {Hokkaido, Japan

Summary: Introduction. Vocal fold vibrations of vocal fold atrophy (VFA), a rapidly increasing voice disorder
owing to worldwide societal aging, have not been clarified by high-speed digital imaging (HSDI).

Methods. The HSDI method was performed on 46 patients (33 males and 13 females) with VFA and 20 vocally
healthy subjects (8 males and 12 females), and the obtained data were quantitatively evaluated by frame-by-frame anal-
ysis, laryngotopography, single- and multi-line kymography, and glottal area waveform.

Results. Overall, patients with VFA revealed larger open quotients, larger lateral phase difference, larger integral
glottal width (the average glottal width over a glottal cycle), and smaller speed index than vocally healthy subjects.
Some gender difference was noted: in males, lateral phase difference was not significant; and in females, integral glottal
width and speed index were not significant. Correlation study revealed moderate correlations between HSDI-derived
parameters and conventional acoustic or aerodynamic parameters.

Conclusions. The combination of multiple HSDI analysis methods was effective in documenting the characteristics
of vocal fold vibrations in VFA. The knowledge of general vibratory characteristics and gender difference is beneficial

for the appropriate clinical care of VFA.

Key Words: Vocal fold atrophy—Presbyphonia—High-speed digital imaging—Aging—Anti-aging.

INTRODUCTION
Vocal fold atrophy (VFA) is a voice disorder resulting from the
atrophied muscle and mucosa in the vocal folds.' These structural
modifications lead to increased glottal air leakage and breathy,
rough voice. Aging is considered to be the most major predispos-
ing factor for VFA, although other risk factors have also been pro-
posed (eg, reflux laryngitis, chronic medical conditions, and
vocal abuse).” The VFA has increased considerably during the
past two decades as a result of the worldwide societal aging,
and thus, is attracting clinical attention in the world these days.”

Laryngoscopically, the vocal fold bowing, prominent vocal
process, and spindle-shaped glottal gap are usually observed.' >
The vibratory characteristics observed with videostroboscopy
include normal or decreased amplitude, either complete
closure or glottal gap, normal mucosal wave, and small
supraglottal area.' >

The details of vocal fold vibrations in VFA, however, have
not yet been documented by high-speed digital imaging
(HSDI), although HSDI is considered to be the better choice
than videostroboscopy.”* First, HSDI is capable of observing
actual vocal fold vibrations with a high frame rate, and
guarantees reliable assessment of intra- and intercycle
vibratory behaviors, unlike videostroboscopy that only
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provides reconstructed, averaged, illusory images. Second,
HSDI offers wider application to clinical cases than
videostroboscopy because HSDI is free from the problem
with synchronization and is applicable to severe dysphonia in
which videostroboscopy results in desynchronization. Third,
various analysis methods for HSDI are now available, and
thus HSDI provides more multifaceted information than
videostroboscopy that has relatively limited choices of
analysis methods. Furthermore, only little is known about the
association between vibratory parameters and acoustic or
aerodynamic parameters in VFA,” and HSDI data have not
been reported on this matter. The connection between HSDI pa-
rameters and routinely evaluated vocal function parameters in
VFA should be beneficial for better understanding the patho-
physiological aspects of this clinical entity.

Hence, the purpose of the present study was to quantitatively
elucidate the vibratory characteristics in VFA patients using
HSDI, and to clarify the relationship between HSDI parameters
and aerodynamic/acoustic measures.

MATERIALS AND METHODS

Subjects

Patients who visited the Voice Outpatient Clinic of the Depart-
ment of Otolaryngology and Head and Neck Surgery at the Uni-
versity of Tokyo Hospital (Tokyo, Japan) and those who were
diagnosed with VFA between 2006 and 2013 were included in
this study. The diagnosis of VFA was based on careful history
taking, acoustic and aerodynamic evaluation, and laryngostro-
boscopic findings: Patients with objective dysphonia on acoustic
or aerodynamic studies; without signs of other laryngeal dis-
eases such as vocal fold paralysis, vocal fold polyp, laryngeal
carcinoma, vocal fold scar, or functional dysphonia; and with
the prominent vocal process, bowed vocal fold, spindle-shaped
or anterior glottal gap, or increased open phase during phonation
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were diagnosed as those having VFA. The diagnosis was made
by three or four certified otorhinolaryngologists specializing in
vocal treatment. As for sulcus vocalis, patients with a type 1 sul-
cus (physiological sulcus) were included in the category of VFA
because type 1 sulcus is superficial and generally causes no or
minimal functional vocal impairment.” Furthermore, type 1 sul-
cus is considered to be associated with aging.” On the other
hand, patients with a type 2 sulcus (sulcus vergeture) or a type
3 sulcus (true sulcus vocalis) were excluded from this study.’

As a control group, vocally healthy subjects without vocal
complaints, history of laryngeal disorders, or signs of laryngeal
abnormality with laryngoendoscopy were recruited. As an excep-
tion, however, a small glottal gap was permitted for a control
group in the present study because vocally healthy elderly popu-
lation is known to demonstrate a small glottal gap frequently. '’

All subjects were required to sign a consent form that was
approved by our Institutional Review Board. A total of 46 pa-
tients with VFA (13 women and 33 men), with the age range be-
tween 60 and 91 years, and 20 vocally healthy subjects (12
women and eight men), with the age range between 65 and
81 years, were enrolled in the present study.

Background data

Vocal function and voice quality were evaluated by measuring
aerodynamic and acoustic parameters. The aerodynamic pa-
rameters including the maximum phonation time and mean
flow rate were measured with a Nagashima PE-77E Phonatory
Function Analyzer (Nagashima Medical, Inc., Tokyo, Japan).
Acoustic parameters included the fundamental frequency
(AA-F;), amplitude perturbation quotient, period perturbation
quotient, and harmonic-to-noise ratio, which were measured
at the University of Tokyo with a dedicated software program,
as well as the subjective rating by the GRBAS scale.

Table 1 summarizes the results of aerodynamic and acoustic
studies, in which mean flow rate, period perturbation quotient,
harmonics-to-noise ratio, and the grade and roughness of the
GRBAS scale revealed significant intergroup differences. The
scores of Voice Handicap Index-10 and the voice-related qual-
ity of life were 13.7+9.4 and 13.8 + 8.9, respectively, and the
rate of synchronization in VFA with videostroboscopy (LS-
3A; Nagashima Medical, Inc.) was 67.3%.

High-speed digital imaging
A high-speed digital camera (FASTCAM-1024PCI; Photron,
Tokyo, Japan) was connected to a rigid endoscope
(#4450.501; Richard Wolf, Vernon Hills, IL) via an attachment
lens (f= 35 mm; Nagashima Medical, Inc.). Recording was per-
formed under illumination with a 300-W xenon light source at a
frame rate of 4500 frames per second and a spatial resolution of
512 X 400 pixels, with an 8-bit grayscale and a recording dura-
tion of 1.86 seconds. High-speed digital images of sustained
vowel phonation /i/ at a comfortable frequency with a comfort-
able intensity were recorded. The image sequence of stable
vocal fold vibrations were selected for further analyses.
Aerodynamic and acoustic studies were performed approxi-
mately 30 minutes before HSDI recording because simulta-
neous recording was not available at our institution. Both

TABLE 1.

Clinical Data of All Participants

Parameter Control VFA

(Units) (N =20) (N =46) t Test
Age (yr) 73+5 72+7 0.513
MPT (s) 18.7 +6.6 16.4+8.2 0.284
MFR (mL/s) 136 + 36 210+ 101 0.002
AA-F, (Hz) 178 +50 179+ 63 0.940
APQ (%) 3.2+15 41+2.3 0.135
PPQ (%) 0.31+0.46 0.92 +0.61 <0.001%
HNR (dB) 21.5+3.5 12.6+4.9 <0.001%
Grade 0.80+0.62 1.33+0.52 <0.001%#
Roughness 0.80+0.62 1.17 +0.44 0.006+
Breathiness 0.50 +0.51 0.65+0.60 0.330

Abbreviations: SD, standard deviation; VFA, vocal fold atrophy; MPT,
maximum phonation time; MFR, mean flow rate; AA-F, fundamental fre-
quency in acoustic analysis; APQ, amplitude perturbation quotient; PPQ,
period perturbation quotient; HNR, harmonics-to-noise ratio.

Notes: Values signify “mean +SD.” The column for t test shows the P
value of Student’s t test between control and VFA groups.

t P<0.01.

¥ P<0.001.

evaluations were done under as similar conditions as possible
to allow comparison between the HSDI parameters and the
aerodynamic or acoustic parameters.

HSDI analysis methods

The recorded HSDIs were evaluated by frame-by-frame anal-
ysis,'" laryngotopography (LTG),'” single-/multi-line digital
kymography (SLK and MLK, respectively),'”'* and glottal
area waveform (GAW)."” The details of analysis by these
methods are described elsewhere.'' "’

The size parameters were normalized by the vocal fold
length, labeled by “Ni-” (eg, Vi -amplitude mean). The time
parameters were normalized by the glottal cycle, labeled by
“Ng-" (eg, Ng-lateral phase difference). The size and time pa-
rameters were normalized by both glottal cycle and vocal fold
length, labeled by “Ng-” (eg, Ng-lateral phase difference). 13

In the present study, analysis was focused on selected param-
eters that were considered to be related with the vibratory char-
acteristics of VFA such as amplitude, mucosal wave, lateral/
longitudinal phase difference, open quotient, speed index, inte-
gral glottal width (the average glottal width over a glottal cy-
c:le),13 maximal/minimal glottal area, glottal area difference,
and glottal outlet (normalized supraglottal area).’

Frame-by-frame analysis was performed using an assess-
ment form for HSDI developed by the authors, with which
vibratory parameters such as symmetry, periodicity, amplitude,
mucosal wave, phase difference, glottal closure, and supraglot-
tal hyperactivity were evaluated by two- or four-point scale.''
For glottal gaps, the incidence (present or absent) and glottal
type (incomplete closure, posterior, spindle-shaped, or anterior)
were evaluated.

The LTG is a method using a pixel-wise Fourier transform of
time-varying brightness curve for each pixel across images and

91



Akihito Yamauchi, et al HSDI Analysis of VFA

allows quantitative evaluation of spatial characteristics of fre-
quency and phase. In the present study, the incidence of diplo-
phonia and lateral/longitudinal phase difference normalized by
glottal cycle (Ng-lateral/longitudinal phase difference) were
evaluated.'” Image sequence of 512 frames was evaluated.

The SLK analyzes mediolateral vocal fold movements at a
midglottal level and allows evaluation of mediolateral and tem-
poral vibratory characteristics such as amplitude (N -amplitude
mean), mucosal wave (Nj-mucosal wave magnitude mean),
phase (Ng-lateral phase difference and Ng-longitudinal phase
difference), open quotient (OqSLK), speed index (SISLK), and in-
tegral glottal width (Ng-integral glottal width).'> Image
sequence of 400 frames was evaluated.

The MLK involves five different longitudinal levels, and can
assess temporal and longitudinal oscillatory features such as
open quotient (OqMLK), speed index (SIM™X), and opening/clos-
ing longitudinal phase difference (Ng-opening/closing longitu-
dinal phase difference).* Image sequence of 400 frames was
evaluated.

The GAW provides information on the general dynamics of
the glottal area by tracing the vocal fold edges and displaying
temporal changes of the glottal area, with which open quotient
(OqGAW), speed index (SI°*Y), minimal glottal area (N -mini-
mal glottal area), maximal glottal area (N -maximal glottal
area), glottal outlet (N -glottal outlet), and glottal area differ-
ence (glottal area difference index = (Np-maximal glottal
area — N -minimal glottal area)/N; -maximal glottal area) can
be evaluated.'” Five consecutive glottal cycles of the most sta-
ble segment were evaluated (100-200 frames).

All the HSDI analyses were performed with custom MAT-
LAB software (Version 2011a; Mathworks, Inc., Natick, MA)
programmed at our institution . An example of HSDI analysis
is shown in Figure 1.

Statistics

The difference of clinical and HSDI parameters between VFA
patients and vocally healthy subjects were evaluated by Stu-
dent’s ¢ test for normally distributed parameters, or either by
the Mann-Whitney U test or by chi-squared test for other pa-
rameters. To assess the correlations with HSDI parameters
and reference data (demographic, aerodynamic/acoustic, or
stroboscopic data), or the correlations among HSDI parameters,
Pearson’s correlation analysis for normally distributed parame-
ters and Spearman’s correlation analysis for the other parame-
ters were used. In all analyses, P value lower than 0.05 was
considered significant. Calculations were performed with a
custom MATLAB software.

RESULTS

HSDI parameters in the VFA

Frame-by-frame analysis. The glottal gap was observed in
45% of the VFA group and 30% of the control group
(P =0.235), and the most frequent type was spindle shaped
for the VFA group (47.8% of those with glottal gaps) and ante-
rior for the control group (66.7% of those with glottal gaps).
Although no parameters revealed significant differences be-
tween the two groups, the VFA group tended to demonstrate

| Laryngotopography |

’ Glottal Area Waveform |

I Multi-line Kymography

) i X i '

FIGURE 1. Anexample of the analysis of high-speed digital image is shown. (A-D) Laryngotopography is shown. (A) A static laryngeal image to be

superimposed by analyzed topographic data. (B—D) Spatial distribution of amplitude, frequency, and phase of the maximum amplitude components,
respectively. This 71-year-old female patient has a topographic FO of 225 Hz, left-to-right lateral phase difference (6.3% of a glottal cycle), and
anterior-to-posterior longitudinal phase difference (21.9% of a glottal cycle). (E-H) Glottal area waveform is shown: areas demarcated by a green
line in Panels (E-H) show a minimal glottal area, a maximal glottal area, and a glottal outlet, respectively; and a green line in Panel (G) signifies the

vocal fold length. This patient has an anterior glottal gap with a Ny -minimal glottal area of 1.2%, a spindle-shaped maximal glottal area with a Ny -
maximal glottal area of 11.5%, and no supraglottal hyperfunction with Ny -glottal outlet of 100.2%. (I) Multi-line kymography is shown. There are

anterior-to-posterior opening and posterior-to-anterior closing longitudinal phase differences (23.8% and 19.0% of a glottal cycle, respectively).

and SIM™¥ are 0.86 and —0.21, respectively.
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TABLE 2.
Comparisons of High-Speed Digital Image Parameters Between the Control and VFA Groups
Parameter (Units) Control (N =20) VFA (N = 46) t Test
Laryngotopography
Ng-lateral phase difference (%) 3.8+4.3 6.3+4.3 0.034*
Ng-longitudinal phase difference (%) —14.4+16.6 —8.9+13.6 0.175
Single-line digital kymography
N -amplitude mean (%) 8.1+2.7 8.6+3.4 0.544
N_-mucosal wave magnitude mean (%) 18.6 +9.3 16.2+7.9 0.321
0o,k 0.57+0.13 0.76+0.17 <0.0017
SIStk -0.19+0.18 -0.18+0.18 0.906
Ng-lateral phase difference (%) 9.9+6.5 8.9+10.4 0.689
NgL-integral glottal width (%) 45+1.8 7.0+£3.5 0.004+
Multi-line digital kymography
O MK 0.45+0.11 0.66 +0.20 <0.001+
SIMK —0.24+0.16 —0.25+0.14 0.908
Ng-opening longitudinal phase difference (%) —7.4x£19.2 —-7.3£22.6 0.975
Ng-closing longitudinal phase difference (%) 2.4+19.9 1.6+11.0 0.860
Glottal area waveform
O%GAW 0.80+0.18 0.84+0.17 0.908
S|eAW 0.11+0.23 —0.06+0.17 0.002
N -maximal glottal area (%) 8.8+3.1 16.7+20.3 0.089
N_-minimal glottal area (%) 0.18+0.53 0.63+1.18 0.104
Glottal area difference index (%) 98.1+5.0 94.1+11.1 0.133
N_-glottal outlet (%) 61.8+23.6 58.56+21.9 0.592

Abbreviations: VFA, vocal fold atrophy; Ng-, normalized by glottal cycle; N, -, normalized by vocal fold length; Oq, open quotient; SLK, single-line kymography;
Sl, speed index; Ng.-, normalized by glottal cycle and vocal fold length; MLK, multi-line kymography; GAW, glottal area waveform.
Notes: Values for control and VFA columns show “mean + standard deviation,” and the value of ttest column shows the Pvalue of Student’s t test between all

control and VFA groups.
* P<0.05.

f P<0.001.

{ P<0.01.

smaller amplitude, smaller mucosal wave, greater asymmetry,
larger glottal gap, and greater supraglottal hyperactivity than
the control group.

Laryngotopography. Three of the patients with VFA
(4.9%) revealed diplophonia almost constantly at a comfortable
pitch and sound pressure level. The VFA group had larger

Ng-lateral phase difference than the control group
(P =0.034; Table 2). However, by gender, a significant differ-
ence was found only in females (Tables 3 and 4).

Single-line digital kymography. With SLK, patients with
VFA revealed significantly greater OqSLK (P<0.001) and Ng; -
integral glottal width (P = 0.004; Table 2). Although O,

TABLE 3.
Comparisons of High-Speed Digital Image Parameters Between the Control and VFA Groups in Females
Parameter (Units) Control (N=12) VFA (N =13) t Test
Laryngotopography

Ng-lateral phase difference (%) 3.1+£4.2 7.3+3.6 0.016*
Single-line digital kymography

0, 0.58+0.14 0.77+0.14 0.003t

NgL-integral glottal width (%) 4.4+1.6 5.2+1.8 0.241
Multi-line digital kymography

O, 0.46+0.13 0.69+0.21 0.0041
Glottal area waveform

STea 0.076 +0.260 —0.032 +£0.177 0.261

Abbreviations: VFA, vocal fold atrophy; Ng-, normalized (by glottal cycle); O, open quotient; SLK, single-line kymography; Ng, -, normalized by glottal cycle and
vocal fold length; MLK, multi-line kymography; Sl, speed index; GAW, glottal area waveform.

Notes: Values for control and VFA columns show “mean + standard deviation,” and the ttest column shows the Pvalue of Student’s ttest between female con-
trol and female VFA groups.

* P<0.05.

f P<0.01.
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TABLE 4.
Correlation Coefficients (r) Between High-Speed Digital Inage Parameters and Selected Aerodynamic/Acoustic Measures
Parameters MPT MFR AA-F, PPQ HNR G R B
N,-amplitude mean —0.06 0.27* —0.401 —0.07 0.10 —0.05 —0.05 —0.03
0, —0.29¢ 0.37t 0.02 0.47% —0.35¢ 0.29* 0.29* 0.15
Ng-integral glottal width —0.20 0.391 —0.30% 0.19 —0.15 0.18 0.18 0.02
qULK —0.341 0.49% —0.16 0.341 —0.31*% 0.26* 0.26* 0.13
0,5AW —0.28* 0.28* 0.14 0.29*  —0.04 0.24* 0.24* 0.23
S| GAW 0.20 —0.36* -0.13 —0.28* 0.18 —0.32¢ —0.32¢ —0.361
N_-minimal glottal area —0.22 0.531 —0.43: 0.12 —0.10 0.20 0.20 0.21
Glottal area difference index 0.17 —0.3771 —0.27* -0.10 0.12 -0.13 -0.13 —0.09
N_-glottal outlet 0.37t —0.11 0.01 —0.09 —0.02 —0.08 —0.08 —0.17

Abbreviations: MPT, maximum phonation time; MFR, mean flow rate; AA-FO, fundamental frequency of acoustic analysis; PPQ, period perturbation quotient;
HNR, harmonics-to-noise ratio; G, grade; R, roughness; B, breathiness; NL-, normalized by vocal fold length; O, open quotient; SLK, in single-line kymography;

NgL-, normalized by glottal cycle and vocal fold length; MLK, in multi-line kymography; GAW, in glottal area waveform; Sl, speed index.

* P<0.05.
f P<0.01.
¥ P<0.001.

demonstrated significant differences in both gender, Ng; -inte-
gral glottal width demonstrated a significant difference only
in males (Tables 3 and 5). There were no significant differences
in Ny -amplitude mean or N; -mucosal wave magnitude mean.
Although the differences were not statistically significant,
Np-amplitude mean of VFA tended to be greater in males and
smaller in females, and N -mucosal wave magnitude mean of
VFA tended to be smaller in both genders.

Multi-line digital kymography. With MLK, patients with
VFA revealed significantly larger OqMLK (P <0.001; Table 2),
and this difference was significant in both genders (Tables 3
and 5).

Glottal area waveform. The VFA group demonstrated
significantly smaller SI°*Y (P <0.001; Table 2). Although
the differences were not significant, the VFA group revealed
larger Ny -maximal glottal area and Ni-minimal glottal area
(Table 2).

Correlation study

Table 4 summarizes the correlation study between HSDI pa-
rameters and background data. Moderate correlations
(0.4<]r| =0.7) were found between mean flow rate and
OqMLK, mean flow rate and Ny -minimal glottal area, AA-F,
and Ny -amplitude mean, AA-F, and N -minimal glottal area,
and OqSLK and period perturbation quotient.

Table 6 summarizes the correlation study among the HSDI
parameters. A strong correlation (0.7 < |r|) was found between
N -minimal glottal area and glottal area difference index.
Otherwise, moderate correlations (0.4 <|r| = 0.7) were found
in multiple pairs.

DISCUSSION

Videostroboscopy versus HSDI

The use of HSDI offered several advantages to the present study
over the previous studies in the literature. First, HSDI enabled
the evaluation of time parameters that cannot be assessed by
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TABLE 5.
Comparisons of High-Speed Digital Inage Parameters Between the Control and VFA Groups in Males were summarized
Parameter (Units) Control (N =8) VFA (N =33) t Test
Laryngotopography

Ng-lateral phase difference (%) 47 +4.4 59+4.4 0.511
Single-line digital kymography

04" 0.54+0.12 0.75+0.19 0.006*

NgL-integral glottal width (%) 46+2.3 7.8+3.8 0.0337
Multi-line digital kymography

O V" 0.42+0.08 0.65+0.20 0.003*
Glottal area waveform

SIGAW 0.16+0.17 —0.067 +0.166 0.002*

Abbreviations: VFA, vocal fold atrophy; Ng-, normalized (by glottal cycle); Oq, open quotient; SLK, single-line kymography; Ng.-, normalized by glottal cycle
and vocal fold length; MLK, multi-line kymography; Sl, speed index; GAW, glottal area waveform.

Notes: Values for control and VFA columns show “mean + standard deviation,” and the ttest column shows the Pvalue of Student’s ttest between male control
and male VFA groups.

* P<0.01.

f P<0.05.
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TABLE 6.

Correlation Coefficients (r) Among High-Speed Digital Image Parameters

Parameters N.- Minimal GA SIS 0,V 0, N -Amplitude Mean  Ng-O-LPDM€
GA difference index —0.90* —0.46*  —0.65*  —0.54* —0.341 —0.15
N.-minimal GA 1 —0.33t 0.69% 0.47% —0.24 0.05
SIGAW — 1 —0.47%*  —0.56* —0.04 —0.39*%
0, - - 0.69* 0.42* -0.10 0.10
Ng-O-LPD-T€ — — 0.14 0.19 —0.03 0.50*
O\ - - 1 0.65* -0.13 0.19
NgL-integral glottal width — — — 0.51* 0.51* 0.28
N_-MW magnitude mean — — — — 0.59* —0.03

Abbreviations: GA, glottal area; N.-, normalized by vocal fold length; Sl, speed index; GAW, in glottal area waveform; O,, open quotient; Ng-, normalized by
glottal cycle; O-LPD, opening longitudinal phase difference; LTG, in laryngotopography; MLK, in multi-line kymography; Ng.-, normalized by glottal cycle and

vocal fold length; MW, mucosal wave; SLK, in single-line kymography.
* P<0.001.
T P<0.01.

videostroboscopy, which is considered to be meaningful espe-
cially because a large part of vibratory characteristics of VFA
were reflected in the time parameters (eg, open quotient).

Second, with the use of HSDI, the rate of successful image
evaluation increased by 1.5 folds at a rough estimate because
videostroboscopic study was successful only in 67.3% because
of desynchronization in the present study. The relatively high
rate of desynchronization in VFA may be explained by their
poor acoustic profile. Patel et al® reported that HSDI could be
used to augment videostroboscopy for assessment of
moderate-to-severe dysphonia, especially in patients with jitter
exceeding 0.87%, shimmer exceeding 4.4%, and a signal-to-
noise ratio of less than 15.4 dB. In the present study, 21.7%
of the VFA group fitted these criteria.

Third, with the application of multiple analysis methods, the
present study documented the characteristics of vocal fold vi-
brations of VFA more extensively and multidirectionally than
previous reports, in which vocal fold vibrations were either
qualitatively evaluated or quantitatively evaluated with only
limited parameters.”®

Although HSDI has disadvantages in comparison with video-
stroboscopy such as a relatively long time required for analysis
(approximately 30 minutes per HSDI at present), a high cost,
and the lack of instantaneity (with videostroboscopy, the result
of modulation in F,, sound pressure level, or register can be
observed directly and instantaneously),”®'® HSDI is
considered to be a good supplementary tool in the assessment
of VFA.

Amplitude and integral glottal width

The amplitude mean of VFA was comparable with that of
vocally healthy subjects, in this study, which was a consistent
result with the previous study.” Although not statistically signif-
icant, the amplitude of VFA was larger in males and smaller in
females than vocally healthy subjects. Various factors can affect
amplitude such as amplitude increases as intensity or subglottal
pressure increase, or as pitch or stiffness decrease.””'*!” In
female VFA, poor pulmonary function is reported to be
frequently associated,” which may lead to decreased subglottal

pressure and decreased amplitude. In male VFA, a greater
glottal flow and lower tension of the thyroarytenoid muscle
owing to the muscular atrophy can increase the amplitude.® '

On the other hand, Ng; -integral glottal width demonstrated a
significant difference between the control and VFA groups. The
NgL-integral glottal width may be a sensitive parameter than
the amplitude per se because it has the characteristics of both
amplitude and open quotient (Table 6)."”

Open quotient and speed index
Significant intergroup differences were observed in O and
OqMLK but not in OqGAW. This is probably because Oqg;AW was
not a parameter to reflect the size of glottal gap (OqGAW be-
comes one whether a glottal gap is small or large). Interestingly,
the results of OqSLK were comparable with those of OqMLK,
although OqMLK that assesses the overall glottal area should
reflect the pathophysiology of the disease better than OqSLK.
Perhaps, the midglottal level may represent the vibratory dy-
namics of overall glottis well enough in VFA, and the informa-
tion of the glottal ends included in OqMLK may have been less
important. Correlation analysis revealed that high OqSLK and
OqMLK were associated with poor aerodynamic and acoustic
conditions (Table 4). These results seem to stand to reason
because weak glottal closure reflected in high open quotient
should lead to high glottal flow with high air turbulence.
Speed index of VFA was smaller than that of vocally healthy
subjects. Small speed index in the VFA group may originate
from the decreased restorative force of the laterally displaced
vocal fold toward the medial direction resulting from the disar-
rangement of collagen fibers or decreased elastin fibers in the
lamina propria, the decreased mass or tension of the vocal
fold owing to the muscular atrophy."'®'” Contrary to open
quotient, SI®AV was more sensitive than SISY® or SIMLK
probably because SI®*V reflects the general vibratory
dynamics than SI®“® or SIM™ (Table 2). Speed index had
similar relationships with acoustic and aerodynamic parameters
to open quotient (Table 4). These results accord with the find-
ings in the literature, reporting that smaller speed index leads
to poorer aerodynamic or acoustic results.”’*'

SLK
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Phase difference

With relatively larger Ng-lateral phase difference, vocal fold vi-
brations in patients with VFA were more asymmetrical than
those of vocally healthy subjects. Left-right difference of
mass, tension, mucoelasticity of the vocal fold resulting from
a different degree of muscular atrophy, and muscular/mucosal
degeneration as well as asymmetry of the laryngeal frame
may play a role here.'*'”

GAW parameters

The GAW parameters failed to reveal significant intergroup dif-
ferences although Nj-minimal glottal area and Nj-maximal
glottal area were larger, and glottal area difference index was
smaller in the VFA group as a trend. This result was consistent
with the study of Bloch and Behrman® that reported no signif-
icant difference in N -minimal glottal area between the control
and VFA groups. Larger N; -maximal glottal area found in the
present study may be owing to an increased glottal flow in pa-
tients with VFA (Table 1), and decreased muscular tension of
the vocal fold resulting from the muscular atrophy, leading to
a greater lateral excursion of the vocal folds.'® The smaller
glottal area difference index observed in VFA signifies the
decreased alternating current of glottal flow, the glottal flow ef-
ficiency in other words.

Glottal gap

The result that 30% of elderly vocally healthy subjects had a
glottal gap in the present study was consistent with the findings
in the literature: Pontes et al'’ reported that the incidence of
glottal gap in normal elderly population was 58%, for instance.
Strictly speaking, the vocally healthy subjects with a glottal
gap in the present study (as well as those in the study of Pontes
et al,'" perhaps) should be termed as “pathological but asymp-
tomatic” rather than “normal,” though. Because the prepon-
derant glottal gap was different between the control
(anterior) and VFA groups (spindle shaped), the location of
the glottal gap may serve as a clue to differentiate VFA from
normal aging.

Glottal outlet

No significant intergroup difference of Ny -glottal outlet in the
present study was a contradictory result to the report by Bloch
and Behrman,” who reported significantly smaller Nj -glottal
outlet in the VFA group than the normal group. One possible
explanation is an interindividual difference of a maladaptive
supraglottal hyperactivity as a compensatory strategy for
incomplete or decreased glottal closure.” Another possible
explanation is the posterior displacement of the petiole of
epiglottis associated with a descension of the larynx observed
in a male low-pitch phonation,'” or an elevated laryngeal posi-
tion observed in high-pitch phonation.””

Limitations

Overall, the combination of multiple HSDI analysis methods
adopted in the present study was effective in the objective docu-
mentation of vocal fold vibrations in VFA. Applying the same
technique to the evaluation of other laryngeal pathology (eg,
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vocal fold scar or sulcus vocalis) will be called for in the near
future to further validate its utility.

The study design in which the HSDI study and acoustic or
aerodynamic studies were performed on separate occasions
may be a limitation of the present study, however. Although
the effort was made to make the conditions of examination
equal as much as possible, there could be a minor variation
in F, or sound pressure level, leading to relatively low corre-
lations between HSDI parameters and acoustic/aerodynamic
parameters. Another limitation may be the use of a rigid
endoscope for the HSDI recording, which could yield unde-
sirable laryngeal tension during the study. The short time in-
terval for HSDI analysis as well as the relatively limited
subject number (especially of male vocally healthy subjects)
may be other limitations. Furthermore, the heterogeneity in
the VFA group in the present study may have existed,
although the selection of recruited subjects and the diagnosis
was based on the agreement of three or four certified otorhi-
nolaryngologists specializing in vocal treatment: Because the
differential diagnosis among VFA, sulcus vocalis, and vocal
fold scar is not always clear-cut, there is inevitable room for
subjectivity.

In the future study, the improvement of the study design by an
introduction of simultaneous recording system of HSDI and
acoustic signal or aerodynamic data, the introduction of trans-
nasal flexible HSDI, the further refinement of analysis tech-
nique with more automation that allows much extended time
interval for analysis, and the expansion of subject number
will be warranted.

CONCLUSION

The quantitative HSDI analysis of VFA revealed larger open
quotients, lateral phase difference and integral glottal width
(the average glottal width over a glottal cycle), and smaller
speed index than vocally healthy subjects. Gender difference
was noted in lateral phase difference, integral glottal width,
and speed index. Correlation study revealed mild-to-
moderate correlations between HSDI-derived parameters
and conventional acoustic or aerodynamic parameters, and
moderate-to-strong correlation among HSDI parameters.
The combination of multiple HSDI analysis methods was
effective in the objective documentation of vocal fold vibra-
tions in VFA.
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Preliminary Data on Two Voice Therapy Interventions in the
Treatment of Presbyphonia

Aaron Ziegler, MA (ABD), CCC-SLP; Katherine Verdolini Abbott, PhD, CCC-SLP; Michael Johns, MD;
Adam Klein, MD; Edie R. Hapner, PhD, CCC-SLP

Objectives/Hypothesis: Presbyphonia is common among elderly individuals, yet few studies have evaluated behavioral
treatment approaches for presbyphonia. The primary aim of this study was to assess the short-term efficacy of two types of
voice therapy—vocal function exercises (VFE) and phonation resistance training exercise (PhoRTE) therapy—in the treatment
of presbyphonia. The secondary aim was to determine if differences in adherence and treatment satisfaction existed between
the two therapy approaches.

Study Design: Prospective, randomized, controlled.

Methods: Preliminary data from 16 elderly participants with presbyphonia randomly assigned to VFE, PhoRTE, or a no-
treatment control group (CTL) were analyzed. Before and after a 4-week intervention period, participants completed the
Voice-Related Quality of Life (V-RQOL) questionnaire and a perceived phonatory effort (PPE) task. Additionally, participants
receiving treatment completed weekly practice logs and a posttreatment satisfaction questionnaire.

Results: Preliminary data revealed VFE and PhoRTE groups demonstrated a significant improvement in V-RQOL scores.
However, only PhoRTE demonstrated a significant reduction in PPE, as suggested by the study’s causal model. The CTL group
did not demonstrate significant changes. Numerically, VFE registered slightly greater adherence to home practice recommen-
dations than did PhoRTE, but PhoRTE perceived greater treatment satisfaction than VFE.

Conclusions: Findings provide new evidence regarding the efficacy of voice therapy exercises in the treatment of age-
related dysphonia and suggest PhoRTE therapy as another treatment method for improved voice-related quality of life and
reduced perceived vocal effort in this population.

Key Words: Aging, presbyphonia, voice disorder, treatment.

Level of Evidence: 2b.
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INTRODUCTION

Presbyphonia is a common clinical finding among
the elderly and poses a significant barrier to life satisfac-
tion.2 This voice disorder results from age-related
laryngeal and respiratory degenerative changes, which
lead to glottal incompetence® and a decline in inspira-
tory and expiratory pressures.* A deterioration in vocal

From the Emory Voice Center, Department of Otolaryngology—
Head and Neck Surgery, Emory University (A.z., M.J., AK., E.R.H.),
Atlanta, Georgia; the Department of Communication Science and Disor-
ders (k.v.); and the McGowan Institute for Regenerative Medicine (k.v.),
University of Pittsburgh; the Center for Neural Basis of Cognition (k.v.),
Carnegie-Mellon University and University of Pittsburgh, Pennsylvania;
and note Aaron Ziegler is now Acting Assistant Professor in Communica-
tion Sciences and Disorders, John A. Burns School of Medicine, Univer-
sity of Hawaii at Manoa (a.z.), Honolulu, Hawaii, U.S.A

Editor’s Note: This Manuscript was accepted for publication
November 27, 2013.

Presented at the Voice Foundation’s 40th Annual Symposium,
Philadelphia, PA, U.S.A., 1-5 June 2011.

Financial Disclosures: Aaron Ziegler, Katherine Verdolini Abbott,
Michael Johns III, and Adam Klein-None; Edie Hapner—Plural Publish-
ing. Conflict of Interest: Aaron Ziegler and Edie Hapner—Authors for
Plural Publishing. The authors have no other funding, financial relation-
ships, or conflicts of interest to disclose.

Send correspondence to Aaron Ziegler, MA (ABD), CCC-SLP,
Department of Communication Sciences and Disorders, John A. Burns
School of Medicine, University of Hawaii at Manoa, 677 Ala Moana
Blvd, Suite 625, Honolulu, HI 96813. E-mail: asziegler@gmail.com

DOI: 10.1002/1ary.24548

Laryngoscope 124: August 2014

function in the elderly has been putatively linked to a
reduced amount and intensity of speech.® Interestingly,
and analogous to findings of senior athletes,® the voice
of elderly singers sounds younger, clearer, and louder
than the elderly nonsinger’s voice.” Additionally, both
elderly male® and female®® singers maintain a stable
fundamental frequency throughout the lifespan. Those
differences suggest the benefit of increased vocal activity
for vocal longevity.

Current Evidence for Behavioral Treatment of
Presbyphonia

Over the past decade, eight studies have been con-
ducted on voice therapy for presbyphonia.l®” In brief,
an overwhelming majority of patients with presbyphonia
believe voice therapy is beneficial’® and exhibit a signifi-
cant improvement in voice-related quality of life,!>1* a
finding not observed in patients who forego voice ther-
apy.!* Furthermore, patients with presbyphonia report a
significant decrease in phonatory effort after completing
voice therapy.'® Most important, patients with presby-
phonia who receive voice therapy exhibit a significant
improvement in their functional vocal status.'®

To date, published prospective studies have only
investigated the efficacy of voice therapy approaches for
treating individuals with presbyphonia,'®*%!” but none
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Fig. 1. Proposed flowchart delineating a causal model linking voice therapy to changes in phonatory and respiratory biomechanics, phona-

tory effort, and voice-related quality of life.

have compared voice therapy techniques to assess the
superiority of one approach over another. Furthermore,
the literature lacks suggestions for a causal model
describing mechanisms of voice change from behavioral
treatment of presbyphonia that may assess the potential
differential impact of two types of voice therapy. There-
fore, a causal model was developed, which stated that
targeted voice therapy may affect phonatory biome-
chanics directly or indirectly through altered respiratory
behavior resulting in reduced phonatory effort and lead
to an improved voice-related quality of life (Fig. 1).

The causal model suggests that an effective thera-
peutic approach for presbyphonia will be one that targets
the biological bases of the condition, or degenerative
respiratory and laryngeal changes as a result of aging.
These changes in muscle mass and strength—sarcope-
nia—are targeted in other parts of the body by engaging
in structured exercise that emphasizes an increased level
of physical activity to overload the muscle and reverse
the sarcopenia process.'® This type of exercise training—
resistance training—has demonstrated positive effects on
sarcopenia in older adults by reducing secondary aging
effects that occur from muscle atrophy and weakness.®

Based on the causal model, it was hypothesized that
the intervention groups in this study would result in
more positive changes in voice across the experimental
period than seen in a no-intervention control group. Fur-
thermore, the causal model suggests that one therapy, a
treatment requiring high-vocal intensity phonation and
that loads both respiratory and laryngeal musculature,
will result in more positive changes than the other ther-
apy, a treatment requiring low vocal intensity phonation.

Study Aims

The purpose of this study was to compare two inter-
ventions and no treatment for adults with presbyphonia
by using a prospective, randomized, controlled experi-
mental design to assess the short-term efficacy of two
voice therapy approaches, as demonstrated by a change
in quality of life and perceived phonatory effort. Second-
ary aims of this study were to examine differences in
patient adherence and treatment satisfaction.

MATERIALS AND METHODS

All procedures were approved by the institutional review
boards at Emory University and the University of Pittsburgh

Laryngoscope 124: August 2014

(IRB #00037045 and #10060268, respectively). The experiment
used a prospective, randomized, controlled design.

Participants

Twenty elderly adults aged 60 years and over enrolled in
the study (Fig. 2). For this preliminary study, the sample size
was selected arbitrarily to generate the necessary results for a
power analysis for future studies.

All participants a) reported a current voice problem,
including a complaint of reduced vocal loudness or increased
vocal effort; b) received a diagnosis of presbyphonia by a
fellowship-trained laryngologist'®; c) received an auditory—per-
ceptual diagnosis of vocal asthenia by a voice-specialized
speech-language pathologist (SLP); d) were judged perceptually
by a SLP to be free of dysarthria, dysfluency, or language prob-
lems; e) passed hearing, cognition, and mood screenings; f) were
currently nonsmokers (five years or more); g) reported no pro-
gressive neuromuscular diseases affecting voice; h) denied con-
comitant health problems affecting voice; i) completed
menopause, if female; j) reported using current medications for
at least one month before participation; k) denied current use of
inhaled corticosteroids or prednisone; and 1) stated willingness
to persist with the 6-week protocol. In addition, participants
were included, if stimulable for improved voice quality as
assessed by a SLP during the physician’s examination visit.
Stimulability testing is a routine part of the voice evaluation to
determine candidacy for treatment.?® No participants were
excluded based on race, ethnicity, or gender. In accordance with
standards on reporting randomized, controlled studies,?! partici-
pant characteristics are provided in Table I.

Procedures

Recruitment, screening, and randomization. Recruit-
ment was performed by a SLP who was part of the multidisci-
plinary team at the Emory Voice Center. An individual was
initially seen for a comprehensive evaluation by a fellowship-
trained laryngologist and SLP. Following informed consent,
each individual underwent a hearing screening to ensure age-
appropriate hearing or adequately managed sensory-neural
hearing loss with the use of hearing aids, as evidenced by a
response during audiometric testing in a sound-isolated booth
at 40 dB HL at 0.5 kHz, 1 kHz, and 2 kHz presented in sound
field.?? Next, each individual underwent a screening to ensure
age-appropriate cognitive ability based on results from the Mini
Mental State Examination (MMSE).?®> A score of>20 was
required for further participation in the study. Then, each indi-
vidual underwent self-administration of the Elderly Depression
Scale-Short Form (EDS-SF),?* and a score of <5 was required
for further participation. Finally, individuals satisfying inclu-
sion criteria were randomized to one of three groups using a
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Assessed for
eligibility (N =27)

Excluded (r = 7) because
Did not meet inclusion criteria (n = 6)

[ ENROLLMENT ] —>

Failed hearing screening (n = 2)
Failed mood screening (n = 2)
Had COPD (n=1)

Had vocal fold surgery (n =1)
Declined to participate (n = 1)

Randomized (n = 20)

} }

Allocated to VFE (n =6)

[ ALLOCATION ] Received VFE (n = 6)

Allocated to PhoRTE (1 = 6)
Received PhoRTE (n =5)

Did not receive PhoRTE (n=1)

Allocated to CTL (n = 8)
Received CTL (# = 6)

Did not receive CTL (n = 2)

Distance to clinic Scheduling conflicts

A 4

A 4 Jl

Lost to follow-up (n =0)
[ FOLLOW-UP ]

Discontinued VFE (n =0)

Lost to follow-up (n =0)

Discontinued PhoRTE (n =0)

Lost to follow-up (n = 0)

Discontinued CTL (n =0)

A 4 A 4

Analyzed (n = 6)
Excluded from
analysis (n =0)

[ ANALYSIS ]

Analyzed (n =5)
Excluded from
analysis (n = 0)

Analyzed (n =5)
Excluded from
analysis due to
incomplete data (n = 1)

Fig. 2. Flowchart of study procedures.

computer algorithm: vocal function exercises (VFE), phonation
resistance training exercise (PhoRTE) therapy, or a no-
intervention control group (CTL). All participants were briefly
counseled on voice hygiene and given a written copy of a hand-
out that describes vocal hygiene recommendations.

Baseline and follow-up evaluations. At the baseline
visit, each participant completed the V-RQOL.?® Then, the par-
ticipant was asked to provide an estimation of perceived phona-
tory effort (PPE). To determine PPE, the participant used a
direct magnitude estimation scale?® on which “100” represented
“comfortable effort during phonation,” “50” represented “half as
much effort as comfortable,” “200” represented “two times as
much effort as comfortable,” and so forth.2"2®

Participants returned for follow-up measures within one
week of completion of the intervention, or 6-weeks postbaseline
in the case of the CTL group. At the follow-up visit, each partic-
ipant completed the V-RQOL?® and provided a rating of PPE,
which were anchored to the participant’s baseline ratings to
limit drift due to increased awareness of voice. Finally, partici-
pants in the VFE and PhoRTE groups completed a post treat-
ment satisfaction questionnaire.?®

Interventions. Participants receiving an intervention
attended four 45-minute treatment sessions—either VFE or
PhoRTE—over the course of four weeks, which were provided
by one of two participating voice-specialized SLPs. Execution
of VFE3*3! involved four exercises: 1) maximum sustained
phonation on /i/ on the pitch F above middle C (males
dropped down an octave); 2) an ascending glide over the
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entire pitch range on /o¥/; 3) a descending glide over the
entire pitch range on /ol/; and 4) maximum sustained phona-
tion on the pitches middle C and D, E, F, and G above mid-
dle C (males dropped down an octave) on /ol/. Participants
learned to use low abdominal breathing, a frontal focus with
an inverted megaphone mouth shape, and were instructed to
complete the exercises as quietly as possible but while main-
taining a clear and consistent voice.

PhoRTE?? (a homophone to the Italian word forte meaning
loud and strong), adapted from Lee Silverman Voice Treatment
(LSVT),33’35 consisted of four exercises: 1) loud maximum sus-
tained phonation on /a/; 2) loud ascending and descending pitch
glides over the entire pitch range on /a/; 3) participant-specific
functional phrases using a loud and high voice; and 4) phrases
from exercise #3 in a loud and low voice. Low abdominal breath-
ing gestures were encouraged. All feedback thereafter was lim-
ited to reminding participants to maintain a “strong” voice.
During therapy sessions, participants were expected to main-
tain a SPL between 80 and 90 dB, as measured by a sound level
meter positioned at a microphone-to-mouth distance of 30 cm.

PhoRTE, while derived from the therapeutic studies on
LSVT, differed in several ways. First, PhoRTE sessions occurred
once weekly as opposed to a more intensive intervention sched-
ule for LSVT (i.e., four days per week for four weeks). Second,
PhoRTE incorporated two different manners of producing
participant-specific functional phrases (i.e., a loud and high
voice and a loud and low voice),?® Finally, PhoRTE home prac-
tice required fewer repetitions than is typically required for
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TABLE I.

Summary of Participant Characteristics by Group.
Group/Participant Sex Age Race
VFE
1 female 83 Caucasian
3 male 66 Caucasian
9 female 74 Caucasian
10 male 78 Caucasian
13 male 78 Caucasian
17 male 60 Caucasian
Mean (SD), n=6 2 females; 73.2 (8.6)

4 males
PhoRTE
6 male 79 Caucasian
7 female 78 Caucasian
8 female 72 Caucasian
11 female 80 Caucasian
20 male 71 Asian
Mean (SD), n=5 3 females; 75.8 (4.0)

2 males
CTL
2 male 79 Caucasian
4 female 69 Caucasian
5 male 76 African American
14 female 91 Caucasian
15 male 73 Caucasian
Mean (SD), n=5 2 females; 77.6 (8.4)

3 males
Overall Mean (SD), 75.4 (7.2)1

N=16

CTL = no-treatment control group; PhoRTE = phonation resistance
training exercise; SD = standard deviation; VFE = vocal function exercises.

patients receiving LSVT (two versus 10 repetitions of each exer-
cise per practice session, respectively).

The PhoRTE exercises were selected because of their high
intensity nature that might induce changes to muscle structure
and function to reverse the degenerative sarcopenia process.'?
In addition, phonatory-resonatory interaction through a wid-
ened mouth and narrow pharynx, as occurs with the use of the
vowel /a/, creates an acoustic situation that allows a speaker to
shout safely. This megaphone mouth shape at low to medium
high pitches raises the first formant frequency to reinforce the
fundamental and second harmonic of the source. The resulting
phonatory-resonatory interaction helps to recalibrate phonatory
effort by assisting vocal fold vibration and maximizing phona-
tory efficiency. Furthermore, coupling a narrowed epilarynx
tube with increased adduction provides maximum power trans-
fer from the glottis to the lips to further increase vocal loud-
ness.’” Finally, the PhoRTE program subscribes to a task-
dependent model of motor control by including functional
phrases to help with generalization of voice techniques to
conversation.*®

Home practice program. Participants in both interven-
tion groups were instructed to practice their respective treat-
ments, VFE or PhoRTE, twice daily every day, to perform
each exercise twice during each practice session, and to log
their practice. Participants were instructed to complete prac-
tice logs only for completed exercises. From the practice log,
the percent of prescribed exercises completed was computed
to measure treatment adherence. The protocols of the two
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treatments controlled for what was assumed to be equivalent
practice durations if the participant was adherent to the
twice daily practice sessions. Participants received written
instructions on how to complete daily home practice and a
compact disc with audio demonstrations of the respective
exercises.

RESULTS

Statistical Analysis

Inferential statistical analyses of the preliminary
data were used to examine pretreatment to posttreat-
ment changes within groups, and between group differ-
ences were examined descriptively for the primary
outcome measures (i.e., V-RQOL and PPE). Inferential
statistical analyses were also used to investigate
between group differences in the secondary outcome
measures (i.e., treatment adherence and treatment satis-
faction). Due to the preliminary nature of this study and
the small sample size, an alpha level of 0.10 was used to
minimize the type II error rate in analyzing treatment
effects on primary and secondary outcome measures. Of
the 20 enrolled participants, only 16 participants were
included in the data set for analysis. Of the four who
were excluded, three dropped out of the study prior to
data collection and one participant in the no-treatment
control group had an incomplete data set. Therefore,
data from six VFE participants, five PhoRTE partici-
pants, and five CTL participants were analyzed.

Participant Characteristics

Participants were seven women (44%) and nine
men (56%) aged 60 to 91 years (M =754 years,
SD =7.2). Post-hoc analyses using Fisher’s exact test
and between-subject ANOVAs confirmed the equivalence
of groups on gender (P =.825, Fisher’s Exact Test), age
(F12, 13]1=0.501, P =.617, n,? = .072), baseline V-RQOL
scores (F[2, 13]=0.880, P =.438, np2= .119), and base-
line PPE ratings (F[2, 13]=1.948, P=.182, n,”=.231)
(Tables (I-I1I)).

V-RQOL

Individual scores, group means and standard devia-
tions, difference scores, and percent change values for
the V-RQOL data before and following the 4-week inter-
vention period are displayed in Table II. Results
revealed that the VFE and PhoRTE groups experienced
a significant improvement in mean pretreatment to post-
treatment V-RQOL scores (80.8 to 87.5, #[5]=1.964,
P=.054, one-tailed, d=080 and 885 to 95.0,
t[4]=2.152, P =.049, one-tailed, d =0.96, respectively).
The CTL group did not demonstrate a significant change
in mean V-RQOL scores (87.5 to 91.5, t[4]=1.554,
P =.195,d =0.70).

The data were reanalyzed after excluding a
PhoRTE participant who commenced therapy without
registering quality of life impairment (as evidenced by a
score of 100 on the V-RQOL). Removal increased the
PhoRTE percent change value (8.03 to 10.66), and it was
slightly greater than that of the VFE group (9.30).
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TABLE II.

Individual Scores, Mean Pretreatment and Posttreatment Scores, Standard Deviations, Percent Change, and P Values for the VFE, PhoRTE,
and CTL Groups on the Voice-Related Quality of Life.

Group/Participant Baseline (Pretreatment)

Follow-Up (Posttreatment)

Absolute Difference Percent Change  Test Statistic P Value

VFE

1 80.0 85.0

3 90.0 90.0

9 62.5 85.0
10 90.0 97.5
13 92.5 97.5
17 70.0 70.0
Mean (SD), n=6 80.8 (12.3) 87.5 (10.2)
PhoRTE

6 97.5 100.0
7 82.5 97.5

8 75.0 85.0
11 87.5 95.0
20 100.0 97.5
Mean (SD), n=5 88.5 (10.4) 95.0 (5.9)
CTL

2 90.0 92.5

4 95.0 90.0

5 75.0 82.5
14 85.0 95.0
15 92.5 97.5
Mean (SD), n=5 87.5 (7.9) 91.5 (5.8)
Overall Mean (SD), N =16 85.3 (10.4)

5.0 6.25
0.0 0.00
22.5 36.00
7.5 8.33
5.0 5.41
0.0 0.00
6.7 (8.3) 9.30 (13.5) t=1.964*  .054*
2.5 2.56
15.0 18.18
10.0 13.33
75 8.57
-25 —2.50
6.5 (6.8) 8.03 (8.25) t=2.152" 049
2.5 2.78
-5.0 —5.26
75 10.00
10.0 11.76
5.0 5.41
4.0 (5.8) 4.94 (6.73) t=1.554" 195

Note. *Significant difference at P <0.10 level, one-tailed.
**From repeated-measures t test.

CTL = no-treatment control group; PhoRTE = phonation resistance training exercise; SD = standard deviation; VFE = vocal function exercises.

PPE

Individual ratings, group means and standard devi-
ations, difference scores and percent change values for
PPE ratings before and following the 4-week interven-
tion period are shown in Table III. Results showed that
PPE ratings decreased significantly in the PhoRTE
group only (144 to 102, ¢[4]=-2.370, P=.077, two-
tailed, d = —1.06). Neither the VFE group nor the CTL
group demonstrated a significant difference in PPE rat-
ings (142.5 to 109.2, #5]= —1.865, P =.121, two-tailed,
d=-0.76; 101 to 103, t[4]=1.000, P =.374, two-tailed,
d = 0.45, respectively).

Adherence and Treatment Satisfaction
Participants in the VFE and PhoRTE groups dem-
onstrated adherence to treatment recommendations, and
no differences were detected between groups (P =.411).
One participant in the PhoRTE group practiced signifi-
cantly less than any other participant and skewed the
averaged data for adherence. A post-hoc analysis of the
data removing this participant from the PhoRTE data
resulted in a more balanced assessment of the practice
patterns of the PhoRTE group, 88.2%, nearly equivalent
to the average practice of the VFE group (89.3%).
Results for treatment satisfaction data revealed no dif-
ferences in ratings between VFE and PhoRTE on the
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three questions: extent to which participants a) liked the
particular therapy (P =.285); b) felt voice changed
because of therapy (P =.227); and c) felt voice changes
were caused by the particular therapy (P =.550) (Table
V).

DISCUSSION

The data from this study provide optimism that
there may be short-term benefits from two therapy
approaches, VFE and PhoRTE, for improvement of
voice-related quality of life in elderly individuals with
presbyphonia. The causal model tested in this study pro-
posed that therapy-induced changes in laryngeal biome-
chanics, possibly partly related to changes in respiratory
biomechanics, would lead to a reduction in perceived
phonatory effort and, ultimately, result in an improve-
ment in voice-related quality of life. Significant pretreat-
ment to posttreatment increases were documented in
V-RQOL scores for both intervention groups, in compari-
son to scores for a no-treatment control group, which did
not improve. The magnitude of pretreatment to post-
treatment differences on the V-RQOL in each treatment
group (VFE and PhoRTE) exceeded changes in an
untreated group of elderly individuals with presbypho-
nia. The improvement of patient-reported outcome meas-
ures in a group of elderly individuals with presbyphonia
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TABLE lIl.

Individual and Mean Pretreatment and Posttreatment Ratings, Standard Deviations, Difference Scores, Percent Change, and P values for
the VFE, PhoRTE, and CTL Groups on Perceived Phonatory Effort.

Group/Participant Baseline (Pretreatment)

Follow-Up (Posttreatment)

Absolute Difference Percent Change Test Statistic P Value

VFE

1 125 100

3 100 100

9 150 100
10 200 100
13 100 125
17 180 130
Mean (SD), n=6 142.5 (41.7) 109.2 (14.3)
PhoRTE

6 100 100

7 100 50

8 200 150

11 200 100
20 120 110
Mean (SD), n=5 144 (51.8) 102 (35.6)
CTL

2 100 100

4 100 100

5 125 125
14 100 100
15 80 90
Mean (SD), n=5 101 (16.0) 103 (13.0)
Overall Mean (SD), N =16 130 (42.1)

—25.0 ~20.0
0.0 00.0
~50.0 -33.3
~100.0 ~50.0
—25.0 25.0
~50.0 —27.8
—33.3 (43.8) —-17.7 (26.6) t=-1.865"  .121
0.0 00.0
~50.0 ~50.0
~50.0 —25.0
—100.0 ~50.0
-10.0 -8.3
—42.0 (39.6) —26.7 (231) t=-2.370"  .077*
0.0 00.0
0.0 00.0
0.0 00.0
0.0 00.0
10.0 12.5
2.0 (4.5) 2.5 (5.6) t=1.000"  .374

Note. *Significant difference at P <0.10 level, two-tailed.
**From repeated-measures t test.

CTL = no-treatment control group; PhoRTE = phonation resistance training exercise; SD = standard deviation; VFE = vocal function exercises.

following voice therapy is consistent with results from
prior research (Berg et al., 2008; Sauder et al., 2010).

Significant improvement in perceived phonatory
effort accompanied voice-related quality of life changes
for the PhoRTE group, but not the VFE group, a finding
that partially supports the causal model explored in this
study, and moreover, that can also be inferred from pre-
vious research in a similar cohort.'® Differences in PPE
pretreatment to posttreatment changes between VFE
and PhoRTE may be explained by unique vocal tract
configurations and their influence on vocal fold vibra-
tion. Whereas VFE are characterized by an inverted
megaphone-shaped vocal tract, PhoRTE therapy employs
a megaphone-shaped vocal tract. Consistent with nonlin-
ear dynamics, rounded vowels such as /o, uw/ using a
wide open pharynx as in the case of VFE, have been
shown to decrease vocal fold adduction. Open vowels
such as /a, &/ using a narrow pharynx and high larynx,
as in PhoRTE, have been shown to cause greater vocal
fold adduction. In the population of interest, increased
adduction is a desired laryngeal target. Perhaps a reduc-
tion in the glottal half-width due to increased adduction
lowered the required subglottal pressure and resulted in
a decrease in perceived phonatory effort.>”-3°

Whereas improvement in V-RQOL scores was
accompanied by numerical decreases in PPE in both
treatment groups, the no-treatment control group exhib-
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ited the opposite finding. For that group, pre- to post-
treatment PPE actually increased slightly, even with
anchoring the posttreatment estimation of phonatory
effort to pretreatment ratings. In light of that finding,
elderly individuals who forego therapy seem to employ
increased muscle tension at the level of the glottis to
achieve phonatory closure during voicing.

Given these preliminary findings, PhoRTE may
have a slight advantage over VFE for producing benefit
from a physiologic perspective because it demands a
higher intensity of effort, which better addresses the
overload principle required to induce neuromuscular
changes in strength.*® Increased neuromuscular activ-
ity of both the respiratory and laryngeal systems from
PhoRTE should lead to even greater improvement in
respiratory and laryngeal biomechanics than VFE, ulti-
mately causing a significant reduction in PPE. Further-
more, phonatory efficiency from a megaphone-shaped
vocal tract configuration may have also contributed to
decreased phonatory effort.?” Additionally, inclusion of
task-specific exercises, as used in PhoRTE, to address
the exercise training principle of specificity and pro-
mote carryover may result in a greater change in
respiratory and laryngeal biomechanics during conver-
sational speech. Consequently, phonatory effort for the
PhoRTE group should demonstrate a larger change
than VFE.
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TABLE IV.

Individual and Group Means, Standard Deviations, and P Values for the VFE and PhoRTE Groups on Weekly Practice Log (% completed)
and Posttreatment Satisfaction Questionnaire.

Treatment Satisfaction

Adherence Like Voice Therapy
Group/Participant Week 1-4 Therapy Change Cause
VFE
1 78.0 4 4 2
3 79.6 3 3 1
9 100.0 4 5 3
10 95.8 3 4 3
13 87.5 3 4 2
17 94.8 3 4 3
Mean (SD), n=6 89.3 (9.0) .3 (.52) 3.9 (.66) 2.3 (.82)
PhoRTE
6 100.0 3 4 2
7 17.5 3 5 3
8 56.3 4 4 2
11 96.5 5 4 3
20 100.0 4 5 3
Mean (SD), n=5 74.1 (36.6) 3.8 (.84) 4.4 (.55) 2.6 (.55)
Test statistic t (4.407) = 0.908* t(Q)=-1.137* t(9)=—1.297* t(9)=—-0.621*
P value, two-tailed 411 285 .227 550

Note. For “like therapy” scale, 1 =not at all; 2 = somewhat; 3 = moderate; 4 = very much; 5 = extremely. For “voice change” scale, 1= got a lot worse;
2 =got a little worse; 3 =no change; 4 = got a little better; 5= got a lot better. For “therapy cause” scale, 1= voice therapy probably irrelevant to voice
change; 2 = voice therapy may have caused voice changes; 3 = voice therapy definitely caused voice changes.

*From independent samples t test.

PhoRTE = phonation resistance training exercise; SD = standard deviation; VFE = vocal function exercises.

In addition to the foregoing results, this study
investigated adherence to home treatment recommenda-
tions in this population. Participants in both VFE and
PhoRTE appeared to exhibit fairly regular practice of
their home programs, a finding that is consistent with
published literature.!” Although self-report may be inac-
curate, in the absence of any clear difference in mean
practice between the VFE and PhoRTE groups, the most
straightforward interpretation is that improvements in
V-RQOL are not likely strongly related to treatment
adherence.

Accordingly, although not significant, PhoRTE prac-
ticed less than VFE and yet consistently perceived
greater satisfaction with the therapy they received. This
finding supports a model of voice therapy in which treat-
ment efficacy is optimized by a combination of biome-
chanical, learning, and adherence factors.*! Specifically,
the high intensity component of PhoRTE may necessi-
tate less practice time than VFE to generate neuromus-
cular changes in muscle strength. Furthermore, the
inclusion of functional speech tasks may promote fast
learning because it addresses task-specificity and gener-
alization to extra-therapy situations. In addition, prac-
tice of functional speech tasks for transfer of therapy
techniques to unique communication situations, as well
as the emphasis on increased vocal intensity to
addresses a key patient concern— reduced loudness—
may both increase self-efficacy and lead to improved
treatment adherence.
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Limitations and Future Aims

This study was designed to develop preliminary
data to support the use of voice therapy for a subset of
people with voice complaints secondary to presbylaryng-
eus. It was also designed to support the use of an alter-
native therapy that was based on high-intensity vocal
exercise in the treatment of presbyphonia. Accordingly,
one of the aims of the study was to develop an effect size
for future research into the therapeutic treatment of
presbyphonia. A limitation of this study is thus the
small number of participants. Yet another limitation,
although a no-treatment control group was included in
the experimental design to determine the influence of
time, was the lack of an experimental treatment control
group, which would have provided evidence on whether
the perceived change was due to a placebo effect. Addi-
tionally, a longitudinal study that follows participants
for more than six weeks is necessary to assess mainte-
nance of treatment effects. Future studies should include
a larger sample size, incorporate a placebo treatment,
and follow participants longitudinally. In addition,
future studies should assess differences in vocal load
between VFE and PhoRTE, as well as pre- to posttreat-
ment changes in acoustic and aerodynamic parameters.

CONCLUSION
Indications from this study on voice therapy in indi-
viduals with presbyphonia are that behavioral
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approaches are effective in the management of age-
related voice problems. The study provides further pre-
liminary evidence that individuals with presbyphonia
may benefit from various therapeutic approaches for
which patients express treatment satisfaction. Finally,
this study contributes additional support to a previous
finding that individuals with presbyphonia regularly
practice voice exercises and exhibit good adherence to
treatment recommendations.
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Systematic Review

Cricopharyngeal Dysfunction: A Systematic Review Comparing
Outcomes of Dilatation, Botulinum Toxin Injection, and Myotomy

Pelin Kocdor, MD; Eric R. Siegel, MS; Ozlem E. Tulunay-Ugur, MD

Objectives: Cricopharyngeal dysfunction may lead to severe dysphagia and aspiration. The objective of this systematic
review was to evaluate the existing studies on the effectiveness of myotomy, dilatation, and botulinum toxin (BoT) injection
in the management of cricopharyngeal dysphagia.

Methods: PubMed and Web of Science databases were searched to identify eligible studies by using the terms
“cricopharyngeal dysfunction,” “cricopharyngeal myotomy,” “cricopharyngeal botox,” “cricopharyngeal dilation,” and their com-
binations from 1990 to 2013. This was supplemented by hand-searching relevant articles. Eligible articles were independently
assessed for quality by two authors. Statistical analysis was performed.

Results: The database search revealed 567 articles. Thirty-two articles met eligibility criteria and were further eval-
uated. The reported success rates of BoT injections was between 43% and 100% (mean =76%), dilation 58% and 100%
(mean = 81%), and myotomy 25% and 100% (mean = 75%). In logistic regression analysis of the patient-weighted averages,
the 78% success rate with myotomy was significantly higher than the 69% success rate with BoT injections (P =.042),
whereas the intermediate success rate of 73% with dilation was not significantly different from that of either myotomy
(P=.37) or BoT (P=.42). There was a statistically significant difference between endoscopic and open myotomy success
rates (P =.0025). Endoscopic myotomy had a higher success rate, with a 2.2 odds ratio.

Conclusions: The success rate of myotomy is significantly higher than the success rate of BoT injections in cricophar-
yngeal dysfunction. Moreover, endoscopic myotomy was found to have a higher success rate compared to open myotomy.

Key Words: Cricopharyngeal dysfunction, cricopharyngeal myotomy, cricopharyngeal botox, cricopharyngeal dilation.

» o« » o«

Level of Evidence: NA

Laryngoscope, 00:000-000, 2015

INTRODUCTION

Cricopharyngeal (CP) muscle dysfunction can lead
to dysphagia, aspiration, and weight loss, causing signif-
icant morbidity and reduced quality of life.' Etiologies
are numerous and include the general categories of ana-
tomic (cricopharyngeal bar), neuromuscular (central,
peripheral, or myogenic), iatrogenic, inflammatory, neo-
plastic, and idiopathic (Table I).2 The role of the CP
muscle in swallowing has been well established. In 1717,
Valsalva first described the anatomy of the cricophar-
yngeus muscle, which was further clarified by Killian in
1907.2 CP dysfunction has been attributed mainly to the
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disordered opening of the CP muscle, which is the main
component of the upper esophageal sphincter (UES).
The opening of the UES necessitates three factors: neu-
ral inhibition of tonic intrinsic sphincter muscle contrac-
tion, anterior-superior laryngeal elevation that leads to
the mechanical distraction of the UES, and passive
stretching of the intrinsic sphincter muscles as the bolus
passes.*® A heterogeneous spectrum of disorders can
lead to CP dysfunction, including failure of neural inhi-
bition of tonic CP contraction, weakness of pharyngeal
muscles with reduced laryngeal elevation and UES open-
ing, as well as decreased compliance of the CP muscle,
such as due to radiation fibrosis.

Various preoperative techniques can be used for
diagnosis (Table II). The most important component has
been a thorough history. In most centers this is followed
by a videofluoroscopic swallowing study (VFSS) and
manometry. These not only demonstrate the dysfunc-
tional UES, but also demonstrate laryngeal elevation, the
strength of the pharyngeal muscles, and laryngeal pene-
tration or aspiration. Although some authors find
manometry cumbersome and of limited value,®” others
strongly advocate the use of it, especially if coupled with
fluoroscopy.® 1! Manofluoroscopy, which ensures improved
sensor placement, also allows assessment of pressures at
known sensor locations during swallowing. %1213 It is still

Kocdor et al.: Cricopharyngeal Dysfunction
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TABLE I.
Causes of Cricopharyngeal Dysfunction.

Central nervous system
Cerebellar infarct
Brain stem infarct
Parkinsonism
Amyotrophic lateral sclerosis
Base of skull neoplasm
Peripheral nervous system
Peripheral neuropathy
Diabetic neuropathy
Bulbar poliomyelitis
Myasthenia gravis
Neoplasm
Cricopharyngeal muscle
Polymyositis
Oculopharyngeal muscular dystrophy
Hyperthyroidism
Hypothyroidism
Cricopharyngeal disruption
Laryngectomy
Supraglottic laryngectomy
Radical oropharyngeal resections
Pulmonary resections
Cricopharyngeal spasm
Hiatal hernia
Gastroesophageal reflux
Idiopathic cricopharyngeal achalasia

Adapted from Halvorson DJ.*°

not available and not a part of the workup in many insti-
tutions. Poirier et al. advocate the use of manometry to
assess the physiological abnormalities at the pharyngoe-
sophageal junction, but do not use it as an indication for
surgical treatment.'* Electromyography has been used by
some authors to diagnose swallowing disorders.'®6
Numerous treatments exist for CP dysfunction,
including swallowing therapy, CP dilation, injection of
botulinum toxin, and CP myotomy. The traditional surgi-
cal treatment for CP dysfunction has been CP myotomy
through a transcervical approach. To minimize the com-
plications of an open approach, endoscopic CP myotomy
was introduced using the potassium-titanyl-phosphate
laser (wavelength, 532 nm) by Halvorson and Kuhn in
1994.'7 Subsequently, carbon dioxide laser (wavelength,
10,600 nm) gained favor because of its ability to coagu-
late small vessels and minimize thermal damage.!
Blitzer and Brin first presented on the use of in-
office botulinum toxin (BoT) injections in 1993 as an
alternative to surgery for the treatment of UES dysfunc-
tion.'® In most cases, BoT has been injected under endo-
scopic visualization and general anesthesia, whereas less
has been reported on percutaneous BoT injections under
electromyographic guidance and local cutaneous anes-
thesia.’® The range of BoT doses reported per injection
varies from 10 U to 100 U.%° Bougienage has been used
in the treatment of anatomic esophageal strictures for

decades.?! The commonly used approaches are bougies,
wire-guided polyvinyl dilators, air-filled pneumatic dila-
tation, and water-filled balloon dilatation with or with-
out endoscopy guidance.??

CP dysfunction can be challenging diagnostically
and in regard to the identification of the best treatment
modality for a given patient. The scope of this article
was to systematically review the literature regarding CP
muscle interventions, specifically myotomy, injection of
BoT, and dilation of the CP muscle for the treatment of
CP dysfunction in adult patients.

MATERIALS AND METHODS

The literature search was performed according to the guide-
lines of the Cochrane Collaboration for systematic reviews in
PubMed and Web of Science using a time frame from January
1990 until March 2013. Only literature published in English was
considered. The search included the following keywords:
“cricopharyngeal  dysfunction,” “cricopharyngeal myotomy,”
“cricopharyngeal botox,” “cricopharyngeal dilation,” and their
combinations. The inclusion criterion for the studies was for the
main focus of the article to be on the success rate and complica-
tions of the treatment modality. Bibliographies were manually
reviewed to obtain additional articles of relevance. Reviews, edi-
torials, case reports with less than four patients, articles with
nonhuman data, duplicate publications, and articles on the pedi-
atric patient population were excluded. Articles describing CP
dysfunction attributed directly to Zenker’s diverticulum and/or
requiring diverticulectomy were also excluded. Articles with one
specific etiology (except CP achalasia) as the reason for crico-
pharyngeal dysfunction were excluded; articles with heterogene-
ous etiology were included in the study.

The eligible articles were assessed for quality using the
modified Downs and Black scale,?® which is a validated check-
list for randomized and nonrandomized studies. Any data
extraction or assessment disagreements or inconsistencies were
resolved through discussion and consensus.

Statistical Analysis

The average success rate of each procedure was calculated
two ways: 1) as the crude (unweighted) average of reported suc-
cess rates across articles and 2) as the patient-weighted average
calculated as the total number of reported successes divided by
the total number of treated patients. For logistic regression, the
events/trials syntax was used, in which “events” and “trials”
respectively represented the number of successes and number
of patients in each article; this means that the logistic regres-
sion was effectively comparing patient-weighted averages
between procedures. Additionally, the procedures were scored
for invasiveness as botulinum toxin =low, dilation = medium,
and myotomy = high, and the trend in success rate with inva-
siveness was assessed via the Cochran-Armitage trend test.
These analyses assessing success rates were also used for com-
plication rates. SAS version 9.3 (SAS Institute, Cary, NC) was
employed for all analyses, and a P <.05 significance level was
employed for all comparisons.

RESULTS

Study selection identified 567 reference articles; of
these 42 met eligibility criteria. An additional five poten-
tial relevant reports were identified through scanning
reference lists. Ultimately, 32 articles were included in
the analysis. Thirteen articles were excluded for the
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