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MEMBERS IN ATTENDANCE AT THE EIGHTY-NINTH ANNUAL MEETING

 Row 1. Gregory Grillone, Peter Koltai, Ellen Deutsch, Jamie Koufman, Andrew Blitzer, Dana Thompson, Gregory Postma,
Leora Loy.

 Row 2. Steven Zeitels, Marvin Fried, Michael Setzen, Eiji Yanagisawa, Nicolas Maragos, Diana Orbelo, Martin Birchall,
Paul Castellanos.

 Row 3. John Tucker, Jean Abitbol, Peak Woo, Gady Har-El, Michael Pitman, Ahmed Soliman, Robert Toohill, Joel Blumin.
 Row 4. Steffen Maune, Clarence Sasaki, Yolanda Heman-Ackah, Kenneth Altman, Dinesh Chhetri, Edward Damrose.
 Row 5. Daniel Brasnu, Mona Abaza, Robert Stachler, Lee Akst, Marshall Smith.
 Row 6. Libby Smith, Dana Hartl, Gresham Richter, Julie Wei, Clark Rosen, Blake Simpson, Milan Amin, Natasha Mirza,

Melissa Mortensen.
 Row 7. Michael Hinni, Michael Broniatowski, Alessandro de Alarcon, Craig Zalvan, James Burns, Randal Paniello,

J. Pieter Noordzij.
 Row 8. Seth Dailey, Marc Remacle, John Schweinfurth, William Hudson, David Sanderson, Michael Rutter, Charles Koopman, 

Nikki Johnston, Stacey Halum.
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Spring 2009 ABEA Council Meeting Minutes

Attending: Milan Amin, MD Jamie Koufman, MD
 Andrew Blitzer, MD, DDS Gregory Postma, MD
 James Burns, MD Marc Remacle, MD
 Mark Courey, MD Michael Rothschild, MD
 Ellen Deutsch, MD Clarence Sasaki, MD
 Gregory Grillone, MD Michael Setzen, MD
 Peter Koltai, MD Dana Thompson, MD

  Excused were J. Scott McMurray, MD, and Ian Jacobs, MD.
  The minutes from September 20, 2008, were approved.
 I. PRESIDENT’S REPORT — JAMIE KOUFMAN, MD
   1. Laryngopharyngeal reflux is a big problem. We don’t need a referendum that limits treatment op-

tions.
   2. Third party payers won’t pay for treatment.
   3. A fundamental transformation of medicine as we know it is coming soon. The desire for “the best” 

through specialism has fractured doctoring into tiny boxes in which many patients don’t fit.
   4. There was a discussion about these issues and it was proposed that we send a statement to David 

Nielsen and the AAO board. Dr Setzen will be attending the meeting.
   5. Dana Thompson, Ellen Deutsch, and Scott McMurray are on the committee; this means three pedi-

atric otolaryngologists but no adult representation. Assignments will be made by the Academy.
   6. As ABEA we need to draft a document. Dr Koufman proposed preparing a letter stating the position 

of ABEA.
   7. The document could be in the Fall White Paper and presented at the AAO meeting. We don’t want 

to irritate the membership and AAO.
   8. The ABEA has a proud heritage as a leader in aerodigestive tract medicine, especially diagnostic and 

therapeutic endoscopy. Historically the ABEA has shown the ability to periodically reinvent itself.
   9. Dr Setzen as a chair of the Professional Liability and Coordinator of Practice Affairs on the Board 

of AAO said that he could convey the sentiments of ABEA. We need formal responses from the 
Council and greater responses of senior otolaryngologists.

  10. Dr Setzen said that GIs are powerful in influencing issues in sleep apnea, cough, age, hoarseness, 
and dysphagia. This will be discussed at the June 6 meeting. Dr Setzen will send Dr Koufman a 
statement of ABEA.

  11. Dr Koufman proposed that we have a three-year cycle on committees to involve young people in 
ABEA and add additional input and new ideas.

  12. There was a discussion about how long individuals should be on committees and how we can expand 
our current Council.

  13. Dr Deutsch as Vice President is to come up with the mechanics to rotate committees. An ad hoc com-
mittee was approved. Dr Deutsch is willing to do this and would like a small group. Dr Rothschild 
is willing to help. This will be a committee position of ABEA and was approved. 

 II. PRESIDENT-ELECT’S REPORT — ANDREW BLITZER, MD, DDS
  1. Dr Blitzer said these are hard economic times. How do we increase attendance? He suggested that 

we have joint meetings with ABEA, ALA, and our European counterparts rather than competing 
with each other.

  2. Dr Remacle said the ELS would like to have joint meetings, perhaps every four years, every two 



years in America and every other two years in Europe. ELS would sponsor the program when in 
Europe and ABEA would sponsor when in America, with the first meeting in Europe in 2012. 

  3. The Presidents of the three organizations could share the Presidency for this common meeting. 

  4. We need to make sure that these meetings don’t conflict with other societies. 

  5. In America we could start the meeting one day before COSM begins. We could have breakout ses-
sions with a combined full day meeting at COSM. 

  6. It was proposed that the Secretary work this out with the SLC Board. 

  7. Dr Blitzer will discuss this at the ALA Board meeting today to see if they are willing to join. 

 III. VICE-PRESIDENT’S REPORT — ELLEN DEUTSCH, MD
  1. Dr Deutsch represents the ABEA on the AAO-HNS Guidelines Development Task Force, chaired 

by Richard Rosenfield, MD, MPH. Last year ABEA’s proposal for a guideline addressing hoarse-
ness was selected for production, which is supported by the AAO-HNS. 

  2. Dr Deutsch also represents the ABEA in the hoarseness multidisciplinary work group, which has 
been constructing the clinical guideline content. They are reviewing relevant literature and drafted 
the recommendations. They have reviewed the process and the content in discussions twice by con-
ference call and twice during face-to-face group meetings in Alexandria, Virginia, at the AAO-HNS 
headquarters. This process has been rigorous and methodical, and a draft should be available soon 
for review by representatives of ABEA and other ORL and non-ORL societies. 

  3. At the most recent meeting of the Development Task Force in March, Dr Deutsch proposed dys-
phagia as the topic for another multi-specialty guideline. Drs Courey, Amin, Setzen, and Postma 
all contributed to creating the presentation. Using a formal scoring system, this topic was narrowly 
defeated by a proposal addressing tonsillectomy, but may be reconsidered in the future. 

  4. Dr Deutsch explained that any member of ABEA can submit a topic for consideration for a multi-
specialty or single specialty clinical guideline. There is a formal application available on the AAO-
HNS website, http://entnet.org/Practice/upload/GDTF-Topic-Submission-Form-5-2008-2.doc. 

  5. Dr Deutsch will be willing to work with any ABEA member who has a suggestion for a topic at the 
next AAO-HNS meeting this fall.

 IV. TREASURER’S REPORT — GREGORY POSTMA, MD
  1. Dr Postma provided a financial report. He said that we lost 13% on Mellon. The report was re-

viewed. 
  2. The audit committee will be Dr James Burns and a non-Council member. They will report at the 

business meeting.
 V. EDITOR’S REPORT — MICHAEL ROTHSCHILD, MD
  1. Dr Rothschild said that publication of the 2008 Transactions is on schedule. We are only missing 

one manuscript, and all of the other material has been accounted for. 
 VI. SECRETARY’S REPORT — PETER J. KOLTAI, MD
  1. Dr Koltai said he is completing his fourth year as secretary and as editor of the Newsletter. Dr Kol-

tai suggested that perhaps we should have a Newsletter Committee. 
  2. Dr Koltai has worked with four outstanding Presidents, Jonathan Aviv, Gady Har-El, Clarence Sa-

saki, and Jamie Koufman. Under their leadership the ABEA has continued to thrive and grow as 
the professional society serving the needs of laryngologists, head and neck surgeons, pediatric oto-
laryngologists, and of course general otolaryngologists — dedicated men and women who carry 
on the hard work and heroic legacy of Chevalier Jackson. Dr Koltai has appreciated his time on the 
Council and the people he has worked with.

  3. Dr Koltai selected two wonderful historical essays for this edition of the Newsletter. The first article 
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is by Henry Heimlich on his development of the Heimlich maneuver.  It is a wonderful narrative 
of curiosity, creativity, shrewdness, and hard work. The second is an essay by Dr Wayne Hellman, 
an anesthesiologist whose father had a bronchial foreign body removed by Chevalier Jackson in 
1916. This is a touching family story that highlights the morbid nature of airway foreign bodies at 
the beginning of the 20th century and of the character of our founding father.   

  4. Dr Koltai reported that Jerry Goldstein has been chair of COSM’s Secretary’s Liaison Committee 
(SLC) since 1994. Dr Goldstein’s term will end officially in 2011. Dr Goldstein has recommended 
that his successor be someone who has attended the SLC meetings as a Secretary and emphasized 
the importance of the future Chair having an impartial relationship with all societies. He also rec-
ommended that the process of succession begin soon in order to guarantee a smooth transition. At 
the last meeting of SLC in September 2008 it was agreed that a successor would ideally be place in 
2010 so that the elected individual would have one year to begin the transition alongside Dr Gold-
stein. Each Society is being asked to submit candidates at the 2009 Spring Meeting. The ABEA is 
nominating Dr Stanley Shapshay. Final candidates will be required to submit credentials for the 
members to review and will be interviewed in the fall of 2009. 

  5. Dr Koltai reported that the revenue for COSM was $796,217 and the net profit for 2008 is $85,463. 
This has increased significantly since ACS began managing the meeting in 2005, allowing the prof-
its to recoup from a deficit of $73,955 in 2004. The SLC has agreed that the reserve should be kept 
within the COSM fund until the amount of ideal reserve of $400,000 to $500,000 is met, after which 
the profits will be distributed among the various COSM societies. At the 2008 meeting in Orlando 
there were a total of 1,978 registered MDs, allied health, guests, and exhibitors registered. 

  6. Beginning with this COSM (2009) the exhibit hours will be Thursday through Saturday 9:00 AM 
to 4:00 PM in order to increase the attendance in the exhibit halls. 

  7. There is concern that new conflict of interest legislation pertaining to industry may have an effect 
on COSM finances, and it has been noted that there has already been a decrease in meeting spon-
sorships. 

  8. A new Secretary will be nominated at the business meeting and should plan to attend the SLC meet-
ing at 5:00. 

  9. Dr Koltai is President-Elect of ASPO.
  10. Future COSM meetings:
   a. 2010 — May 12-16, Bally Hotel, Las Vegas, NV 
   b. 2011 — April 28–May 1, Sheraton Chicago Hotel and Towers, Chicago, IL 
   c. 2012 — April 18-22, Manchester Grand Hyatt, San Diego, CA
 VII. DEVELOPMENT — CLARENCE SASAKI, MD
  1. Dr Sasaki has embarked on fund raising and proposes it be called the President’s Circle. He has 

contacted previous Presidents and has collected $9,000.00. He is willing to continue this if the 
Council approves. 

  2. These funds could be used to support our educational meetings, and getting our panels published 
in the Annals. He would be willing to pursue this possibility with the Annals.

  VIII. PROGRAM COMMITTEE — DANA THOMPSON, MD
   1. Dr Thompson reported that a very exciting Annual Meeting and Scientific Program have been 

planned. 
   a. Dr Martin Birchall, the senior author of the first stem cell tracheal transplantation, will speak 

to the Scientific Meeting about the work and update us as to the progress one year later. To go 
along with this there will be two sessions devoted to tissue engineering of the larynx and tra-
chea. 

   b. The Scientific Session will be devoted to understanding the evolving role of vagal nerve func-
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tion and dysfunction in laryngotracheal and bronchoesophagologic diseases. 

   c. Dr Clarence Sasaki will deliver the Chevalier Jackson Lecture on a related topic.

   d. The Institute of Laryngology and Voice Restoration Panel will provide a multidisciplinary over-
view of the aerodigestive manifestations of eosinophilic esophagitis. 

   e. The second panel will cover state-of-the-art management of vocal fold cysts and their seque-
lae. 

   f. Dr Chevalier Jackson, the founder and first president of ABEA, is revered as the grandfather 
and creator of bronchoesophagology. Dr Jackson’s oldest living patient, Mr Pepa, will be the 
Presidential Guest of Honor and will briefly speak about his experience being a patient of Dr 
Jackson and will present photos from his time in the tracheotomy ward. 

   g. We have 86 podium presentations and 33 posters scheduled. There were a total of 137 submis-
sions. 

   h. Leora will arrange to have both panels recorded.

 IX. FOREIGN BODY ABSTRACTS — DANA THOMPSON, MD
  1. Nothing to report.

 X. AWARDS AND THESIS COMMITTEE — CLARENCE SASAKI, MD
  1.  Dr Sasaki reported that the winners of the 2009 awards are:
   a. Steven Dean Gray Research Award — Wataru Okano.
   b. Seymour Cohen Award — Kiminori Sato, for pediatric laryngology and broncho-esophagolo-

gy.
   c. Presidential Citation for Foreign Body Award — Steven Zeitels.
   d. Broyles-Maloney Award — Nikki Johnston.
 XI. PHARYNGEAL-ESOPHAGEAL COMMITTEE — MILAN AMIN, MD
  1. Dr Amin reported on the panel write-up from last year’s Reflux Panel.
 XII. NEW TECHNOLOGY — SCOTT MCMURRAY, MD  
  1. Not in attendance.
 XIII. RESEARCH AND EDUCATION — MARK COUREY, MD
  1. Nothing to report.
 XIV. INTERNATIONAL COMMITTEE — MARC REMACLE, MD
  1. Dr Remacle said the ELS representatives in our working group are:
   a. Mario Andrea is in charge of ELS foreign affairs. 
   b. Frederik Dikkers, ELS General Secretary. 
   c. Hans Eckel, ELS President. 
   d. Marc Remacle, Past Secretary and Councilor.
  2. A discussion of the joint meetings with ABEA, ALA, and ELS was discussed in detail in the Pres-

ident-Elect’s Report.
 XV. BOARD OF GOVERNORS  — GREGORY GRILLONE, MD
   Nothing to report.
 XVI. WEBMASTER — MICHAEL ROTHSCHILD, MD
  1. Dr Rothschild reported that he is able to host and maintain the ABEA web site (www.abea.net) 
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without difficulty. 
  2. The abstract submission database is now being managed by Marc Steele, who runs the abstract 

databases for ASPO and SENTAC. So far, this is working well. 
  3. We have two endoscopic video clips on the web site (the 2005 and 2006 Foreign Body Awards), 

as well as the full audio from our two panels at the 2008 Spring Meeting on endoscopic laser re-
section of laryngeal cancer and laryngopharyngeal reflux.

 XVII. DIFFICULT AIRWAY — IAN JACOBS, MD
  1. Dr Jacobs said there is nothing new for this upcoming meeting.
 XVIII. FOREIGN BODY — DANA THOMPSON, MD
  1. Nothing to report.
 XIX. ONCOLOGY COMMITTEE — JAMES BURNS, MD
  1. Plans for an ABEA-sponsored mini-seminar at the annual meeting of the AAO-HNS in San Diego 

in October. This mini-seminar, entitled “State-of- the-Art Endoscopic Management of Larynx and 
Pharynx Cancer,” has been accepted by the Program Committee. Panelists include Bruce Haughey, 
Greg Weinstein, Steven Zeitels, and James Burns as moderator. 

  2. The ABEA’s position statement based on last year’s COSM panel entitled “Endoscopic Laser Re-
section of Laryngeal Cancer: Is It Oncologically Safe? A Position Statement from the American 
Broncho-Esophagological Association” was accepted for publication in the Annals.

 XX. COUNCIL MEMBERS AT LARGE — MICHAEL SETZEN, MD
  1. Dr Setzen will address our issues with the AAO Board.
 XXI. SSAC REPORT — IAN N. JACOBS, MD
   1. Dr Jacobs reported as follows on the Specialty Society Advisor Council (SSAC): 
   a. The mission is to convene the otolaryngology specialty societies as a conduit for improved 

communication and identification of shared opportunities. The primary rule is to serve as a 
consultant voice for specialty issues to the AAO-HNS level. 

   b. There will be one representative from each of the specialty societies. The council of each so-
ciety will elect one of its council members to serve out a 3-year term in the SSCA. This would 
provide continuity, expertise, and leadership.

    i. It was recommended that each society identify their new representative one year in advance 
of the transition to allow for shadowing and issue familiarization. 

   c. The Advisory Council will serve as the issue/agenda driver and will be staffed and supported 
by senior staff within the AAO-HNS. The Advisory Council will meet a minimum of twice a 
year. Additionally, two conference calls will balance the need to meet quarterly.

   2. Dr Jacobs reported that they did meet by phone conference in January, when they discussed the 
SSCA mission and a number of timely issues, including the diminishing workforce in otolaryn-
gology, as well as potentially collaborating on educational materials for Academy University. 

  3. The Council met in Washington, DC, on March 21, 2009. Dr Glenn Issacson attended in Dr Ja-
cobs’s absence to represent the ABEA. 

  4. The Council met by two conference calls in May 2009 to amend the By-Laws. 

  5. One important issue was the ex officio status of the chair and the chair not being a representative 
for a specialty organization and the duration of terms of the chair and chair elect/past chair to as-
sure continuity and optimal leadership. 

  6. The next Council meeting will be at the AAO-HNS meeting in San Diego. 

  7. Dr Isaacson submitted the meeting agenda and comments from the meeting inWashington, DC.
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   a. A roundtable discussion of the missions of each subspecialty society and its purpose in par-
ticipating in the SSAC. There is a need to consolidate rather than splinter our influence. Edu-
cational missions and political influences were emphasized. 

   b. Total ENT workforce is stable in size since the 1900s with restriction on PGY-1 slots by  
Medicare. Effect is an ever-decreasing and aging workforce with approximately 2.5 ENTs per 
100,000 population; 7,500 total in practice, 6,500 members of AAO-HNS. 

   c. Fewer than 50% of ENTs are women. The effect of more women and part-time men on work-
force was discussed. 

   d. Dr Pillsbury gave evidence of growth of ENT as an office-based (rather than surgical) spe-
cialty. 

   e. There was a discussion of the potential role of Academy University as a one-stop shop for CME. 
There is concern that the value of their intellectual property courses would not be returned to 
the societies if education were centralized. 

   f. SSAC representatives were invited to participate in the AAO-HNS executive conference 
call. 

   g. Two voting seats for SSAC representatives on the AAO-HNS Board have been designated and 
are awaiting ratification by the vote of the AAO membership this year.

   Adjourned at 5:50 PM.
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ACCOUNTANTS’ COMPILATION REPORT
To the Board of Directors of the American
Broncho-Esophagological Association, Inc:

We have compiled the accompanying statement 
of assets and unrestricted net assets-cash basis of 
the American Broncho-Esophagological Associa-
tion, Inc (a nonprofit organization) as of December 
31, 2008, and the related statement of unrestricted 
revenues, expenses, and other changes in unrestrict-
ed net assets-cash basis for the year then ended, in 
accordance with Statements on Standards for Ac-
counting and Review Services issued by the Ameri-
can Institute of Certified Public Accountants. These 
financial statements have been prepared on the cash 
basis of accounting, which is a comprehensive ba-
sis of accounting other than generally accepted ac-
counting principles.

A compilation is limited to presenting in the form 
of financial statements information that is the rep-
resentation of management. We have not audited 
or reviewed the accompanying financial statements 
and, accordingly, do not express an opinion or any 
other form of assurance on them. However, we did 
become aware of a departure from the cash basis of 
accounting that is described in the following para-
graph.

Investments have been stated at market value, 
which is not considered a generally accepted modi-
fication of the cash basis of accounting. The effects 
of this departure from the cash basis of accounting 
on the accompanying financial statements have not 
been determined.

Management has elected to omit substantially all 
of the disclosures ordinarily included in financial 
statements prepared on the cash basis of account-
ing. If the omitted disclosures were included in the 
financial statements, they might influence the user’s 
conclusions about the organization’s financial posi-
tion and changes in net assets. Accordingly, these 
financial statements are not designed for those who 
are not informed about such matters.
 Piccerelli, Gilstein & Company, LLC
 Providence, Rhode Island
 April 27, 2009

AMERICAN BRONCHO-ESOPHAGOLOGICAL
ASSOCIATION, INC

STATEMENT OF ASSETS AND UNRESTRICTED
NET ASSETS

CASH BASIS DECEMBER 31, 2008

ASSETS
Checking account $9,186
Savings account 246,356
Investments — Mellon Private Capital
 Management 146,084
Total assets 401,626
TOTAL UNRESTRICTED NET ASSETS $401,626

See Accountants’ Compilation Report.
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AMERICAN BRONCHO-ESOPHAGOLOGICAL
ASSOCIATION, INC

STATEMENT OF UNRESTRICTED REVENUES,
EXPENSES, AND OTHER CHANGES IN 

UNRESTRICTED NET ASSETS
CASH BASIS FOR THE YEAR ENDED

DECEMBER 31, 2008

REVENUES
 Dues 44,475
 Registration 17,373
 Interest income 2,579
 Investment income — Mellon Bank 7,206
 Realized gain on sale of securities 949
Total revenues 72,582
EXPENSES
 Meetings
  AAO-HNS council meeting 4,159
  COSM meeting 27,537
 Awards and grants
  Chevalier Jackson 1,750
  Broyles Maloney 1,500
  Seymour Cohen 1,000
  Matthew Dickson 750
 Annals 12,556
 Secretarial support 15,500
 Professional services 4,107
 Trustee fees 456
 Bank service charges 40
 Foreign tax payments 53
 Office supplies 134
 Unrealized loss on investments —
  Mellon Bank 52,954
Total expenses 122,496
CHANGE IN UNRESTRICTED NET ASSETS (49,914)
UNRESTRICTED NET ASSETS
JANUARY 1, 2008 $451,540
UNRESTRICTED NET ASSETS
DECEMBER 31, 2008 $401,626

See Accountants’ Compilation Report.
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PRESIDENTIAL ADDRESS

SPECIALIZATION: WHEN BEING THE BEST ISN’T GOOD ENOUGH

JAMIE A. KOUFMAN, MD

Dear members and guests of the American Bron-
cho-Esophagological Association, it has been my 
honor and pleasure to be President of this society. 
During this past year, among other things, I have 
examined the advantages, disadvantages, and in-
fluences of medical specialization on health care in 
America with a particular focus on how this impacts 
our patients with aerodigestive tract symptoms. The 
title of my talk is “Specialization: When Being the 
Best Isn’t Good Enough” because I believe that med-
ical over-specialization is a problem. Many complex 
cases have a committee of non-communicating doc-
tors with no one actually taking responsibility for 
the patient’s care. Here is a multiple-choice question 
for your consideration that makes the point.

A 55-year-old school teacher has had chronic 
cough and vocal fatigue since the onset of symp-
toms with an upper respiratory tract infection in 
1997. Which is the best doctor to diagnose and treat 
her problems? A) Pulmonologist, B) Otolaryngolo-
gist, C) Gastroenterologist, D) Allergist, or E) None 
of the above?

With a normal chest x-ray, the patient’s primary 
care doctor sends the chronic cough patient to a pul-
monologist for evaluation. The lung doctor does a 
PPD, spirometry, bronchoscopy, and finds nothing. 
Thinking that the patient might have “atypical reflux 
disease” (laryngopharyngeal reflux; LPR), the pul-
monologist sends  the patient to an otolaryngologist, 
who examines the patient and concurs that the diag-
nosis may be LPR. So, the otolaryngologist refers 
the patient to a gastroenterologist, who performs 
upper endoscopy, and finding a normal esophagus, 
declares the patient does not have reflux disease. 
The GI doctor speculates that the likely cause of the 
patient’s cough is allergy, and therefore, the patient 
is sent to an allergist-immunologist. The latter phy-
sician, finding no allergies, sends the patient back to 
the primary care physician. So, the correct answer to 
the question above is “E) None of the above.”

You may not know this, but chronic cough is one 
of the most common symptoms for which a patient 
seeks medical attention in the United States. Chronic 

cough patients, most often referred to me by gastro-
enterologists and pulmonologists, account for 20% 
of my practice. Indeed, in my experience, these pa-
tients are often passed from doctor to doctor; and 
even though they are referred to me for evaluation 
for LPR, not all of them have reflux, but the ma-
jority do. There are many patients who have reflux 
as the only cause of cough and those patients, even 
on proton pump inhibitors and other medications, 
may continue to have cough for as long as they have 
reflux, even neutral-pH reflux. Such patients often 
will tell you that reflux is the cause of their cough. 
They may report, for example, that they have regur-
gitation when they bend over, that they cough after 
meals, and that they sometimes awake in the night 
from a sound sleep coughing violently and gasping 
for air.

In addition to LPR-related coughers, there is a 
significant group of patients who have “neurogenic 
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cough,” which is a kind of “sick nerve syndrome” 
usually related to a post-viral vagal neuropathy 
(PVVN). People with PVVN and neurogenic cough 
usually have a history of having had an upper respi-
ratory tract infection weeks, months, or years prior, 
around the time of the onset of symptoms.

The typical pattern of neurogenic cough is day-
time (all day long), but not at night. Specific things 
like change in temperature (eg, going from warm to 
cold), and certain odors (eg, perfume, diesel fuel, 
or gasoline smell) may precipitate cough. In addi-
tion, such patients often describe having a “hair trig-
ger” cough and say that speaking or chuckling may 
precipitate coughing. When patients have cough as-
sociated with voice use, it is almost always a neu-
rogenic cause. It is important to note that patients 
with neurogenic or reflux-related cough form a very 
large population of patients, and that these patients 
are essentially without a doctor/specialist.

Specialization is a very American idea, in spite of 
the fact that is results in fragmentation of medicine; 
after all, everyone wants to see the “best.” So, you 
do actually get things like this inane example: “Yes, 
I’m the very best doctor in the country for doing a 
stapedectomy on the right ear for otosclerosis. And 
no matter; if you have similar trouble in your left 
ear, my partner, who happens to be left-handed, is 
the best surgeon in the country for fixing otosclero-
sis of the left ear. Between us, we are the best if you 
have otosclerosis in either ear.”

The problem with patients who have symptoms 
like chronic cough or other reactive airway diseases 
is that the patients often don’t fit any of the special-
ists’ boxes. Just think about it for a moment: globus, 
dysphagia, and many otolaryngological symptoms 
cross both anatomic and medical specialty lines. And 
the concept that diseases fit within the boundaries 
of our medical specialties — nose/sinuses, throat, 
lung, esophagus — is preposterous. It would seem 
that the creation of certain medical specialties was 
predominantly for the convenience of physicians.

It is likely that allergic rhinitis, postnasal drip, 
vasomotor rhinitis, paroxysmal laryngospasm, par-
adoxical vocal fold movement, asthma, and neuro-
genic cough are all manifestations of reactive airway 
disease and that reflux is a common feature in many 
patients. It is amazing to me how many patients 
have sinus disease and asthma related to LPR.

THE COST CONUNDRUM

As I was flying out here for this meeting, I opened 
my New Yorker (dated June 1, 2009) and found an 
article, “The Cost Conundum,” by Atul Gawande. 

This was an amazing article and conincidence, and 
a real eye-opener. The bottom line: overutilization 
of specialists was one of the main reasons for the 
high cost of health care in the United States. Here is 
the essence of the story. In 2006, the median income 
for McAllen, Texas, was $12,000; however, Medi-
care spent over $15,000 per enrollee in McAllen. 
In nearby El Paso County, which has similar demo-
graphics, only $7,000 per year was spent on each 
Medicare enrollee.

But by all contemporary metrics, McAllen’s 
health care was not as good as El Paso’s. Health care 
services in McAllen were found to be grossly over-
utilized. In McAllen, for example, if you had chest 
pain after having eaten 16 tacos, instead of getting 
an antacid in the emergency room, you might be ad-
mitted and end up having a cardiac workup includ-
ing cardiac catheterization. If you had numbness of 
your fingers, you would probably end up having 
nerve conduction studies. As a matter of fact, over-
utilization also resulted in high rates of unnecessary 
surgery.

In McAllen, there was this complex medical net-
work in which most patients went from doctor to 
doctor to doctor, having “all of the most advanced 
tests and treatments.” It was profoundly wasteful. 
Dr Gawande concluded, “Someone has to be re-
sponsible for the totality of care; otherwise, you get 
a system that has no brakes.”

INTEGRATED AERODIGESTIVE MEDICINE

It is my belief that reactive airway disease is re-
ally just one complex syndrome and that we as oto-
laryngologists need to be responsible for managing 
patients who have diseases of the nose, sinuses, and 
aerodigestive tract, including the esophagus and 
lower airway. For us to defer to gastroenterologists 
and pulmonologists makes no sense whatsoever, as 
many of our patients are not going to get effective 
treatment at the hands of those specialists.

We need to create a new “specialty,” perhaps 
called “integrated aerodigestive medicine.” This is 
not a new concept, the idea of a holistic approach 
to the management of patients with confounding 
symptoms. Its time has come. I urge you, my col-
leagues, to learn more about things like neurogenic 
pain, chronic cough, swallowing disorders, “asth-
ma,” and reflux. These conditions are all within our 
domain.

It is also time for otolaryngologists to begin rou-
tinely assessing the aerodigestive tract using mod-
ern technology. When Chevalier Jackson invented 
modern endoscopy, over a hundred years ago, he 



 Presidential Address 17 

did not accept limits based upon arbitrary anatomic 
subdivisions. He examined the esophagus and the 
lungs, larynx, and sinuses as though they were all 
part of the same system. They are. With the avail-
ability of distal chip technology, modern endoscopes 
allow complete evaluation of the aerodigestive tract, 
including biopsies, in the comfortably awake patient 
— in the office. Manometry and reflux testing are 
also essential. These are all part of our specialty.

At present, esophageal cancer and precancer are 
epidemic, and it is our responsibility to screen our 
patients for potentially life-threatening neoplasia. 
As a matter of fact, attention to the lifestyle/dietary 

issues and needs of our patients also now needs to 
fall within our domain. It is time for otolaryngolo-
gists to become “integrated aerodigestive tract phy-
sicians.” Otherwise, we will continue to fragment 
our own patients’ medical care.

RECOMMENDED READING
1. Gawande A. The cost conundrum. In: New Yorker, June 1, 

2009.
2. Koufman JA, Stern J, Bauer M. Science you can digest. 

In: Dropping acid: the reflux diet cookbook and cure. Minne-
apolis, Minn: Brio Press, 2010:159-85.

3. www.refluxcookbookblog.com (“The Missing Link”).
4. www.chronic-cough.net.
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PRESENTATION OF GUEST OF HONOR JAMES PEPA
JAMIE A. KOUFMAN, MD

Born April 21, 1947, in Brooklyn, New York, 
James Pepa, through the guidance of one of his fa-
ther’s friends, came under the care of Doctor Che-
valier Jackson, or “Dr J.,” at the age of 2½ after an 
illness with croup and having a tracheostomy for a 
narrowed windpipe. This began his 14 years of hav-
ing a trach.

Starting that life in the hospital didn’t feel like “life 
in the hospital,” he spent the majority of that year in 
the trach ward until summer, when he would return 
home. He feels that his experience allowed him to meet 
a group of beautiful, amazing people. While in the 
hospital, he remembers that instead of the anesthesia 
we’re used to today, they would drip ether through 
cotton and restrain the patients for procedures. Even-
tually, the restraints were not needed, and he would 
wave to the staff observing from the balcony.

Outside of procedures and treatments, holidays 
were celebrated in the hospital, friends were made, 
and he would often go home with Dr Jackson on the 
weekends. In ways, he states, Dr Jackson almost felt 
like a grandfather figure. He would offer advice about 
life and warned him that other children might not 
understand why he had a tracheostomy and stressed 
the importance of maintaining a good sense of hu-
mor in life.

Despite having several challenges, Mr Pepa derived 
inspiration from his experiences at Temple University 
Hospital that he credits to Dr Jackson. When asked 

what is most memorable about Dr Jackson and his 
experiences with him, he remembers when Dr Jack-
son would come in at night to visit with a look of 
dedication and caring on his face. “He had a way of 
making people feel comfortable.” One bit of advice 
from Dr Jackson that stuck with James over the years 
is when he told him, “Someday your trach will be out 
and you will live a normal life.” Although Dr Jackson 
had passed away before he had the opportunity to see 
it, at age 16, Dr Charlie Moes decannulated James, 
who likens the experience to being like a baby eagle 
taking his first flight.



For years, Dr. Peter Koltai has been at the core — 
like the beating heart — of the ABEA. It is through 
Peter’s gentle guidance that he has helped all of the 
recent ABEA Presidents, including and especially 
me, negotiate the complexities of the job. In essence, 
it is Peter Koltai who has maintained continuity of 
leadership of the ABEA; and at the same time, he 
has been the voice of moderation and compromise 
if and when there were conflicts. Peter’s calm atten-
tion to detail and simultaneously to the big picture 
makes him stand apart from any other member of 
this organization. 

Within the context of Peter Koltai’s enthusiastic 
commitment to the ABEA, I must point out that Dr 
Koltai’s patients have always been the beneficia-
ries of the same level of intense dedication. Indeed, 
while I was contemplating who deserves this award 
since the beginning of this year, Peter Koltai came 
to mind. Dr Koltai most closely fits my image and 
exemplifies a modern version of Chevalier Jackson. 
It is not only the good energy and good will of these 
two men, but the immeasurable influence that both 
have had on their patients and colleagues. Peter, it is 
with great admiration and thanks that I bestow this 
year’s Chevalier Jackson Award. 
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PRESENTATION OF CHEVALIER JACKSON AWARD TO
PETER KOLTAI, MD

JAMIE A. KOUFMAN, MD

PETER KOLTAI, MD

Jackson is the physician I have admired most: 
surgeon, teacher, artist, humanitarian. To receive an 
award honoring this man will be a lifelong satisfac-
tion. Thank you.
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GUESTS OF HONOR 1951-2009
1985 STANTON A. FRIEDBERG, MD
1986 F. JOHNSON PUTNEY, MD
1987 HOWARD A. ANDERSEN, MD
1988 JOHN P. FRAZER, MD
1989 PAUL H. WARD, MD
1990 D. THANE R. CODY, MD
1991 M. STUART STRONG, MD
1992 BRUCE BENJAMIN, FRACS
1993 DAVID R. SANDERSON, MD
1994 MICHAEL E. JOHNS, MD
1995 JOHN A. KIRCHNER, MD
1996 ROBERT W. CANTRELL, MD
1997 EIJI YANAGISAWA, MD
1998 LAUREN D. HOLINGER, MD
1999 WILLIAM R. HUDSON, MD
2000 ROBERT H. OSSOFF, DMD, MD
2001 TREVOR J. MCGILL, MD
2002 FLAVIO APRIGLIANO, MD
2003 STANLEY M. SHAPSHAY, MD
2004 MINORU HIRANO, MD, PHD
2005 R. ROX ANDERSON, MD
2006 HUGH F. BILLER, MD
2007 FRANK E. LUCENTE, MD
2008 MARVIN P. FRIED, MD
 MARSHALL STROME, MD
2009 JAMES PEPA

RECIPIENTS OF CHEVALIER JACKSON AWARD
(Established 1958)

1959 LOUIS H. CLERF, MD
1960 (No award)
1961 HERMAN J. MOERSCH, MD
1962 PAUL H. HOLINGER, MD
1963 EDWIN N. BROYLES, MD
1964 LEROY A. SCHALL, MD
1965 HERBERT W. SCHMIDT, MD
1966 PAUL G. BUNKER, MD
1967 JOEL J. PRESSMAN, MD
1968 VERLING K. HART, MD
1969 JOSEPH P. ATKINS, MD
1970 ANDERSON C. HILDING, MD
1971 ROBERT M. LUKENS, MD
1972 CHARLES M. NORRIS, MD
1973 ARTHUR M. OLSEN, MD
1974 CHARLES F. FERGUSON, MD
1975 SHIGETO IKEDA, MD
1976 BLAIR FEARON, MD
1977 FRANCIS W. DAVISON, MD
1978 SEYMOUR R. COHEN, MD
1979 M. STUART STRONG, MD
1980 DEGRAAF WOODMAN, MD
1981 ALBERT H. ANDREWS, JR, MD
1982 GABRIEL F. TUCKER, JR, MD
1983 HOWARD A. ANDERSEN, MD
1984 PAUL H. WARD, MD

1985 BRUCE BENJAMIN, FRACS
1986 LORING W. PRATT, MD
1987 ROBERT S. FONTANA, MD
1988 CHARLES W. CUMMINGS, MD
1989 BERNARD R. MARSH, MD
1990 DAVID R. SANDERSON, MD
1991 WILLIAM W. MONTGOMERY, MD
1992 JOHN A. TUCKER, MD
1993 GERALD B. HEALY, MD
1994 VINCENT J. HYAMS, MD
1995 LAUREN D. HOLINGER, MD
1996 STANLEY M. SHAPSHAY, MD
1997 ROBERT H. OSSOFF, DMD, MD
1998 JOHN M. FREDRICKSON, MD
1999 HASKINS KASHIMA, MD
2000 EIJI YANAGISAWA, MD
2001 WILLIAM W. MONTGOMERY, MD
2002 JACK L. GLUCKMAN, MD
2003 ELLEN M. FRIEDMAN, MD
2004 ROBIN T. COTTON, MD
2005 CHARLES W. VAUGHAN, MD
2006 ANDREW BLITZER, MD
2007 GAYLE E. WOODSON, MD
2008 ROBERT J. TOOHILL, MD
2009 PETER KOLTAI, MD

1951 FERNAND EEMAN, MD
1959 LOUIS H. CLERF, MD
1961 W. LIKELY SIMPSON, MD
1962 EDWIN N. BROYLES, MD
1963 SAM E. ROBERTS, MD
1964 LYMAN RICHARDS, MD
1965 VERLING K. HART, MD
1966 JULIUS W. MCCALL, MD
1967 FRANCIS W. DAVISON, MD
1968 DEAN M. LIERLE, MD
1969 LEROY A. SCHALL, MD
1970 HERMAN J. MOERSCH, MD
1971 LOUIS H. CLERF, MD
1972 JOSEPH P. ATKINS, MD
1973 RICARDO TAPIA ACUNA, MD
1974 PAUL H. HOLINGER, MD
1975 ARTHUR M. OLSEN, MD
1976 FRANCIS E. LEJEUNE, SR, MD
1977 ALDEN H. MILLER, MD
1978 CHARLES M. NORRIS, MD
1979 CHARLES F. FERGUSON, MD
1980 EMILY LOIS VAN LOON, MD
1981 DONALD F. PROCTOR, MD
1982 FRANK D. LATHROP, MD
1983 JOHN E. BORDLEY, MD
1984 GABRIEL F. TUCKER, JR, MD
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INTRODUCTION OF CHEVALIER JACKSON LECTURER
CLARENCE T. SASAKI, MD

JAMIE A. KOUFMAN, MD

This year’s Chevalier Jackson Lecturer is a phy-
sician whom I have admired my entire career.  My 
former chief, Dr Stuart Strong, used to talk about 
a three-cornered hat — patient care, research, and 
teaching — that he fervently professed and wished 
for the careers of his residents.  At his core, the man 
who owns such a hat is Dr Sasaki.

Clarence Sasaki has seemingly integrated basic 
and clinical science for the benefit of all of our pa-
tients since he himself was a resident. Dr Sasaki’s 
animal research on basic aerodigestive physiology 
and the pathophysiology of important otolaryngo-
logical diseases has advanced the state of the art of 
medicine.

Among Dr Sasaki’s most impressive and relevant 
work has been his research on the 10th cranial nerve, 
the vagus. His Chevalier Jackson Lecture is entitled 
“The Vagus Nerve: Dispelling the Animal Spirits.” 
As we move into the 21st century, it is becoming 
clear that vagal physiology in general and vagal re-
flexes in particular have important implications for 
understanding aerodigestive diseases such as reflux. 
It is with great pleasure and pride that I present this 
year’s Chevalier Jackson Lecturer, Dr Clarence Sa-
saki. 



CHEVALIER JACKSON LECTURES 1964-2009
1964 DONALD F. N. HARRISON, MD. Esophageal Replacement in Postcricoid Cervical Esophageal Carcinoma.
1965 ERIC CARLENS, MD. Mediastinoscopy.
1966 JOHN L. POOL, MD (Moderator). Carcinoma of the Bronchus: A Panel Discussion.
 Presentations: ERNEST L. WYNDER, MD. The Epidemiology of Cancer of the Bronchus — Facts and Suppositions.
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PRESIDENTIAL CITATIONS HONORING
ELLEN DEUTSCH, MD, AND GREGORY POSTMA, MD

JAMIE A. KOUFMAN, MD

This year I have chosen to give two Presidential 
Awards to two people whom I have known for as 
long as I have been associated with this society. As 
a Council member, Ellen Deutsch stands out as the 
quietest member who gets the most done. She has 
taken many difficult tasks and seen them through 
without any fanfare. Most recently, she almost sin-
gle-handedly rewrote the ABEA By-Laws so that 
they were consistent with the contemporary reality 
of our Association. At the same time, she has pro-
posed many new ideas that have streamlined our or-
ganization and that have advanced our educational 
programs, particularly to include and impact young 

people. Ellen is the most unsung hero in the ABEA, 
and so today, I wish to honor her and her good work 
with this citation.

Dr Gregory Postma has been my colleague and 
friend for 20 years. During that time, I have watched 
him become one of the most prolific and influential 
physicians in the specialty area of deglutition and 
swallowing disorders. His leadership in the Dys-
phagia Society and his advancements in clinical 
medicine are among the reasons that he is being rec-
ognized here today. As a member of the ABEA, his 
contributions have been significant and numerous.



Bioengineered Trachea With Fibroblasts in a Rabbit Model
Wataru Okano, MD; Yukio Nomoto, MD; Ikuo Wada, MD; Ken Kobayashi, PhD;

Masao Miyake, PhD; Tatsuo Nakamura, MD; Koichi Omori, MD 

Objectives: Although our group has had mostly successful results with clinical application of a tracheal prosthesis, 
delayed epithelial regeneration remains a problem. In our previous studies using rats, it was demonstrated that tracheal 
fibroblasts accelerated proliferation and differentiation of the tracheal epithelium in vitro and in vivo. The purpose of this 
study was to evaluate the effects of fibroblasts on epithelial regeneration in larger tracheal defects in rabbits. 
Methods: We developed a bioengineered scaffold, the luminal surface of which was coated with fibroblasts. This scaf-
fold was implanted into tracheal defects in 12 rabbits (bioengineered group), and scaffolds without fibroblasts were 
implanted in 12 rabbits (control group). The regenerated epithelium was histologically examined by light microscopy, 
scanning electron microscopy, and immunohistochemical studies. 
Results: In the bioengineered group, a stratified squamous epithelium was observed on the surface 7 days after trans-
plantation. However, in the control group, the scaffolds were exposed. Fourteen days after implantation, a columnar 
ciliated epithelium was observed in the bioengineered group. The average thickness of the regenerated epithelium in the 
bioengineered group was significantly greater than that in the control group. 
Conclusions: This study indicated that fibroblasts had a stimulatory effect that hastened regeneration of the epithelium 
in large tracheal defects.
Key Words: fibroblast, regeneration, trachea.
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INTRODUCTION

Some patients with malignant or stenotic inflam-
matory lesions of the trachea require tracheal resec-
tion and reconstruction. Conventionally, tracheal de-
fects were reconstructed by either end-to-end anas-
tomosis or autologous tissue implantation using skin 
or cartilage from the nasal septum, auricle, or costal 
cartilage. More recently, several studies on tracheal 
regeneration have reported on developments in tis-
sue engineering.1-7

In our technique, a scaffold, designed to mediate 
the healing and tissue regeneration process, was im-
planted into the body at the site from which the tissue 
was lost. An artificial trachea was made from a col-
lagen-conjugated prosthesis that consisted of a poly-
propylene mesh frame reinforced with a polypropy-
l ene ring and coated with collagen sponge extracted 
from porcine skin.1,2 We have successfully applied 
the artificial trachea made from the collagen sponge 

to patients with noncircumferential tracheal resec-
tion.3,4 However, it was noted that delay of epithelial 
regeneration on the luminal surface of the prosthesis 
remained a problem. In our previous studies using 
rats, it was demonstrated that tracheal fibroblasts 
accelerated proliferation and differentiation of the 
tracheal epithelium in vitro and in vivo.8,9 

The next step was to evaluate the effects of fi-
broblasts on epithelial regeneration in larger trache-
al defects by use of a rabbit model. In our current 
study, we therefore evaluated the stimulatory effect 
of fibroblasts on the bioengineered scaffold on epi-
thelial regeneration of a tracheal defect in a rabbit 
model that was about 10 times larger than that in the 
previously studied rat models.8

MATERIALS AND METHODS

Animals. The animal care, housing, and surgical 
procedures followed the Guidelines of the Animal 
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Fig 1. Fabrication of artificial 
trachea. A) Artificial trachea for 
rabbits. B) Artificial trachea with-
out fibroblasts (control model). 
Collagen sponge scaffold con-
sisting of polypropylene mesh 
was reinforced with polypropyl-
ene ring. C) Artificial trachea 
with fibroblasts (bioengineered 
model). Collagen gel containing 
tracheal fibroblasts was layered 
onto control model.

Experiment Committee, Fukushima Medical Uni-
ver sity. In this study, 24 Japanese white rabbits 
(body weight, 3.0 kg) were used. All rabbits were 
painlessly sacrificed by intravenous infusion of a 
lethal dose of pentobarbital sodium.

Isolation of Tracheal Fibroblasts. The method 
of isolating tracheal fibroblasts was described by 
Kobayashi et al.9 For denudation of the tracheal 
epithelium, the extirpated tracheas were immersed 
in protease solution (Sigma Chemical, St Louis, 
Missouri) at 4°C overnight, then immersed in tryp-
sin-ethylenediaminetetraacetic acid (EDTA) solu-
tion (Gibco, Invitrogen, Grand Island, New York) 
at 37°C for about 15 minutes and rinsed with phos-
phate-buffered saline solution. After denudation, 
the tracheas were minced into small pieces, placed 
on culture dishes, and cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco) supplement-
ed with 10% fetal bovine serum (JRH Biosciences, 
Lenexa, Kansas) in a carbon dioxide incubator at 
37°C, and the medium was replaced every 2 days. 
After culturing for about 5 days, fibroblasts migrat-
ed from the pieces of minced trachea and prolifer-
ated on the surface of the dishes. The pieces were 
removed and the fibroblasts were harvested by im-
mersion in trypsin-EDTA solution. The fibroblasts 
were then subcultured in DMEM supplemented 
with 10% fetal bovine serum in a carbon dioxide 
incubator at 37°C.

Fabrication of Bioengineered Scaffold. The pro-
cedure for the production of the artificial trachea 

was previously described by Nakamura et al.2 The 
artificial trachea consisted of a Marlex mesh (pore 
size, 260 μm; polypropylene, Bard, Inc, Billerica, 
Massachusetts) tube reinforced with a polypropy-
lene ring and coated with collagen sponge extracted 
from porcine skin.1,2  

In our current study, the artificial trachea modi-
fied for the rabbit model was of a cylindrical type, 
and the Marlex mesh tube was 30 mm long and had 
an outer diameter of 12 mm. The polypropylene 
ring was attached to the cylinder by melting at sev-
eral points and further fixed by 7-0 Prolene sutures 
(Ethicon, Inc, Somerville, New Jersey) along a 20-
mm segment. The polypropylene rings provided the 
tube with reinforcement against compression. The 
tube was covalently immobilized and then further 
physically coated with collagen to promote host tis-
sue incorporation as a scaffold and render the pros-
thesis airtight during the initial stage of implanta-
tion (Fig 1A).  

As a control, a collagen sponge without the ad-
dition of fibroblasts and collagen gel was also pre-
pared (control model; Fig 1B).

Fibroblasts were suspended in a collagen solution 
that was a mixture of type I collagen (Cellmatrix, 
Nitta Gelatin Inc, Osaka, Japan), fivefold-concen-
trated DMEM, and sterile reconstitution buffer (25 
mmol/L Hepes buffer, 0.15 mol/L sodium hydrox-
ide) at a ratio of 7:2:1. The final density of fibro-
blasts in the collagen solution was 5.0 ×  105 cells 



Regenerated trachea

per milliliter.8,9 In fabrication of the bioengineered 
scaffolds, the collagen solution containing the fi-
broblasts was layered on the collagen sponge and 
incubated at 37°C for at least 30 minutes, to allow 
the collagen solution to form a gel8,9 (bioengineered 
model; Fig 1C).

Implantation Into Tracheal Defects in Rabbits. 
The bioengineered scaffolds were implanted into 
12 rabbits, and control scaffolds were transplanted 
into 12 rabbits. The cervical trachea was exposed 
through a midline incision in the neck under gen-
eral anesthesia. Tracheal defects of about 5.0 mm in 
width and 9.0 mm in length were prepared (Fig 2). 
Both types of scaffolds were laid onto the tracheal 
defects, with those coated with collagen gel laid so 
that the gel layer faced into the lumen. The material 
was then sutured to the tracheal defect.

Bronchoscopic Examination. At 7 and 14 days af-
ter implantation, the luminal surface of the trachea 
around the implant was examined with a broncho-
scope (model VNL1530, Pentax Co Ltd, Tokyo, 
Japan).

Histologic Examination. At 7 and 14 days after 
implantation, the tracheas were extirpated. Samples 

were embedded in paraffin, sliced, and stained with 
hematoxylin and eosin (H & E) for light microscop-
ic observation (BX-51; Olympus, Tokyo).

Average Thickness of Regenerated Epithelium. 
The average thickness of the regenerated epithelium 
was measured to estimate the cellular proliferative 
potential of fibroblasts in the epithelium. A luminal 
length (300 μm in length) was measured from the 
center of the tracheal defect and stained with H & 
E. The area of the regenerated epithelium in the tra-
cheal defects was measured with Scion Image β2 
software (Scion Corporation, Frederick, Maryland; 
http://www.scioncorp.com; Fig 3). The average 
thickness (in micrometers) of the regenerated epi-
thelium was obtained by dividing the area of the 
regenerated epithelium by the luminal length (300 
μm). The measurement of average thickness was 
performed by individuals blinded to the group (n = 
24).

The data are expressed as mean ± SD in Fig 4. 
Statistical significance was verified by Student’s t-
test. 

Scanning Electron Microscopy. The samples 
were fixed in a solution of 2% glutaraldehyde in 0.1 
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Fig 2. Transplantation of scaffold into 
defect. Tracheal defect, approximately 
5.0 mm in width and 9.0 mm in length, 
was prepared and reconstructed by im-
plantation of two types of scaffolds.

Fig 3. Measurement of average 
thickness of regenerated epithe-
li um, which was obtained by di-
viding area of regenerated epithe-
lium by specimen length (300 
μm).



mol/L phosphate buffer (pH 7.2), washed in several 
changes of 5% sucrose 0.1 mol/L phosphate buffer 
(pH 7.2), dehydrated, critical point-dried, and coated 
with platinum. Observations of the samples by scan-
ning electron microscopy (JSM-5800; Jeol, Tokyo) 
were performed at an accelerating voltage of 10 kV.

Antibodies. The primary antibodies used for im-
munologic studies were goat polyclonal antibodies 
against von Willebrand factor (1:100 dilution, Santa 
Cruz Biotechnology, Inc, Santa Cruz, California). 
Alexa Fluor 546–conjugated rabbit anti-goat sec-
ondary antibodies (1:200 dilution) were also used 
(Molecular Probes, Eugene, Oregon).

Immunohistochemistry and Analysis. The sam-
ples were fixed with 4% paraformaldehyde in phos-
phate-buffered saline solution, and embedded in an 
OCT compound (Tissue Tek, Sakura, Tokyo). The 
frozen sections (5 μm thick) were cut in a cryostat 
(CM3050; Leica, Solms, Germany). The sections 
were incubated with blocking solution (Dainippon 
Pharmaceutical Corporation, Osaka) to saturate 
nonspecific sites. They were then sequentially ex-
posed to the primary antibodies for 60 minutes at 
room temperature in blocking solution.9,10 Anti–von 
Willebrand factor antibodies were used as a marker 
of vascular endothelial cells. 4'-6-Diamidino-2-
phenylindole was used for staining nuclei in the fro-

zen sections.10-12

RESULTS

Bronchoscopic Examination. Bronchoscopic ex-
am inations were performed for each group, and re-
vealed no stenosis in the region of the anastomosis 
between the implanted scaffolds and the original tra-
chea in any of the rabbits. 

At 7 days after implantation, the collagenous 
sponge was exposed on the luminal surface (no epi-
thelialization) in the control group (Fig 5A). In the 
bioengineered group (Fig 5B), more reddened tissue 
was observed on the edge of the implanted scaffold 
than in the control group (partial epithelialization).

At 14 days after implantation, the surface of the 
implants in both the control (Fig 5C) and bioengi-
neered (Fig 5D) groups appeared smooth (full epi-
thelialization). 

Histologic Findings. The regenerated trachea was 
observed in histologic samples from each group. 

At 7 days after implantation, no epithelium was 
observed on the implant surface in the control group 
(Fig 6A). On the other hand, a single-stratified 
squamous epithelium was observed on the surface 
in the bioengineered group (Fig 6B).

At 14 days after implantation, a single-stratified 
squamous epithelium was observed on the implant 
surface in the control group (Fig 6C), whereas a 
columnar ciliated epithelium was observed on the 
surface in the bioengineered group. This epithelium 
was identical to the normal tracheal epithelium (Fig 
6D).

Average Thickness of Regenerated Epithelium. In 
the bioengineered group, the average thickness of 
the regenerated epithelium was significantly greater 
than that in the control group on day 7 (Student’s 
t-test, p = 0.001) and on day 14 (Student’s t-test, p = 
0.005; Fig 4). At day 7 after implantation, the aver-
age thickness of the regenerated epithelium in the 
bioengineered model was similar to that in the con-
trol group on day 14. The results indicate that the 
addition of tracheal fibroblasts accelerated regen-
eration of the tracheal epithelium by about 1 week.

At 7 days after implantation, the control group 
was nonepithelialized (0 μm), whereas the mean 
(±SD) thickness of the regenerated epithelium in the 
bio engineered model was 16.2 ± 1.7 μm.

At 14 days after implantation, the mean (±SD) 
thickness of the regenerated epithelium had in-
creased to 15.5 ± 1.2 μm in the control group and 
31.3 ± 4.6 μm in the bioengineered group.
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Fig 4. Average thickness of regenerated epithelium, 
which was obtained by dividing area of regenerated epi-
thelium by luminal length. Statistical significance is in-
dicated by asterisk (p < 0.01). C7 — average thickness 
of regenerated epithelium in control group on day 7 (n = 
6); B7 — average thickness of regenerated epithelium in 
bioengineered group on day 7 (n = 6); C14 — average 
thickness of regenerated epithelium in control group on 
day 14 (n = 6); B14 — average thickness of regenerated 
epithelium in bioengineered group on day 14 (n = 6).
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Scanning Electron Microscopy. Cilia were ob-
served on the luminal surface of the prosthesis, ex-
cept for in the control group, on day 7. 

At 7 days after implantation, although no epitheli-
um was observed on the surface in the control group 

(Fig 7A), immature cilia were observed on the sur-
face in the bioengineered group (Fig 7B).

At 14 days after implantation, immature cilia 
were also observed on the surface in the control 
group (Fig 7C), and mature cilia were observed on 
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Fig 5. Bronchoscopic examinations on 
days 7 and 14 after implantation. A) 
Im age from control group on day 7. 
Arrows indicate collagenous sponge ex-
posed on luminal surface (no epithelial-
ization). B) Image from bioengineered 
group on day 7. Arrows indicate red-
dened tissue on edge of implanted scaf-
fold (partial epithelialization). C) Image 
from control group on day 14. Arrows 
indicate smooth surface of implant (full 
epithelialization). D) Image from bioen-
gineered group on day 14. Arrows in-
dicate smooth surface of implant (full 
epithelialization). 

Fig 6. Regenerated trachea on days 7 and 14 after implantation (H & E; bars — 100 μm). A) Control specimen on day 7. B) 
Bioengineered specimen on day 7. C) Control specimen on day 14. D) Bioengineered specimen on day 14.
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the surface in the bioengineered group (Fig 7D).
Angiogenesis in Regenerated Trachea. At 7 days 

after implantation, no blood vessels were observed 
in the control group (Fig 8A); however, neovascu-
larization existed in the bioengineered group (Fig 
8B). This result demonstrated angiogenesis in the 
bioengineered model.

At 14 days after implantation, neovascularization 
was observed in the control group (Fig 8C) and in 
the bioengineered group (Fig 8D).

DISCUSSION    

The trachea is indispensable to the maintenance 
of respiratory function in the living body. Resection 
of part of the trachea in association with a malig-
nant tumor or inflammatory lesion results in vari-
ous functional disorders of speech, deglutition, and 
respiration. The trachea is composed of the tracheal 
epithelium, a ligament composed of collagen fibers 
for the maintenance of elasticity, and cartilage. The 
tracheal epithelium is composed of various cells, in-
cluding ciliated, goblet, and basal cells. 

Damage to the trachea not only results in the  

above-mentioned functional disorders, but through 
injury to the tracheal epithelium, can lead to a de-
crease in the body’s defense against infection. 
Omori et al3 have rebuilt tracheal defects in humans 
resulting from the excision of malignant tumors of 
the thyroid gland and laryngotracheal stenotic le-
sions by using an artificial graft made from a col-
lagen sponge scaffold with polypropylene mesh. 
However, the slowness of functional epithelial re-
generation on the collagen sponge of the artificial 
grafts remains a problem. To avoid possible infec-
tion, it is important that functional regeneration of 
the tracheal epithelium on the artificial graft surface 
proceed quickly. The artificial grafts used by Omori 
et al3 and Nomoto et al13 require approximately 2 
months in humans, or 2 weeks in small animals such 
as rats, for recovery of the functional tracheal epi-
thelium. In a previous study, our group made scaf-
folds of hybrid bioengineered tracheas consisting of 
collagen sponge, collagen gel, and fibroblasts and 
implanted them into tracheal defects in rats.13 The 
results showed that the fibroblasts were effective in 
accelerating normalized epithelial regeneration on 
the collagen sponge on the artificial tracheal sur-
face.8,9 Nomoto et al8 identified that there was no 
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Fig 7. Scanning electron microscopy on days 7 and 14 after implantation (bars — 10 μm). A) Control specimen on day 7. B) 
Bioengineered specimen on day 7. C) Control specimen on day 14. D) Bioengineered specimen on day 14.
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Fig 8. Angiogenesis on days 7 and 14 after implantation. Vascular endothelial cells were stained red with anti–von Willebrand 
factor antibody, and nuclei of cells were stained blue with 4'-6-diamidino-2-phenylindole (DAPI). Bars — 100 μm; arrows 
— neovascularity. A) Control specimen on day 7. B) Bioengineered specimen on day 7. C) Control specimen on day 14. D) 
Bioengineered specimen on day 14.

significant difference in epithelial regeneration be-
tween the collagen sponge plus collagen gel without 
fibroblasts and the collagen sponge only. Therefore, 
we did not acquire data from another control scaffold 
(collagen sponge plus collagen gel without cells).

Collagen is a popular substrate for cell culturing 
because of its effects on differentiation and prolifer-
ation of epithelial cells. Davenport and Nettesheim14 
demonstrated that rat tracheal epithelial cells grown 
on type Ⅰ collagen gel-coated permeable membrane 
will form a mucociliary pseudostratified epitheli-
um. 

The next step was to evaluate the potential for the 
clinical application of the bioengineered tracheas 
coated with fibroblasts in a model of larger tracheal 
defects. The tracheal defects in rats were about 1.5 
mm in width and 3.0 mm in length.8 On the other 
hand, those in the present study using rabbits were 
about 5.0 mm in width and 9.0 mm in length, ie, 
about 10 times larger than those in the rats. The ar-
tificial trachea was modified for the rabbit model, 
which used a Marlex mesh tube with a length of 30 
mm and an outer diameter of 12 mm. 

In our current study, fibroblasts were also effec-
tive in accelerating proliferation and differentiation 
in tracheal defects in rabbit models. 

At 7 days after implantation in the control model, 
the surface of the tracheal lumen appeared nonepi-
thelialized in rabbits (large defect model). In a pre-
vious study, Nomoto et al8 indicated that the surface 
of the tracheal lumen appeared as a single-stratified 
squamous epithelium in rats (small defect model).  
These results indicated that larger tracheal defects 
require a longer period for epithelial regeneration.

At 14 days after implantation, the epithelializa-
tion of the regenerated trachea was complete in rab-
bits in the bioengineered group (large defect model). 
Nomoto et al13 also indicated that epithelialization 
was complete in 14 days in rats (small defect model). 
These results indicated that the fibroblasts played an 
important role in regeneration in the large tracheal 
defect model, as well as in the small tracheal defect 
model.

Bronchoscopic examination showed the sur-
face of the epithelium in the control group to be 
smooth, similar to that in the bioengineered group 
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(full epithelialization), at 14 days after implantation. 
However, histologic examination showed a single-
stratified squamous epithelium in the control group 
and a columnar ciliated epithelium in the bioengi-
neered group at 14 days after implantation (Figs 5 
and 6). 

The average thickness of the regenerated epithe-
lium showed that the regeneration of the epithelium 
in the bioengineered group on day 7 was similar to 
that in the control group on day 14. This result shows 
that the tracheal fibroblasts accelerated regeneration 
of the tracheal epithelium by about 1 week (Fig 4).

Scanning electron microscopy showed immature 
cilia on the surface of the epithelium in the bioengi-
neered group on day 7 and in the control group on 
day 14 (Fig 7B,C). Mature cilia were observed in 
the bioengineered model on day 14 (Fig 7D). These 
results indicated that the fibroblasts were effective 
in enhancing cilia maturation. 

Immunohistochemical study of the von Willebrand 
factor staining patterns showed that neovasculariza-
tion existed in the bioengineered group on day 7.  
Thus, it appears that the fibroblasts had the potential 
to promote angiogenesis in the regenerated epithe-
lium (Fig 8). 

Taken together, these results show that the fibro-
blasts were effective in accelerating functional epi-
thelial regeneration on the collagen sponge of the 
artificial grafts. Further study to evaluate long-term 
differences in degree of epithelialization will be 
required for clinical use of the bioengineered scaf-
fold.

Fibroblasts are distributed in the connective tis-
sue, such as the dermis and submucosa, throughout 
the body, including the subepithelial layer. Dermal 
fibroblasts are thought to release several kinds of 
cytokines and modulate epidermalization.15-18 For 
this reason, dermal fibroblasts are clinically used 

with artificial dermis as a cultured dermal substi-
tute, and several products are commercially avail-
able. Few studies have reported on interactions be-
tween tracheal fibroblasts and the tracheal epithe-
lium from the viewpoint of healing tracheal defects. 
Goto et al19 reported that reconstitution of the tra-
cheal epithelium was achieved by co-culturing tra-
cheal epithelial cells and fibroblasts by use of an 
amnion membrane without any exogenous growth 
or differentiation factors in vitro. Kobayashi et al9 
demonstrated that tracheal epithelial proliferation, 
morphological and immunohistochemical differen-
tiation of the tracheal epithelial cells, formation of a 
basement membrane, and production of mucin were 
accelerated by co-culturing tracheal epithelial cells 
with tracheal fibroblasts in vitro. From those reports, 
it could be expected that tracheal fibroblasts have a 
useful function, like dermal fibroblasts, in accelerat-
ing epithelial regeneration.

Further study on the autologous transplantation of 
fibroblasts is still required for tracheal regeneration. 
Autologous transplantation is free from the problem 
of graft rejection, yet fibroblasts from other sources, 
such as the dermis or submucosa, could be more fea-
sible in terms of clinical applications. It may also be 
worthwhile to determine which kinds of fibroblasts 
are most suitable for embedding on the surface of 
the scaffold in order to expedite epithelial regenera-
tion.

CONCLUSIONS

This study indicates that fibroblasts on the bio-
engineered scaffold had a stimulatory effect on epi-
thelial regeneration of the trachea in a rabbit model 
with tracheal defects 10 times larger than those pre-
viously used in rat models. It appears that our newly 
developed bioengineered scaffold will be feasible 
for clinical use if further experiments confirm its ef-
ficacy and safety.     

Acknowledgment: We thank Etsuko Sato for her technical assistance.
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Management of Recurrent Laryngeal Sensory
Neuropathic Symptoms 

Byron K. Norris, MD; John M. Schweinfurth, MD 

Objectives: We identify management strategies for the treatment of upper respiratory tract symptoms stemming from 
dysfunction of the recurrent laryngeal nerve. 
Methods: We present a retrospective case series of patients who had symptoms of sensory neuropathy, including persis-
tent dysphonia, laryngospasm, and chronic cough. The patients were followed for symptomatic improvement after initia-
tion of treatment with a neuromodulator. Treatment outcome was defined by improvement or resolution of symptoms on 
a self-reported outcome scale. 
Results: Of 12 patients identified, 75% exhibited evidence of motor neuropathy on laryngoscopy and 83% had symptoms 
related to chronic cough treated with neuromodulator therapy over a mean follow-up of 20.4 months. The median dose of 
amitriptyline hydrochloride was 25 mg daily, and that of gabapentin was 300 mg 3 times daily. The mean time from the 
initiation of therapy to a complete response was 2 months. 
Conclusions: Patients with suspected neuropathy of the recurrent laryngeal nerve frequently respond to neuromodulator 
therapy. The addition of reflux precautions and acid suppression therapy is helpful in cases of chronic and recurrent la-
ryngospasm. Patients with evidence of motor neuropathy appear to have better outcomes with neuromodulator therapy. 
Key Words: chronic cough, neuromodulator, sensory neuropathic symptom. 
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INTRODUCTION 

Chronic cough is one of the most common rea-
sons adults seek medical evaluation, and an estimat-
ed US $1 billion per year is spent on cough suppres-
sants.1 Chronic cough is defined as lasting longer 
than 8 weeks and is generally related to postnasal 
drip syndromes, gastroesophageal reflux disease, 
chronic bronchitis, or the use of angiotensin-con-
verting enzyme (ACE) inhibitors.2 Research has 
shown an association between chronic cough and 
laryngeal sensory neuropathy for patients with dys-
function of the recurrent laryngeal nerve.3 Current 
evidence suggests the benefits of neuromodulator 
medications in the management of chronic cough 
caused by a sensory neuropathy.3-5 The aim of this 
study was to discuss the association of recurrent la-
ryngeal nerve synkinesis and sensory neuropathy to 
chronic cough. Additionally, we identify manage-
ment and pharmacotherapy strategies successfully 
utilized in the treatment of a cohort of patients with 
symptoms related to sensory laryngeal neuropathy. 

METHODS 

After Institutional Review Board approval was 
obtained, a retrospective review of 12 patients with 

recurrent laryngeal nerve sensory neuropathic symp-
toms was performed. The patients were referred to 
this tertiary academic setting with either chronic 
cough or vocal fold synkinesis between 2004 and 
2009. The patient’s history was reviewed to eluci-
date evidence of other neuropathic symptoms, in-
cluding globus sensation, frequent throat-clearing, 
and dysphonia. Patients were excluded if the dura-
tion of the symptoms was less than 8 weeks or if the 
symptoms were related to a laryngeal neoplasm. All 
patients underwent fiberoptic flexible laryngoscopy 
or videostroboscopy at initial presentation. 

The patients were treated with a reflux regimen for 
symptomatic reflux disease or findings on fiberop-
tic laryngoscopy consistent with laryngopharyngeal 
reflux. The reflux regimen consisted of either a his-
tamine type 2 antagonist or a proton pump inhibitor 
and lifestyle modifications, including increased wa-
ter intake, caffeine and carminative avoidance, and 
avoiding meals within 3 hours of bedtime. Patients 
taking ACE inhibitors were instructed to discon tinue 
this medication after approval from the prescribing 
physician. 

The patients were questioned regarding symptoms 
related to postnasal drip, and symptomatic patients 



SUMMARY OF PATIENT OUTCOMES
     Evidence  Improvement in
  Age   of Motor Treatment With Neuropathic Medication
 Patient (y) Gender Symptoms and/or Diagnosis Neuropathy Neuromodulator Symptoms Side Effects
 1 78 F Chronic cough, right vocal fold Yes Yes (gabapentin) Yes No
    paralysis, dysphonia
 2 55 F Chronic cough, laryngeal spasm Yes Yes (amitriptyline) Yes No
 3 70 F Chronic cough, vocal fold Yes Yes (amitriptyline) Yes Yes (unspecified)
    synkinesis
 4 57 F Chronic cough, left vocal fold Yes Yes (amitriptyline, Yes Yes (dry mouth)
    paralysis with synkinesis  gabapentin)
 5 73 F Chronic cough, chronic laryngitis No Yes (amitriptyline) No No
 6 77 F Chronic cough, left vocal fold Yes Yes (amitriptyline, Yes No
    paralysis  gabapentin)
 7 49 F Frequent throat-clearing, Yes No Yes No
    dysphonia, vocal fold paralysis
 8 48 F Chronic cough, laryngitis No No Yes No
 9 66 F Chronic cough, left vocal fold Yes No Yes No
    paralysis
 10 53 F Laryngeal spasm, vocal fold Yes Yes (amitriptyline) Yes Yes (dry mouth)
    synkinesis
 11 76 M Chronic cough, right vocal fold Yes Yes (amitriptyline) Yes No
    paresis, throat-clearing
 12 52 F Chronic cough No Yes (amitriptyline, No Yes (dry mouth)
      gabapentin)
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were treated with intranasal steroid spray. Allergy 
symptoms were controlled through an oral hista mine 
antagonist. Any patient suspected of having chronic 
bronchitis or cough-variant asthma was treated with 
appropriate medical management with the assistance 
of a pulmonologist. Patients with dysphonia second-
ary to vocal fold paralysis were given the option to 
undergo elective vocal fold injection medialization. 
Patients with vocal strain due to synkinesis had in-
jections of botulinum toxin. 

The patients were followed monthly, and self-re-
ported outcome scales were used to determine im-
provement in neuropathic symptoms. Subjective im-
provement was noted if the patients experienced a 
significant decrease in symptoms. Because of the 
subjective nature of self-reported outcomes, the scale 
was unable to be validated. Patients with symptoms 
of chronic cough after optimization as described 
above were begun on neuromodulator therapy. Ami-
triptyline hydrochloride was used as the first-line 
neuromodulator at a starting dose of 25 mg taken at 
bedtime, and the dose was titrated to achieve maxi-
mum resolution of neuropathic symptoms while min-
imizing side effects. The maximum dose prescribed 
was 100 mg daily. Patients who did not experience 
symptom relief or who did not tolerate the side ef-
fects were prescribed gabapentin or pregabalin. Pa-
tients were followed monthly.

RESULTS 
Eleven of the 12 patients were female, and the av-

erage age was 62.8 years (see Table). Ten patients 
(83%) had complaints related to chronic cough. Sev-
enty-five percent of patients had evidence of mo-
tor neuropathy on laryngoscopy, and most patients’ 
motor neuropathy was identified as unilateral vocal 
fold paralysis. All patients were treated with a reflux 
regimen that included lifestyle modifications and 
medication in the form of either a histamine blocker 
or a proton pump inhibitor. Symptoms of postnasal 
drip were identified and successfully treated in 58% 
of patients. The symptoms of chronic cough, globus 
sensation, and frequent throat-clearing of 3 patients 
improved without the addition of a neuromodulator 
in an average of 1 month. 

The average length of follow-up was 20.4 months 
(range, 2 to 61 months). No patients were lost to fol-
low-up. The mean time from the initiation of thera-
py to improvement or resolution of symptoms was 
2 months (range, 1 to 5 months). Three patients re-
quired progression to a second neuromodulator for 
control of symptoms, and of these patients, 2 showed 
improvement. One third of patients required an in-
crease in the initial prescribed dose. Patients who re-
sponded to neuromodulator therapy were continued 
on the medication. 

The most common side effect of neuromodulator 
medication was dry mouth, and it was experienced 
in 30% of patients taking either amitriptyline or 
gabapentin. Only 2 patients discontinued taking the 
medication: 1 patient because of side effects, and the 



other because of a lack of benefit. One patient re-
ported fatigue attributed to amitriptyline hydrochlo-
ride at a dose of 75 mg taken at bedtime. Patients 
prescribed a lower dose of amitriptyline or those 
taking gabapentin or pregabalin did not complain of 
fatigue. No severe side effects were reported, and 
no patients experienced permanent side effects af-
ter discontinuation of the medication. One patient 
who discontinued the medication secondary to side 
effects continued to maintain benefit and improve-
ment in her neuropathic symptoms. 

DISCUSSION 

Chronic cough is a symptom that may be chal-
lenging for the physician to correctly diagnose. 
Chronic cough has been found to be multifactorial 
in 62% of patients and may be related to postnasal 
drip, asthma, gastroesophageal reflux disease, or the 
use of ACE inhibitors.6 Our research concurs with 
previous publications that cite chronic cough as a 
sensory neuropathic symptom related to dysfunction 
of the recurrent laryngeal nerve. 

In these 12 consecutive patients, treatment of sen-
sory neuropathic symptoms began with treatment of 
postnasal drip and gastroesophageal reflux and dis-
continuation of ACE inhibitors before addition of a 
neuromodulator. Twenty-five percent of patients had 
improvement in or resolution of symptoms without 
neuromodulator therapy. This finding is likely due 
to successful treatment and alleviation of aggravat-
ing factors of sensory neuropathy. Gastroesophageal 
and laryngopharyngeal reflux is believed to exacer-
bate symptoms in greater than 90% of patients with 
recurrent laryngeal nerve dysfunction or irritable 
larynx syndrome.7 Successfully treating the incit-
ing or aggravating stimulus is believed to cause im-
provement in symptoms. 

Recurrent laryngeal nerve injury may be caused 
by a variety of mechanisms, including iatrogenic in-
jury, trauma, neoplasm, or viral causes. Amin and 
Koufman8 hypothesize that neuropathic symptoms 
develop after recurrent laryngeal nerve injury due to 
inability of axonal regrowth to properly reinnervate 
the correct muscle fibers. This may cause “abnor-
mal functioning of distal muscle bundles” and cause 
neuropathic symptoms such as cough, globus, pain, 
and laryngeal spasm.8 Pain was not a common com-

plaint in our cohort of patients and was only identi-
fied as a major symptom in 1 patient. This patient 
did have improvement in pain after treatment with 
the neuromodulator gabapentin. 

We identified improvement in neuropathic symp-
toms in 78% of patients treated with neuromodula-
tors. Overall, the improvement rate was 83% when 
we utilized the treatment algorithm outlined for pa-
tients with sensory neuropathy symptoms. These 
find ings are comparable to those of other research, 
which found improvement rates of 68% to 93%.3-5 
Removing the subset of patients with neuropathic 
symptoms without evidence of motor neuropathy 
changes the improvement rate to 86% of patients. 
Patients who required an increase from the initial 
dose of medication were less likely to respond at all 
to neuromodulator therapy. Inadequate dosing may 
have been responsible for unresponsiveness to ther-
apy; however, the prescribed dose was not increased 
above the recommended maximum dose for any of 
the neuromodulators. 

There appears to be greater success in treatment 
of neuropathic symptoms for patients with evidence 
of motor neuropathy. In our cohort, 86% of pa-
tients with vocal fold paralysis or paresis respond-
ed to neuromodulator therapy, versus zero response 
among those without evidence of motor neuropathy. 
Although the sample size of patients without motor 
neuropathy treated with neuromodulators is small, 
this finding echoes those of Lee and Woo3 for pa-
tients with and without visual evidence of laryngeal 
neuropathy. Further research is warranted to design 
a treatment algorithm for patients with symptoms 
of sensory neuropathy who do not have evidence of 
motor neuropathy.

CONCLUSIONS 

The current study is in keeping with previous evi-
dence for the efficacy of neuromodulators in the 
treatment of chronic upper respiratory tract symp-
toms associated with recurrent laryngeal nerve dys-
function. The patient’s condition must first be medi-
cally optimized with control of laryngopharyngeal 
reflux disease and postnasal drip and discontinua-
tion of potentially causative medications. Patients 
with evidence of motor neuropathy appear to have 
better outcomes with neuromodulator therapy. 
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Local Neurotoxins for Prevention of Laryngeal Synkinesis
After Recurrent Laryngeal Nerve Injury  

Bryan R. McRae, MD; John C. Kincaid, MD; Elisa A. Illing;
Kelly K. Hiatt, MD, PhD; Jan F. Hawkins, DVM; Stacey L. Halum, MD 

Objectives: Persistent vocal fold motion impairment after recurrent laryngeal nerve (RLN) injury is not characteristical-
ly due to absent reinnervation, but often results from spontaneous aberrant reinnervation (synkinesis). We administered 
local neurotoxins to selected laryngeal muscles after RLN injury to determine whether aberrant reinnervation could be 
selectively inhibited. 
Methods: Unilateral RLN transection was performed in 24 male rats. Three weeks later, the denervated laryngeal adduc-
tor complex was injected with phenol, high- or low-dose vincristine sulfate (VNC), or saline solution. One month later, 
rat larynges were evaluated via videolaryngoscopy and laryngeal electromyography (LEMG). Larynges from euthanized 
animals were analyzed via immunofluorescent staining for the presence of reinnervation. 
Results: One animal that received phenol and 3 animals that received high-dose VNC died of toxicity-related complica-
tions. In the surviving neurotoxin-treated animals, videolaryngoscopy showed increased lateralization of the immobile 
vocal fold. Only 1 phenol-injected rat had adductor complex motor recruitment (score of 3+) with LEMG. The other 
neurotoxin-treated animals demonstrated an absence of adductor complex reinnervation, with only insertional activity 
and fibrillations (no motor units/recruitment). Spontaneous ipsilateral abductor reinnervation was not affected by the ad-
ductor injections. 
Conclusions: Low-dose VNC injections appear to be relatively safe and effective in selectively inhibiting spontaneous 
aberrant reinnervation after RLN injury in an animal model. 
Key Words: larynx, recurrent laryngeal nerve, synkinesis, vincristine, vocal fold motion impairment, vocal fold paraly-
sis.
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INTRODUCTION 
Persistent vocal fold motion impairment after 

re current laryngeal nerve (RLN) injury often does 
not reflect a simple absence of reinnervation. In-
stead, spontaneous aberrant reinnervation and dis-
organized nerve regrowth characteristically lead to 
synkinesis,1,2 with laryngeal adductors (lateral cri-
coarytenoid [LCA] and thyroarytenoid [TA] mus-
cles) and abductors (posterior cricoarytenoid [PCA] 
muscle) receiving a variable degree of disorganized 
reinnervation — often from a common source. Clin-
ically, the position of the paralyzed fold varies more 
after RLN injury than after vagus nerve injury, pre-
sumably because of the net summative effect from 
the actions of the regenerating motor units2,3 after 

RLN injury; such regeneration is reportedly absent 
after vagus nerve injuries.4 Synkinesis has been 
de scribed both in animal models3-5 and in clinical 
stud ies.1,2

Treating laryngeal synkinesis may ideally involve 
combinations of treatments tailored toward promot-
ing or accelerating functionally desirable reinnerva-
tion of specific target muscles plus treatments to in-
hibit aberrant, nonfunctional reinnervation. Present-
ly, specific therapies tailored toward the unique ge-
netic, histologic, and developmental features of the 
laryngeal muscles remain incompletely explored.6 
Current clinical paradigms employ a variety of tech-
niques (injections, alloplastic implants, arytenoid 
ad duction, and laryngeal reinnervation procedures, 
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among others) to achieve short- or long-term medi-
alization of the nonfunctioning vocal fold.7 Such 
approaches address the pragmatic need for glottic 
closure in order to achieve adequate vocal quality; 
however, the ultimate goal for patients with vocal 
fold motion impairment is still a restoration of dy-
namic function with recovery of native or near-na-
tive neuromuscular activity.  

Previous studies have investigated various means 
for enhancing functionally desirable reinnervation 
to denervated laryngeal muscles.8-11 The current 
study seeks instead to explore methods for reduc-
ing or eliminating the effects of aberrant, synkinet-
ic reinnervation. Previous studies12-14 have investi-
gated neurotoxins such as vincristine sulfate (VNC) 
and phenol for inhibiting peripheral nerve regener-
ation in animal models; the long-term results have 
been more favorable than those seen with alterna-
tives such as doxorubicin or botulinum toxin (see 
Discussion). However, no prior investigations have 
used these same neurotoxins in a laryngeal model of 
spontaneous reinnervation. This study’s specific aim 
was to inject selected neurotoxins (high-dose VNC, 
low-dose VNC, or phenol) locally into specific la-
ryngeal muscle groups at a 3-week delay following 
ipsilateral RLN transections and then to monitor the 
results via video laryngoscopy, laryngeal electromy-
ography (LEMG), and immunofluorescence.

METHODS 
Animal Care. The animal surgical protocols were 

performed as previously described,8 as approved by 
the Indiana University School of Medicine Animal 
Care and Use Committee and according to institu-
tional and National Institutes of Health guidelines. 
Postprocedural weight gain and oral intake were 
closely monitored, in addition to the usual monitor-
ing parameters, and wet feed was provided ad libi-
tum.  

RLN Injury and Neurotoxin Administration. Brief- 
ly, unilateral left RLN transections were performed 
on 24 anesthetized adult male rats (Fischer 344; Har- 
 lan Laboratories, Indianapolis, Indiana); the proxi-
mal stumps of the transected RLNs were ligated 
with 4-0 Vicryl sutures. Three weeks later, the same 
external surgical approach was used to inject 4 μL 
of either isotonic saline solution or neurotoxin solu-
tion into the middle region of the adductor complex 
(TA and LCA muscle bellies) via thyroid cartilage 
puncture with a Pressure-Lok 100 μL microsyringe 
(Sigma-Aldrich, St Louis, Missouri). The open ap-
proach allowed for more precise localized injection 
into the small target muscles, thereby avoiding inad-
vertent injection into surrounding laryngeal or cer-
vical muscles. The time delay was selected to reflect 

a common clinical scenario, with an interval sepa-
rating the initial symptoms and the eventual diag-
nosis. In addition, previous studies in our laboratory 
had demonstrated early reinnervation detectable by 
LEMG as early as 3 weeks after RLN injury (un-
published data). The neurotoxins included phenol 
(45% in phosphate-buffered saline solution, Apdyne 
Medical Co, Denver, Colorado), high-dose VNC (25 
μg/μL in isotonic saline solution, ACROS Organics, 
Fair Lawn, New Jersey), or low-dose VNC (0.5 μg/
μL in isotonic saline solution). Five rats were includ-
ed in each VNC group, 6 control rats received saline 
injections, and 7 rats received phenol injections. The 
higher number in the phenol group reflected pre-
treatment concerns of potentially increased toxicity 
among those animals. 

As a “proof of concept” treatment, the adductor 
complex was injected with neurotoxin on the basis 
of several considerations. Most importantly, vocal 
fold abduction is the only motion that occurs spon-
taneously with rats’ respiration. Thus, if preventing 
reinnervation to the adductor complex permitted un-
opposed PCA reinnervation with synchronized fir-
ing, any detectable abductor motion could be ap-
preciated on videolaryngoscopy. Additionally, the 
adductor muscles have been shown to have great-
er early spontaneous reinnervation,4 so an absence 
of reinnervation could be more readily appreciated 
by treating the adductor complex. The final factors 
were technical accessibility, reproducibility, and the 
desire to limit the extent of dissection in areas of po-
tential nerve regrowth. 

Videolaryngoscopy and LEMG. One month later, 
the animals were anesthetized with isoflurane and 
evaluated via video laryngoscopy, and the position 
of the true vocal folds (TVFs) was rated for each 
animal.8 The selected time point was based on pre-
vious studies in our laboratory that demonstrated 
strong LEMG activity that was detectable in rats 
by 7 weeks after RLN injury in untreated animals 
(unpublished data). The surgical site was reopened. 
Laryngeal electromyog raphy recordings were taken 
from the various laryngeal muscles bilaterally, with 
care taken to minimize the extent of lateral dissection 
when visualizing the PCA fibers. Laryngeal electro-
myography of the adductor complex was performed 
last via midline la ryngofissure to permit direct vi-
sualization of electrode placement. After individual 
muscle group data were obtained, the LEMG needle 
was placed in the left PCA muscle while a scalpel 
was used to transect the incoming neural supply to 
the larynx, proceeding in a sequential manner (left 
superior, left inferior, right superior, then right in-
ferior) until LEMG activity was silenced. This pro-
cedure provided a rough assessment as to the direc-



TABLE 1. VIDEOLARYNGOSCOPY FINDINGS
 Saline Solution Low-Dose Vincristine Phenol
  L TVF L PCA  L TVF L PCA  L TVF L PCA
 Animal Position Innervation Animal Position Innervation Animal Position Innervation
 S1 Midline L superior V1 Lateral NR P1 Paramedian* L superior
 S2 Paramedian L inferior V2 Midline† NR P2 Lateral R inferior
 S3 Midline L inferior V3 Lateral† L superior P3 Lateral L inferior
 S4 Midline† L inferior V4 Lateral† L inferior P4 Lateral L inferior
 S5 Paramedian L inferior V5 Lateral* L inferior P5 Paramedian† L superior
 S6 Midline NR    P6 Lateral L inferior 

Rat P7 died earlier (see text).
L TVF position — left true vocal fold position at rest (expiration); L PCA innervation — direction of apparent left posterior cricoarytenoid muscle 
innervation on laryngeal electromyography (see text); NR — not recorded (intraoperative death). 

*Weak active abductor motion present. 
†Passive motion with respiration.
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Fig 1. Possible left vocal fold positions (asterisk) in rat larynges at rest (exhalation) after unilateral transection of recurrent la-
ryngeal nerve (RLN) and variable reinnervation. Local neurotoxin injections (vincristine, phenol) yielded lateral or paramedian 
positions, in contrast to more midline positions among controls. A) Midline position, ie, complete glottic closure. B) Paramedian 
position, ie, incomplete glottic closure. C) Lateral position. 

tion from which nerve regrowth and reinnervation 
had occurred. Consistent identification of the RLN 
and superior laryngeal nerve was not possible be-
cause of scar tissue and fibrosis surrounding the la-
ryngeal cartilage that were due to the 2 previous sur-
gical explorations in the area. Final analysis of the 
LEMG tracings and data was performed later in a 
blinded fashion by a neurologist at our institution 
(J.C.K.). The LEMG data for each muscle were rat-
ed on a scale from 0 (silent) to 4+ (normal, full re-
cruitment).15,16  

Immunofluorescence. All animals were immedi-
ately euthanized while still under anesthesia, and 
the larynges were removed promptly for analysis. 
Formalin-fixed larynges were embedded in paraffin 
cassettes; slices at the level of the TVF were deparaf-
finized in sequential xylene and ethanol washes, re-
hydrated in phosphate-buffered saline solution, per-
meabilized in 0.4% Triton X-100 (Fisher Scientific, 
Fair Lawn, New Jersey) for 15 minutes, blocked in 
1% bovine serum albumin (Sigma-Aldrich), and in-
cubated at 37°C with Alexa Fluor 488–conjugated 
α-bungarotoxin (1:100 dilution, Molecular Probes, 
Eugene, Oregon), which labels neuromuscular junc-

tions via binding to the α-subunit of the nicotinic 
acetylcholine receptor. A Nikon Diaphot 200 invert-
ed microscope was used with a Diagnostic Instru-
ments SPOT color camera to obtain images of the 
tissues at 40× magnification.

RESULTS 
Table 1 summarizes the apparent sources of PCA 

reinnervation and the resting (expiratory) positions 
of each rat’s left TVF as observed on video laryngos-
copy. A description of vocal fold positions is provid-
ed in Fig 1. All left TVFs assumed fixed, immobile 
positions except as noted. Notably, during the se-
quential cuts, 2 phenol-treated rats, 1 saline control 
animal, and 1 VNC-injected animal maintained con-
siderable left PCA activity on LEMG until left-sided 
superior incisions took place; this finding suggests 
the superior laryngeal nerve to be the source of PCA 
reinnervation for those animals. One phenol-treated 
animal required a contralateral, right-sided inferior 
incision before LEMG activity was silenced — a 
finding suggesting that the contralateral RLN had 
been the source for PCA reinnervation. 

Figure 2 provides example LEMG tracings from 
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TABLE 2. LARYNGEAL ELECTROMYOGRAPHY
FINDINGS

  L TA Motor Unit L PCA Motor Unit
 Animal Recruitment (0-4+) Recruitment (0-4+)
Saline solution
 S1 2+, Exp 2+, Constant
 S2 2+, Insp 4+, Constant
 S3 3+, Constant 2+, Exp
 S4 3+, Constant 2+, Insp
 S5 Silent 1+, Fibs
 S6 2+, Constant DBC
Low-dose vincristine
 V1 Silent DBC
 V2 DBC DBC
 V3 Silent, Fibs 2+, Insp
 V4 Silent, Fibs 2+, Exp
 V5 Silent, Fibs 4+, Insp
Phenol
 P1 Silent, Fibs 2+, Insp, Fibs
 P2 Silent, Fibs 3+, Insp
 P3 Silent 3+, Insp, Fibs
 P4 Silent, Fibs 1+, Exp, Polys
 P5 3+, Insp 2+, Insp
 P6 Silent, Fibs 2+, Constant

L TA — left thyroarytenoid muscle; L PCA — left posterior cri-
coarytenoid muscle; Exp — expiratory firing; Constant — both in-
spiratory and expiratory firing; Insp — inspiratory firing; Fibs — fi-
brillation potentials; DBC — died before completing laryngeal elec-
tromyography; Polys — polyphasic motor unit potentials.

representative normal, denervated, and VNC-in-
jected denervated laryngeal muscles. Table 2 sum-
marizes each group’s LEMG results. Left adductor 
LEMGs for all but 1 saline control showed evidence 
of reinnervation (2+ or 3+). In contrast, among the 

neurotoxin-treated animals, only 1 phenol rat (P5) 
showed appreciable motor activity (3+). All oth-
er neurotoxin-treated TA muscles were silent on 
LEMG, except for insertional activity and fibrilla-
tions. No clear differences were noted among left 
PCA LEMG studies from the various groups; all re-
cordings showed variable PCA motor recruitment 
of 1+ or greater, suggesting that the TA injections 
had not appreciably affected the PCA muscles, at 
least within the limitations of the study. One animal 
(V5) that had shown weak active motion on its left 
TVF video also showed near-normal recruitment 
and strong inspiratory firing on its left PCA LEMG 
recordings; its left TA muscle was silent. Also of 
note, 4 phenol-treated ani mals showed decreased 
mo tor recruitment on their contralateral, right-sid-
ed LEMG recordings; 2 (P2, P6) had severely de-
creased (2+) right PCA motor recruitment, and 2 
(P3, P5) had more mildly decreased recruitment 
(3+). Only 1 animal among the other groups showed 
any sign of diminished recruitment on the contra-
lateral side (rat V4; right PCA, 3+). Two intraoper-
ative deaths occurred in the low-dose VNC group 
while the animals were still under anesthesia, before 
completion of their LEMG assessments. One death 
was related to anesthetic overdose, and the other to 
laryngeal edema (airway obstruction) from trauma 
that occurred during the videolaryngoscopy. 

One phenol-treated animal and 3 animals treated 
with high-dose VNC died of toxicity-related com-
plications. All 3 high-dose VNC–related deaths oc-
curred within 1 to 2 hours of the initial injection, 
while the animals were recovering from anesthesia. 
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Fig 2. Laryngeal electromyography examples of reinnervation 
after RLN injury. A) Normal rat thyroarytenoid (TA) muscle, 
with frequent basal activity and predominant firing on exhala-
tion (bracket). B) Denervated normal TA muscle 6 to 7 weeks 
after RLN transection demonstrates decreased firing (bracket) 
and separate individual motor unit potentials. C) Denervated, 
vincristine-treated TA muscle 6 to 7 weeks after RLN transec-
tion (4 weeks after vincristine injection) demonstrates absent 
reinnervation: fibrillation potentials (arrows) are present, and 
motor unit potentials are absent. 
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On the basis of these concerning deaths among the 
high-dose VNC group, no further animals were treat-
ed with high-dose VNC. The phenol-treated rat (P7) 
developed stridor and epistaxis 2 days after the in-
jection and was promptly euthanized. Examination 
under a dissection microscope revealed apparent fi-
brosis of both PCA muscles (more on the left than on 
the right) and of the left-sided TVF, presumably due 
to local diffusion of the injected phenol solution. 

Immunostaining with α-bungarotoxin revealed 
qualitatively similar results among all animals, with 
markedly decreased neuromuscular junction label-
ing on the side of the denervated hemilarynx in all 
experimental groups (Fig 3). The decrease in label-
ing was perhaps somewhat more pronounced among 
phenol- and VNC-treated animals than in controls, 
but in all cases it was decreased, and the myofiber 
diameters were smaller relative to the uninjured 
right hemilaryngeal musculature.

DISCUSSION 

Vocal fold motion impairment, as described by 
Crumley,1 reflects the disorganized neuromuscular 
function that can lead to a spectrum of variations 
according to the source, extent, and cause of laryn-
geal reinnervation after RLN insult.2,4 Clinical pre-
sentations are influenced by the severity of the ini-
tial injury (axonotmesis versus neurotmesis, etc), 
by the presence or absence of scar tissue, and by 
the local interplay among stimulatory and inhibito-
ry growth factors.2 Notably, even the native, unin-

jured larynx displays variable innervation patterns, 
including variable anastomotic branches connecting 
abductor and adductor branches of the inferior la-
ryngeal nerve and also variable anastomoses at the 
ansa of Galen. Animal studies have demonstrated 
multifocal sources of reinnervation following RLN 
injury, including after neurorrhaphy.17,18 Without 
some degree of functionally relevant “pruning,” the 
summative effect of multiple uncoordinated nerve 
fibers stretching from multiple different motor nu-
clei would effectively prevent any useful coordinat-
ed motor activity. 

As an inhibitor of microtubule polymeriza-
tion,12,13 VNC has a generally dose-dependent ten-
dency to cause sensorimotor neurotoxicity that is a 
well-known adverse effect of systemic VNC chemo-
therapy. In fact, multiple instances of unilateral or 
bilateral vocal fold paralysis due to systemic VNC 
chemotherapy have been reported, often resolving 
after the treatment is discontinued.19-24 Vincristine’s 
effects on regenerating peripheral nerve fibers re-
main less clearly defined.12-14 Pan et al13 reported 
a dose-dependent inhibition of nerve regeneration 
in mice after systemic (intraperitoneal) VNC injec-
tions at total doses of 0.5 μg/g or less; these effects 
were attenuated somewhat by FK-506 (tacrolimus). 
The same study reported that VNC blocked further 
nerve outgrowth regardless of the time at which it 
was administered after injury, causing some axons 
to completely fail to regenerate and slowing the rate 
of regeneration among others; however, these ef-
fects were of limited duration. Paydarfar and Paniel-
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Fig 3. Immunohistologic effects from unilateral RLN injury. Adductor complex muscle sections were labeled with 
α-bungarotoxin fluorescent probe (neuromuscular junctions). Images (original ×40) were obtained under identical ex-
posure settings at equivalent points along muscles on single slide. Note smaller myofiber diameters and loss of bright 
peripheral staining (neuromuscular junctions) on denervated side. A) Denervated, phenol-treated hemilarynx. B) Con-
tralateral control (uninjured muscle). 



lo12 noted an inhibitory effect that lasted more than 
10 weeks after VNC administration. 

Despite the small injection volumes in our study, 
high-dose VNC seemed excessively toxic in this 
study and in a separate study in our laboratory (un-
published observations), so we consider it unsuit-
able for therapeutic use in this manner. Our low-
dose VNC injections used a smaller volume at the 
same concentration used by Paydarfar and Paniel-
lo12 for gastrocnemius injections (0.5 μg/μL). This 
corresponds to a 50% dilution of the standard VNC 
intravenous chemotherapy formulation, and ap-
peared to be well tolerated. Of the 5 animals that re-
ceived low-dose VNC, 4 had lateralized TVFs; nota-
bly, most retained a degree of passive nonparadoxi-
cal motion during inspiration and expiration, likely 
suggesting decreased TVF muscular tone. 

In contrast to the more isolated neurotoxic effects 
of VNC, phenol acts as a lytic agent, causing intra-
muscular neurolysis, muscle destruction, and sec-
ondary denervation with subsequent atrophy fol-
lowing intramuscular injection.12,25,26 In the current 
study, 4 of 6 of the phenol-injected TVFs appeared 
fixed and immobile, presumably because of more 
extensive tissue fibrosis. Although phenol solutions 
(90%) can be easily obtained in many otolaryngol-
ogy clinics, the current study suggests that toxici-
ty with local laryngeal injection of phenol may be 
reason for concern. As the goal of the current study 
was to permanently prevent reinnervation, a high-
er phenol concentration (45%) was selected than 
the 10% solution typically described for reversible 
nerve blocks.12,25 The higher concentration could 
explain some toxicity issues; however, in other ap-
plications, including chemical peels, an inverse re-
lationship actually exists between the concentration 
of phenol and its depth of tissue penetration.27 Al-
though phenol injections may be useful for certain 
clinical cases, further work to optimize the clini-
cal safety of such an approach must first take place, 
given phenol’s known toxicity profile, including po-
tential cardiotoxicity and severe respiratory epithe-
lial and mucosal destruction.27 In the current study, 
the notably higher incidence of contralateral effects 
(diminished LEMG activity and a treatment-related 
death) among the phenol group suggests that phenol 
may indeed be more prone to diffuse out into adja-
cent tissues or other undesired locations, despite our 
use of a very a low volume (4 μL). 

In addition to VNC and phenol, chemicals such 
as botulinum toxin and doxorubicin have also been 
studied, but have failed to produce long-term inhi-
bition of synkinesis.12,28,29 Botulinum toxin’s tem-
porary effects necessitate multiple recurring treat-

ments, and can actually indirectly lead to increased 
reinnervation of motor end plates; its potential to 
diffuse across fascial planes also raises concern. Al-
though the effects of doxorubicin are longer-lasting, 
it shows poorer performance in preventing already-
damaged nerves from regenerating, perhaps because 
of its reliance on intact retrograde transport mecha-
nisms (which are damaged in peripheral nerve inju-
ries).12 

Limitations of the current study include several 
factors related to the experimental model and to the 
study’s preliminary nature. A larger study population 
would be helpful in supporting further refinements. 
In this study, the potential adverse effects from lo-
cal diffusion appear to be limited in the VNC-treat-
ed rats, but may be better assessed in larger animal 
models; VNC injections might even prove useful 
for certain veterinary conditions (equine laryngeal 
hemiplegia, etc).30 Further investigations to define 
the ideal time for selectively administering local 
neurotoxin injections after nerve injuries (whether 
acute or chronic) are also needed. Similarly, the op-
timal dosing remains to be established. Finally, this 
study assessed the affects of neurotoxins on initial 
nerve regeneration. Longer-term observations could 
help to establish the relative duration or reversibility 
of the effects from the various neurotoxins, and will 
be necessary to establish whether a stable final state 
with dynamic, functional motor recovery eventually 
occurs.31 

Future strategies for development of this technique 
likely will involve many of the refinements already 
discussed. Precise application of small-volume in-
jections, as would be possible in a larger larynx, may 
be employed to target only isolated areas of aberrant 
reinnervation. Injections of reversible neuromuscu-
lar blockers may play a clinical role in preliminary 
assessments of the potential results from local injec-
tions at specific sites, before administration of any 
longer-term treatments such as VNC injections. Fi-
nally, the development of effective treatments for la-
ryngeal synkinesis will likely provide insights that 
can improve the treatment of disorganized neuro-
muscular activity elsewhere in the body.

CONCLUSIONS 

Inhibitors of aberrant reinnervation offer a poten-
tially complementary role in efforts to enhance dy-
namic functional recovery for patients with larynge-
al synkinesis. They might also be used for TVF lat-
eralization (for glottic airway enlargement) in cases 
of bilateral TVF paralysis with synkinetic reinner-
vation. In the current animal model, high-dose VNC 
injections were overly toxic and phenol injections 
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inhibited reinnervation but also had a less than de-
sirable safety profile. Low-dose VNC injection ap-
peared to be the safest and most effective treatment 

option for selective inhibition of spontaneous aber-
rant reinnervation to specific laryngeal muscles af-
ter RLN transection injury. 
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Paced Glottic Closure for Controlling Aspiration Pneumonia in 
Patients With Neurologic Deficits of Various Causes   
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Kate Krival, PhD; Aaron J. Hadley; Dustin J. Tyler, PhD

Objectives: We undertook to determine whether paced vocal fold adduction can check aspiration in patients with vari-
ous neurologic conditions.
Methods: Five patients with fluoroscopically documented aspiration and repeated pneumonias were enrolled. Two pre-
viously reported patients with hemispheric stroke were compared to 3 additional subjects with brain stem–basal ganglia 
and cerebellar stroke, cerebral palsy, and multiple sclerosis. A modified Vocare stimulator was implanted subcutaneously 
and linked to the ipsilateral recurrent laryngeal nerve via perineural electrodes. Vocal fold adduction and glottic closure 
were effected with pulse trains (42 Hz; 1.2 mA; 188 to 560 μs) and recorded with Enhanced Image J. Fluoroscopy results 
with and without stimulation were assessed by 2 independent blinded reviewers. Pneumonia rates were compared before, 
during, and after the 6- to 12-month enrollment periods.
Results: There was statistically significant vocal fold adduction (p < 0.05) for all patients, further verified with bolus ar-
rest (p < 0.05 for thin liquids, thick liquids, and puree depending on the speech-language pathologist). Pneumonia was 
prevented in 4 of the 5 patients during enrollment. In the fifth patient, who had brain stem–basal ganglia and cerebellar 
stroke, we were unable to completely seal the glottis and open the cricopharyngeus enough to handle his secretions.
Conclusions: Vocal fold pacing for aspiration pneumonia from a variety of neurologic insults appears to be appropriate 
as long as the glottis can be sealed. It is not sufficient when the cricopharyngeus must be independently opened.  
Key Words: aspiration pneumonia, glottic closure, neurologic deficit, recurrent laryngeal nerve stimulation. 
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INTRODUCTION  

In terrestrial animals, it is normally the role of 
the vocal folds to seal the larynx and protect the air-
way during deglutition. Laryngotracheal separation 
represents the end point of a reflexogenic cascade 
typical of a second, pharyngeal stage of deglutition 
that occurs once the first, voluntary oral stage has 
been completed. This process can be disrupted by a 
variety of conditions originating in the central ner-
vous system. Although cerebrovascular accidents 
(strokes) constitute the bulk of these insults, other 
neurologic diseases are usually included in a com-
mon approach to rehabilitation.1 Traditionally, ther-
apy has been implemented by speech-language pa-
thologists (SLPs) and usually comprises special risk 
reduction diets of variable consistencies and com-
pensatory strategies such as chin tuck, head turn, su-

persupraglottic swallow, double supraglottic swal-
low, the Mendelsohn maneuver, etc,2 and exercises 
such as the Masako or Shaker.3 Unfortunately, al-
though these approaches may assist spontaneous re-
turn to workable deglutition through brain plastic-
ity, such efforts will not always suffice in checking 
pneumonia, which occurs in approximately 20% of 
the cases.1  

Since sphincteric vocal fold closure is the most 
important safety mechanism in preventing aspira-
tion,4,5 it is attractive to use the recurrent larynge-
al nerve to stimulate the vocal fold adductors that 
comprise the bulk of the intrinsic laryngeal muscles. 
This approach is geared at controlling the “final” ex-
pression of any disrupted swallow at the glottic end 
point, during and also after deglutition, regardless 
of the level and degree of failure involved along the 



TABLE 1. CLINICAL INCLUSION AND EXCLUSION
CRITERIA FOR STUDY

Inclusion
 Documented aspiration after neurologic insult
 No improvement after 6 months of swallowing therapy
 Tracheotomy either planned or already in place
 Patient can understand research and manipulate switch
Exclusion
 Heart condition (cardiac pacemaker)
 Age less than 18 years
 Pregnancy or planned pregnancy

 Broniatowski et al, Paced Glottic Closure in Neurologic Deficits 45

TABLE 2. PATIENT DISTRIBUTION
     Aspiration Time Prior
 Pt No. Sex Age (y) Cause of Aspiration to Enrollment
 1 F 54 Cerebrovascular accident of right hemisphere 8 y
 2 M 81 Cerebrovascular accident of left hemisphere 16 mo
 3 M 70 Cerebrovascular accident of brain stem, basal ganglia, and cerebellum 12 y
 4 F 76 Cerebral palsy 3 y
 5 M 62 Multiple sclerosis 2 y

swallowing cascade.5  
This study compares the results of laryngeal stim-

ulation and its effect on pneumonia rates in 5 pa-
tients with aspiration resulting from diverse neuro-
logic impairments. We include additional data from 
2 cases previously presented in a preliminary fea-
sibility report.6 Although the causes of impairment 
differ, these patients had similar clinical presenta-
tions, which made it attractive for them to share a 
common therapeutic modality. Our method has fol-
lowed information from the Agency for Health Care 
Policy and Research linking aspiration to the occur-
rence of pulmonary infections.1  

MATERIALS AND METHODS 

Five patients who had various neurologic condi-
tions and chronic aspiration pneumonia despite tra-
ditional therapies, and who needed a tracheostomy 
for pulmonary toilet, were entered into the study. 
Their ages varied between 54 and 81 years (mean 
± SD, 68.8 ± 10.8 years). The indications for enroll-
ment in the study are listed in Table 1. All patients 
were unable to ingest any food, and they complained 
of a decreased quality of life.  

Clinical histories were retrieved from primary 
care physicians and patient and family interviews at 
enrollment time and were verified on medical rec-
ords as authorized by the US Health Insurance Port-
ability and Accountability Act of 1996. Chest radio-
graphs read by an attending radiologist were further 
rated in terms of the absence or presence, specify-
ing magnitude, of infiltrates as absent (0), mild (1), 
moderate (2), or severe (3). As one of the conditions 

for enrollment, all candidates failed fluo roscopic 
examination (modified barium swallow study) in 
terms of exhibiting significant physiological indica-
tors of dysphagia coupled with frequent aspiration 
of boluses of various consistencies. Fluoroscopy has 
been traditionally, if arguably, considered the gold 
standard for objectively documenting aspiration.1,7  

The causative neurologic deficits are reported in 
Table 2. Although the first 3 subjects shared a di-
agnosis of stroke, their central nervous system in-
sults were anatomically distinct on axial computed 
tomography scans as involving the right hemisphere 
(patient 1), the left hemisphere (patient 2), and the 
brain stem, basal ganglia, and cerebellum (patient 3). 
The other 2 patients had more generalized disease. 
Patient 4 was born with cerebral palsy and presented 
with a 3-year history of progressive dysphagia, and 
patient 5 had a long-term history of multiple sclero-
sis and had had diminished swallowing capability 
for 2 years. Four of the 5 patients had percutaneous 
endoscopic gastrostomies at the time of enrollment. 
Patient 4 was advised to have a percutaneous endo-
scopic gastrostomy, but refused.  

All candidates received a modified Vocare stimu-
lator (Finetech Medical Ltd, Welwyn Garden City, 
England; approved by the US Food and Drug Ad-
ministration as IDE G980179), originally used for 
voiding in paraplegics. The stimulator was implant-
ed subcutaneously in the anterior chest wall and 
linked to a Huntington Medical Research Institute 
(Pasadena, California) bipolar electrode similar to 
those used for vagal stimulation in epilepsy. Surgery 
was carried out as previously described.6 The sur-
geries were well tolerated, but nonfunction of the 
stimulator in patient 4 was followed by removal 
and satisfactory re-placement on the opposite side. 
There was no damage to vocal fold mobility, and no 
evidence of aberrant reinnervation.  

After implantation, the patients were subjected to 
repeated examinations at weeks 1, 2, and 4, followed 
by examinations at 2, 3, 6, and 12 months. These 
sessions included videotaped flexible laryngoscopy 
(Machida ENT 3-L flexible laryngoscope, Machida 
Endoscope Co, Ltd, Tokyo, Japan) with and without 
stimulation, chest radiography, and modified barium 
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swallow examinations. Vocal fold positions were 
evaluated frame by frame on ImageJ software from 
the videotapes and matched with the intensity of the 
injected charges. Occasionally, there were schedul-
ing difficulties due to patient illness or an inability 
to find transportation — a frequently reported prob-
lem with the populations under study (eg, nursing 
home residents).7 Therefore, some chest radiogra-
phy was implemented at other locations. Clinical 
pneumonia was defined as the occurrence of pro-
ductive cough (sputum), fever, and rales on chest 
auscultation. Infiltrates on chest radiography reports 
read by an attending radiologist were rated as absent 
(0), mild (present; 1), moderate (significant; 2), or 
severe (massive or bilateral; 3).  

For fluoroscopy (modified barium swallow 
study), the patients were given boluses of 3 to 15 
mL and a variety of consistencies (thin, thick liquid, 
puree, pudding, and peanut butter and jelly, when 
applicable). The patients were instructed to hold the 
bolus orally just before stimulation onset. (The cir-
cuit is set to fire with a 2-second delay.) Modified 
barium swallow study results were first read by the 
administering SLP in conjunction with the attending 
radiologist. They were subsequently blindly evalu-
ated by 2 independent SLPs extraneous to the par-
ent institution (University Hospitals of Cleveland, 
Cleveland, Ohio). Data collected after original SLP 
review of patients 1 and 2 in the preliminary study6 
were also considered. The numbers of sessions were 
7, 8, 14, 8, and 10 sessions for patients 1 through 
5, respectively. Speech-language pathologist I re-
corded 59, 64, 43, 106, and 88 evaluable trials for 
patients 1 through 5 (total N = 360), and SLP II re-
corded 29, 62, 64, 122, and 142 (total N = 419) trials 
for patients 1 through 5. Physiological signs such as 
premature pharyngeal entry and delayed swallow-
ing response were reported by each SLP as either 
present or absent. For each of those categories, the 
total number of trials, the total number of evaluable 
trials, the presence or absence of stimulation, the 
consistency of the bolus, and the results (positive, 
negative, or unevaluable) were transcribed on Excel 
spreadsheets. The findings for each category were 
then expressed as the number of positive results for 
each patient divided by the number of evaluable tri-
als for each patient.  

We then examined the effect of stimulation on 
aspiration. Aspiration was originally observed and 
categorized into 3 groups (before, during, and after 
swallowing) by the SLPs, because it can occur at 
any of those times. However, because stimulation 
started just with oral bolus introduction, these re-
sults were added as 1 cumulative tally to optimally 
express aspiration arrests. The cumulative number 

of aspirations divided by the total number of swal-
lows in each subject were compared for stimulation 
“on” and stimulation “off.” We did not have enough 
numbers and had too many variables to specifically 
analyze the effect of bolus consistency in individu-
al patients. In addition, the lack of consensus as to 
what liquid viscosities should be used8 was compli-
cated by unknown parameters used by the individu-
al SLPs. Thus, evaluation of individual patients was 
replaced by a global assessment. The findings were 
further compared to as-yet-unpublished data calcu-
lated from the original SLP review.6  

We used 2 methods for statistical analysis. The 
Student’s paired t-test compares 2 paired observa-
tions (eg, vocal fold angles as a direct function of 
stimulus levels) in the same individual. However, in 
situations in which counts of responses between 2 or 
more independent groups are needed (eg, numbers 
of aspirations without and during stimulation over 
numbers of respective trials), a nonparametric test 
such as the χ2 test becomes necessary.9  

Finally, changes in quality of life related to the 
study were based on letters of testimony and con-
versations from the patients, close family, and allied 
personnel and on objective observations by the in-
vestigators recorded at the completion of each visit. 
When conditions were considered safe enough for 
home usage, some patients (numbers 2, 4, and 5) 
were allowed to use the device during meals before 
each swallow for a period of up to 6 months. Patient 
4 originally did well with the device, but unfortu-
nately was not considered sufficiently compliant for 
home use. The 2 patients who did not qualify for 
home use were nonverbal patient 1, who lacked suf-
ficient family and local SLP support to sustain regu-
lar use, and patient 3, in whom control of aspiration, 
aggravated by copious gastropharyngeal reflux, had 
not been found fully satisfactory in terms of glottic 
seal and fluoroscopy in the radiology suite.  

RESULTS  

Pneumonias and Chest Radiographs. All candi-
dates presented with a substantial number of symp-
tomatic pneumonias (as one of the conditions for 
enrollment) before treatment. The cumulative num-
bers of both clinical pneumonias and infiltrates were 
clearly decreased during the arbitrarily designated 
pacing period of 6 to 12 months as compared to the 
6 to 12 months before the stimulation period. In 4 
of the 5 patients, there appeared to be a persistent 
beneficial effect, albeit to a lesser degree, for 6 to 
12 months after the end of stimulation (p = 0.001 on 
the χ2 test). The only exception was patient 3, who 
continued to present with ongoing pneumonia (Fig 
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TABLE 3. DECREASES IN PNEUMONIAS AND INFILTRATES
 Before Stimulation During Stimulation After Stimulation
 Pt No. CP CR INF F/U CP CR INF F/U CP CR INF F/U
 1  >3 3  3* 6 0 4 0 6 0 6 1 18
 2  >2 2  2* 11 0 4 0 12 1 4 0 11
 3 Rec 5  3 9 Rec 9 9 8 Rec 1 1 12
 4  >5 7 12 9 0 5 2 6 0 11 3 23
 5 >51 19  3 23 0 8 1 10 1 8 1 10

Clinical information is from referring physician, patient, family, and medical records. Patients 2, 4, and 5 had home use of stimulator.
CP — number of clinical pneumonias; CR — number of chest radiographs during observation time; INF — number of cumulative infiltrates; 
F/U — follow-up in months; Rec — recurring.

*Estimated from pneumonia counts.

Fig 1. Infiltrates and stimulation. Distribution of cumu-
lated pulmonary infiltrates over time (see Table 3 for 
numbers). Average number of infiltrates was 4.6 be-
fore, 1.4 during, and 2.8 after stimulation for all patients. 
There was no infiltrate during stimulation in patients 1 
and 2, and there was marked reduction in others except 
for patient 3, in whom infiltrates increased in number 
with time. Note high prestimulation number in patient 4, 
followed by sharp decline. Statistically significant differ-
ences were indicated by χ2 test between prestimulation, 
stimulation, and poststimulation states (p = 0.001) when 
calculated for roughly equal observation times.

1 and Table 3).  

Paced Vocal Fold Adduction. The charges neces-
sary to implement a glottic seal varied from patient 
to patient and encounter to encounter. However, the 
smallest necessary amount was used, usually pro-
ducing laryngeal tingling or mild coughing. The 
closure angles (degrees) were stimulus-dependent 
(1 to 4 normalized amplitude; 88- to 560-μs pulse 
duration; p < 0.05 on a paired t-test). Unfortunately, 
we remained unable to achieve tight, workable glot-
tic closure in patient 3 in spite of increased charges 
eliciting substantial adduction from a paramedian 
position (Fig 2).  

Modified Barium Swallow Studies. Physiologi-
cal signs of dysphagia were considered important to 
the study, because they directly correlate with ex-
pected degrees of aspiration pneumonia.6,10 The to-
tal numbers of reviewed trials amounted to 394 and 
460 for SLP I and SLP II, respectively. However, in-
formation was unevaluable in 34 (8.6%, SLP I) and 

41 (8.9%, SLP II) cases because of skipped imag-
es, poor-quality video, or a limited full-screen view. 
Thus, 360 evaluable trials were found by SLP I and 
419 evaluable trials were recorded by SLP II for all 
5 patients. These numbers roughly compare to the 
total of 128 in the original SLP evaluation (65 and 
63 for our first 2 patients).  

The interreliability correlation rates between SLP 
I and SLP II were 99% for premature pharyngeal 
entry, 59% for delayed swallowing responses, 98% 
for penetration into the laryngeal vestibule, 76% for 
vallecular residue, and 77% for pyriform sinus resi-
due. Some of these interreliability correlation rates 
are in agreement with the original SLP evaluation. A 
correspondence was more difficult to establish with 
smaller samples.

From the available fluoroscopic information, the 
patients with cerebrovascular accidents (Nos. 1, 2, 
and 3) presented with a greater frequency and a wid-
er range of physiological signs of dysphagia (up to 
100%) as compared to those with less-focused neu-
rologic deficits (ie, No. 4, with cerebral palsy, and 
No. 5, with multiple sclerosis). However, relatively 
high rates of premature pharyngeal entry stand out 
for those 2 patients (56% to 68%), as does a delayed 
swallow response for patient 5 (68%), when counts 
are compared to their own other symptoms (Table 
4). For the original SLP evaluation, the rates of pre-
mature pharyngeal entry amounted to 95% and 92% 
for patients 1 and 2, but rates varied as 93.8% and 
40% for vallecular residue and 93% and 40% for 
penetration of the laryngeal vestibule, respectively. 
In patient 1, the rate of reduced pharyngeal contrac-
tion was 63%, and the rate of inadequate airway clo-
sure was 49% for patient 2.  

Aspiration Arrest. Focusing, then, on aspiration 
proper, although the arrest ratios varied, they were 
statistically verified in each paced candidate on the 
basis of data from at least 1 SLP, patient 3 being 
an exception. Comparisons were made between the 
number of aspirations with and without stimulation 
over the number of trials in each patient. In patient 
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1, there was an overall decrease in aspiration with 
the stimulation “on” (18/22 trials versus 20/37; p < 
0.05 on χ2) for SLP I, whereas the contrary was true 
(more aspiration) for SLP II (11/11 versus 25/22;  
p < 0.01). However, our preliminary study based on 
the original SLP evaluation6 indicated bolus arrest 
(16/28 versus 19/39; p < 0.05 on χ2). Patient 2 also 
experienced arrest according to SLP I data (5/17 ver-
sus 0/19; p < 0.02) but no significant change accord-
ing to SLP II data (19/29 versus 21/32; not signifi-
cant [NS]). Here again, however, the original SLP 
information indicated arrest (0/18 versus 0/19; p < 
0.05), although this patient does not seem to have 
aspirated in the first place during the original SLP 
evaluation. Patient 3 aspirated less with stimulation 
(8/6 versus 1/4; NS) according to SLP I, whereas the 
contrary was verified by SLP II data (33/27 versus 
46/35; NS). For patient 4, stimulation produced ar-
rest according to both SLP I (3/32 versus 3/36; NS) 
and SLP II (5/42 versus 1/59; p < 0.05). Finally, pa-
tient 5 also showed arrest according to both SLP I 
(2/5 versus 0/5; NS) and SLP II (19/70 versus 0/71; 
p < 0.01). Figure 3 and Tables 56 and 66 give the 
per centages of reported arrests.  

Thickeners were added to commercially available 

thin liquids when needed. The cumulative frequen-
cy of aspiration arrests with and without stimulation 
(before, during, and after swallowing) indicates sta-
tistically significant differences for thin (11/44 ver-
sus 2/52) and thick (4/21 versus 1/27) liquids (p < 
0.05 on the χ2 test) for SLP I, and for thick liquid 
(9/61 versus 17/70) and puree (14/35 versus 21/40 
for SLP II; p < 0.05). These findings were further 
verified (p < 0.05) for thin (13/20 versus 8/24) and 
thick liquids (13/24 versus 8/52) on the basis of the 
original SLP evaluation on the 2 first patients (Ta-
ble 76).  

Finally, 4 of the 5 patients (No. 3 being the excep-
tion) expressed satisfaction in terms of an improved 
quality of life for their ability to eat (via letters writ-
ten by patient 2 and by the wife of patient 5, and via 
repeated verbal praise from the sister of patient 4). 
Patient 1, with aphasia, expressed her satisfaction 
by body communication.  

DISCUSSION  
This limited series of patients, with aspiration 

pneumonias from a variety of neurologic condi-
tions, is admittedly not fully representative of any 
of its constituent parts. A clean definition of laryn-
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Fig 2. A,B) Stimulation of right 
vocal fold resulted in tight glot-
tic seal (B) in patient 5. C,D) In 
patient 3, stimulation of left vocal 
fold resulted in incomplete ad-
duction (D) insufficient for tight 
glottic closure. Note poor abduc-
tion (C) in resting position in pa-
tient 3, who had cerebrovascular 
accident of brain stem, basal gan-
glia, and cerebellum.



geal pacing outcomes in individual subjects would 
require larger samples — a task currently difficult 
to fulfill. According to the 1999 Evidence Report/
Technology Assessment on Diagnosis of Swallow-
ing Disorders in Acute-care Stroke Patients, clinical 
trials designed to predict the risk for pneumonia on 
the basis of diagnostic tests depend on the ability to 
gather hundreds of patients to achieve statistical sig-
nificance.1 Fulfilling those requirements would en-
tail multi-institutional approaches and carry major 
expenses, regardless of the method used. Nonethe-

less, since there are currently no national guidelines 
for the control of aspiration pneumonia,1,11 we won-
dered whether shared symptoms observed between 
diverse populations such as this series could be al-
leviated by a common, novel approach. Whatever 
their differences in cause of impairment and clini-
cal presentation, our patients already constituted a 
preselected group with each individual representing 
his or her own control. Considering the promising 
results of our pilot study in terms of arresting aspi-
ration,6 we hypothesized that the benefits of evoked 
dynamic laryngotracheal separation could be ex-
panded to subjects who share more similarities than 
could be expected from apparently unrelated caus-
ative factors.  

On the basis of clinical and radiologic criteria and 
core fluoroscopic information, we have shown that 
laryngeal pacing was able to check aspiration in the  
4 of our 5 cases associated with a tight glottic seal. 
We are encouraged by the results in those patients 
who were allowed to carry the device for home use 
during all or part of the prescribed stimulation period 
as an attractive method to check pneumonia. How-
ever, most patients benefited beyond this enrollment 
time regardless of device portability. The sole excep-
tion was patient 3, who was unable to handle his se-
cretions because of a lack of a tight glottic seal. The 
valvular function of the larynx is phylogenetically 
the most ancient, allowing terrestrial life to breathe 
without aspiration — a problem unfortunately pres-
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TABLE 4. PERCENTAGES OF FLUOROSCOPY TRIALS THAT YIELDED PARTICULAR SIGNS
 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Sign SLP I SLP II SLP I SLP II SLP I SLP II SLP I SLP II SLP I SLP II
PPE* 100 100 100 100 95 93 56 56 68 64
ASR 5 20 2 3 83 3 0 0 0 0
DSR* 85 100 83 100 12 93 0 12 62 45
APS 11 15 2 3 67 79 0 1 0 2
RPC 12 100 8 57 33 99 0 5 8 30
RLE 48 88 28 75 18 97 0 53 9 41
REI 9 96 3 27 33 95 0 25 2 7
IAC 73 76 33 43 70 94 0 3 8 18
PLV* 75 75 43 53 81 96 10 18 9 26
ADS 22 46 3 35 13 44 3 2 8 9
VLR* 24 63 71 77 66 90 22 32 28 10
PSR* 37 96 27 23 89 93 9 0 26 14
PWR 2 3 5 2 25 21 2 0 23 7
CPD  4  35  81  0
AWS 27  3 34 70 79 0 63 13 7

Interreliability correlations between speech-language pathologists (SLPs) I and II varied as 99% for PPE, 59% for DSR, 98% for PLV, 76% for 
VLR, and 77% for PSR.
PPE — premature pharyngeal entry; ASR — absent swallow response; DSR — delayed swallow response; APS — aspiration prior to swallow; 
RPC — reduced pharyngeal contraction; RLE — reduced laryngeal excursion; REI — reduced epiglottic inversion; IAC — inadequate airway 
closure; PLV — penetration of laryngeal vestibule; ADS — aspiration during swallow; VLR — vallecular residue; PSR — pyriform sinus resi-
due; PWR — pharyngeal wall residue; CPD — cricopharyngeal dysfunction (severe for patient 3); AWS — aspiration with swallow.

*Signs most frequently observed.

Fig 3. Stimulation outcomes on aspiration (percent) in 
patients 1 through 5 based on speech-language patholo-
gist (SLP) information. Aspiration decreased with stimu-
lation on in all cases except for minor differences in pa-
tient 1 (SLP II), patient 2 (no differences for SLP II), and 
patient 3 (SLP II). Original SLP data also indicate de-
crease (see Tables 5 and 6 for numbers). 



ent with clinical deficiencies in glottic sphincter-
ic closure.4,5 It is therefore not surprising that this 
patient, furthermore afflicted with gastroesopha-
geal reflux and cricopharyngeal dysfunction (Table 
4), repeatedly aspirated and presented with ongo-
ing pneumonias (or possibly nonbacterial chemical 
pneumonitis; Table 1). The widespread neurologic 
insults potentially associated with aberrant reinner-
vation (synkinesis) could explain difficulties in tar-
geting the recurrent laryngeal nerve neurofibers for 
tight adduction even under higher intensities. Be-
cause the square wave panstimulation produced by 
our stimulator preferentially targets the larger, most 
excitable axons,12 even potentially worsening aspi-
ration (Table 3), other current envelopes, that focus 
on a larger selection of intrinsic laryngeal nerve-
muscles,13 may be preferred in the future.  

Although there has been a relative scarcity of in-
formation on how dysphagia can be explained on the 
basis of specific central nervous system insults,1 our 
limited series points to a common core of physio-
logical signs (symptoms) in patients presenting with 
pneumonia. Ding and Logemann14 reviewed 378 
stroke patients who did or did not experience pneu-
monia. In the latter group (of interest here), aspira-
tion was shared by all patients, although with vari-
able frequencies. Patients with multiple strokes (eg, 
our patient 3) aspirated in 72.3% of the cases, fol-
lowed (in this order) by those with left cortical (ie, 
hemispheric; No. 2), cerebellar (No. 3), right corti-
cal (No. 1), multiple (No. 3), unspecified, and brain 
stem (No. 3) locations (50%). Our data also support 
the observations of Johnson et al,15 who reported 
that those who aspirate often exhibit increased pha-
ryngeal transit times (all of our patients except No. 

4), reduced pharyngeal elevation (reduced laryn-
geal excursion; all), vestibule closure (penetration 
into the laryngeal vestibule; mostly cerebrovascular 
accidents), cricopharyngeal opening (cricopharyn-
geal dysfunction; typically in patient 3), and weak-
ness and increased incidence of delayed pharyngeal 
swallow (delayed swallow response; all).  

Causes of dysphagia other than a cerebrovascular 
accident (as in patients 4 and 5) may manifest them-
selves with more diffuse or unpredictable profiles. 
Rapp and Torres16 report that the little data available 
on cerebral palsy in adults (in spite of their increas-
ing numbers) was extrapolated from data from chil-
dren, with whom they share poor muscle coordina-
tion and rapid fatigue. In the review by De Pauw et 
al17 of 309 patients with multiple sclerosis, as many 
as 24% of those mildly impaired had dysphagia, and 
59% already had pneumonia. For Calcagno et al,18 
out of 143 consecutive subjects, 34.3% had dys-
phagia, a rate roughly similar to that (43%) found 
by Abraham,19 who studied 525 subjects.  

The fact that our patients presented overall with 
fewer pneumonias during stimulation, and to some 
significant degree after stimulation, as compared 
to enrollment times (Table 3) raises the question as 
to how evoked dynamic laryngotracheal separation 
could possibly control the problem on a long-term 
basis. Admittedly, it is difficult to draw conclusions 
from this small sample of patients.1  

A major issue pertains to the predictive value of 
aspiration arrests on pneumonia, which is one of 
the integral assumptions of this study. Unfortunate-
ly, there may not be a direct relation between the 
2 factors solely based on fluoroscopy (even assum-
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TABLE 5. NUMBER OF TRIALS WITH ASPIRATION PER TOTAL TRIALS WITH STIMULATION OFF VERSUS ON
 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
   p   p   p   p   p
 Off On (χ2) Off On (χ2) Off On (χ2) Off On (χ2) Off On (χ2)
SLP I 18/22 20/37 <0.05 5/17 0/19 <0.02 8/6 1/4 NS 32/33 3/36 NS 2/5 0/5 NS
SLP II 11/11 25/22 <0.01 19/29 21/32 NS 33/27 46/35 NS 5/42 1/59 <0.05 19/70 0/71 <0.01
Original SLP6 16/28 19/39 <0.05 0/18 0/18 <0.05

Although most patients had statistically significant decrease in aspiration with stimulation, patients 1 and 3 had small increases according to SLP 
II.
NS — not significant.

TABLE 6. PERCENTAGE OF TRIALS WITH ASPIRATION WITH STIMULATION OFF VERSUS ON
 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
 Off On Off On Off On Off On Off On
SLP I 82 54 21 0 133 25 9 8 40 0
SLP II 100 113 66 66 122 131 12 2 27 0
Original SLP6 57 49 0 0

Despite overall reduction in aspiration, there was statistically significant increase for patient 1 and (nonsignificant) trend for patient 3 based on 
SLP II data, as well as nonsignificant changes in patient 3 for both evaluators. For original SLP, patient 2 did not aspirate. When present, increases 
were due to residuals (Table 4) irrespective of stimulation status.



ing observed aspiration arrest), particularly because 
of false positives and negatives and discrepancies 
with the original SLP evaluation,1 as may all have 
possibly occurred in our (or for that matter any) se-
ries. Also, patients always swallow more often than 
they ingest food, leaving residue to be silently as-
pirated,20 as variously noted in our swallow trials 
(Table 4). There is also a lack of consensus about 
definitions of bolus viscosities (Table 7), which, ac-
cording to Garcia et al,8 vary widely on the basis 
of manufacturers’ qualities of the original thin liq-
uids, the nature of added thickening agents, and the 
time spent before presentation to the patients, all of 
which make preparation of feeding consistencies 
subjective. Furthermore, according to Campbell-
Tay lor,21 one of the most common misconceptions 
about swallowing is that aspiration should be rec-
ognized and treated to prevent pneumonia. A corol-
lary of this assertion is that there has been too much 
emphasis on the importance of aspiration, which has 
come to obscure all other causes of pneumonia. For 
that matter, it has been recognized that pneumonia is 
more probably due to malnutrition, dehydration, and 
reduced immune system defense as a result of im-
paired swallowing.1,4,15 It is, therefore, probably not 
surprising that those of our patients who were able to 
use the stimulator at home did better than when sub-
mitted to “standard measures” of deglutitive dynam-
ics (ie, fluoroscopy in the radiology suite), which 
have been shown to bear little or no resemblance to 
how swallowing proceeds during a meal.4,21  

Although our patients with cerebral palsy or mul-
tiple sclerosis stood out as having had the highest 
numbers of pneumonias, and also “failed” fluoros-
copies before enrollment, they aspirated less during 
and after stimulation than did some of their counter-
parts who had had cerebrovascular accidents (Table 
4). Pacing, in fact, reduced pneumonia rates to al-
most zero, in spite of the multifactorial natures of 
the responsible central nervous system deficits (Ta-
ble 3). This progress, which may well reflect spared 
brain plasticity22 that is possibly restricted in some 
more pathologically focused cases of cerebrovascu-
lar accidents, could offer promise in expanded SLP 
therapies.  

There are obviously multiple variables involved 
with pneumonia associated with central nervous sys-
tem deficits. In addition to clinical differences, their 
interpretations may differ between observers, be-
cause a subjective element can never be fully ruled 
out. There were comparable numbers between pa-
tients of nonevaluable fluoroscopies for each SLP in 
this study, and interpretations may have varied be-
tween examiners. In spite of these drawbacks, there 
was reasonable interreliability for physiological 
signs present in sufficient numbers to be significant 
(Table 4), whereas other, less frequent signs were, 
obviously, less convincing. Clearly, small case series 
such as ours should be broadened to large random-
ized controlled trials, as recommended.1 Aspiration 
should not be considered the definitive marker for 
the outcome of pneumonia.1  

CONCLUSIONS  
From our data, and particularly in the absence of 

better avenues, we submit that paced laryngotrache-
al separation offers promise for the control of pneu-
monia based on 1) a unified strategy for a common 
core of symptoms from diverse causes; 2) an objec-
tive outcome in terms of producing a glottic seal 
on demand; 3) documented clinical and radiologic 
progress; and 4) an enhanced quality of life. How-
ever, larger series must be studied to determine the 
optimal approach to the problem. 
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TABLE 7. COMPARISON BETWEEN SIGNIFICANT
RESULTS OF ASPIRATION BY SPEECH-LANGUAGE

PATHOLOGIST AND CONSISTENCY
  Trials With Trials With
  Stimulation Stimulation p
 Consistency Off On (χ2)
SLP I Thin 11/44 2/52 <0.05
 Thick 4/21 11/27 <0.05
SLP II Thick 9/61 17/70 <0.05
 Puree 14/35 21/40 <0.05
Original SLP6 Thin 13/20 8/24 0.05
 Thick 13/24 8/52 <0.05
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Atelocollagen Sponge as a Stem Cell Implantation Scaffold
for the Treatment of Scarred Vocal Folds 
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Objectives: Treatment of vocal fold scarring remains a therapeutic challenge. Our group previously reported the efficacy 
of treating injured vocal folds by implantation of bone marrow–derived stromal cells containing mesenchymal stem cells. 
Appropriate scaffolding is necessary for the stem cell implant to achieve optimal results. Terudermis is an atelocollagen 
sponge derived from calf dermis. It has large pores that permit cellular entry and is degraded in vivo. These characteristics 
suggest that this material may be a good candidate for use as scaffolding for implantation of cells. The present in vitro 
study investigated the feasibility of using Terudermis as such a scaffold. 
Methods: Bone marrow–derived stromal cells were obtained from GFP (green fluorescent protein) mouse femurs. The 
cells were seeded into Teru der mis and incubated for 5 days. Their survival, proliferation, and expression of extracellular 
matrix were examined. 
Results: Bone marrow–derived stromal cells adhered to Terudermis and underwent significant proliferation. Immunohis-
tochemical examination demonstrated that adherent cells were positive for expression of vimentin, desmin, fibronectin, 
and fsp1 and negative for beta III tubulin. These findings indicate that these cells were mesodermal cells and attached to 
the atelocollagen fibers biologically. 
Conclusions: The data suggest that Terudermis may have potential as stem cell implantation scaffolding for the treatment 
of scarred vocal folds. 
Key Words: atelocollagen, bone marrow–derived stromal cell, cell implantation, mesenchymal stem cell, scaffold. 
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INTRODUCTION 
Vocal fold scarring can occur after inflamma-

tion, injury, phonosurgery, or radiotherapy. It causes 
hoarseness and decreases the quality of life. Histo-
logically, thick, disorganized collagen bundles and 
disorganized, fragmented elastin fibers have been 
seen in the lamina propria.1,2 Hence, the viscoelas-
tic properties of the lamina propria are affected, and 
phonation disorders are observed. There is no satis-
factory treatment for vocal fold scarring, and it re-
mains a therapeutic challenge to treat scarred vocal 
folds. 

To treat or prevent this disorder, our group has 
explored a novel approach to regenerate vibratory 
tissues by using tissue engineering methods.3-6 Tis-
sue engineering consists of 3 elements: cells, growth 
factors, and scaffold. It is believed that tissue regen-
eration will be achieved when appropriate cells are 

provided in an optimal scaffold.7 We have previ-
ously reported the efficacy of implantation of bone 
marrow–derived stromal cells (BSCs) containing 
mesenchymal stem cells (MSCs) into injured vocal 
folds.3 In that study, BSCs were injected in a 2% 
collagen solution into the injured vocal folds, and 
the morphological and histologic results showed im-
proved wound healing, suggesting that BSCs might 
be useful for restoration of vocal fold mucosa. We 
also confirmed, in a subsequent study,8 that injected 
BSCs differentiated into several line ages of mature 
cells, including endothelial, mesenchymal, muscu-
lar, and cartilaginous cells. 

Cell therapy is an attractive strategy for tissue re-
generation, but one of the important aspects of cell 
therapy is keeping the cells at the site and maximiz-
ing their function. In this sense, a collagen solu-
tion may not be ideal, because the solution is eas-
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ily diluted and absorbed. Therefore, it is important 
to choose an adequate scaffold to enhance the ef-
ficacy of implantation of stem cells. Terudermis 
(Terumo Co, Tokyo, Japan) is a dehydrothermally 
cross-linked atelocollagen sponge derived from calf 
dermis. Strong fibrillar atelocollagen and heat-dena-
tured atelocollagen, which promotes excellent cell 
migration, are mixed at a ratio of 9 to 1 and lyoph-
ilized to create a layer of collagen sponge about 5 
mm thick.9 The sponge has many large pores to per-
mit cell entry and is degraded gradually in vivo by 
endogenous collagenase.9,10 In the current study, we 
examined the feasibility of using this atelocollagen 
sponge as scaffolding for BSCs, with particular at-
tention focused on the proliferative and differentia-
tive responses of BSCs. 

MATERIALS AND METHODS 
Harvest and Cultivation of BSCs. GFP (green flu-

orescent protein) mice were anesthetized by intra-
muscular administration of ke ta mine hydrochloride 
(8.0 × 10–4 mg/g; Sankyo Co, Tokyo) and xylazine 
hydrochloride (5.0 × 10–4 mg/g; Bayer, Tokyo) and 
painlessly sacrificed, and both femurs were resect-
ed. Bone marrow was flushed from both femurs by 
means of a syringe with a 23-gauge needle. The re-
sulting cell suspension was placed in a 10-cm-diam-
eter tissue culture dish with 10 mL of Dulbecco’s 
modified Eagle’s medium (DMEM) containing 10% 
fetal bovine serum (FBS) and an antibiotic-antimy-
cotic mixture (Gibco, Invitrogen Co, Carlsbad, Cali-
fornia). The cells were incubated in 5% carbon diox-
ide at 37°C (MCO-17AIC carbon dioxide incubator, 
Sanyo Co, Osaka, Japan) for 72 hours to allow BSCs 
to adhere to the bottom of the dish. After 3 days, the 
culture medium containing unnecessary nonadher-
ent cells, including hematopoietic cells and waste 
products, was removed, leaving behind only adher-
ent cells on the bottom of the dish. Fresh medium 
was then added and exchanged twice a week until 
the cells reached confluence. When BSCs were con-
fluent, the cells were lifted enzymatically from the 
dish with 0.25% trypsin with ethylenediaminetet-
raacetic acid (EDTA; Gibco, Invitrogen) and were 
passaged to further expand the BSC culture. Just be-
fore seeding, BSCs were again detached from the 
bottom of the dish with 0.25% trypsin with EDTA. 
After neutralization of the trypsin solution and tho-
rough washing of the cells with DMEM containing 
10% FBS and antibiotic-antimycotic mixture, the 
BSCs were counted with a hemocytometer (Bright-
Line, Becton Dickinson, Franklin Lakes, New Jer-
sey) and collected by centrifugation at 3,500 rpm for 
3 minutes (LX-120 centrifuge, Tomy Co, Tokyo). 

Three-Dimensional Cultivation of BSCs. We di-

luted BSCs to 4.0 × 106 cells/mL with DMEM con-
taining 10% FBS and antibiotic-antimycotic mix-
ture. Two hundred thousand cells were seeded into 5 
× 5-mm atelocollagen sponge (Terudermis; Terumo 
Co) by means of a syringe with a 24-gauge needle. 
Thereafter, the Terudermis with BSCs was set in 
nontreated 24-well microplates (Iwaki Glass Co, Fu-
nahashi, Japan) and incubated in 5% carbon dioxide 
at 37°C for 5 days. Cells were observed by fluores-
cence microscopy (Eclipse TE300, Nikon, Tokyo) 
at a magnification of ×20. The samples were divid-
ed into 3 groups: day 1, day 3, and day 5 groups (6 
per group). At each time point, BSCs were detached 
from Terudermis with collagenase B (Roche Diag-
nostics GmbH, Mann heim, Germany) after rinsing 
with phosphate-buffered saline solution to wash out 
non-adhered cells and counted with a hemocytom-
eter. Samples from the day 1 and day 5 groups were 
embedded in OCT compound (Sakura Finetek USA, 
Inc, Torrance, California) and frozen at –80°C for 
histologic examination. 

Histologic Examination. To assess the fate of the 
adherent BSCs, we performed histologic and immu-
nohistochemical analyses. Seven-micrometer-thick 
serial sections were prepared for hematoxylin-eosin 
staining or immunohistochemical staining. Immuno-
histochemical staining was performed with monoclo-
nal antibodies against vimentin (a marker of mesen-
chymal cells; Santa Cruz Biotechnology, Inc, Santa 
Cruz, California), fibronectin (a marker for cell ad-
hesion; Abcam Inc, Cambridge, Massachusetts), fsp1 
(fibroblast-specific protein 1, a marker for fibroblasts; 
Santa Cruz Biotechnology), beta III tubulin (a marker 
for ectodermal cells; Covance, Berkeley, California), 
and desmin (a marker for muscle cells; Thermo Fish-
er Scientific, Waltham, Massachusetts). Each slide 
was treated with phosphate-buffered saline solution 
and then blocked with 5% normal goat serum, and 
then incubated with each antibody overnight at 5°C. 

Fig 1. Adherent bone marrow–derived stromal cells (mean 
± SE) within atelocollagen sponge. Number of cells sig-
nifi cantly increased after 5 days (n = 6). Asterisk — p < 
0.001 by Tukey’s test). 
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Alexa Fluor 546 (Invitrogen Detection Technologies, 
Eugene, Oregon) was used as a secondary antibody. 
We used 4',6-diamidino-2-phenylindole dihydrochlo-
ride (DAPI) to stain cell nuclei in each specimen. Mi-

croscopic images of stained cells were captured by 
fluorescence microscopy (DM2500B, Leica Micro-
systems, Wetzlar, Germany). All sections were exam-
ined at 40× magnification. 
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Fig 2. Morphology of bone marrow–derived stromal cells on atelocollagen sponge. Cellular extension was ob-
served from day 1. Intercellular network developed in time-dependent manner. A) Day 0. B) Day 1. C) Day 3. 
D) Day 5. 

Fig 3. Immunohistochemical analyses of cultured cells. Blue — 4',6-diamidino-2-phenylindole dihydrochlo-
ride (DAPI); red — fibronectin; bars — 50 μm. Fibronectin expression was A) seen on day 1 and B) clearly 
observed in each cell on day 5. 
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Fig 4. Immunohistochemical analyses of cultured cells. Blue — DAPI; red — fsp1, vimentin, and desmin; bars 
— 50 μm. Expression of A,B) fsp1, C,D) vimentin, and E,F) desmin was seen on day 1 and was maintained 
through day 5.
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Statistical Analysis. Statistical comparisons of 
the numbers of BSCs were performed between the 
groups with Tukey’s test. Probability (p) values less 
than or equal to 0.05 were considered statistically 
significant. 

RESULTS 

Survival and Proliferation of BSCs. Approxi-
mately 20% of the cells seeded into the atelocol-
lagen sponge adhered to its matrix. The number of 
cells on the atelocollagen sponge tended to increase 
by day 3 and significantly increased by day 5 (day 
1 versus day 5, p < 0.001; day 3 versus day 5, p < 
0.0001; Fig 1). Intercellular network formation was 
seen on day 1 and developed thereafter in a time-
dependent manner (Fig 2). 

Immunohistochemistry. Attached cells were posi-
tive for vimentin, desmin, fibronectin, and fsp1 and 
negative for beta III tubulin. These findings indicate 
that these cells were mesodermal cells that were 
attached to the atelocollagen fibers biologically. 
Marker expression was seen on day 1 and did not 
significantly change through day 5 (Figs 3-5). 

DISCUSSION 

Bone marrow–derived stromal cells include a 
large population of MSCs, which are multipotent 
and can differentiate into several types of cells such 
as neuronal, adipose, muscle, and endothelial cells, 
as well as mesenchymal cells.11-13 Thus, BSCs are 
thought to be a useful candidate for regeneration of 
various organs. We have previously demonstrated 
the potential of BSCs to restore injured vocal folds.3 
A scaffold is important for successful use of cells, 

and an appropriate scaffold for cells implantable to 
the vocal fold requires 3 elements: biosafety, degra-
dation in vivo, and biocompatibility. Terudermis was 
approved for clinical use in the treatment of injured 
dermis and epidermis by the Ministry of Health in 
Japan, and has been proven to stimulate tissue re-
covery of injured skin or mucosa without any sig-
nificant adverse effects. Also, it has been confirmed 
that Terudermis is gradually degraded in vivo by en-
dogenous collagenases. In this study, we examined 
the biocompatibility of Teru dermis with BSCs. 

The present results showed that approximately 
20% of seeded cells attached to Terudermis on day 
1. The cells were found to proliferate and produce 
an extracellular matrix (ECM) network. Fibronec-
tin is produced by mesenchymal cells, and is a ma-
jor component of the ECM. It is the most effective 
ECM molecule for promoting adhesion of MSCs to 
tissue culture surfaces.14 In this study, fibronectin 
expression was seen on day 1, indicating that inject-
ed BSCs had adhered to the atelocollagen surface 
within a day. This observation indicates that Teru-
dermis may be an appropriate material for BSC ad-
herence. 

Grayson et al14 reported that MSCs exhibit 3 
phases of growth: lag, log, and plateau. In nonwo-
ven polyethylene terephthalate 3-dimensional (3-
D) culture, the lag phase persisted for about 5 days, 
whereas in 2-dimensional (2-D) culture it persists 
for 2 days. In this study the lag phase was consid-
ered to persist for 3 days. This is a relatively short 
time for 3-D culture and close to the time for 2-D 
culture. Thus, atelocollagen sponge appears to be a 
good 3-D material for proliferation of BSCs. 
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Fig 5. Immunohistochemical analyses of cultured cells. Blue — DAPI; red — beta III tubulin; bars — 50 μm. 
Beta III tubulin expression was not seen on A) day 1 through B) day 5. 
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One of the advantages of 3-D culture of MSCs is 
their enhanced production of ECM. It was shown 
that in 3-D culture, the number of cells increased 
less than in 2-D cultures, but the cells expressed 
more ECM proteins.14 ECM production is an im-
portant aspect of vocal fold regeneration, because 
the vocal fold consists of various ECM components, 
including hyaluronic acid. Hyaluronic acid is widely 
distributed in the lamina propria of the vocal fold, 
and plays a significant role in maintaining the vis-
coelastic properties of the vocal fold.15 Our previous 
study has indicated that BSCs expressed hyaluronic 
acid synthase at a significantly higher level than vo-
cal fold fibroblasts in rats, which was considered to 
be beneficial for the vocal fold.16 The current 3-D 
culture of the cells using Terudermis may have good 
potential to support hyaluronic acid production. 

Earlier studies showed that MSCs in 3-D culture 
did not differentiate into any mature cell types when 
no inductive factors were applied, and that they 
maintained multilineage potential.13 In this study, 

cell marker expression did not change through the 
first 5 days, suggesting that the extent of differentia-
tion of BSCs did not change in the scaffolding. 

As mentioned above, tissue engineering consists 
of the 3 elements of cells, scaffold, and growth fac-
tors. The present study suggested the usefulness of a 
combination of BSCs and atelocollagen sponge. Fu-
ture experimentation would be warranted to exam-
ine the effects of implanted BSCs and the atelocol-
lagen sponge cultured in the presence of pluripotent 
growth factors. 

CONCLUSIONS 
The present in vitro study examined the biocom-

patibility of atelocollagen sponge (Terudermis) with 
BSCs. The data showed that BSCs adhered to the 
atelocollagen sponge and proliferated, forming an 
ECM network. These results suggest that Teruder-
mis has good biocompatibility with BSCs, and may 
become an appropriate scaffold in cell therapy for 
regeneration of the vocal fold mucosa. 
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Regenerative Effects of Basic Fibroblast Growth Factor on
Extracellular Matrix Production in Aged Rat Vocal Folds 
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Objectives: We investigated acute changes in extracellular matrix (ECM) gene expression and histologic changes in the 
deposition of collagen and hyaluronan (hyaluronic acid; HA) after basic fibroblast growth factor (bFGF) treatment of the 
aged rat vocal fold. 
Methods: For the polymerase chain reaction (PCR) experiments, we divided ten 18-month-old Sprague-Dawley rats into 
two groups that received serial injections of sham (saline solution) or bFGF (2 ng/μL) and euthanized them 2 weeks af-
ter the initial injection to investigate acute changes in ECM gene expression. We treated a separate group of 5 animals 
unilaterally and sacrificed them 4 weeks after the initial injection to investigate histologic changes in the deposition of 
collagen and HA. 
Results: Real-time PCR revealed significantly up-regulated HA synthase (HAS)–2, HAS-3, matrix metalloproteinase 
(MMP)–2, and procollagen type I gene expression in the bFGF treatment group as compared to the sham treatment group. 
Histologic staining revealed significantly increased deposition of HA in the bFGF-treated vocal fold as compared to the 
sham-treated vocal fold. No differences in ECM collagen levels were observed between treatment sides. 
Conclusions: Basic fibroblast growth factor induced the up-regulation of HAS-2, HAS-3, MMP-2, and procollagen type 
I. Histologically, aged vocal folds treated with bFGF revealed increased deposition of HA as compared to sham-treated 
vocal folds. 
Key Words: aged vocal fold, basic fibroblast growth factor, hyaluronan synthase, matrix metalloproteinase, procollagen 
type I, regenerative effect. 
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INTRODUCTION 

Age-related alterations in the extracellular ma-
trix (ECM) of the vocal fold may result in structur-
al changes to the lamina propria and play a role in 
presbyphonia.1 Histologically, the aged vocal fold 
lamina propria has been characterized by excessive 
collagen deposition, thick-bundle collagen forma-
tion, and reduced levels of hyaluronan (hyaluron-
ic acid; HA).2-4 Although various approaches have 
been used to man age the symptoms associated with 
presbyphonia, treatments that address the underly-
ing changes associated with aging of the vocal fold 
are in short supply. Fortunately, recent advances in 
our understanding of age-related vocal fold changes 
may lead to breakthroughs in the treatment of pres-
byphonia. 

In the first human case treated with basic fibro-
blast growth factor (bFGF), Hirano et al5 revealed 
improved mucosal wave and glottic closure in a 
63-year-old man with atrophic vocal folds. Basic fi-
broblast growth factor is a strong promoter of fibro-
blast proliferation and stimulates the production of 
HA from vocal fold fibroblasts in cell culture.6 In-
tracordal injections of bFGF have been shown to in-
crease the density of ECM HA.7 However, the cellu-
lar mechanisms that regulate the therapeutic effects 
of bFGF on the aged vocal fold remain unknown. 
Thus, the purpose of the current study was to inves-
tigate acute changes in ECM gene expression and 
histologic changes in the deposition of collagen and 
HA after bFGF treatment of aged rat vocal folds. 
We hypothesized that 1) bFGF induces HA synthase 
(HAS) gene expression, which may play a role in 



PRIMER SEQUENCES 

HAS-2
 Forward 5'-CCA ATG CAG TTT CGG TGA TG-3'
 Reverse 5'-ACT TGG ACC GAG CCG TGT AT-3'
HAS-3
 Forward 5'-CCT CAT CGC CAC AGT CAT ACA A-3'
 Reverse 5'-CCA CCA GCT GCA CCG TTA GT-3'
MMP-2
 Forward 5'-GTC ACT CCG CTG CGC TTT TCT CG-3'
 Reverse 5'-GAC ACA TGG GGC ACC TTC TGA-3'
MMP-9
 Forward 5'-CGG AGC ACG GGG ACG GGT ATC-3'
 Reverse 5'-AAG ACG AAG GGG AAG ACG CAC ATC-3'
Procollagen type I
 Forward 5'-AAG GGT GAG ACA GGC GAA CAA-3'
 Reverse 5'-TTG CCA GGA GAA CCA GCA GAG-3'
GAPDH
 Forward 5'-GAG TCA ACG ATT TGG TCG T-3'
 Reverse 5'-GAC AAG CTT CCC GTT CTC AG-3' 

HAS — hyaluronan (hyaluronic acid) synthase; MMP — matrix me-
talloproteinase; GAPDH — glyceraldehyde-3-phosphate dehydroge-
nase. 

60 Ohno et al, Basic Fibroblast Growth Factor 

the up-regulation of ECM HA, and 2) bFGF stimu-
lates matrix metalloproteinase (MMP) gene expres-
sion, which may contribute to increased turnover 
of collagen in aged vocal folds. Real-time reverse 
transcription–polymerase chain reaction (RT-PCR) 
was used to quantify messenger RNA expression of 
HAS-2, HAS-3, MMP-2, MMP-9, and procollagen 
type I from bFGF- and sham-treated vocal folds. 
Histologic staining was used to investigate differ-
ences in the deposition of collagen and HA from  
bFGF-treated and sham-treated vocal folds. 

MATERIALS AND METHODS 

Animals. Fifteen 18-month-old male Sprague-
Dawley rats were used in this study. The rats were 
obtained from Harlan Laboratories (Indianapolis, 
Indiana). According to the vendor, Sprague-Daw-
ley rats live to be about 24 months old, and 50% 
of Sprague-Dawley rats will expire between 24 and 
36 months of age. Eighteen-month-old rats were se-
lected in the current study to represent elderly ani-
mals. To assess for acute changes in ECM gene ex-
pression, we equally and randomly assigned 10 ani-
mals to receive bilateral vocal fold injections of 100 
ng of bFGF in 50 μL, at a concentration of 2 ng/μL 
(bFGF treatment), or 50 μL of phosphate-buffered 
saline solution (sham treatment). The bFGF was ob-
tained commercially (PeproTech EC Ltd, London, 
England). These animals were euthanized 2 weeks 
after the initial injection for the analysis of gene ex-
pression and the testing of treatment group differ-
ences. To assess for histologic changes in ECM de-
position, we gave 5 remaining animals a unilateral 

injection of bFGF into one randomly selected vocal 
fold and sham treatment into the contralateral vocal 
fold. These animals were euthanized 4 weeks after 
the initial injection for histologic comparisons be-
tween treatment sides. 

Surgical Procedure. The animals received in-
tramuscular injections of ketamine hydrochloride 
(60 mg/kg) and xylazine hydrochloride (6 mg/kg) 
for induction of anesthesia. A custom-made operat-
ing platform was used to position the rats in a near-
vertical position.8 The larynx was suspended with a 
custom-made spring-like device, and the vocal folds 
were visualized with a 1.9-mm, 30° telescope (Karl 
Storz Endoscopy-America, Inc, Culver City, Cali-
fornia).9 After adequate visualization of the vocal 
folds, a 30-gauge needle was used to inject bFGF or 
sham treatment into the lateral portion of the vocal 
fold. To maximize solution bioavailability, a 2-week 
course of treatment was completed with 2 injections 
of sham or bFGF administered during each treat-
ment week. Whole larynges were harvested from 
the animals after an overdose intracardiac injection 
of pentobarbital sodium (150 mg/kg). 

PCR Study. Vocal fold specimens were dissected 
away from the larynx under a light microscope. A 
Mixer Mill MM 301 (Retsch Inc, Pittsburgh, Penn-
sylvania) was used to homogenize vocal fold speci-
mens. An RNeasy Mini Kit (Qiagen, Valencia, Cali-
fornia) was used to isolate total RNA, which was 
treated with ribonuclease-free deoxyribonuclease I 
(Qiagen) to minimize contamination from genomic 
DNA. The A260/A280 ratio was used to determine 
the quantity of total RNA. Electrophoresis was used 
to evaluate the quality of RNA based on the appear-
ance of the 18S and 28S ribosomal RNA bands. A 
High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, California) was 
used to perform reverse transcription by the man-
ufacturer’s recommended reaction protocol. A Bi-
ometra TGradient Thermocycler (Labrepco, Hor-
sham, Pennsylvania) was used to perform reactions 
at 25°C for 10 minutes, 37°C for 120 minutes, 85°C 
for 5 seconds, and 4°C for 5 minutes. 

Rat-specific primers for HAS-2, HAS-3, MMP-
2, MMP-9, procollagen type I, and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were syn-
thesized by Integrated DNA Technologies (Coral-
ville, Iowa) and used for PCR.8 The Table displays 
the primer sequences. All primers generated a sin-
gle PCR band of the expected size, and the PCR 
products were verified by DNA sequencing. The 
iQ SyBR Green Supermix Kit (Bio-Rad, Hercules, 
California) was used to perform real-time PCR in 
a 25-μL volume reaction mixture composed of 500 
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nmol/L primer 1, 500 nmol/L primer 2, 12.5 μL of 
iQ SyBR Green Supermix, 1 μL of template com-
plementary DNA, and 9 μL of ribonuclease-free wa-
ter. The following protocol was used for real-time 
PCR: 1 cycle at 95°C for 3 minutes, followed by 45 
cycles at 95°C for 20 seconds, 58.7°C for 20 sec-
onds, 72°C for 40 seconds, and 1 cycle at 95°C for 
2 minutes, 55°C for 2 minutes, and then 1 cycle at 
55°C to 95°C in 0.2°C increments to make a melting 
curve. The PCR products were detected with an iCy-
cler iQ Optical System (software version 2.0; Bio-
Rad). Electrophoresis was used to separate the PCR 
products in 1% agarose gels containing 0.5 μg/mL 
ethidium bromide for verification of PCR products. 

Standard curves were used to determine the rela-
tive ratio of gene expression. Target gene ratios from 
sham- and bFGF-treated vocal folds were normalized 
by the ratios of the internal control gene (GAPDH). 
Nonparametric independent 2-group comparisons 
were performed with the Mann-Whitney U test 
with log-transformed expression ratios. To assess 
for differences between sham- and bFGF-treatment 
groups, we performed separate Mann-Whitney U 
tests for each gene with the appropriate alpha cor-
rection of 0.01 to control for type I error. Analyses 
were performed with the use of 2-tailed p values. 
Data were analyzed with SPSS 15.0 for Windows 
(SPSS Inc, Chicago, Illinois). 

Histologic Study. Whole larynges were soaked in 
embedding medium (Tissue-Tek OCT Compound, 
Sakura Finetek USA, Inc, Torrance, California), 
frozen quickly with a combination of acetone and 
dry ice, and stored in a deep freezer (–80°C). Fro-
zen sections were made with 10-μm-thick serial 
sections prepared in the coronal plane. All sections 
were made in a similar fashion, from the posterior 
to the anterior portions of the vocal fold. Collagen 
was identified with Verhoeff’s elastic stain. The hy-
aluronidase digestion technique was used to detect 
HA. For the hyaluronidase digestion procedure, 50 
mg of bovine testes hyaluronidase (Sigma, St Lou-
is, Missouri) was diluted in 100 mL phosphate-buff-
ered saline solution, and each section was incubated 
in this solution for 1 hour at 37°C. The sections were 
then stained with Alcian blue (pH 2.5). Hyaluronan 
was detected by comparing slides with and with-
out enzymatic treatment. A Leica CTR 6500 micro-
scope (Leica Microsystems Inc, Bannockburn, Il-
linois) was used to digitize the slides. The stained 
regions in the lamina propria were measured with 
Adobe Photoshop image analysis software (Adobe 
Systems Inc, San Jose, California), and analyses 
were performed to compare differences in the mean 
staining intensity between bFGF- and sham-treated 
vocal folds. The mean staining intensity was deter-
mined by measuring the total stained area with Im-
age J (National Institutes of Health, Be thesda, Mary-
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Fig 1. Log-transformed messen-
ger RNA (mRNA) expression 
ratios between basic fibroblast 
growth factor (bFGF) treatment 
group and sham treatment group 
for A) hyaluronan (hyaluronic 
acid; HA) synthase (HAS)–2; B) 
HAS-3; C) matrix metalloprotei-
nase (MMP)–2; D) MMP-9; and 
E) procollagen type I. Error bars 
represent 95.0% confidence in-
tervals of mean.



land) and normalizing the total stained area with the 
total pixel area in the entire lamina propria. The to-
tal stained area included the entire lamina propria 
above the muscle layer. Subregions of the lamina 
propria were not investigated. Measurements were 
made by two investigators who were blinded re-
garding experimental condition. Intrajudge and in-
terjudge reliabilities were separately assessed with 
Spearman’s correlation coefficients. Parametric-de-
pendent 2-group comparisons were performed with 
paired t-tests to investigate differences in the mean 
staining intensity between treatment sides. Alpha 
was adjusted to 0.025 to control for type I error. All 
analyses were performed with the use of 2-tailed p 
values, and the data were analyzed with SPSS 15.0 
for Windows (SPSS Inc). 

RESULTS 

PCR Data. Results from the Mann-Whitney U 
test revealed significant between-group differences 
for HAS-2 (p = 0.009; Fig 1A), HAS-3 (p = 0.009; 
Fig 1B), MMP-2 (p = 0.009; Fig 1C), and procolla-
gen type I (p = 0.009; Fig 1E). The results revealed 
that gene expression levels of HAS-2, HAS-3, 
MMP-2, and procollagen type I were significantly 
up-regulated in the bFGF treatment group as com-

pared to the sham treatment group (p = 0.009; Fig 
1A,B,C,E). No measurable differences in MMP-9 
gene expression were found between the treatment 
groups (Fig 1D).

Histologic Data. Hyaluronan was present through-
out all layers of the sham- and bFGF-treated vocal 
folds, with denser staining in the deep layer of the 
lamina propria in the bFGF-treated vocal folds than 
in the sham-treated vocal folds (Fig 2). In contrast, 
collagen was present throughout all layers of the 
sham- and bFGF-treated vocal folds, and showed no 
differences between the treatment sides (Fig 3). 

The results of the paired t-test for HA revealed 
that the density of HA was significantly higher in 
the bFGF-treated vocal fold than in the sham-treat-
ed vocal fold (p < 0.0001; Fig 4). The results of the 
paired t-test for collagen revealed no significant dif-
ferences in the density of collagen staining between 
treatment sides (p = 0.036; Fig 4). A test of inter-
rater reliability was performed on 10% of the slides, 
selected at random. The initial measures were corre-
lated with the repeated measures, revealing a Spear-
man correlation coefficient (r) of –1.00. For intra-
rater reliability, 10% of these slides were selected at 
random and remeasured by the same examiner. The 
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Fig 2. Coronal sections of A,C) sham-treated and B,D) bFGF-treated vocal folds stained with Alcian blue for HA. Results re-
vealed increased density of HA in lamina propria of bFGF-treated vocal fold as compared to sham-treated vocal fold. Bars — 
100 μm.
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initial measures were correlated with the repeated 
measures, revealing a Spearman correlation coeffi-
cient (r) of 1.00. 

DISCUSSION 

Age-related changes in the deposition of collagen 
and HA in the vocal fold may result in less-than-op-
timal tissue properties for phonation. These age-re-
lated changes have been attributed to a slowdown in 
the turnover of the ECM.10 Treatments that stimulate 
turnover of the ECM may provide a useful approach 
in the management of these age-related changes. In 
recent years, therapeutic growth factors capable of 
stimulating the production of key ECM components 
and matrix-degrading enzymes have been identified 
as promising treatments for the management of vo-
cal fold ECM disorders.5-7,9 However, the molecular 
mechanisms underlying the effects of these growth 
factors have not been fully elucidated. 

In the current study, we investigated acute chang-
es in ECM gene expression and histologic chang-
es in the deposition of collagen and HA from bFGF 
treatment of aged rat vocal folds. We hypothesized 

1) that bFGF induces HAS gene expression, which 
may play a role in the up-regulation of ECM HA, 
and 2) that bFGF stimulates MMP gene expression, 
which may contribute to increased turnover of col-
lagen in aged vocal folds. The results revealed that 
the expressions of HAS-2 and HAS-3 were signifi-
cantly up-regulated in aged vocal folds that received 
bFGF treatment as compared to sham-treated vocal 
folds. Histologically, the density of ECM HA was 
significantly increased in bFGF-treated vocal folds. 
In a preliminary report of bFGF treatment of aged 
rat vocal folds, Hirano et al7 reported increased den-
sity of HA staining in aged vocal folds treated with 
bFGF as compared to sham treatment. Although 
gene expression changes were not investigated in 
the earlier study, it was hypothesized that these ef-
fects might be mediated by increased cellular pro-
duction of HA, on the basis of observations from fi-
broblasts cultured in the presence of bFGF.6 Results 
from the current study provide in vivo evidence of 
bFGF treatment effects on acute changes in HAS 
gene expression and ECM HA deposition. The re-
sults suggest that the effects of increased ECM HA 
may be mediated in part via a mechanism involving 
the up-regulation of HAS gene expression. 

The results also revealed that the expression of 
MMP-2 and procollagen type I expression were sig-
nificantly up-regulated in aged vocal folds that re-
ceived bFGF treatment as compared to sham-treated 
vocal folds. However, there were no significant dif-
ferences in ECM levels of collagen between bFGF- 
and sham-treated vocal folds. Given the effects of 
MMPs on turnover of extracellular collagen, we hy-
pothesized that bFGF up-regulation of MMP gene 
expression would contribute to decreased levels of 
collagen in aged vocal folds.11-13 We suspect that 
the concurrent up-regulation of procollagen type I 
expression (suggestive of active collagen synthe-
sis) may have negated the effects of proteolytic di-
gestion, resulting in the absence of a net change in 
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Fig 4. Percent density of HA and collagen staining be-
tween sham-treated and bFGF-treated vocal folds. Re-
sults revealed significantly increased density of HA 
staining between treatment sides (p < 0.0001). Data are 
shown as mean ± SD (n = 5).

Fig 3. Coronal sections of A) sham-treated and B) bFGF-treated vocal folds stained with Verhoeff’s elastic stain for collagen. 
Results revealed no differences in density of collagen staining between treatment sides. Bars — 100 μm.
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ECM collagen. Further studies will be necessary 
to explore this hypothesis, as ECM production is a 
tightly regulated process involving not only a bal-
ance between ECM synthesis and degradation, but 
the suppression of matrix degradation by tissue in-
hibitors of metalloproteinases. 

Because the process of protein formation in the 
vocal fold from transcription is unknown, in the pres-
ent study we selected a 2-week time period to deter-
mine whether the change in gene expression could 
be measured histologically. However, the process of 
transcription, translation, and functional protein for-
mation may take place in only a few days, or it may 
require a longer time period than the one selected 
for the present investigation. It would be interesting 

in future studies to investigate shorter follow-up pe-
riods. It may also be interesting to investigate longer 
follow-up periods to determine whether the increase 
in procollagen gene expression eventually results in 
a histologic change in ECM collagen with time. 

CONCLUSIONS 
Treatment with bFGF induced the up-regula-

tion of HAS-2, HAS-3, MMP-2, and procollagen 
type I gene expression. Histologically, aged vo-
cal folds treated with bFGF revealed in creased de-
position of HA as compared to sham-treated vo-
cal folds. Despite alterations in MMP and pro-
collagen gene expression, no differences in the lev-
els of ECM collagen were found between the bFGF- 
treated and sham-treated vocal folds. 
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Objectives: We previously reported that polypropylene mesh covered with collagen sponge is a useful material for 
the regeneration of the trachea and the cricoid cartilage. The aim of this study was to regenerate larynges after partial 
hemilaryngec tomy with this new biomaterial.
Methods: A left partial hemilaryngectomy was performed on 12 adult beagles. The defect size was about 1.8 × 1.0 cm. 
Both sides of polypropylene mesh were coated with either 1% or 3% collagen sponge. This scaffold was wrapped in fas-
cia lata harvested from the left thigh and then fixed in place over the defect. Endoscopic examinations were performed 
periodically. Six months after treatment, 3-dimensional computed tomographic scanning was performed. Vibratory ex-
aminations were also performed with excised larynges.
Results: In the 1% collagen group, exposure or dislocation of the mesh was found in 3 of 6 cases, but in the 3% group, 
no exposure of the mesh was seen. The morphological findings in the vocal fold were better in the 3% group than in the 
1% group, but a difference in the vertical levels of the vocal folds was found in both groups.
Conclusions: This study suggests that 3% collagen–coated polypropylene mesh wrapped with autologous fascia is a use-
ful material for laryngeal regeneration. 
Key Words: fascia, laryngeal regeneration, polypropylene, scaffold, tissue engineering. 

65

From the Department of Otolaryngology–Head and Neck Surgery, Graduate School of Medicine (Kitani, Umeda, Suehiro, Kishimoto, 
Hirano, Ito), and the Department of Bioartificial Organs, Institute for Frontier Medical Sciences (Nakamura), Kyoto University, Kyoto, 
and the Department of Otolaryngology–Head and Neck Surgery, Kitano Hospital, Tazuke Kofukai Medical Research Institute, Osaka 
(Kanemaru), Japan. This study was supported by a Grant-in-Aid for Research on Sensory and Communicative Disorders from the Min-
istry of Health, Labor and Welfare of Japan.
Presented at the meeting of the American Broncho-Esophagological Association, Phoenix, Arizona, May 28-29, 2009.  
Correspondence: Yoshiharu Kitani, MD, Dept of Otolaryngology–Head and Neck Surgery, Graduate School of Medicine, Kyoto Uni-
versity, 54 Kawahara-cho, Syogoinn, Sakyo-ku, Kyoto 606-8507, Japan. 

INTRODUCTION 

The larynx is the organ responsible for such es-
sential behaviors as breathing, eating, and speaking. 
Damage to the larynx due to carcinoma or trauma 
seriously impedes these actions. Laryngeal defects 
are commonly regenerated with a patient’s own skin 
or muscle, but full restoration is difficult because of 
its complicated structure. Regeneration of the larynx 
by traditional methods has not yet been perfected to 
normal levels, so laryngeal function becomes seri-
ously impaired. 

According to the concept of tissue engineering, 
three components — cells, scaffolds, and regula-
tory factors — are important to the regeneration of 
tissues.1 Our previous studies suggested that poly-
propylene mesh covered with collagen sponge is a 
very useful scaffold material for the regeneration 
of the trachea and the cricoid cartilage.2 This arti-

ficial material has already been used in the trachea 
as a scaffold in clinical applications.3 However, re-
generation of the larynx has been very difficult to 
achieve, because the larynx is highly susceptible to 
infection. Furthermore, the scaffold tends to become 
dislodged by vocal fold movement. This tendency 
makes it difficult to retain the scaffold in place and 
to maintain the space needed for regeneration. Our 
earlier attempts to regenerate laryngeal defects af-
ter hemilaryngectomy by using the same artificial 
material along with bone marrow–derived stromal 
cells failed, because local infection caused the mesh 
to be exposed.4 To prevent bacterial infection within 
the scaffold, we devised a new technique in which 
we wrapped the scaffold with autologous fascia lata. 
Additionally, collagen sponges prepared with differ-
ent concentrations of collagen solution vary in their 
rate of degradation and in their mechanical inten-
sity (strength in compression). A high collagen con-
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Fig 1. Appearance of composite scaffold after collagen 
treatment. 

centration causes the sponges to be mechanically 
harder and more slowly absorbed. In this study, we 
prepared two different concentrations of collagen 
sponges. One was the 1% collagen sponge used in 
our previous study, and the other was a 3% colla-
gen sponge. The aim of this study was to regenerate 
larynges after partial hemilaryngectomy by use of 
this new biomaterial and applied tissue engineering 
techniques, and to evaluate the regenerative efficacy 
of this artificial material in regard to the morpho-
logical findings in the vocal fold and the laryngeal 
function. 

MATERIALS AND METHODS 

Preparation of Scaffold. A 1% or 3% porcine der-
mal atelocollagen solution (Nippon Meatpackers 
Inc, Ibaraki, Japan) dissolved in hydrochloric acid 
(pH 3.0) was used for the preparation of the colla-
gen sponge. The solution consisted of approximate-
ly 70% type I collagen, with the remainder being 
type III. First, a sheet of polypropylene mesh with 
a pore size of 260 μm (Marlex mesh, CR Bard Inc, 
Billerica, Massachusetts) was exposed to a corona 

discharge at 9 kV for 30 seconds and then coated 5 
times with a 1% collagen solution. A 1% or 3% col-
lagen solution was stirred at 8,000 rpm, and half of 
this solution was poured into a mold. Next, the coat-
ed mesh was placed into the middle of the mold, and 
the other half of the collagen solution was poured 
onto the mesh. After this scaffold was freeze-dried 
(FDU-810 dryer, Tokyo Rikakikai, Tokyo, Japan), 
both sides of the mesh were covered with 1% or 3% 
collagen sponge (Fig 1). Finally, the coated mesh 
was heated at 140℃ in a vacuum dry oven (VOS-
300D, Tokyo Rikakikai) in order to form cross-link-
ages between the collagen molecules. This compos-
ite scaffold was sterilized with ethylene oxide gas 
before operation. 

Animals and Surgical Procedures. Twelve adult 
beagles weighing 9 to 13 kg were divided into 2 
groups. In group 1, mesh with a 1% collagen sponge 
was used as a scaffold. Group 2 was implanted with 
mesh with a 3% collagen sponge. The animals were 
anesthetized with subcutaneous injections of keta-
mine hydrochloride (Sankyo, Tokyo) and xylazine 
hydrochloride (Bayer, Tokyo). After the animal’s 
neck was shaved, the strap muscles were extracted 
laterally and the larynx was exposed via a midline 
cervical incision. The left ala of the thyroid cartilage 
was exposed, and a defect was created through this 
cartilage into the vocal fold (Fig 2A). The size of 
the cartilage defect was about 1.8 × 1.0 cm. Regard-
ing the extent of resection in the inner cavity of the 
larynx, laryngeal tissues from the anterior commis-
sure to the vocal process, including the mucosa in 
the laryngeal ventricle, were removed (Fig 2B). The 
prepared scaffold was preclotted with arterial blood 
and trimmed to fit the defect size (Fig 3). In group 
1, the entire scaffold was wrapped in fascia lata (Fig 
3C) harvested from the left thigh, and the scaffold 
was affixed to the defect of the larynx with 3-0 ab-
sorbable sutures (Vicryl, Ethicon, Somerville, New 
Jersey; Fig 4A). In group 2, the scaffold was unilat-

Fig 2. Operative procedure. A) 
Left partial hemilaryngectomy. 
Thy — right ala of thyroid carti-
lage; FV — left false vocal fold; S 
— superior; I — inferior. B) Ex-
tent of resection from endoscopic 
view. A — anterior; P — posteri-
or; L — left; R — right. 
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Fig 3. Overhead views of A-C) 
mesh with 1% collagen sponges 
used in group 1 and D-F) mesh 
with 3% collagen sponges used 
in group 2. A,D) Appearance of 
scaffold after it was trimmed to 
fit laryngeal defect. B,E) Scaf-
fold after it was preclotted with 
arterial blood. C) Scaffold after it 
was wrapped with fascia lata. F) 
Arrow indicates polypropylene 
mesh incorporated in 3% colla-
gen sponges. 

Fig 4. A) Mesh scaffold with 1% collagen sponge (arrow) is fixed at laryngeal defect with absorbable sutures (group 1). B) De-
fect is covered with fascia lata (arrow) in group 2 subject. C) Mesh scaffold with 3% collagen sponge (arrow) is fixed at defect 
(group 2). 

erally wrapped with fascia on the luminal side (Fig 
4B), and then it was affixed to the defect with 3-0 
absorbable sutures (PDS-II, Ethicon; Fig 4C). After 
the operation, an antibiotic was administered for 1 
week. The animal care, housing, and experimental 
procedures followed the Guidelines for Animal Ex-
periments of Kyoto University. 

Assessment. To evaluate the process of wound 
healing at the operated site, we performed endo-
scopic examinations at 1 day, 1 week, 2 weeks, and 
1 month and then every 1 month after the operation 
with a video-endoscopy system consisting of a vid-

eo bronchoscope (BF type 1T240, Olympus, Tokyo) 
and a video processor (CV-240, Olympus) with a 
light source (CLV-U40D, Olympus). From group 1, 
2 beagles were painlessly sacrificed 3 months after 
the operation and 4 were euthanized 6 months af-
ter the operation with an overdose injection of sodi-
um pentobarbital. The 6 beagles from group 2 were 
painlessly sacrificed 6 months after the operation in 
the same manner. The following 4 conditions were 
assessed to evaluate the efficacy of the scaffolds in 
groups 1 and 2: 1) local infection, 2) granulation for-
mation, 3) exposure or dislocation of the mesh, and 
4) epithelialization at the operated site. 
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Six months after the operation, computed tomo-
graphic (CT) images were taken of the operated site 
from 2 group 2 beagles. Three-dimensional images 
of the luminal surface of the larynx from the dorsal 
aspect to the ventral aspect were then reconstructed 
with a 3-dimensional image workstation (Zio station, 
Ziosoft, Tokyo) for evaluation of the vertical levels 
of the vocal folds. Additionally, virtual endoscop-
ic views of the vocal folds were reconstructed from 
CT data. 

After 2 beagles in group 2 were sacrificed, their 
larynges were harvested to examine vocal fold vi-
bration with an excised-larynx setup. In order to 
better image vocal fold vibration, we removed the 
supraglottic structures, including the epiglottis, the 
false vocal folds, and the aryepiglottic folds. Each 
arytenoid cartilage was adducted with 3-0 nylon 
string to close the glottis. An excised larynx was set 
on a table, an endotracheal tube was inserted into 
the trachea, and a cuff was inflated to prevent air 
leakage. The vocal fold vibrations were generated 
via airflow through the tube and were recorded with 
a high-speed digital imaging system (Memrecam, 
NAC Image Technology, Osaka, Japan) at a rate of 
1,000 frames per second. 

The excised larynges were fixed in 10% formal-
dehyde, decalcified, and then embedded in paraffin. 
The tissue was sectioned in the coronal plane and 
stained with hematoxylin-eosin. Slides were exam-
ined by light microscopy (BZ-9000, Keyence, Osa-
ka) to evaluate the regenerated tissue. 

RESULTS 

Endoscopic Findings. The endoscopic findings 
showed granulation tissue in the operated site 1 to 2 
weeks after surgery. One month after the operation, 
granulation tissue was no longer evident. Six months 
after the operation, the operated site showed good 
epithelialization (Fig 5). However, in some cases, 
local infection disturbed the regeneration of the lar-
ynx. In particular, when the mesh was dislocated 
into the laryngeal ventricle, we failed to obtain the 
high level of regeneration that was observed when 
the mesh remained in place. In summary, 4 cases in 
group 1 showed local infection and only 1 case in 
group 2 was observed to be infected. In group 1, ex-
posure or dislocation of the mesh was found in 3 of 
6 cases, but in group 2, no exposure of the mesh was 
seen. Granulation tissue was detected in 4 cases in 
group 1 and only 2 cases in group 2. Epithelializa-
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Fig 5. Endoscopic findings in 
group 2 at A) 1 day, B) 2 weeks, 
C) 1 month, and D) 6 months af-
ter operation. 
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tion at the operated site occurred in 3 cases in group 
1, whereas all cases in group 2 showed signs of epi-
thelial growth (see Table). The vocal fold morpho-
logical findings were better in group 2 than in group 
1. However, a difference in the vertical level of the 
vocal folds was found in both groups. 

Computed Tomographic Images. Three-dimen-
sional CT images revealed that the volume of the 
vocal fold on the treated side was reduced, and a 
difference was seen in the positional level of the vo-
cal folds (Fig 6A). Macroscopic analysis of an ex-
cised larynx revealed depressed, scar-like tissue in 
the middle of the vocal fold on CT images (Fig 6B). 
Furthermore, virtual endoscopic views of the vocal 
folds provided a clearer contour surface of the vocal 
fold than did endoscopic findings (Fig 7). 

Vibratory Data. Vibratory examinations showed 
that mucosal vibration on the operated side was very 
limited. Depressed scarring was seen in the middle 
of the vocal fold at the operated site, and a func-
tional traveling mucosal wave was absent (Fig 8A). 
In another case, paradoxical vibration due to phase 
shifting was detected (Fig 8B), resulting from a dif-
ference in volume of the vocal folds. 

Histologic Data. In group 1, the luminal surface of 
the larynx was covered by epithelial cells 3 months 
after surgery. Six months after the operation, in 
some cases, good epithelial lining at the operative 

site was found and a small amount of regeneration 
of the submucosal tissues was detected. However, 
in cases in which the mesh was exposed and dislo-
cated, many inflammatory cells had infiltrated the 
polypropylene mesh. Dislocation of the mesh in the 
laryngeal ventricle prevented the regeneration of the 
vocal fold. In contrast, 6 months after surgery, epi-
thelial cells completely covered the operated site of 
the larynges in group 2, and the submucosal tissue 
was thicker than in group 1. No inflammatory cells 
were found in the larynges from group 2 (Fig 9). 
Newly formed cartilage was not detected within the 
defect of the thyroid cartilage around the polypro-
pylene mesh in either group, but formation of new 
bone was seen along the mesh.

DISCUSSION 

For decades, various surgical procedures have 
been performed to reconstruct laryngeal defects af-
ter resection of laryngeal malignancies. Autologous 
tissues such as skin, muscle, cartilage, and thyroid 
glands or artificial materials have been used for la-
ryngeal reconstruction. However, an optimal meth-
od for laryngeal reconstruction has yet to be estab-
lished,5-11 the development of which is essential to 
the normal restoration of laryngeal functions such as 
phonation, swallowing, and breathing. Considering 
that laryngeal function is affected by the morphol-
ogy of the larynx, it is essential to regenerate normal 
or near-normal tissues. Even when differentiated tis-
sues such as skin or muscle are used as implant ma-
terials, they lack the ability to develop into normal 
laryngeal tissue. This difference between regenerat-
ed and endogenous tissues results in impaired laryn-
geal function. 

Since the 1990s, development of tissue engineer-
ing techniques has made it possible to regenerate 
some tissues and organs.1,12 According to the mod-
el of tissue engineering, three components — cells, 
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ENDOSCOPIC FINDINGS
 Group 1 (1% Group 2 (3%
 Collagen; n = 6) Collagen; n = 6)
Items No. % No. %
Local infection 4 67 1  17
Granulation formation 4 67 2  33
Exposure or dislocation 3 50 0   0
 of mesh
Epithelialization 3 50 6 100

Fig 6. Six months after operation. A) Three-dimensional computed tomographic image and B) macroscopic appearance of ex-
cised larynx. Arrows indicate difference in vertical levels of vocal folds. 
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scaffolds, and regulatory factors — are important to 
the regeneration of tissues. When these three ele-
ments are put into an appropriate environment and 
sufficient blood is supplied, good tissue regenera-
tion can be obtained. In situ tissue engineering is 
based on the concept that when scaffolds are applied 
under appropriate conditions in vivo, they can en-
courage the regeneration of new tissue without ad-
ditional cells or regulatory factors; this regeneration 
is attributed to the fact that host-derived cells can 
migrate into the scaffolding and that growth factors 
can be supplied by surrounding tissues. 

Collagen, one of the candidate materials used in 
scaffolding, has been shown to promote cell migra-
tion, transformation, and proliferation. Nakamura et 
al13 and Okumura et al14 developed a porous-type 
tracheal prosthesis with polypropylene and atelo-
collagen made from porcine skin and reported that 

the implanted prosthesis becomes infiltrated by sur-
rounding connective tissue, is completely incorpo-
rated by the host trachea, and shows reepithelial-
ization of the luminal surface. Additionally, Omori 
et al3 demonstrated the ability to regenerate cricoid 
and tracheal cartilage using scaffolds composed of 
polypropylene and collagen sponge in clinical ap-
plications. Moreover, tissue regeneration has been 
achieved with use of collagen as a scaffold not only 
in the airway, but also in the digestive tract, includ-
ing the stomach and esophagus.15,16 Other materials 
have also been reported to be useful in laryngeal re-
generation. For example, Huber et al17 demonstrat-
ed the efficacy of porcine-derived xenogeneic extra-
cellular matrix in laryngeal regeneration after partial 
hemilaryngectomy. 

These reports indicated that polypropylene mesh 
covered with collagen sponge is a very useful scaf-
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Fig 7. Six months after opera-
tion. A) Virtual endoscopic view 
of vocal folds and B) endoscopic 
findings. 

Fig 8. Vibratory patterns of vocal folds on high-speed digital imaging of 2 excised larynges from group 2. Left vocal folds were 
operated on. A) Depressed scarring was detected in middle of vocal fold at operated site, and mucosal vibration was very lim-
ited. B) Paradoxical vibration due to phase shifting was seen. 
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folding material for the regeneration of the trachea. 
However, our studies had failed to regenerate the 
larynx with the same artificial material, because lo-
cal infection caused the mesh to become exposed. 
There are two primary differences between the lar-
ynx and the trachea in terms of the environment in 
which tissue undergoes regeneration. Foremost, the 
site of the larynx is more prone to infection than the 
trachea because of increased exposure to bacteria 
in the oral cavity from saliva. Second, it is difficult 
to affix the scaffold to the defect in the larynx, be-
cause of vocal fold movement, while maintaining 
the space needed for tissue regeneration. We deter-
mined that a closed space suitable for culture and 
protection against bacterial infection were required 
for laryngeal regeneration. We focused on fascia, 
which has traditionally been used as a graft in sur-
gery for chronic otitis media. Although vocal folds 
show constant movement, the elasticity of the fas-
cia prevents the formation of openings between the 
grafted fascia and the tissues that are sutured around 
the defect. Thus, the elastic properties of the fascia 
are better able to maintain an airtight and watertight 
environment. It has previously been reported that a 
solvent-dehydrated fascia lata allograft was used to 
repair mucosal defects in the oral cavity with no de-
tectable graft infections18 — a finding further sug-
gesting that the fascia has good resistance against 
infection. 

In this study, two procedures were examined for 
regenerating the laryngeal defect after partial hemi-
laryngectomy. The differences between the two trial 
groups were in the volume and concentration of the 
collagen, how the fascia lata was used, and the types 
of absorbable sutures. In group 1, the polypropy-
lene mesh was exposed or dislocated in 3 of the 6 
cases. However, no exposure or dislocation of the 

mesh occurred in group 2. This result suggests that 
the amount of collagen used on the mesh in group 
1 was insufficient for the regeneration of the mu-
cosa. It also suggests that the mechanically harder 
3% collagen sponge is better able to maintain the 
collagen volume at the operated site and that the re-
duction of the dead space around the scaffold pre-
vented bacterial infection resulting from accumulat-
ed saliva. In regard to the fascia, the entire surface 
area of the scaffold was wrapped in fascia in group 
1. In contrast, the scaffold was wrapped unilaterally 
on the luminal side in group 2. Although the fas-
cia may prevent bacterial infections within the scaf-
fold, given that new cells are not supplied from the 
fascia, but from surrounding tissues at the operated 
site, it is possible that the fascia may also prevent 
host-derived cell migration and delay infiltration of 
connective tissue into the scaffold. In addition, the 
type of absorbable suture used for fixation of the 
scaffold seemed to affect the outcomes. The type of 
suture used determines the rate of degradation or at-
tenuation of tensile strength. In this case, the PDS-
II sutures used in group 2 showed slower degrada-
tion than did the Vicryl sutures used in group 1. It is 
therefore likely that a loosening of the sutures, pri-
or to incorporation of the mesh into the host tissue, 
promoted the dislocation of the mesh in group 1. 

The vibratory data in this study showed scar-like 
tissue in the middle of the regenerated vocal folds at 
the operated site, as well as a reduction of the treat-
ed vocal fold. The histologic findings revealed some 
degree of submucosal tissue regeneration and incor-
poration of the mesh into surrounding host tissues 
without inflammatory cells. However, a difference 
in the vertical levels of the vocal folds was present. 
In this animal model, the regeneration of laryngeal 
structures was achieved with polypropylene mesh. 
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Fig 9. Histologic images. P — polypropylene mesh. A) Operated vocal fold (right side) on light microscopy of coronal section 
from group 2 (H & E). B) High magnification of dotted area in A. Polypropylene mesh is surrounded by connective tissue, and 
no inflammatory cells are detected. 
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That the regeneration of the vocal fold proved more 
challenging suggests that additional methods or ma-
terials are required to regenerate a more normal vo-
cal fold. In this current study, scaffolding was used 
without additional cells and/or regulatory factors. 
Cells such as mesenchymal stem cells and adipose 
tissue–derived stromal cells have been reported to 
be useful in repairing injured vocal folds and pre-
venting scarring and atrophy of the vocal folds.19,20 

In the near future, combinations of this scaffolding 
along with the aforementioned cell types should en-
able the regeneration of more normal laryngeal tis-
sues.

CONCLUSIONS 

We demonstrated two different procedures to re-
generate the laryngeal defect after partial hemilaryn-
gectomy in a canine model. The procedure in which 
3% collagen–coated polypropylene mesh unilater-
ally wrapped with autologous fascia was affixed to 
the laryngeal defect with long-term sutures (PDS-II) 
was shown to be useful for laryngeal regeneration. 
This finding indicates that the combination of this 
technique with this particular artificial material may 
be a viable alternative for the regeneration of laryn-
geal defects.
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in Unphonated Human Vocal Fold Mucosa 
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Objectives: The tension caused by phonation (vocal fold vibration) is hypothesized to stimulate vocal fold stellate cells 
(VFSCs) in the maculae flavae (MFe) to accelerate production of extracellular matrices. The distribution of hyaluronic 
acid (HA) and expression of CD44 (a cell surface receptor for HA) were examined in human vocal fold mucosae (VFMe) 
that had remained unphonated since birth. 
Methods: Five specimens of VFMe (3 adults, 2 children) that had remained unphonated since birth were investigated 
with Alcian blue staining, hyaluronidase digestion, and immunohistochemistry for CD44. 
Results: The VFMe containing MFe were hypoplastic and rudimentary. The VFMe did not have a vocal ligament, Rein-
ke’s space, or a layered structure, and the lamina propria appeared as a uniform structure. In the children, HA was dis-
tributed in the VFMe containing MFe. In the adults, HA had decreased in the VFMe containing MFe. In both groups, the 
VFSCs in the MFe and the fibroblasts in the lamina propria expressed little CD44.
Conclusions: This study supports the hypothesis that the tensions caused by vocal fold vibration stimulate the VFSCs in 
the MFe to accelerate production of extracellular matrices and form the layered structure. Phonation after birth is one of 
the important factors in the growth and development of the human VFMe. 
Key Words: CD44, development, growth, hyaluronic acid, macula flava, mechanotransduction, vocal fold, vocal fold 
stellate cell. 
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INTRODUCTION 

Human maculae flavae containing vocal fold stel-
late cells (VFSCs) are inferred to be involved in the 
metabolism of extracellular matrices essential for 
the viscoelasticity of the human vocal fold muco-
sa, and are considered an important structure in the 
growth, development, and aging of the human vocal 
fold mucosa.1,2 We also hypothesize that the tension 
(mechanical force) caused by phonation (vocal fold 
vibration) after birth stimulates VFSCs in the ante-
rior and posterior maculae flavae to accelerate pro-
duction of extracellular matrices and form the vocal 
ligament, Reinke’s space, and the characteristic lay-
ered structure of the human vocal fold mucosa.3-5 

Mechanical stresses are ever present in the cellu-
lar environment, and such forces affect cellular sig-
naling and function.6,7 However, it remains unclear 
whether the forms of mechanotransduction in dif-
ferent situations share common mechanisms.6,7 

Transmission of forces from outside the cell through 
cell-matrix contacts appears to control the matura-
tion or disassembly of these adhesions and initiates 
intra cellular signaling cascades that ultimately alter 
many cellular behaviors.6 On the other hand, mecha-
notransduction in the vocal fold mucosa remains un-
clear. It is interesting whether the mechanical forc-
es caused by vocal fold vibration from outside the  
VFSCs through cell-matrix contacts influence in-
tracellular signaling cascades that ultimately alter 
many cellular behaviors. 

Hyaluronic acid, one of the glycosaminoglycans, 
plays an important role in the viscoelasticity of the 
human vocal fold mucosa.8-10 CD44 is a cell mem-
brane–localized receptor for hyaluronic acid.11 The 
cell membrane–localized receptor initiates intracel-
lular signaling cascades. It is interesting how VFSCs 
organize their extracellular matrices and how those 
matrices feed back to affect VFSC metabolism in-
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volving specific cell-matrix interactions, which are 
mediated by cell surface matrix receptors. 

In the present study, distribution of hyaluronic 
acid and expression of CD44 were examined his-
tologically in human child and adult vocal fold mu-
cosae that had remained unphonated since birth. We 
discuss mechanotransduction and the role of vocal 
fold vibration (tension caused by phonation) after 
birth in the growth and development of human vo-
cal fold mucosa.

MATERIALS AND METHODS 

We used 5 vocal fold mucosae that had remained 
unphonated since birth of 3 younger adults and 2 
children with cerebral palsy. Tissue processing was 
immediately carried out at operation. No diseases 
that commonly affect the tissues of the vocal fold 
were observed. Both vocal folds were mobile, and 
vocal fold paralysis was not detected in any patient. 
Normal younger adult and child larynges from au-
topsy cases that we previously reported on12,13 were 
used for comparison. 

The causes of cerebral palsy were encephalitis 
during infancy (a 28-year-old woman, a 17-year-old 
man, and a 7-year-old girl) and perinatal asphyxia (a 
24-year-old man who was an extremely low–birth 
weight infant, and a 12-year-old boy). 

The characteristics of all patients with cerebral 
palsy were as follows. On the rolling-and-sitting test, 
they could not lift the head and exhibited no rolling. 
They had no functional hand use. Their ambulation 
status was no walking. Feeding was by gastrostomy. 
The level of cerebral palsy was severe. The location 
of cerebral palsy was quadriplegia. Mental retarda-
tion was severe. Word usage was none. Regarding 
word usage, none of the patients could speak at all, 
and there was no phonation of any kind, such as cry-
ing, laughing, grunting, or sound production. Total 
laryngectomies were performed for intractable aspi-
ration pneumonia. 

For light microscopy, specimens were fixed in 
10% formalin, dehydrated in graded concentrations 
of ethanol, and embedded in paraffin. Hematoxylin 
and eosin and Alcian blue stains were used for each 
section. The Alcian blue staining (pH 2.5) was done 
for glycosaminoglycan. For the hyaluronidase di-
gestion study, 50 mg of bovine testes hyaluronidase 
(Sigma, St Louis, Missouri) was diluted in 100 mL 
of phosphate-buffered saline solution (PBS). Thin 
sections were incubated in the diluted hyaluronidase 
solution for 2 hours at 37°C. The thin sections were 
subsequently stained with Alcian blue (pH 2.5). 

CD44 was detected histologically in formalin-

fixed and paraffin-embedded tissue by immunohis-
tochemistry, for which a universal immunoenzyme 
polymer method staining kit (Histofine Simple Stain 
MAX-PO, Nichirei, Tokyo, Japan) was used. All 
specimens were sectioned to a thickness of 5 to 6 
μm and mounted on glass slides. Deparaffinized and 
hydrated sections were rinsed with 0.01 mol/L PBS 
at pH 7.4. The specimens were covered with 3% 
hydrogen peroxide for 10 minutes and rinsed with 
0.01 mol/L PBS, followed by treatment with normal 
mouse serum. The specimens were then incubated 
with the primary antibody overnight at 4°C. A 1:100 
diluted monoclonal antibody against CD44 (R & D 
Systems, Inc, Minneapolis, Minnesota) was used. 
After rinsing with PBS and labeling with the univer-
sal immunoenzyme polymer method staining kit, a 
color reaction was developed with 3,3'-diaminoben-
zidine for 20 minutes at room temperature. Immu-
noreactivity was examined by light microscopy. 

The number of VFSCs in the maculae flavae and 
fibroblasts in the lamina propria, the number of 
CD44-positive cells in each position, and the per-
centages of CD44-positive cells were counted at 10 
fields of vision on a light microscope at 400× mag-
nification with computer software (ACT-1, Nikon, 
Tokyo). The average numbers and percentages were 
compared statistically. 

RESULTS 

The membranous portions of the unphonated vo-
cal folds were concave and atrophic in all cases. The 
lamina propria of the unphonated vocal fold mucosa 
appeared as a uniform structure in all cases, and the 
unphonated vocal fold mucosa did not have a vo-
cal ligament, Reinke’s space, or a layered structure 
in any case. Histologically, the vocal fold mucosae 
were hypo plastic and rudimentary, rather than atro-
phic.

Unphonated Human Child Vocal Fold Mucosa. 
The maculae flavae of the unphonated child vo-
cal fold mucosa were formed by dense masses of  
VFSCs (Fig 1). On the other hand, fibroblasts were 
sparse in the lamina propria (Fig 1). The density of 
cells in the maculae flavae was about 4 times that in 
the lamina propria (Fig 1). 

The ground substance in the lamina propria of the 
unphonated child vocal fold mucosa (maculae fla-
vae around the VFSCs and lamina propria around 
the fibroblasts) was stained light blue with Alcian 
blue at pH 2.5 (Fig 2). The material that stained in 
the maculae flavae and lamina propria with Alcian 
blue (pH 2.5) was digested by hyaluronidase. Hy-
aluronic acid was present in both the maculae flavae 
and the lamina propria. 



The percentages of CD44-positive VFSCs in the 
maculae flavae (Fig 3) and fibroblasts in the lamina 
propria of the unphonated child vocal fold mucosa 
were extremely low (Fig 412,13), and 1.2% ± 0.9% 
(mean ± SD) of the VFSCs in the maculae flavae 
and 3.7% ± 4.1% of the fibroblasts in the lamina 
propria were stained with CD44 (Fig 4). The per-
centage of CD44-positive VFSCs in the maculae 
flavae was about half that of fibroblasts in the lami-
na propria (Fig 4). 

Unphonated Human Adult Vocal Fold Mucosa. 
The maculae flavae of the unphonated adult vo-
cal fold mucosa were formed by dense masses of  
VFSCs (Fig 1). On the other hand, fibroblasts were 
sparse in the lamina propria (Fig 1). The density of 
cells in the maculae flavae was about 2 times that in 
the lamina propria (Fig 1). 

The ground substance in the lamina propria of the 
unphonated adult vocal fold mucosa (maculae fla-

vae around the VFSCs and lamina propria around 
the fibroblasts) was slightly stained light blue with 
Alcian blue at pH 2.5 (Fig 5). The material that 
slightly stained in the maculae flavae and lamina 
propria with Alcian blue (pH 2.5) was digested by 
hyaluronidase. Little hyaluronic acid was present in 
either the maculae flavae or the lamina propria. 

The percentages of CD44-positive VFSCs in the 
maculae flavae (Fig 6) and fibroblasts in the lamina 
propria of the unphonated adult vocal fold mucosa 
were extremely low (Fig 4), and 6.4% ± 4.8% of 
the VFSCs in the maculae flavae and 6.2% ± 3.3% 
of the fibroblasts in the lamina propria were stained 
with CD44 (Fig 4). The percentage of CD44-posi-
tive VFSCs in the maculae flavae was the same as 
that of fibroblasts in the lamina propria (Fig 4). 

Comparison Between Unphonated and Nor-
mal Human Vocal Fold Mucosae. The lamina pro-
pria of the child and adult normal vocal fold muco-
sae were stained light blue with Alcian blue at pH 
2.5; in particular, the maculae flavae were strongly 
stained.12,13 The material that stained in the maculae 
flavae and lamina propria of the normal vocal fold 
mucosa with Alcian blue (pH 2.5) was digested by 
hyaluronidase.12,13 Hyaluronic acid was abundant in 
the lamina propria, in particular in the maculae fla-
vae, of the child and adult normal vocal fold muco-
sae (Fig 4).12,13 

The density of VFSCs in the maculae flavae of 
the unphonated human vocal fold mucosa was low-
er in the children and higher in the adults than in 
the normal subjects (Fig 7A12,13). The difference of 
cell density between the children and the adults in 
the unphonated vocal fold mucosa was smaller than 
that in the normal vocal fold mucosae. The percent-
ages of CD44-positive VFSCs in the maculae flavae 
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Fig 1. Cell density of unphonated vocal fold mucosa. MF 
— macula flava; LP — lamina propria; ** — p < 0.05. 

Fig 2. Unphonated child macula flava from 
7-year-old girl (Alcian blue staining, pH 
2.5; original × 400). Hyaluronic acid (HA) is 
stained light blue around vocal fold stellate 
cells (VFSC) in anterior macula flava. 



of the unphonated human vocal fold mucosa were 
far lower in both the adults (6.4% ± 4.8%) and the 
children (1.2% ± 0.9%) than in the normal subjects 
(Fig 7A). 

The density of fibroblasts in the lamina propria of 
the unphonated human vocal fold mucosa was the 
same in the children and higher in the adults than 
in the normal subjects (Fig 7B). The percentage 
of CD44-positive fibroblasts in the lamina propria 
of the unphonated human vocal fold mucosa was 
extremely low. It was the same in both the adults 
(6.2% ± 3.3%) and the children (3.7% ± 4.1%) and 
contrasted with that in normal subjects (Fig 7B). 

Distribution of Hyaluronic Acid and Expression 
of CD44 in Unphonated Human Vocal Fold Mu-
cosa. In the children, hyaluronic acid was present 
in the unphonated vocal fold mucosa (maculae fla-
vae and lamina propria). However, the VFSCs in the 
maculae flavae and fibroblasts in the lamina propria 
expressed little CD44 (Fig 4). In the adult samples, 

there was little hyaluronic acid in the unphonated 
vocal fold mucosa (maculae flavae and lamina pro-
pria). Both the VFSCs in the maculae flavae and 
the fibroblasts in the lamina propria expressed little 
CD44 (Fig 4). 

The distribution of hyaluronic acid was not cor-
related with the expression of CD44 on the intersti-
tial cells in the unphonated vocal fold mucosa. The  
VFSCs in the maculae flavae and CD44 did not co-
operatively play roles in maintaining hyaluronic 
acid in the unphonated human vocal fold mucosa. 

In children, both VFSCs in the maculae flavae 
and fibroblasts in the lamina propria expressed little 
CD44 in the unphonated vocal fold mucosa. There 
was little hyaluronic acid in the adult vocal fold mu-
cosa (maculae flavae and lamina propria) that had 
remained unphonated since birth.

DISCUSSION 
In this study we have demonstrated the distribu-
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Fig 3. Unphonated child macula flava from 
7-year-old girl (immunohistochemical staining 
for CD44; original ×400). CD44 on cytoplasm 
of vocal fold stellate cells (VFSC; thick arrow) 
in anterior macula flava. 

Fig 4. Distribution of hyaluron-
ic acid and CD44-positive cells 
in normal and unphonated vocal 
fold mucosae. MF — macula fla-
va; LP — lamina propria; ++ — 
dense; + — present; ± — sparse; 
** — p < 0.05; NS — not sig-
nificant; * — data from Sato et 
al.12,13



tion of hyaluronic acid and expression of CD44 (the 
cell membrane–localized receptor for hyaluronic 
acid) in human child and adult vocal fold muco-
sae that have remained unphonated since birth. Our 
results show that both the VFSCs in the maculae 
flavae and the fibroblasts in the lamina propria in 
the unphonated vocal fold mucosa expressed little 
CD44. And in children (during the stage of vocal 
fold development), hyaluronic acid had decreased, 
and there was little hyaluronic acid in the adult vo-
cal fold mucosa. 

The mechanical forces caused by vocal fold vi-
bration from outside the VFSCs through cell-ma-
trix contacts influence cellular behaviors (mecha-
notransduction in the human vocal fold mucosa). 
This study has supported the hypothesis that the me-
chanical forces caused by vocal fold vibration stim-
ulate the VFSCs in the maculae flavae to acceler-
ate production of extracellular matrices and form the 

characteristic layered structure of human vocal fold 
mucosa. Phonation after birth is one of the impor-
tant factors in the growth and development of the 
human vocal fold mucosa.

Maculae Flavae and Vocal Fold Stellate Cells 
in Human Vocal Fold Mucosa. Human vocal fold 
mucosa has dense masses of cells and extracellular 
matrices that have been called the maculae flavae. 
The extracellular matrices of the maculae flavae are 
composed of fibrillar proteins such as collagenous, 
reticular, and elastic fibers; glycoprotein; and gly-
cosaminoglycan.14-18 On the basis of the results of 
our past studies, the maculae flavae located at both 
ends of the human vocal fold mucosa have been in-
ferred to be involved in the metabolism of extracel-
lular matrices, and are considered to be an important 
structure in the growth, development, and aging of 
the human vocal fold mucosa.1,2 

Interstitial cells with a star-like appearance  
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Fig 5. Unphonated adult macula flava from 
28-year-old woman (Alcian blue staining, pH 
2.5; original × 400). Hyaluronic acid (HA) is 
slightly stained light blue around vocal fold 
stellate cells (VFSC) in anterior macula flava. 

Fig 6. Unphonated adult macula flava from 
28-year-old woman (immunohistochemical 
staining for CD44; original × 400). CD44 on 
cytoplasm of vocal fold stellate cells (VFSC; 
thick arrow) in anterior macula flava. 
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(VFSCs) in the human maculae flavae were dis-
covered in our previous studies.3,19-22 The VFSCs 
possess lipid droplets and store vitamin A.19,20 The  
VFSCs had many morphological differences from 
conventional fibroblasts in the vocal fold, and con-
stantly synthesized extracellular matrices that are es-
sential for the human vocal fold mucosa.3,19-22 Our 
previous studies inferred that the VFSCs in the mac-
ulae flavae form an independent cell category that 
should be considered a new category of cells, and 
that they are involved in the metabolism of extracel-
lular matrices in the human vocal fold mucosa.1,2 

Hyaluronic Acid (Hyaluronan) and CD44 in Hu-
man Vocal Fold Mucosa. Hyaluronic acid or hy-
aluronan, one of the glycosaminoglycans in extra-
cellular matrices, contributes to tissue viscosity and 
is an important molecule for maintaining optimal 
tissue properties. It also plays an important role 
in the viscoelasticity of the human vocal fold mu-
cosa.8-10 It is suggested that hyaluronic acid likely 
contributes to the maintenance of an optimal tissue 
viscosity necessary to facilitate phonation.10 Hy-
aluronic acid may also contribute to optimal tissue 
stiffness, important for control of vocal fundamental 
frequency.10 

CD44 is a broadly distributed polymorphic cell 
surface glycoprotein with an apparent molecular 
weight ranging from 85 to 250 kd that plays a role 
in cell-cell and cell-matrix interactions. It is thought 
to mediate cell attachment to extracellular matrix 
components or specific cell surface ligands.11 It acts 
as the principal cell surface receptor for hyaluronic 
acid, participating in cell-cell adhesion and migra-
tion and modulating cell-matrix interactions.11 

The relationship between the appearance and dis-
tribution of hyaluronic acid and expression of CD44 
in the human vocal fold mucosa has been previous-
ly reported.12,13 The distribution of hyaluronic acid 
was correlated with the expression of CD44 on the 
interstitial cells. The VFSCs in the maculae flavae 
and CD44 cooperatively play important roles in 
maintaining hyaluronic acid in the human vocal fold 
mucosa as a vibrating tissue.12,13 In this study we 
have demonstrated that interstitial cells, in particular  
VFSCs in the maculae flavae, expressed little CD44 
in the unphonated vocal fold mucosa. To maintain 
hyaluronic acid in the human vocal fold mucosa, 
VFSCs continue to synthesize hyaluronic acid dur-
ing the lifetime. VFSCs in the unphonated vocal 
fold do not continue to synthesize hyaluronic acid 
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Fig 7. Cell density and percentage of 
CD44-positive cells in A) macula fla-
va and B) lamina propria of normal and 
unphonated vocal fold mucosae. NVF 
— normal vocal fold; UPVF — unpho-
nated vocal fold; ** — p < 0.05; NS — 
not significant; * — data from Sato et 
al.12,13 
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during the stage of vocal fold development. As a re-
sult, there is little hyaluronic acid in the unphonat-
ed human adult vocal fold mucosa. It was indicated 
that VFSCs in the maculae flavae were not involved 
in the metabolism of hyaluronic acid. 

Mechanotransduction in Human Vocal Fold Mu-
cosa. Cellular mechanotransduction is the mecha-
nism by which cells convert mechanical stimuli into 
biomechanical responses. It plays an important role 
in regulating cell functions. The mechanotransduc-
tion in the vibrating vocal fold mucosa remains un-
clear. It is of interest whether the mechanical forc-
es caused by vocal fold vibration from outside the  
VFSCs in the maculae flavae through cell-matrix 
contacts influence intracellular signaling cascades 
that ultimately alter many cellular behaviors. 

Cells help organize the collagen fibrils they se-
crete by exerting tension on the matrix.23,24 The ten-
sion is the most important factor that influences syn-
thesis of collagenous fibers by the fibroblasts. The 
bending stresses on the vocal folds associated with 
phonation are greatest in the region of the maculae 
flavae.25 We previously reported that human adult 
vocal fold mucosae that have remained unphonated 
since birth (no mechanical forces caused by vocal 
fold vibration) were hypoplastic and rudimentary, 
and that the maculae flavae were atrophic and the 
VFSCs in the maculae flavae had decreased activ-
ity.5 These results were consistent with the hypoth-
esis that the tensions caused by phonation (vocal 
fold vibration) after birth stimulate the VFSCs in 
the anterior and posterior maculae flavae to acceler-
ate production of extracellular matrices and form the 
vocal ligament, Reinke’s space, and the characteris-
tic layered structure of the human vocal fold.5 

Transmission of forces from outside the cell 
through cell-matrix and cell-cell contacts appears to 
control the maturation or disassembly of these ad-
hesions and initiates intracellular signaling cascades 
that ultimately alter many cellular behaviors.6,7 In 
response to externally applied forces, cells actively 
rearrange the organization and contractile activity of 
the cytoskeleton and redistribute their intracellular 
forces.6,7 Previous studies suggested that the local-

ized concentration of these cytoskeletal tensions at 
adhesions is also a major mediator of mechanical 
signaling.6,7 

Function of Mechanotransduction and CD44 In-
teractions in Human Vocal Fold Mucosa. CD44 is 
known to participate in a wide variety of cellular 
functions, including cell-cell aggregation, retention 
of the pericellular matrix, matrix-cell and cell-ma-
trix signaling, receptor-mediated internalization and 
degradation of hyaluronic acid, and cell migration. 
However, how cells regulate their usage of CD44 
remains a mystery. 

The results of our study raise a question about 
the role of CD44 in the mechanotransduction of the 
human vocal fold mucosa. The fact that CD44 is a 
transmembrane receptor with an extensive cytoplas-
mic domain automatically suggests that CD44 can 
communicate cell-matrix interactions into the cell 
(outside-in signaling) and can alter the matrix in re-
sponse to intracellular signals (inside-out signaling). 
Cell membrane–localized receptors initiate intracel-
lular signaling cascades. The localized concentra-
tion of cytoskeletal tensions is a major mediator of 
mechanical signaling.6,7 Disruption of the cytoskel-
etal organization caused by the unphonated state 
may disperse CD44 in the membranes, in turn modi-
fying the capacity of CD44 to bind or otherwise or-
ganize extracellular hyaluronic acid and to initiate 
intracellular signaling cascades. Reduced intracellu-
lar signaling cascades and cross-talk between them 
may ultimately alter the VFSCs’ behavior in an un-
phonated vocal fold. 

In conclusion, the results of the present study sup-
port the hypothesis that the tensions caused by pho-
nation (vocal fold vibration) after birth stimulate the 
VFSCs in the anterior and posterior maculae flavae 
to accelerate production of extracellular matrices 
and form the vocal ligament, Reinke’s space, and 
the characteristic layered structure of the human vo-
cal fold mucosa. This suggests that the vocal fold 
vibration (phonation) after birth and mechanotrans-
duction of the VFSCs in the maculae flavae are im-
portant factors in the growth and development of the 
human vocal fold mucosa. 
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ProEx C Stain Analysis in Recurrent Respiratory Papillomatosis 
Naveen D. Bhandarkar, MD; H. Steven Sims, MD; Odile David, MD 

Objectives: We evaluated the presence and pattern of ProEx C stain, a marker for the proliferative capacity of cells, in 
laryngeal tissues, including benign, malignant, and recurrent respiratory papilloma (RRP) specimens, and compared it to 
hematoxylin and eosin staining for the presence of dysplasia.
Methods: We performed a retrospective study with chart review.
Results: A total of 26 specimens (9 benign, 7 malignant, 10 RRP) representing 21 patients were stained. ProEx C stained 
positive in the nuclei of laryngeal tissue, consistent with its localization in cervical cytology specimens. Seven of 9 be-
nign and 7 of 10 RRP specimens stained positive. The benign specimens were mostly polyps. The malignant specimens 
were either well or moderately differentiated squamous cell carcinoma, and they stained strongly and diffusely. In benign 
and RRP specimens, the basal layer typically stained positive. Other areas of epithelium stained weakly in benign speci-
mens and variably in RRP specimens. Current analysis of hematoxylin and eosin–stained RRP specimens revealed that 
30% of specimens had at least moderate dysplasia and 80% exhibited viral changes (koilocytosis). 
Conclusions: ProEx C is a clean and reliable stain in laryngeal tissue, and stains positive in RRP. This study could not 
definitively correlate positive ProEx C staining in areas of greater dysplasia, although a trend was observed. Further stud-
ies are necessary to determine whether ProEx C can be used in triage of cases of clinically aggressive RRP for closer 
follow-up or frequent operative intervention.
Key Words: dysplasia, human papillomavirus, larynx, ProEx C, recurrent respiratory papillomatosis.
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INTRODUCTION 

Recurrent respiratory papillomatosis (RRP) is 
caused by human papillomavirus (HPV) infection 
with resultant proliferation of squamous papillomas. 
The larynx is most commonly involved, but the en-
tire aerodigestive tract is at risk in affected patients. 
The incidence is bimodal, with juvenile forms typi-
cally being more aggressive but sometimes dissipat-
ing in severity during puberty.1 The HPV subtypes 
6 and 11 produce RRP lesions most commonly, al-
though types 16 and 18 have been recovered from 
respiratory mucosa.2 Extensive airway involvement 
may even necessitate tracheostomy to secure the air-
way. Increased rates of disease dissemination, how-
ever, dictate that a surgical airway should be enter-
tained only in emergent cases. Malignant transfor-
mation of RRP into squamous cell carcinoma has 
been documented, but this portentous event is rare, 
on the order of 2% to 3% of all cases.3,4 

Even in the absence of malignancy, the thera-
peutic dilemma in RRP remains determining how 
frequently patients require follow-up or return to 
the operating room for intervention. Currently, the 
World Health Organization classification is used at 

most institutions to report the severity of dysplasia. 
The classification alone, however, cannot identify 
areas of papilloma specimens that may have more 
aggressive or malignant potential, unless carcinoma 
exists at the time of analysis. In our experience, the 
degree of dysplasia reported on specimens at our in-
stitution does not seem to correlate with the clinical 
course. It would therefore be beneficial to identify a 
reliable method to detect clinically aggressive speci-
mens. 

ProEx C (TriPath Imaging, Inc, Burlington, North 
Carolina) is a cocktail of minichromosome mainte-
nance protein 2 (MCM2) and topoisomerase II al - 
pha protein (TOP2A), which together play an impor-
tant regulatory role in eukaryotic DNA replication. 
The overexpression of these proteins in morpholog-
ically abnormal cells is indicative of the presence 
of aber rant S phase induction.5 MCM2 and TOP2A  
have been shown to be overexpressed in a wide va-
 riety of dysplastic and malignant processes. One  
group who studied cervical neoplasia found that 
when ProEx C immunocytochemistry results were 
combined with any level of cytologic atyp ia, the 
sen sitivity for cer vi cal intraepithelial neoplasia 2+ 
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TABLE 1. TERMINOLOGY USED FOR
STAINING ANALYSIS

Thickness Basal Basal layer only
 Fraction Number represents maximum depth
  of epithelial staining
 Full Entire epithelial layer
Intensity Weak Light brown staining
 Strong Intense dark brown staining
Pattern Scattered Single random cells, <10% of total
  cells
 Focal One defined area, and/or 10% to 25%
  of total cells
 Multifocal Multiple defined areas of staining,
  and/or 25% to 50% of total cells
 Diffuse >50% of specimen

on biopsy/high-grade squamous intraepithelial le-
sion on cytology (CIN 2+/HSIL) was 92% and the 
specificity was 84%, concluding that ProEx C shows 
promise as an aid in enhancing the sensitivity and 
specificity of cervical cytology for subsequent CIN 
2+/HSIL and that it may be useful in identifying 
those cervical lesions that are most apt to progress.6 

Other studies have found that ProEx C is a reliable 
marker for high-grade CIN that can be used to con-
firm the diagnosis of high-grade CIN and assist in 
triage of cases of atypical squamous metaplasia.7,8 

The stain has not been previously studied in laryn-
geal tissue, and a similar schematic would be useful 
for laryngeal dysplasia. 

With this information as a foundation, the prima-
ry objective of the current study was to determine 
the reliability of the ProEx C stain in laryngeal tis-
sues, including benign, malignant, and RRP speci-
mens. The staining pattern for ProEx C was com-
pared with that of standard hematoxylin and eosin 
(H & E), with a focus on dysplasia.

METHODS 

Specimen Selection. This was a retrospective 
study with a chart review and permanent specimen 
histologic analysis. Approval was obtained from the 
University of Illinois at Chicago Institutional Re-
view Board before onset of the study. A total of 26 
laryngeal specimens for staining were randomly se-
lected from a patient database of the senior author 
(H.S.S.). The formalin-fixed, paraffin-embedded 
cell blocks represented a total of 21 patients with 3 
general cate gories of histopathology: benign, malig-
nant, and RRP. Each specimen was labeled by num-
ber to de-identify protected health information and 
to allow blinded analysis by the pathologist. 

Staining Protocol. ProEx C slides were prepared 
according to the staining protocol recommended by 
the manufacturer; the antibody and detection solu-

tions were available as a kit. Details of the stain-
ing protocol have also been previously described. 
As an immunohistochemical staining method, posi-
tive staining indicates the presence of MCM2 and  
TOP2A and is demonstrated by a moderate to in-
tense brown staining in the nucleus.5 

Slide Analysis. Slides stained with H & E and 
ProEx C were analyzed by a senior pathologist. The 
slides were presented to the pathologist de-identified 
and in randomized order. If ProEx C stain was posi-
tive, the depth of epithelial positivity (described as 
a fraction) was determined. The pattern and strength 
of staining outside the basal layer were determined 
and recorded. The pattern was recorded as scat-
tered, focal, multifocal, or diffuse, and the strength 
was recorded as weak or strong. If only the basal 
layer stained positive, pattern and strength were re-
corded as “none” (Table 1). We examined H & E–
stained slides to determine areas of dysplasia and 
the presence of viral cytopathic changes within the 
specimen, and correlated the results with those from 
ProEx C staining. We also compared the current H 
& E analysis to the original analysis in the perma-
nent medical record as a control to evaluate for in-
terpathologist consistency.

RESULTS 
ProEx C stained positive in laryngeal tissue and 

exhibited a purely nuclear localization that is consis-
tent with its staining pattern in cervical specimens.5-7 

There were 9 benign specimens: 5 polyps, 1 nodule, 
2 benign papillomas, and 1 hyperkeratosis. ProEx C 
stained weakly in 7 of 9 specimens and was nega-
tive in the remaining 2 (Table 2). In specimens with 
positive staining, the basal layer stained the strong-
est, with focal areas of greater epithelial depth (Fig 
1). The hyperkeratosis specimen had mild dyspla-
sia, and the remainder of the specimens did not have 
dysplasia. The presence of mild dysplasia in the hy-
perkeratosis specimen did not result in stronger or 
more diffuse ProEx C staining. 

The malignant specimens consisted only of squa-
mous cell carcinoma ranging from well to moder-
ately differentiated. All specimens stained positive 
with strong and diffuse staining. Characteristics of 
malignant cells, such as pleomorphic nuclei and a 
high nucleus-to-cytoplasm ratio, were clear in the 
ProEx C–stained cells (Fig 2). One specimen con-
tained carcinoma in situ, which also stained strongly 
and diffusely for ProEx C. 

The RRP specimens had an array of staining pat-
terns for ProEx C. Seven of 10 specimens stained 
positive for ProEx C (Table 3). The basal lay-
er stained strongly, and other areas of epithelium 
stained with variable strength. All except 2 speci-
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TABLE 2. PROEX C STAINING IN BENIGN SPECIMENS
 ProEx C  
  Stain Result Thickness Pattern* Intensity* Dysplasia (H & E) Diagnosis
 1 Negative    None Hemorrhagic polyp
 2 Positive One third Focal Weak None Fibroepithelial polyp
 3 Negative    None Polyp
 4 Positive One half Focal Weak None Pyogenic granuloma
 5 Positive One third Focal Weak None Benign papilloma
 6 Positive Basal None None Mild Hyperkeratosis
 7 Positive One half Scattered Weak None Polyp
 8 Positive Basal None None None Benign papilloma
 9 Positive Two thirds Scattered Weak None Polyp

H & E — hematoxylin and eosin.
*Refers to cells other than basal layer.

Fig 1. ProEx C stain of polyp demonstrates basal layer 
staining with scattered weakly positive cells up to two 
thirds of epithelial thickness, overall <10% of cells stain-
ing positive.

mens were originally read on H & E staining as hav-
ing anywhere from mild to severe dysplasia. Figure 
3 demonstrates a specimen that was read as mod-
erate dysplasia on the original H & E staining but 
now with basal layer staining indicated mild dys-
plasia and viral cytopathic changes. Viral cytopathic 
changes were visualized in RRP specimens several 
times more on repeat analysis (8 of 10) than during 
the original analysis (3 of 10), and ProEx C stained 
negative or weakly in these areas. The opposite was 
observed for dysplasia, for which 7 of 10 specimens 
were originally read as at least moderate dysplasia, 
compared to 3 of 10 in the current analysis. 

DISCUSSION 

We have shown that ProEx C demonstrates clean 
and reliable nuclear staining in laryngeal specimens. 
The presence of staining indicates proliferative ac-
tivity of cells via expression of MCM2 and TOP2A 

in laryngeal tissue of various histopathologic types. 
Because most previous studies on cervical cancer 
involved ProEx C staining of cytologic specimens, 
the normal epithelial architecture obtained with in-
cisional biopsies was not present, and basal layer 
staining was not mentioned. A recent study on Pro-
Ex C staining in extramammary Paget’s disease and 
perianal melanoma did utilize cell blocks, and the 
report commented on the presence of positive basal 
layer staining, consistent with our results.9 Focal ar-
eas of increased staining in the basal layer or in the 
remainder of the epithelium would be more indica-
tive of abnormal mitotic activity. Benign specimens 
demonstrated staining almost exclusively in the ba-
sal cell layer, as expected, and malignant specimens 
stained strongly and diffusely. The ProEx C staining 
pattern in benign and malignant specimens in this 
study suggests that the stain is reliable in identifying 
cells with proliferative capacity, has the potential 
to address differential behavior of cells within the 
same specimen, and may better highlight these ar-
eas than would a visual inspection of H & E–stained 
specimens. We thus hypothesized that use of the 
stain in RRP specimens would be reliable at detect-
ing specific areas that might have more aggressive 
behavior.

The RRP specimens on H & E staining exhibited 
a range of levels of dysplasia, with some specimens 
staining positive for ProEx C outside the basal layer. 
We attempted to correlate positive ProEx C stain-
ing with dysplasia in RRP, but found this difficult 
because of variation in pathologist interpretation of 
H & E specimens. The original H & E slides from 
postsurgical processing were read by numerous pa-
thologists. Review of H & E slides by a single pa-
thologist in this study resulted in fewer specimens 
with moderate or greater dysplasia and identifica-
tion of the presence of viral cytopathic changes that 
had not been previously mentioned. This lends sup-
port to our anecdotal observations, mentioned in the 
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Introduction, that dysplasia has not correlated with 
an aggressive clinical course. Although some RRP 
specimens did exhibit areas of increased ProEx C 
staining, the clinical consequence of this is unclear 
at this time because of a lack of direct clinical cor-
relation, confounded by the fact that no RRP patient 
in the present study developed squamous cell carci-
noma. 

Other authors have also found that the presence 
of dysplasia does not affect the clinical course of 
RRP. Blumin et al10 recently studied 73 patients 
over a 6-year period and found no significant dif-
ference in the number of operations. Slightly greater 
than 20% of patients had dysplasia in their study.10 
If we had accepted the original H & E diagnosis as 
accurate, 70% of specimens would be regarded as 
having moderate to severe dysplasia. Although the 
small number of patients introduces potential bias, 
and their results cannot be compared to those from 
a large population, the percentage of specimens ex-

ceeding mild dysplasia on current H & E diagnosis 
was nearly halved. Carvalho et al11 recently studied 
72 patients and found 9 (13%) to have dysplasia. 

There is ongoing debate on whether the pres-
ence of dysplasia correlates with progression to 
squamous cell carcinoma in RRP. The relatively low 
rate of malignant transformation from RRP makes 
controlled inquiry difficult. It has been previously 
suggested that atypia may be a sign of premalignan-
cy.1 Go et al12 studied 7 patients with RRP in whom 
malignant transformation to squamous cell carcino-
ma occurred and found the opposite. All cases pro-
gressed to well-differentiated squamous cell carci-
noma, but were not characterized by histologic pro-
gression through dysplasia over time. The investi-
gators concluded that transformation seems to be an 
isolated event. Also in that study, overexpression of 
p53 was variable and did not appear to be a molecu-
lar marker for the transformation process, suggest-
ing that other mechanisms were involved.12 In con-
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TABLE 3. PROEX C STAINING IN RECURRENT RESPIRATORY PAPILLOMATOSIS SPECIMENS
 ProEx C Dysplasia (H & E) 
  Stain Result Thickness Pattern* Intensity* Original Current
 1 Negative    None None + viral
 2 Positive Two thirds Diffuse Weak None Moderate
 3 Positive One third Scattered Weak Moderate + viral Moderate + viral
 4 Positive Basal None None Moderate Mild + viral
 5 Positive Full Multifocal Strong Severe Severe
 6 Negative    Moderate None + viral
 7 Positive Two thirds Scattered Weak Moderate + viral Mild + viral
 8 Positive Full Multifocal Strong Moderate + viral Moderate + viral
 9 Negative    Mild None + viral
 10 Positive One third Scattered Weak Moderate Mild + viral

*Refers to cells other than basal layer.

Fig 2. A) ProEx C stain of well-differentiated squamous cell carcinoma demonstrates strong and diffuse positive staining. Nu-
clear pleomorphism and high nucleus-to-cytoplasm ratio are present. Keratin pearl, although not stained, is still evident at left. 
B) H & E stain of same well-differentiated squamous cell carcinoma specimen.
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trast, other authors have found that p53 mutation is 
frequently associated with carcinogenesis.13,14 

Other immunohistochemical stains have also pre-
viously been utilized in laryngeal tissue. One study 
stained cells for p53, CD34, and Ki-67 to stratify 
the severity of dysplasia in a different classification 
scheme, but these stains did not seem to perform 
significantly better than the World Health Organi-
zation classification.15 Survivin has been previously 
studied in RRP. Survivin is a member of the inhibi-
tor of apoptosis family of proteins expressed in pap-
illoma cells but not in normal laryngeal tissue, and 
it functions in cell survival and proliferation.16,17 
Since survivin generally stains all papilloma cells, 
it is unlikely to be of benefit in detecting differenc-
es in subpopulations of cells. Protein tyrosine ki-
nase 6 (PTK6), also known as breast receptor kinase 
(BRK), is a nonreceptor tyrosine kinase that has 
been studied in oral squamous epithelium. PTK6 
dem onstrates differences in expression and locali-
zation between benign and malignant specimens.18 

With unpublished data, we demonstrated that PTK6 
is also expressed in RRP, but further studies are war-
ranted to determine whether PTK6 can reliably iden-
tify the proliferative capacity of RRP cells. 

According to the evidence from p53 and various 
other markers, it is entirely possible that there are 
multiple methods by which a patient may develop 
carcinoma, not all of which necessarily progress 
through dysplasia. ProEx C staining depends only 
upon mitotic activity and can be useful in these cir-
cumstances. Ultimately, any immunohistochemical 

stain for the purpose of determining cell behavior 
would require validation, possibly with longitudinal 
prospective studies. We acknowledge that this may 
be difficult with RRP; however, there are potential 
significant clinical benefits. For example, a patient 
with known RRP who is found to have a new or re-
current lesion can undergo biopsy with staining to 
determine the aggressiveness of the lesion, with the 
ultimate goal being to determine which patients may 
require more frequent follow-up or operative inter-
vention.

CONCLUSIONS 
ProEx C stains positive in the nuclei of both be-

nign and malignant laryngeal tissues in a clean, re-
liable, and predictable manner. Benign specimens 
demonstrate weak to absent staining except in the 
basal cell layer, which is expected to have mitotic 
activity. Malignant specimens demonstrate strong 
nuclear staining diffusely. Focal areas of RRP speci-
mens demonstrate positive ProEx C staining outside 
the basal layer. There was a trend toward a correla-
tion between increased ProEx C staining and a great-
er degree of dysplasia, but it was not conclusive in 
this study, in part because of variation in interpre-
tation between pathologists. The ProEx C staining 
pattern we have observed in the larynx suggests that 
the stain should be able to reliably highlight cells 
with aggressive potential, as seen in cervical cytolo-
gy. Long-term prospective clinical analysis with the 
stain could shed more light on this issue with poten-
tial to improve the triage of patients at risk for rapid 
disease progression. 
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Fig 3. A) ProEx C stain of recurrent respiratory papillomatosis specimen demonstrates clean basal layer staining with weakly 
positive scattered nuclei up to one third thickness. B) H & E stain of same recurrent respiratory papillomatosis specimen re-
vealed dysplasia. Note viral cytopathic changes of nuclear clearing with abnormal appearance of cells.
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Acute Glutaraldehyde Mucosal Injury of the Upper Aerodigestive
Tract Due to Damage to the Working Channel of an Endoscope 

Priya D. Krishna, MD, MS; Melissa McCarty Statham, MD; Clark A. Rosen, MD

Objectives: Glutaraldehyde (Cidex) is a commonly used agent for cold sterilization of endoscopes despite its known ir-
ritative, allergic, and carcinogenic potential. This report details the clinical course of 2 patients who suffered acute glu-
taraldehyde exposure during office injection procedures.
Methods: Clinical records of 2 outpatients undergoing office injection procedures were reviewed. One patient underwent 
bilateral injections of hydroxyapatite, and 1 underwent voice gel injection.
Results: Both patients developed acute mucosal injury in the form of supraglottitis and laryngitis. Both patients required 
inpatient admission with airway monitoring (1 requiring admission to the intensive care unit) and were treated with ste-
roids and antibiotics. The same channel endoscope was used for both procedures and was noted after careful examination 
to have retained glutaraldehyde inside the scope due to a perforation of the lining of the working channel.
Conclusions: Glutaraldehyde can cause acute mucosal injury to supraglottic and glottic structures, and diligent proce-
dures must be maintained for flushing the channels and monitoring glutaraldehyde retention in the channels. Great care 
should be taken to avoid damage to the lining of working channels from instrumentation.
Key Words: disinfection, flexible endoscopy, glutaraldehyde, mucosal injury. 
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INTRODUCTION 

Flexible endoscopy is an integral part of the di-
agnostic and therapeutic armamentarium for many 
medical and surgical specialties. Flexible laryngo-
scopes are required to undergo decontamination, as 
are all endoscopes, by the use of high-level disinfec-
tants that have a broad antimicrobial spectrum with 
minimal toxicity in humans. Glutaraldehyde, a sat-
urated dialdehyde, has been used for over the past 
decade for this purpose. A 2% aqueous solution of 
glutaraldehyde that is buffered to a slightly alkaline 
pH (7.5 to 8.5) kills vegetative bacteria, fungi, and 
viruses in less than 10 minutes.1 As dilution of the 
solution occurs during use, a minimum concentra-
tion of at least 1% to 1.5% should be maintained for 
effective microbicidal activity. However, this same 
concentration of glutaraldehyde (2%) has been doc-
umented to have caused mucosal injury and inflam-
mation in the eye. This report describes 2 cases of 
caustic mucosal injury of the larynx from exposure 
to retained glutaraldehyde due to a damaged endo-
scope channel.

CASE REPORTS

Case 1. A 57-year-old man with a 1-year his-

tory of dysphonia after Nissen fundoplication was 
referred to the University of Pittsburgh Voice Cen-
ter. He had complaints of poor projection and vo-
cal straining, as well as difficulty singing in church. 
Flexible laryngovideostroboscopy revealed left vo-
cal fold hypomobility, bilateral vocal fold atrophy, 
and secondary muscle tension dysphonia. A trial bi-
lateral vocal fold injection with Radiesse Voice Gel 
(BioForm Medical, San Mateo, California) was of-
fered first, given the degree of glottal insufficiency, 
and the patient consented. It was noted during the 
procedure that the patient experienced more than 
the expected amount of pain and discomfort despite 
significant topical anesthetization with 4% lidocaine 
hydrochloride. Bilateral vocal fold injection under 
local anesthesia was done via a peroral approach. A 
total of 0.4 mL of material was injected. The patient 
returned to the emergency department a few hours 
later with complaints of upper airway tightness and 
shortness of breath, as well as fever. Flexible laryn-
goscopic examination demonstrated diffuse supra-
glottic edema and mild erythema but no edema of 
the epiglottis or the vocal folds. The patient was not-
ed to have infiltrates and evidence of a small pleural 
effusion consistent with pneumonitis on a chest ra-
diograph (Fig 1A). The patient was admitted to the 



A B

88 Krishna et al, Acute Glutaraldehyde Mucosal Injury of Upper Aerodigestive Tract 

Fig 1. (Case 1) A) Anteroposteri-
or chest radiograph demonstrates 
small to moderate left pleural ef-
fusion. B) Healing eschar seen on 
superior surface of left vocal fold. 

intensive care unit for airway observation and was 
given intravenous dexamethasone acetate 10 mg ev-
ery 8 hours. In addition, he received intravenous di-
phenhydramine hydrochloride 25 mg every 6 hours, 
and famotidine 20 mg every 12 hours for a presump-
tive diagnosis of an allergic reaction. On postinjec-
tion day 1, early development of pseudomembranes 
and ulceration of the laryngeal surface of the epi-
glottis, aryepiglottic folds, arytenoid cartilages, and 
false vocal folds was seen, and intravenous ampicil-
lin sodium–sulbactam sodium 3 g every 6 hours was 
started. The edema remained, but by post injection 
day 2, the patient was transferred from the inten-
sive care unit to routine care, and the edema and 
ulceration had significantly improved. The patient 
had persistent muscle tension after the injection, al-
though augmentation was successful on visualiza-
tion. The patient was discharged on postinjection 
day 4 with a prescription for amoxicillin–clavula-
nate potassium 875 mg by mouth twice a day, pan-
toprazole sodium 40 mg by mouth twice a day, and 
an oral prednisone 10-day taper. The patient’s su-
praglottis was completely healed at the 2-week fol-
low-up visit (19 days after vocal fold injection), and 
a small healing eschar was noted on the posterior 
left vocal fold (Fig 1B). 

Case 2. A 92-year-old man with a remote history 
of surgery for recurrent respiratory papillomatosis 
and persistent cough was referred to the Universi-
ty of Pittsburgh Voice Center. The patient also had 
a history of chronic obstructive pulmonary disease, 
hypertension, hypothyroidism, and a history of to-
bacco abuse. The patient had had a pneumonia in 
the past year. His initial flexible laryngovideostro-
boscopic examination demonstrated bilateral vocal 
fold atrophy with left vocal fold scar. A bilateral in-
jection of 0.4 mL of Radiesse Voice Gel was per-
formed without incident. He was not able to com-
plete recommended voice therapy because of logis-
tical issues, and presented 2 years later with simi-

lar complaints. A trial bilateral voice gel injection 
was performed successfully under local anesthesia 
via a peroral approach with satisfactory phonatory 
results, so the patient consented to another bilater-
al Radiesse injection with the same approach. The 
patient experienced pain during the procedure de-
spite adequate topical anesthetization. His voice re-
mained hoarse and breathy, and he experienced dys-
phagia and odynophagia. He presented to the emer-
gency department with these complaints 2 days af-
ter the injection. The patient was seen by an otolar-
yngologist in the practice, who noted an eschar and 
areas of pseudomembranes on the laryngeal surface 
(consistent with a burn) of the epiglottis and false 
vocal folds (Fig 2A,B). The patient was also noted 
via flexible endoscopic evaluation of swallowing to 
have frank aspiration with thin and thick liquids and 
premature spillage of solids into the vallecula. He 
was admitted for 3 days, during which he was treat-
ed with intravenous administration of methylpred-
nisolone acetate 40 mg every 8 hours, azithromycin 
500 mg every 24 hours, and pantoprazole sodium 
40 mg every 12 hours. He continued to experience 
some residual odynophagia after discharge. By the 
4-week postoperative visit, the laryngeal burn ap-
peared to have resolved and the patient exhibited no 
other sequelae (Fig 2C). 

The fact that the patterns of mucosal injury and 
the clinical courses were nearly identical in the 2 
cases prompted further investigation. The only 
ele ment found in common was the particular en-
doscope used in this case, as the injections were 
performed on the same day by different surgeons 
(P.D.K., C.A.R.). After the patients were admitted, 
the laryngoscope in question was flushed with 1 L 
of water and continued to test strongly positive for 
full-strength glutaraldehyde. It was determined that 
the most likely cause of the retained glutaraldehyde 
was damage to the instrument channel from a trial 
use of a new laser fiber the preceding day. In re-
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view of the events of that day, it was noted that at 
one point in time of the procedure the laser fiber and 
protective sheath met significant resistance while 
being removed through the instrument channel, and 
it appeared that the fiber had penetrated the protec-
tive sheath. A second fiber was also passed, meeting 
the same resistance in the channel.

DISCUSSION 
Medical instruments are stratified into 3 groups 

on the basis of the level of disinfection required. 
These are 1) critical instruments, which penetrate 
sterile tissue, enter vasculature, or contact bone or 
blood; 2) semicritical instruments, which contact 
mucous membranes and skin; and 3) noncritical in-
struments, which may or may not contact only intact 
skin.1 Flexible laryngoscopes are considered semi-
critical instruments and therefore require high-lev-
el chemical disinfection. Chemical disinfection is 
the accepted alternative for instruments that cannot 
withstand standard high-temperature sterilization. 
High-level disinfection is described as disinfection 
that kills mycobacteria, viruses (small and medium), 
fungal spores, vegetative bacteria, and some bacte-
rial endospores if exposure time to the disinfectant 
is short. 

Glutaraldehyde is a saturated dialdehyde and has 
been used relatively safely as a high-level disinfec-
tant since the early 1960s.2 High-level disinfectants 
in general need to be nontoxic to humans, and need 
to have rapid activity with a long shelf life and a 
broad antimicrobial spectrum to have clinical util-
ity.3 Exposure to glutaraldehyde vapors, particularly 
in poorly ventilated spaces, can cause ocular irrita-
tion, rhinitis, epistaxis, and asthma-like symptoms.3 

A ceiling level of 0.05 ppm is recommended, and 
using automated endoscope processors and/or prop-

er room ventilation with frequent air exchange can 
help keep the level below the ceiling. 

Two-percent glutaraldehyde has long been used 
for high-level disinfection, as have 7.5% hydrogen 
peroxide and 0.2% peracetic acid.1 However, mu-
cosal exposure to aqueous solutions of glutaralde-
hyde of 2% or higher is known to cause a spectrum 
from mucosal edema, friability, and submucosal 
hemorrhages to ischemic necrosis of the mucosa, in 
the case of exposure occurring within the lower gas-
trointestinal tract.4,5 

A stringent step-by-step process for reprocess-
ing flexible laryngoscopes should be followed. One 
such guideline is displayed in the Table.1 Leak test-
ing is an important aspect of reprocessing, chiefly to 
test whether the instrument channel has been dam-
aged and contains residual microorganisms and to 
confirm that the laryngoscope and channel have re-
mained watertight. Leak testing or pressure testing 
is performed by attachment of a leak testing device. 
Leak testing is described as “pressurization” of the 
endoscope that is performed to assess the integrity 
of the endoscope inner and outer coating and seals.6 
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Fig 2. (Case 2) A) Appearance of larynx on postoperative day 6. De-epithelialization, pseudomembranes, and generalized ery-
thema are noted throughout larynx. B) Appearance of larynx on postoperative day 16. More prominent pseudomembranes are 
noted. C) Appearance of larynx on postoperative day 35 demonstrates near-complete healing of mucosa. 

GUIDELINES FOR REPROCESSING FLEXIBLE
LARYNGOSCOPES

Precleaning, to remove patient secretions to prevent hardening
Leak testing, to confirm watertight design of laryngoscope and 

integrity of instrument channel
Cleaning, to decrease number of microorganisms on laryngo-

scope and remove any occlusion of channel
High-level disinfection, to extinguish residual microorganisms 

present on laryngoscope
Drying using 70% alcohol and forced air
Storage of laryngoscope by vertical hanging without suction 

valve or port cap
Adapted from Muscarella.1



A large basin in which the scope can be completely 
immersed is required (for wet leak testing) in addi-
tion to a leak tester and, for some manufacturers’ 
devices, a water-resistant cap. There are hand-pump 
leak testing devices and automated leak testing de-
vices available. Either must be attached to the scope 
by a tube on the tester, and pressure is delivered ei-
ther under detergent in the basin, in which bubbles 
would be seen if a leak was present (wet leak test-
ing), or by watching the pressure decrease on the 
tester, if the testing is done without a basin.6 

Other potential sources of the glutaraldehyde ex-
posure, either from prolonged scope immersion in 
solution or from inadequate rinsing of the scope af-
ter immersion in high-level disinfectant, appeared 
much less likely when our processing algorithm 
was reviewed. The specific mucosal burns seen in 
our patients were also consistent with chemical and 
thermal burns seen in the supraglottis in other re-
ports.5,7-10 There has also been 1 isolated report of a 
presumed association between pseudomembranous 
laryngotracheitis and the use of glutaraldehyde-ster-
ilized endotracheal tubes.11 

Other chemical sterilants are in use and naturally 
carry their own advantages and disadvantages when 
used for manual endoscope processing. Peracetic 
acid does not require activation and causes mini-
mal odor; however, there is a risk of incompatibility 
with the endoscope and its parts. Hydrogen perox-
ide at 1.0% or 7.5% is a cheaper but effective ster i-
lant that can aid in removal of solid debris on an en-
doscope and renders no long-term exposure risk; it 
is frequently used in combination with low concen-
trations of peracetic acid.3,12 There is still concern 
about its compatibility with the metals housed in the 
scopes, and any eye exposure can pose a risk of seri-
ous injury. Ortho-phthalaldehyde is fast-acting, also 
does not require activation, and has excellent com-
patibility with endoscope materials, but it stains sur-
faces and skin.3 

There are 2 alternatives to manual endoscope pro-
cessing: automated endoscope processing and bar-
rier devices. The Steris System, an automated en-
doscope reprocessor, uses 0.2% peracetic acid at a 
temperature of 50°C. Use of an automated endo-
scope reprocessor prevents exposure of any chemi-
cal to the operator and is fully automated, so there is 
little to no chance of human error in missing an im-
portant high-level disinfection step.3 However, the 
automated endoscope reprocessor is limited to fully 

immersible instruments and endoscopes, and each 
scope has to be processed individually unless one is 
using a multiple-channel reprocessor. The chief dis-
advantage is the cost, both at the time of purchase 
and in terms of subsequent repair costs, but it can be 
cost-effective in a high-volume endoscope clinical 
setting. There are reports of infection, however, with 
automated endoscope reprocessors, thought to be 
due to the water filtration system’s serving as a res-
ervoir for bacteria.12 In contrast, the use of sheaths 
as protective barriers avoids liquid chemical use; 
however, scopes will still need periodic high-level 
liquid chemical disinfection.12 At this time, sheaths 
should not be considered an absolute substitute for 
high-level disinfection. 

Damage to the working channel accounts for 
20% of all endoscope repairs. Other types of dam-
age include damage to the covering at the deflecting 
segment of the flexible endoscope and irreversible 
breakdown of the insertion portion.13 There are re-
ports in the urological literature that extol the bene-
fits of sheaths for laser fibers or instrumentation 
with in the channel, citing decreased injury to the 
channel with use.14,15 Although these limited stud-
ies showed no damage to the working channel with 
sheath use at an angle of deflection of up to 120°, 
our scope suffered damage while being ensheathed 
and caused retention of a significant volume of the 
glutaraldehyde, which manifested in development 
of caustic mucosal damage to the upper aerodiges-
tive tract in our 2 patients. 

This report illustrates not only the necessity of 
leak testing, but also the importance of diligence 
and great care of instrumentation in using the work-
ing channel of the laryngoscope. Although our flex-
ible laryngoscopes are multifunctional thanks to the 
presence of a working channel and are ubiquitous 
in otolaryngology practices, there is the potential 
for even greater surface area exposure to a chemical 
disinfectant or sterilant. If the integrity of the chan-
nel is compromised, a more significant potential for 
retention of the offending chemical exists. The im-
portance of leak testing cannot be overemphasized 
and has led to significant changes in our practice’s 
reprocessing technique in the form of using auto-
mated endoscope processors and leak testers before 
and after every scope disinfection. There have been 
no further instances of glutaraldehyde burns of the 
larynx since the incorporation of these new practic-
es.
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Neurosarcoidosis Affecting the Vagus Nerve
Eran E. Alon, MD; Dale C. Ekbom, MD

Objectives: Our objective was to review patients who presented to our medical center with a diagnosis of neurosarcoi-
dosis affecting the vagus nerve and to present symptoms, progression, treatments, and outcome.
Methods: We performed a chart review of patients who presented to our medical center in the past 10 years with a diag-
nosis of neurosarcoidosis specifically affecting cranial nerve X.
Results: A chart review of 53 patients revealed only 4 with findings suggestive of vagal neurosarcoidosis. All were male 
and had a mean age of 50 years (range, 42 to 57 years) at presentation of symptoms. Two of the 4 patients presented ini-
tially with cough, 1 had recurrent syncope, and another presented with left facial pain. Vagus nerve involvement included 
vocal fold paresis or paralysis in all 4 patients, 2 of whom reported coughing with exposure to various odors and 2 of 
whom were found to have a unilateral palatal weakness. All but 1 had positive findings on magnetic resonance imaging 
of the head. 
Conclusions: Neurosarcoidosis involving the vagus nerve is a rare finding, but should be considered in the differential 
diagnosis of vocal fold paresis or paralysis.
Key Words: neurosarcoidosis, sarcoidosis, vagus nerve. 
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Sarcoidosis, a multisystem granulomatous dis-
ease, first described as a cutaneous disease, is now 
known to affect many organs of the body. Jonathan 
Hutchinson was the first to describe the cutaneous 
manifestations of sarcoidosis, at that time mistak-
ing the disease for gout. The term sarcoidosis was 
coined from histologic features resembling sarco-
ma. Sarcoidosis most commonly affects young to 
middle-aged adults. The highest rates of sarcoidosis 
are observed in Swedes, Danes, and African-Amer-
icans, with a prevalence as high as 50 per 100,000 
reported in Scandinavian countries and among Afri-
can-Americans in the United States.1 

Neurologic involvement in sarcoidosis is uncom-
mon, affecting 5% to 16% of patients clinically. Oc-
ular and cardiac involvement have an increased inci-
dence with neurosarcoidosis as compared to disease 
not involving the nervous system. The diagnosis of 
sarcoidosis is usually made with associated clinical, 
radiologic, and histopathologic findings and absence 
of exposure to organic or inorganic material capable 
of inducing noncaseating granulomas. However, di-
agnosis of neurosarcoidosis is quite difficult because 
of the challenges in obtaining appropriate tissue di-
agnosis, and unreliable findings on imaging studies. 
In approximately 50% of patients, neurologic symp-
toms are the initial presenting complaints, most of-

ten appearing in the first 2 years of the illness. Most 
patients will have other organ involvement, which 
aids in making the diagnosis.1 Sarcoidosis can af-
fect any part of the nervous system. The neurolog-
ic manifestations are divided into those with acute 
symptoms and those with a more chronic onset. The 
acute setting usually presents with isolated crani-
al neuropathies or aseptic meningitis, whereas the 
chronic picture is more diffuse in nature, involv-
ing the brain parenchyma, hydrocephalus, multiple 
cranial neuropathies, or peripheral nervous system 
manifestations. The pathophysiology suggests an 
in tense inflammatory reaction, most often affecting 
the meninges at the skull base. The initial symptoms 
may respond well to treatment, but a more chronic 
picture suggests fibrosis with irreversible damage.1 

Cranial neuropathy remains the most common 
manifestation of neurosarcoidosis. Involvement of 
the 7th cranial nerve is the single most common 
neurologic manifestation, seen in 25% to 50% of pa-
tients. One third of patients will experience bilateral 
facial nerve involvement simultaneously or sequen-
tially. The eighth cranial nerve is the second most 
commonly affected cranial nerve, involving 10% 
to 20% of cases. Symptoms may include vestibular 
and/or auditory involvement bilaterally with fluctu-
ations in hearing. Other cranial nerve involvement 
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TABLE 1. CLINICAL AND RADIOLOGIC PRESENTATION OF NEUROSARCOIDOSIS AFFECTING VAGUS NERVE 
 Patient 1 Patient 2 Patient 3 Patient 4
Sex Male Male Male Male
Age at diagnosis (y) 53 48 42 57
Time from initial 2  4  1.5  2
 symptoms to
 diagnosis (y) 
Length of follow-up 14 y 1 mo 4.5 y 8 y
Initial presentation at Facial pain Chronic cough Unilateral burning throat Parieto-occipital
 time of diagnosis   and tongue numbness and chronic
    cough
Other symptoms Hearing loss Hearing loss Hearing loss, history Vertigo, hearing loss
   of facial nerve paralysis,
   syncopal episodes, unilateral
   facial numbness, acute
   vision loss
Vagus nerve symptoms Hoarseness Cough Hoarseness, dysphagia Cough, dysphagia
Clinical findings Vocal fold paralysis, Vocal fold paralysis, Vocal fold paresis, Palatal weakness, vocal
 palate weakness reduced gag reflex, unilateral tongue paresis fold paresis, pooling
  reduced supraglottic  secretions in pyriform
  sensation  sinus
Diagnosis Retropharyngeal biopsy Mediastinal biopsy Central nervous system Mediastinal biopsy
   biopsy
Magnetic resonance Retropharyngeal mass Normal findings Jugular foramen mass, Enhancement of
 imaging findings extending to jugular  marrow signal abnormality medulla, enhancement
 foramen  of occipital bone, of cerebellar hemisphere,
   hypoglossal canal enhancement of bilateral
   enhancement, glossopharyngeal and
   enhancement of V2 vagus nerve complex,
   trigeminal nerve enhancement of
    hypothalamus and
    infundibular stalk

may include optic neuropathy, seen in 15% of cases, 
oculomotor dysfunction, and olfactory dysfunction. 
Sarcoidosis involving the vagus nerve is exceedingly 
rare, with only a few case reports in the literature.1

The aim of this study was to present our institu-
tion’s experience with sarcoidosis thought to involve 
the vagus nerve, and a review of the literature.

PATIENTS AND METHODS

Institutional Review Board approval was obtained 
for a retrospective chart review. Neurosarcoid osis, 
cough, vagal, vagus, vocal cord, and vocal fold were 
used as key words in performing a search in our 
electronic database between January 1996 and Sep-
tember 2008. A retrospective chart review was per-
formed. 

RESULTS

Fifty-three charts met the electronic search crite-
ria and were reviewed. Only 4 patients were found 
to have findings suggestive of neurosarcoidosis af-
fecting the vagus nerve. All patients were male and 
had a mean age of 50 years (range, 42 to 57 years) at 
presentation of symptoms (Table 1).

Patient 1 was evaluated initially for facial pain. 

A retropharyngeal mass was identified, and biopsy 
confirmed noncaseating granuloma. Approximate-
ly 2 years later, the patient presented with hoarse-
ness and was found to have involvement of the ret-
ropharyngeal area extending to the jugular foramen. 
Unilateral vocal fold paralysis and palatal weakness 
were noted. Although the patient received steroid 
therapy, no improvement was seen in 14 years of 
follow-up. 

Patient 2 presented with a 4-year history of cough. 
He had a family history consistent with sarcoidosis 
and known mediastinal lymphadenopathy without 
biopsy. Upon evaluation, he was noted to have right 
vocal fold paralysis with reduced supraglottic sensa-
tion, as well as a reduced gag reflex. A mediastinal 
lymph node biopsy confirmed noncaseating granu-
loma. A swallow study demonstrated moderate pha-
ryngeal dysphagia with aspiration. The patient was 
shown to have incomplete solid bolus propulsion, 
persistent penetration and aspiration of liquids, and 
inadequate sensation within the valleculae and py-
riform sinus, as well as focal weakness of the right 
pharynx. Magnetic resonance imaging (MRI) of the 
head revealed no distinct abnormalities. Further rec-
ommendations were made for a permanent medial-
ization laryngoplasty; however, the patient was lost 
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Fig 2. (Patient 4) Magnetic resonance imaging of head. 
Axial T1-weighted imaging with gadolinium enhance-
ment of medulla (black arrow) and bilateral vagus and 
glossopharyngeal nerve complexes (white arrows).

Fig 1. (Patient 3) Magnetic resonance imaging of head. A) Axial sequence shows right jugular foramen enhancement (arrow). 
B) Coronal fast spin echo sequence shows right foramen rotundum enhancement (arrow).

to follow-up. 

The third patient presented with unilateral burn-
ing throat and tongue. His history was notable for an 
episode of unilateral facial nerve paralysis, as well 
as recurrent syncope. His evaluation documented 
unilateral vocal fold paresis and tongue paresis. An 
MRI scan demonstrated an enhancing mass in the 
jugular foramen with extension into the right hypo-
glossal canal and second division of the trigeminal 
nerve (Fig 1). A central nervous system (CNS) biop-
sy revealed a noncaseating granuloma. The patient 
progressed to develop pituitary gland involvement 
with hypopituitarism and acute visual loss. Serial 
MRIs revealed waxing and waning of inflammatory 
masses involving the jugular foramen, CNS, clivus, 
and ethmoid sinuses. 

The fourth patient presented with parieto-occip-
ital numbness and chronic cough. He did have a 
history of histoplasmosis, but subsequent evalua-
tion revealed calcified hilar lymphadenop athy with 
mediastinal biopsy consistent with non-necrotizing 
granulomas, as well as a mildly elevated level of 
cerebrospinal fluid protein. He was noted to have a 
chronic cough with pooling of secretions in the pyri-
form sinus and on the vocal folds, as well as palatal 
weakness. His cough improved with systemic ste-
roid therapy. Findings of an MRI scan of the head 
at the time were negative. The patient progressed to 
develop vertigo and hearing loss. A subsequent MRI 
scan of the head demonstrated signal abnormality 
involving the medulla, infundibular stalk, and hypo-

thalamus. Also, the glossopharyngeal and vagal cra-
nial nerve complexes enhanced as they coursed to-
ward the jugular foramen, as well as the infundibu-
lar stalk and hypothalamus (Fig 2).

DISCUSSION

Neurosarcoidosis can be a challenging diagnosis. 
Making a definitive diagnosis is not always feasible 



because of the nonspecific presentation of the dis-
ease, the vast differential diagnosis, and the diffi-
culty of obtaining specimens for tissue biopsy. Vo-
cal fold motion impairment in the background of 
sarcoidosis is usually due to mediastinal disease af-
fecting the left recurrent laryngeal nerve or to direct 
laryngeal involvement.2 Only a few cases of neuro-
sarcoidosis affecting the vagus nerve have been de-
scribed. Chapelon et al,3 in their review of 35 con-
firmed cases of neurosarcoidosis, documented 2 pa-
tients with vagus nerve involvement. The first patient 
was a woman who had sudden onset of symptoms at 
the age of 48 years. She developed bilateral vestibu-
lar syndrome, as well as cranial nerve VII, IX, X, 
and XI involvement. The second case was of a man 
who presented with slowly progressive symptoms at 
the age of 21 years. He experienced multiple cranial 
nerve (VII, X, XI, XII) involvement, as well as oth-
er nervous system involvement. Vasan and Allison4 
described a case of a 61-year-old woman who pre-
sented with progressive dysphagia. She was found to 
have a right vocal fold paresis with pooling of secre-
tions. A skull base mass was confirmed on a comput-
ed tomograph ic scan, and excisional biopsy showed 
features of sar coidosis. She was found to have neu-
rosarcoidosis affecting cranial nerves IX, X, and XI. 
She initially improved with steroid therapy and a vo-
cal fold Teflon injection, but approximately 1.5 years 
later had a relapse with bilateral vocal fold and pala-
tal involvement.3,4 

The diagnosis of sarcoidosis is made by clini-
cal, radiologic, and histologic criteria with the aid 
of other diagnostic tools; however, it remains a di-
agnosis of exclusion.1 Neurologic manifestations 
of sarcoidosis pose an even greater diagnostic chal-
lenge. Two sets of criteria have been proposed in 
previous works. We elected to use the well-support-
ed classification described by Zajicek et al5 (Table 
2). This classification assigns the levels of diagnosis 
as definite, probable, and possible. For a diagnosis 
to be definitive, a positive CNS biopsy result needs 
to be obtained. Only patient 3 underwent a CNS bi-
opsy to confirm a definitive diagnosis. Patients 1 

and 4 met a probable diagnosis of neurosarcoido-
sis, as both had positive biopsies outside the nervous 
system, positive radiologic findings, and symptoms 
that matched. Finally, patient 4 received a diagnosis 
of pulmonary sarcoidosis with a positive mediasti-
nal biopsy but no other objective testing to confirm 
the diagnosis. 

Although we cannot come to any distinct conclu-
sions from our small cohort, it is interesting to note 
the different presenting symptoms that prompted our 
patients’ evaluation and the time course between the 
initial symptoms and the eventual diagnosis. None 
of the 4 patients had a diagnosis of sarcoidosis when 
they presented with neurologic symptoms. It took an 
average of 2.3 years (range, 2 to 4 years) to make an 
accurate diagnosis. All of our patients developed vo-
cal fold motion impairment, 2 patients experienced 
significant cough (patients 1 and 4), and 2 patients 
had dysphagia (patients 3 and 4). 

The natural course of the disease in our patients 
has been highly variable. Patients 1 and 2 experi-
enced a more indolent course, whereas patients 3 
and 4 showed waxing and waning of their disease 
with further intracranial sequelae. It is important to 
remember the unpredictable nature of this disease 
when discussing prognosis with patients. Interest-
ingly, we were not able to document significant im-
provement in vocal fold function; however, at least 1 
patient experienced improvement in his cough with 
administration of systemic steroids. Unfortunately, 
apart from patient 2, who was recently seen in our 
department and who prompted this study, we were 
not able to obtain information pertaining to the man-
agement of the vocal paralysis or paresis in the pa-
tients. All of our patients also reported hearing loss, 
and 1 patient experienced vestibulopathy. 

Establishing a diagnosis of neurosarcoidosis is 
much easier in the setting of a previous diagnosis of 
sarcoidosis than in patients who present with gen-
eralized symptoms such as a chronic cough, diffi-
culty swallowing, or hoarseness. However, new cra-
nial nerve involvement in the setting of sarcoidosis 
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TABLE 2. DIAGNOSTIC CRITERIA FOR NEUROSARCOIDOSIS
Definite Clinical presentation suggestive of neurosarcoidosis with exclusion of other possible diagnoses and
 presence of positive findings on nervous system histology
Probable Clinical syndrome suggestive of neurosarcoidosis with laboratory support for central nervous system
 inflammation (elevated levels of cerebrospinal fluid protein or cells, presence of oligoclonal bands or
 magnetic resonance imaging evidence compatible with neurosarcoidosis), and exclusion of alternative
 diagnoses together with evidence for systemic sarcoidosis (through positive findings on histology, in-
 cluding Kveim test, or at least 2 indirect indicators from gallium scan, chest imaging, and serum angio-
 tensin-converting enzyme)
Possible Clinical presentation suggestive of neurosarcoidosis with exclusion of alternative diagnoses when
 above criteria are not met

Adapted from Zajicek et al.5



should be evaluated for other potential causes relat-
ed or unrelated to the sarcoidosis and/or treatment 
of the disease, such as infections, diabetes mellitus, 
or malignancies. When cranial neuropathies are the 
presenting symptoms, a thorough workup should be 
undertaken to rule out possible causes, including in-
fection, endocrinopathies, primary nervous system 
disease (ie, multiple sclerosis, CNS tumors, and in-
fections), and inflammatory and autoimmune dis-
eases.1

Sarcoidosis can involve any area of the nervous 
system, and imaging findings are usually nonspecif-
ic. Leptomeningeal involvement is the most com-
mon manifestation of sarcoidosis involving the  
CNS. Findings are best observed on contrast-en-
hanced T1-weighted imaging on MRI. This shows 
diffuse or focal or multifocal thickening and en-
hancement of the leptomeninges. Perivascular spread 
with parenchymal involvement can be seen as en-
hancing mass lesions with areas of increased T2 sig-
nal intensity. Cranial nerve involvement can occur 
along with leptomeningeal involvement, in isola-
tion or through perineural spread.6 There is, howev-

er, a poor correlation between abnormal radiologic 
findings and clinical findings. In their MRI review 
of CNS sarcoidosis, Christoforidis et al7 identified 
13 patients with cranial nerve symptoms, only 9 of 
whom had MRI correlative findings. Conversely, 
out of 15 enhancing cranial nerves and 3 enhanc-
ing optic chiasms, only 8 patients (44%) had cor-
responding cranial nerve deficits.7 Three of our pa-
tients (75%) dem onstrated abnormal MRI findings 
at different stages of their disease. Most often, the 
vagus nerve was involved at or near the jugular fo-
ramen. With treatment, radiologic changes could be 
seen on MRI. However, this improvement did not 
always correlate with improvement in subjective 
symptoms, suggesting that peripheral nerve involve-
ment is more of a chronic process.

CONCLUSIONS
Neurosarcoidosis involving the vagus nerve is a 

rare finding, and a challenge to diagnose. The pre-
sentation may be quite variable and requires a high 
level of suspicion, but neurosarcoidosis should be 
considered in the differential diagnosis of vocal fold 
paresis or paralysis. 
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Vocal Exercise Versus Voice Rest Following Botulinum
Toxin Injections: A Randomized Crossover Trial

Randal C. Paniello, MD; Julia D. Edgar, PhD; Joel S. Perlmutter, MD

Objectives: The intensity of muscle activity immediately following intramuscular botulinum toxin injection may affect 
the clinical efficacy of the injection. We tested this effect in patients who underwent botulinum toxin injections for ad-
ductor spasmodic dysphonia.
Methods: Patients were studied over 3 to 5 injection cycles. Cycle 1 was the baseline control; cycle 2 was randomized 
between a 1-hour reading aloud task (“exercise”) and a 24-hour period of complete voice rest. For cycle 3, the patient 
completed the task not performed in cycle 2. Patients who were willing to continue for cycles 4 and 5 repeated the experi-
ment at one half the injection dosage. Efficacy was determined with a battery of voice recordings and clinical outcomes 
instruments administered via telephone at 2- to 4-week intervals. The primary outcome measure was the result of the 
Voice-Related Quality of Life (VRQOL) instrument.
Results: Nine patients (8 women, 1 man) with a mean age of 60.8 years (range, 42 to 76 years) completed at least 3 injec-
tion cycles. The VRQOL results were significantly higher for cycles that followed the exercise task. The patients reported 
subjectively that these were some of the best injection cycles they had ever experienced. Some achieved equivalent re-
sults with the half-dose injection plus exercise. The VRQOL results after voice rest cycles were not significantly different 
from the patients’ baseline cycles.
Conclusions: These results support the conclusion that a period of intense vocalization immediately following laryngeal 
botulinum toxin injections improves the efficacy of the injection. Possible mechanisms are proposed.
Key Words: botulinum toxin, injection, quality of life, spasmodic dysphonia.
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INTRODUCTION
Laryngeal muscle injections with botulinum toxin 

are currently the most common form of treatment 
for patients with adductor spasmodic dysphonia.1-8 
Although the general efficacy of this treatment ap-
proach is well established, the treatment is not ideal, 
as there is an initial postinjection period of breathy 
dysphonia that lasts for 1 to 4 weeks, and there is an-
other period of suboptimal voice during the last sev-
eral weeks as the injection wears off. The portion of 
each injection “cycle” in which the patient’s voice 
is significantly improved over his or her untreated 
baseline, based on quality-of-life measures, may be 
less than 50%.9

The clinical response to botulinum toxin injec-
tions in patients with adductor spasmodic dysphonia 
may vary from one injection cycle to another, despite 

use of the same dose, target muscle(s), and monitor-
ing method. Possible explanations for this finding 
include variabilities in the exact location of the in-
jection needle within the target muscle, in the preci-
sion of measuring and delivering small volumes of 
injectate, in the fraction of neuromuscular junctions 
that remain blocked from the previous injection, in 
technical aspects of reconstituting the freeze-dried 
toxin, and in the degree to which the new injection 
volume diffuses to nearby muscles and within the 
injected muscle.

Several animal and human studies report that in-
jected toxin diffuses beyond the site of injection. 
Borodic et al10 demonstrated a within-muscle, dose-
dependent diffusion gradient of botulinum A tox-
in injections in a rabbit model. Lee and Paniello11 
found that another neuromuscular blocker, vecuro-
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Fig 1. Study protocol.

nium, diffuses beyond the injected muscle to affect 
nearby laryngeal muscles in a canine model. Diffu-
sion effects have also been documented in clinical 
studies. Wohlfarth et al12 used electromyography to 
document “modest” diffusion of botulinum A tox-
in into nearby forearm muscles in healthy volun-
teers. Hsu et al13 found a 50% wider area of affected 
forehead muscles by injecting the same botulinum 
A toxin dose in a five-fold higher volume. Comella 
et al14 radiographically documented an increase of 
up to 50% in peristaltic wave changes during swal-
lowing following cervical injections of botulinum A 
toxin for torticollis.

Theoretically, a patient’s voluntary muscle activ-
ity immediately following the injection could affect 
toxin diffusion. Repeated contraction-relaxation cy-
cles could increase distribution within the muscle, 
potentially blocking more neuromuscular junctions. 
Muscle contraction has been shown to increase the 
effect of the botulinum A toxin in rat phrenic nerve–
diaphragm preparations15 and in spastic human mus-
cles that contract with electrical stimulation.16-18 Al-
ternately, it could be hypothesized that this same 
“pumping” action could extrude some of the inject-
ed toxin from the muscle into the paraglottic space, 
in which case it would be ineffective. 

Chen et al19 performed a randomized crossover 
trial in patients with writer’s cramp dystonia. Im-
mediately after botulinum A toxin injection into the 
forearm, the patients were either immobilized for 30 
minutes, or wrote continuously for 30 minutes; at 
the next injection date, they did the opposite task. 
Strength measurements were made at 3 intervals 
during the injection cycle. The investigators found 
that the writing task led to a strength reduction that 
was 10% to 20% greater than that following the im-

mobility task, but that the duration of effect was 
not affected. Their data support the hypothesis that 
postinjection muscle contraction affects the distri-
bution of the toxin within the muscle. It also sug-
gested that the planned use of some type of postin-
jection exercise might allow the use of lower doses 
of the toxin to achieve a similar clinical effect.

We hypothesized that intense vocal exercise after 
botulinum toxin injections may enhance the clinical 
effects in patients with adductor spasmodic dyspho-
nia.

MATERIALS AND METHODS

This study was approved and monitored by the 
Institutional Review Board of Washington Universi-
ty. Patients with a diagnosis of adductor spasmodic 
dysphonia and a demonstrated history of successful 
responses to botulinum toxin injections were invited 
to participate. To be eligible, patients were required 
to have 3 successive injection cycles with an estab-
lished toxin dose and a consistent response. 

The 5-cycle algorithm was carried out as shown 
in Fig 1. For cycle A (baseline), no special instruc-
tions were given after the injection. When the pa-
tient returned for cycle B, he or she was randomized 
to either the “rest” or “exercise” task, performed 
immediately after the injection. For the rest task, 
the patient was asked to remain on complete voice 
rest for 24 hours. For the exercise task, the patient 
was asked to read aloud for 1 hour some material of 
his or her choice, at a volume that could be heard 
through a closed door. If the volume fell below an 
audible threshold, the patient was prompted to in-
crease his or her loudness effort. For cycle C, the 
patient performed the task not performed in cycle 
B. In the first 3 cycles, the patient received the pre-
viously established dose. For cycle D, the dose was 
reduced by one half and the exercise task was per-
formed. The patient was blinded to the actual dose 
given. For cycle E, the half dose was injected and 
the rest task was assigned. At the time of each injec-
tion, the patients were asked to provide any subjec-
tive impressions about the effectiveness or quality 
of their voices during the previous cycle, and these 
were recorded in their charts.

The primary research question was addressed by 
study cycles A, B, and C. Given the expected length 
of the study (over 3 years for some patients), we 
were concerned about dropout, so the half-dose cy-
cles were not randomized to early injection cycles, 
but were limited to cycles D and E. Similarly, we 
were more interested in half-dose exercise results 
than in half-dose rest results. Hence, cycle D was 
not randomized between exercise and rest, because 



of concern that after an ineffective cycle D injection, 
a patient might not be willing to continue for cycle 
E. However, significant dropout did not occur dur-
ing the study.

Data collection for each cycle was performed on 
the day of injection, 2 days after injection, 5 to 7 
days after injection, 2 weeks after injection, and 
then every 4 weeks through the end of the injection 
cycle, which was defined as the point at which the 
patient returned for the next injection. On the day 
of injection, data were collected “live” (not by tele-
phone) before the injection. Subsequent data were 
collected by telephone at a day and time convenient 
for the patient, with a telephone cassette recorder 
(Radio Shack model TCR-200). The patients kept a 
binder containing copies of the reading passage and 
survey questions near the telephone to facilitate data 
collection. We previously demonstrated the efficacy 
of these telephone assessments.9 

Each data set included the Voice-Related Qual-
ity of Life (VRQOL) instrument, with some supple-
mental questions; the Perceived Stress Scale instru-
ment; a standardized reading passage (“Rainbow”); 
and sustained /i/ for maximum phonation time mea-
surements.

The 10-item VRQOL instrument was chosen for 
obtaining voice outcomes data because of its brev-
ity and demonstrated validity in this patient popula-
tion,6,7 and it was the primary outcome measure for 
this study.

The VRQOL scores were calculated at each data 
collection interval, including the Physical Function-
ing and the Social-Emotional subscores, as defined 
by the validated survey instrument.20 Data analy-
sis was performed as described previously, with in-
terpolation used to generate values at each decile, 
which were then averaged across all study partici-
pants.9 Results were compared with paired t-tests, 
and differences were considered significant for p 

values of less than 0.05.

RESULTS

Nine patients (8 women, 1 man), with a mean age 
of 60.8 years (range, 42 to 76 years), entered the 
study and completed at least the first 3 cycles. The 
mean cycle length was 29.7 weeks (range, 12 to 56 
weeks), and the mean number of data sets per pa-
tient per cycle was 8.0. A total of 281 sets of data 
were collected. At cycle B, 6 patients were random-
ized to “rest,” and 3 to “exercise.”

The total VRQOL scores are plotted in Fig 2. 
Note that all of the data for the “rest” cycles (wheth-
er the patient was randomized to rest in cycle B or 
C) are averaged together; the same was done for the 
exercise cycles. It can be seen that in general, the 
VRQOL scores rose for the first 30% of each cycle, 
stayed at a plateau for several weeks, and then de-
clined during the last 25% of the cycle; these find-
ings are similar to those reported previously.9 The 
VRQOL scores for the rest cycle did not differ sig-
nificantly from the baseline (p = 0.6). The scores for 
the exercise cycles were significantly higher than 
those of both the rest cycles (p < 0.0001) and the 
baseline cycles (p = 0.033). The differences were 
manifested primarily during the mid-portion and 
later portions of the cycle; no difference was seen 
during the first 20%.

The VRQOL subscales also differed significant-
ly, with the Social-Emotional subscores significant-
ly higher than the Physical Functioning subscores 
(p < 0.0001). An example for the composite results 
following the full-dose exercise cycles is shown in 
Fig 3. These results are also consistent with our pre-
vious findings.9 The 10-item VRQOL includes 4 
questions that constitute the Social-Emotional sub-
score, and 6 that are classified as indicating Physical 
Functioning. Thus, the “total” score is an average 
that is weighted 60% by the Physical Functioning 
subscores.20
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Fig 2. Composite total voice-related quality of life 
(VRQOL) scores for 9 patients from study cycles A, B, 
and C.

Fig 3. VRQOL subscale scores for composite exercise cy-
cles. Top scale is Social-Emotional subscale; lower curve 
is Physical Functioning subscale. Total score, shown with 
dotted line, is weighted average of two subscales.



After the exercise cycle, the patients’ free-form 
comments indicated that these were some of the best 
injection results they had ever had. The word “best” 
was used specifically by 4 of the patients, after an 
exercise cycle. Similar comments were not elicited 
from any patient after the rest cycles.

Eight of the 9 patients (7 women) allowed the 
half-dose injections for cycles D and E to be given, 
but complete data sets were obtained from only 4 of 
these patients. One of the patients requested a rever-
sal of sequence of cycles D and E, which was ac-
commodated. A typical set of total VRQOL results 
for all 5 cycles in a single patient is shown in Fig 
4. It can be seen that cycle B (exercise in this case) 
gave VRQOL results better than baseline (cycle 
A), whereas cycle C (rest) was about even with the 
baseline. Cycle D, with exercise but with only half 
the usual dose, still gave a result about even with 
baseline, and cycle E, with rest and the half dose, 
was not as good as baseline. Subjectively, 1 of the 
patients used the word “best” to describe the results 
following a half-dose exercise cycle. Interestingly, 
among the half-dose groups, the exercise group had 
significantly higher VRQOL scores than did the rest 
group during the first halves of the injection cycles; 
in the second half, the scores evened out (ie, the re-
verse pattern of the full-dose groups). 

At the completion of the study, for the patients’ 
next injections, they were unblinded and informed 
that cycles D and E had been given at the half-dose 
level. They were then asked what dose they wanted 
to use for the next injection (given that day). Six of 
the 8 patients chose to continue with a dose reduc-
tion, 3 at the same half dose they had received in 
cycles D and E, and 3 at an intermediate level of 
about three quarters of the original dose (ie, 6 pa-
tients chose to continue with a 25% to 50% dose 
reduction).

DISCUSSION
This study supports the idea that active muscle 

contraction following a botulinum toxin injection 
helps to distribute the toxin to more neuromuscu-
lar junctions, producing a more effective block. Al-
though it was not possible to directly measure the 
strength of contraction of the injected laryngeal 
muscles, as done by Chen et al19 with the forearm 
muscles, the quality-of-life measures served as indi-
rect indicators. The VRQOL instrument is a global 
measure that includes Social-Emotional factors as 
well as Physical Functioning, perhaps providing an 
additional proxy for how well the strength reduc-
tion translates into reduced spasmodic activity of 
the laryngeal muscles, and how much dysphonia af-
fects the patients’ overall well-being. These results 
would seem to indicate that neuromuscular blockade 
achieved after the exercise task was more complete 
than that achieved in the other groups. The duration 
of action was not significantly affected, however, as 
is also consistent with the results of Chen et al.19

Previously, our practice was to allow patients to 
use their voices any way they wish after a laryngeal 
botulinum toxin injection. Presumably, the amount 
of talking, and perhaps the loudness, are related to 
the frequency and intensity of laryngeal muscle con-
tractions; but without specific postinjection instruc-
tions, the amount of “vocal exercise” that occurs is 
likely to vary randomly for each patient and across 
patients. This may account for some of the cycle-to-
cycle variability that patients experience; perhaps a 
deeper, more complete block of the laryngeal adduc-
tor muscles would reduce such variation. The exer-
cise task for this study was intentionally extreme; it 
is not known whether a lesser amount of vocal ac-
tivity might achieve the same result. We speculate 
that a reasonable postinjection instruction for the pa-
tients might be to ask them to read aloud for 15 min-
utes, and then also to encourage them to use their 
voices more than usual for the next few days.

Chen et al19 suggested that the greater effect 
achieved with exercise immediately after a botuli-
num injection could permit equivalent clinical ben-
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Fig 4. Typical total VRQOL scores for 5 study cycles in single patient. Arrows indicate dates of botulinum toxin injections. 
Relative benefit plateaus are representative of overall study results (see text).



efit from lower doses of toxin. For large muscles, 
this could save tens or even hundreds of units, and 
a dose reduction can reduce the cost of the toxin 
and potentially reduce the risk of development of an 
immune response. For the small laryngeal muscles 
with small doses, this effect is probably not signifi-
cant. More significant is the ability to maintain con-
sistent responses to each injection. It was interest-
ing that most of the patients opted to continue with 
a 25% to 50% dose reduction (from their original, 
established dose) for injections following the study. 
This choice may reflect recall bias of the more re-
cent excellent results from the cycle of a half dose 
with exercise.

Although this is a small study, the randomized, 

single-blinded crossover design and the frequency 
of data collection strengthen the validity of the con-
clusions. An additional study, using a more modest 
exercise regimen that is clinically practical, would 
be a logical next step.

CONCLUSIONS

A period of intense vocal exercise immediately 
following laryngeal botulinum toxin injections ap-
pears to improve clinical benefit, as measured by 
VRQOL measures. If used routinely in postinjection 
instructions to the patient, this simple adjunct mea-
sure could reduce the variability in response that is 
normally experienced and improve patient satisfac-
tion with this treatment approach.
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Implantation of an Atelocollagen Sheet for the Treatment of
Vocal Fold Scarring and Sulcus Vocalis 

Yo Kishimoto, MD; Shigeru Hirano, MD, PhD; Tsuyoshi Kojima, MD;
Shin-ichi Kanemaru, MD, PhD; Juichi Ito, MD, PhD 

Objectives: The management of vocal fold scarring and sulcus vocalis is challenging. These disorders are thought to be 
fibroplastic anomalies in the cover portion of the vocal fold that cause deterioration of the vibratory properties of the vo-
cal fold mucosa. Histologic studies have revealed disorganization of extracellular matrix that needs to be addressed in the 
treatment of scarred vocal folds. Replacement of scar tissues with an appropriate implant may lead to regeneration of the 
vocal fold mucosa and its tissue properties. This retrospective case study examined the feasibility of using an atelocol-
lagen sheet as a regenerative implant. 
Methods: Six patients with a post-cordectomy scar or sulcus vocalis underwent implantation of an atelocollagen sheet 
into the lamina propria of the vocal folds. The procedure consisted of elevation of a microflap, dissection and removal 
of scar tissue, implantation of the material, and wound closure. Vocal function was evaluated before and after surgery by 
stroboscopic examination and by aerodynamic and acoustic analyses. 
Results: The postoperative changes of aerodynamic and acoustic parameters varied among patients; however, gradual 
improvement was seen in most cases over a year. Stroboscopic findings also revealed gradual improvement of vibratory 
properties in most cases.
Conclusions: Implantation of an atelocollagen sheet may have restorative effects on vocal fold scarring and sulcus vo-
calis in terms of tissue properties and function of the mucosa. 
Key Words: atelocollagen sheet, human, sulcus vocalis, vocal fold scarring.
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INTRODUCTION 

The management of vocal fold scarring and sul-
cus vocalis remains a therapeutic challenge.1 Vocal 
fold scarring occurs after injury and inflammation. 
It disrupts the layer structure of the lamina propria, 
changing the biomechanical properties of the vo-
cal fold. Sulcus vocalis is a migration of the vocal 
fold epithelium into the normally convex superficial 
lamina propria or deeper layers.2 Both of these con-
ditions result in intractable dysphonia and glottal in-
sufficiency. Because previous histologic studies3,4 
revealed similar disorganization of extracellular ma-
trix components in both conditions, it is thought that 
strategies for treatment of vocal fold scarring and 
sulcus vocalis could be the same. 

For vocal fold scarring and sulcus vocalis, various 
kinds of therapeutic strategies, such as voice therapy 
or pharmacologic and surgical treatment, have been 
attempted to soften the scarred tissues or to restore 
its normal properties. However, to date there is no 
optimal strategy to restore the scarred vocal fold or 

sulcus vocalis,1,2 and development of new regenera-
tive strategies is being pursued. 

In tissue engineering, regeneration of tissues or 
organs can be achieved by a combination of scaf-
fold, cell, and regulatory factors under appropri-
ate conditions. According to this concept, we have 
tried to regenerate injured vocal folds using autolo-
gous mesenchymal stem cells and growth factors.5,6 
Although we have shown the effectiveness of cell 
therapy5 and growth factor therapy6 in the treatment 
of vocal fold scarring using animal models, there 
are still some problems for clinical use. Moreover, 
an appropriate scaffold is usually needed to obtain  
ideal regenerative effects of cells and growth factors 
inside the vocal fold. 

Atelocollagen sheeting (Terudermis, Olympus Ter - 
umo Biomaterials Corp, Tokyo, Japan) is a cross-
linked collagen material with abundant micropores 
that can recruit cells from surrounding tissues. It is 
biocompatible and biodegradable, and has been used 
for coverage and dressing of postsurgical dermal or 
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PATIENT DATA
 Side
   Age  Initial Additional Closing Follow-Up
 Case Sex (y) Diagnosis Implant Implant Method (mo)
 1 M 68 Post-cordectomy scar R  Polydioxanone suture 32
      R Polydioxanone suture 18.5
 2 F 40 Rheumatoid arthritis and post–superficial L  Polydioxanone suture 24
    cordotomy scar
      R Polydioxanone suture 7 
 3 M 56 Sulcus vocalis Bilateral  Fibrin glue 8
 4 F 40 Sulcus vocalis L  Fibrin glue 17
 5 M 60 Post-cordectomy scar L  Polydioxanone suture 6
 6 F 50 Sulcus vocalis Bilateral  Fibrin glue 17 

epidermal defects in several parts of the body to stim-
ulate wound healing.7,8 Since 2005, we have treated 
patients with vocal fold scarring or sulcus vocalis 
with implants of the atelocollagen sheet because of 
its regenerative characteristics. In this study, we ex-
amined the feasibility of the atelocollagen sheet as a 
regenerative scaffold in the treatment of vocal fold 
scarring and sulcus vocalis.

MATERIALS AND METHODS 

Patients. The clinical information about patients 
and surgical procedures is summarized in the Table. 
Six adult patients (3 men and 3 women), 3 with post-
cordectomy scarring and 3 with sulcus vocalis, were 
treated with an implant of Terudermis into the vocal 
fold during 2006 and 2007 at Kyoto University Hos-

pital. Inclusion criteria were sulcus vocalis or vocal 
fold scarring accompanied by hoarseness. The pro-
cedure was carried out with the patient’s agreement. 
Their ages ranged from 40 to 68 years (average, 
52.3 years), and the postoperative follow-up period 
varied from 6 to 32 months. The implants were per-
formed on one side of the vocal fold or both, accord-
ing to the site and/or severity of the lesion. Four pa-
tients were treated with a unilateral implant in their 
initial surgeries, and 2 of these later received an ad-
ditional implant because the effect of the unilateral 
implant was limited. Another 2 patients (cases 3 and 
6) received simultaneous bilateral implants.  

Preparation of Terudermis. Terudermis is made 
by cross-linking atelocollagens derived from bovine 
skin tissues. The possibility of mad cow disease 

C
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Fig 1. (Case 5) Implantation of 
atelocollagen sheet into left vo-
cal fold. A) Incision on superior 
surface of vocal fold. B) Subepi-
thelial pocket. C) Atelocollagen 
sheet implanted into pocket. D) 
Polydioxanone suture was used 
to close pocket. 
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Fig 2. Concept of Terudermis implant. 

caused by this material was excluded. The thick-
ness of this material is 3 mm, and it contains abun-
dant micropores, 50 to 500 μm in diameter, that are 
thought to be suitable for the influx of cells into the 
sheet. Indeed, it was confirmed that implanted Teru-
dermis recruited cells from the surrounding tissues 
in animal experiments.9 In addition, the material 
is tolerant to collagenase, and it was confirmed in 
rat models that the material remained undamaged 4 
weeks after implantation.9 Terudermis is allowed for 
use in human patients with any dermal or epidermal 
defects of the skin or mucosal tissues by the Minis-
try of Health, Labor, and Welfare in Japan. 

Surgical Procedure. The procedure consisted of 
elevation of a microflap, dissection and removal of 
underlying scar tissues, implantation of Terudermis, 
and wound closure. The glottis was exposed with 
either a Zeitels Universal Modular Glottiscope (En-
docraft LLC, Winter Park, Florida) or a Kleinsasser 
Laryngoscope (Karl Storz GmbH & Co, Tuttlingen, 
Germany) under general anesthesia.

After hydrodissection was performed by subepi-
thelial injection of 1:80,000 epinephrine, the free 
edge of the vocal fold was grasped with micro-

forceps and retracted medially. A vertical incision 
along the longitudinal axis of the vocal fold was 
made lateral to the scarred site or sulcus on the su-
perior surface of the vocal fold (Fig 1A). Underly-
ing scar tissue was dissected with a microdissector, 
and removed when necessary (Fig 1B). Finally, a 
subepithelial pocket was made between the epithe-
lium and the vocal ligament in which Terudermis 
was to be implanted. Terudermis was cut to a suit-
able size and then inserted into the pocket (Fig 1C). 
After implantation of the sheet, the microflap was 
put back into its original position. A polydioxanone 
suture or fibrin glue was used to close the pocket to 
prevent loss or dislocation of the implanted material 
(Fig 1D). 

Figure 2 illustrates the concept of this procedure. 
It was expected that cells, and possibly growth fac-
tors, might migrate into the implanted sheet of Teru-
dermis. 

Assessment. Two trained laryngologists made 
blind measurements. The assessment consisted of 
stroboscopic, acoustic, and aerodynamic examina-
tions. The voice and stroboscopic samples were re-
corded at normal pitch and normal loudness for 3 
times at each evaluation. Stroboscopic examinations 
were performed with a Digital Video Stroboscopy 
System model 9295 (KayPENTAX, Lincoln Park, 
New Jersey) to assess temporal changes of the mu-
cosal wave and glottic closure. The amplitude of the 
mucosal wave and the glottal gap were examined 
with image analysis software (Scion Image beta3b, 
Frederick, Massachusetts). The distance (d1) from 
the midline of the glottis to the free edge of the vo-
cal fold was measured at the anteroposterior middle 
portion of the vocal fold during the closed phase, 
and then the same distance (d2) was measured at the 
maximum open phase. 

The mucosal wave amplitude was normalized by 
the distance (L) from the anterior commissure to the 
vocal process. The normalized mucosal wave am-

BA
Fig 3. In most cases, gradual improvement is shown by A) normalized mucosal wave amplitude and B) normalized glottal gap. 
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plitude (NMWA) was calculated from the formula 
NMWA = (d2 – d1)/L. This measurement was done 
on the treated side of the vocal fold. The glottal 
gap was examined on the images during the closed 
phase. The glottal area (a) was measured, and the 
normalized glottal gap (NGG) was calculated as 
NGG = a/L2. 

The aerodynamic and acoustic examinations were 
completed at the same time points. Aerodynamic 
examinations included maximum phonation time 
and mean flow rate. The Computerized Speech Lab 
(KayPENTAX) was used to evaluate the pitch per-
turbation quotient, amplitude perturbation quotient, 
and noise-to-harmonics ratio.

RESULTS 

Vibratory Examination. Figure 3 shows the tem-

poral changes of the NMWA and NGG. The NMWA 
showed gradual improvement in all cases except 
case 3, and the NGG became smaller with time in 
4 of 6 cases. 

Aerodynamic and Acoustic Examinations. Aero-
dynamic and acoustic parameters had individual 
variations, but generally the maximum phonation 
time, mean flow rate, pitch perturbation quotient, 
amplitude perturbation quotient, and noise-to-har-
monics ratio showed gradual improvement in most 
cases over 1 year (Fig 4). 

Representative Cases. In case 1, a 68-year-old 
man had scarring after undergoing laser cordectomy 
for glottic carcinoma. The vibration of the right vo-
cal fold was limited, and incomplete glottal closure 
was observed (Fig 5A). Terudermis was initially im-
planted into the right vocal fold. However, because 
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Fig 4. Aerodynamic and acoustic parameters showed gradual 
improvements in most cases. A) Maximum phonation time. B) 
Mean flow rate. C) Pitch perturbation quotient. D) Amplitude 
perturbation quotient. E) Noise-to-harmonics ratio. 



the vibration of the vocal fold was still limited, with 
incomplete glottal closure at the posterior portion 
of the glottis, a second implant was placed in the 
posterior portion of the right vocal fold. The glot-
tal closure and vibration of the vocal fold gradually 
improved over 7 months after the second operation 
(Fig 5B). 

In case 2, a 40-year-old woman had an idiopathic 
scar that was possibly due to rheumatoid arthritis in 
the vocal fold. She had undergone superficial cordo-
tomy by another surgeon to remove the scar tissue. 
Her postoperative voice had not improved 3 months 
after the cordotomy, and she was referred to us. On 
the first visit, she was nearly aphonic and there was 
no mucosal vibration on stroboscopic examination 
(Fig 6A). We resected as much scar tissue as pos-
sible beneath the epithelium and implanted Teruder-
mis into the left vocal fold. Figure 6B shows strobo-
scopic findings made 24 months after the implanta-
tion that indicate the appearance of mucosal vibra-
tion.  

In case 4, a 40-year-old woman with left sulcus 
vocalis was referred to us. Stroboscopic examina-
tion found no vibration of the vocal fold and a large 
glottal gap (Fig 7A). Undermining of the sulcus was 
initially done, and fibrous tissues were removed. 
However, 3 months after the surgery, her voice had 
not improved. In subsequent revision surgery, we 
resected scarred tissues beneath the epithelium and 
implanted Terudermis into the left vocal fold. After 
the implantation, acoustic and stroboscopic exam-
ination revealed gradual improvement. Seventeen 
months after the implantation, stroboscopic exami-
nation revealed improved mucosal wave vibration 
(Fig 7B).

DISCUSSION
Various surgical approaches for the treatment of 

vocal fold scarring and sulcus vocalis — medial-
ization thyroplasty, collagen or fat injection, exci-
sion of scar, and lysis of adhesions — have been 
attempted to restore normal vocal fold properties.1,2 
Medialization thyroplasty and collagen or fat injec-
tion result in augmentation effects, which improve 
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Fig 5. (Case 1) Stroboscopic findings. A) Before treatment. B)  After treatment, vibration of right vocal fold is improved, and 
almost complete glottal closure is observed. 



the glottal insufficiency and facilitate entrainment 
of vocal fold oscillation. However, their effects are 
limited, because restoration of the normal properties 
of the vocal fold cannot be achieved by these meth-
ods. In addition, the effects of excision of scar or ly-
sis of adhesions depend on the individual’s healing 
ability, and stable outcomes cannot be achieved with 
this approach. Thus, in order to consistently restore 
the normal properties of the vocal fold, a new regen-
erative strategy is needed.

In tissue engineering to regenerate tissues or or-
gans, it is necessary to combine a scaffold, cells, and 
regulatory factors under appropriate conditions. In 
general, a regenerative scaffold should have bio-
compatibility and biodegradability, provide appro-
priate space for regeneration, and have an appropri-
ate environment for cells to grow and work. Also, 
the viability and function of cells that infiltrate into 
the scaffolds should be maintained.

As a candidate for a regenerative scaffold, we 
have focused on atelocollagen sheeting (Teruder-
mis). The sheeting used in this study is composed 

of dehydrothermally cross-linked fibrillar atelocol-
lagen and heat-denatured atelocollagen.9,10 Because 
of this structure, the material remains in the implant-
ed site for a long time, is infiltrated easily by cells 
from surrounding tissues, and is thought to be an 
ideal regenerative scaffold because it achieves ac-
ceptance in the early period after implantation that 
results in long-term survival and little contracture. 
In the vocal fold, it is expected that the implanted 
material provides an appropriate space and environ-
ment for vocal fold fibroblasts to produce extracel-
lular matrix components and thus to restore scarred 
tissues.

Similar approaches have been reported in an at-
tempt to treat sulcus vocalis. Tsunoda et al11-14 re-
ported that implantation of temporal fascia into the 
vocal fold resulted in gradual improvements of max-
imum phonation time. Unpublished data also sug-
gested that Alloderm implanted into the Reinke’s 
space of the sulcus might improve acoustic and stro-
boscopic parameters.2 However, how those materi-
als work in the vocal fold is still unclear. One of the 
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Fig 6. (Case 2) Stroboscopic findings. A) Before treatment. B) Mucosal vibration appears in bilateral vocal folds after treat-
ment. 
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Fig 7. (Case 4) Stroboscopic findings. A) Before treatment. B) After treatment, mucosal vibration shows improvement.

biggest advantages of Terudermis was thought to be 
the porous structure of the sheet that can admit cells, 
as already shown in previous animal studies. 

In most cases in this study, aerodynamic and 
acoustic analyses showed gradual improvement in 
all parameters over 1 year, with individual variation, 
and restoration of periodic vibration was also ob-
served by videostroboscopy. These results suggest 
that the atelocollagen sheet implant has not only an 
augmentative effect, but also a possible restorative 
effect. Thus, implantation of the atelocollagen sheet 
into the vocal fold may have therapeutic potential in 
cases of vocal fold scarring and sulcus vocalis.

In case 3 only, most parameters worsened with 
the implantation of Terudermis. It is conceivable 
that the implanted material was lost or dislocated. 
In this case, fibrin glue was used to close the pocket. 
However, the actual reason for failure of improve-
ment is uncertain. Furthermore, it is likely that the 
effect of an implant may be influenced by individual 
healing ability.

It is impossible to use randomized controls in this 

kind of study. Also, it is difficult to confirm the re-
cruitment of cells into the material, because histo-
logic evaluation cannot be achieved in this kind of 
study. We do not insist that our scaffold has a defi-
nite regenerative effect. The augmentative effects 
may overlap; however, we believe that some of the 
effects of the material are regenerative. The current 
study has only shown the possibility of Terudermis 
as a regenerative scaffold. Further study is neces-
sary to better understand the material and also to de-
velop better surgical procedures.

CONCLUSIONS 

The current study examined the feasibility of an 
atelocollagen sheet (Terudermis) implant for treat-
ment of scarred vocal folds or sulcus vocalis. Six 
patients underwent implantation into the stiffened 
vocal folds. In most cases, videostroboscopic ex-
amination and aerodynamic and acoustic analyses 
showed gradual improvement over 1 year after sur-
gery. The results suggest that implantation of Teru-
dermis may have restorative effects in cases of vocal 
fold scarring and sulcus vocalis. 
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Long-Term Acoustic Comparison of Thyroplasty Versus
Autologous Fat Injection 

Dana M. Hartl, MD, PhD; Stephane Hans, MD, PhD; Lise Crevier-Buchman, MD, PhD; 
Jacqueline Vaissière, PhD; Daniel F. Brasnu, MD 

Objectives: Medialization by thyroplasty or intracordal autologous fat injection provides voice improvement in patients 
with unilateral vocal fold paralysis. Thyroplasty is considered a “permanent” medialization, whereas fat injection is con-
sidered “temporary” because of reabsorption. The objective of this study was to compare the evolution of acoustic pa-
rameters for these procedures over 1 year and to evaluate the results of fat injection at 2 years.  
Methods: From 1994 to 1998, 46 consecutive patients (17 women and 29 men) were treated exclusively by intracordal 
injection of autologous fat, and then from 1999 to 2002, 48 consecutive patients (19 women and 29 men) were treated 
with the Montgomery Thyroplasty Implant System or Gore-Tex thyroplasty. Each patient’s voice was prospectively re-
corded before operation and at 1, 3, 12, and 24 months after operation. Six patients (13%) in the injection group under-
went a second injection, and 1 patient (2%) in the thyroplasty group underwent revision surgery. Jitter, shimmer, and 
noise-to-harmonics ratio (NHR) were calculated for a 1,000-ms midvowel segment of the vowel /a/. 
Results: One month after operation, jitter, shimmer, and NHR were significantly improved in both groups (Wilcoxon’s 
test, p < 0.05 in all cases). Jitter and shimmer did not change significantly between 1 and 3 months or between 1 and 12 
months (p > 0.05). The NHR had improved at 12 months in both groups (injection, p = 0.0004; thyroplasty, p = 0.0178) 
and at 24 months in the injection group (p = 0.0076). No significant difference was noted between the two techniques be-
fore operation or at 1, 3, or 12 months after operation (Mann-Whitney test, p > 0.05). Jitter and shimmer had not changed 
significantly after 24 months in either group. At 24 months, there was no difference in acoustic parameters between the 
two treatment groups. 
Conclusions: The two techniques provided comparable objective acoustic voice improvement. At 2 years, autologous 
fat injection provides long-term acoustic voice improvement comparable to that of thyroplasty, but it has a higher rate of 
revision surgery.
Key Words: acoustics, medialization, paralysis, vocal fold, voice. 
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INTRODUCTION  
Many different means of medialization or aug-

mentation of the vocal fold to treat unilateral vo-
cal fold paralysis (UVFP) have been described for 
almost a century, since the seminal report by Brü - 
nings in 1911 describing injection laryngoplasty with 
paraffin.1,2 Since that time, endoscopic and external 
approaches with techniques of injection or implan-
tation of various biocompatible materials (Teflon, 
autologous fat, autologous fascia, collagen, Gel-
foam, allogenic dermis, Gore-Tex, hydroxylapatite, 
silicone, etc) have been used, all with excellent ini-
tial results. Some biomaterials, however, exhibit re-
absorption, with subsequent secondary voice degra-
dation — generally over a period of several months. 

Thus, techniques using biomaterials can be divided 
into two categories according to the long-term vocal 
fold medialization: permanent and temporary.  

Type I Isshiki thyroplasty3 with a nonresorbable 
biomaterial such as silicone, hydroxylapatite, or 
Gore-Tex is considered a permanent medialization 
technique,4,5 whereas fat injection has for many years 
been considered temporary because of reabsorption. 
However, more-recent experience with autologous 
fat for vocal fold medialization (and also in plastic 
and reconstructive surgery) shows that auto logous 
fat can be a reliable long-term filler.6-10 The objec-
tive of this study was to compare the evolution of 
acoustic parameters for these procedures over 1 year 
and to evaluate the results of fat injection at 2 years.
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Fig 1. Intraoperative pictures of right vocal fold medi-
alization with autologous fat. A) Before injection. B) 
During injection; note posterior placement of needle. 
C) After injection; note convexity of right vocal fold. 

PATIENTS AND METHODS  

From 1994 to 1998, 50 consecutive patients (19 
women and 31 men; average [±SD] age, 51 ± 13 
years) were treated by intracordal injection of au-
tologous fat. Then, from mid-1998 to 2002, 48 con-
secutive patients (19 women and 29 men; average 
age, 54 ± 15 years) were treated by medialization 
thy roplasty. We considered UVFP permanent in all 
cases that were due to nerve resection or that persist-
ed after at least 6 months of “watching and waiting.” 
During the follow-up period, 4 patients (8%) in the 
injection group subsequently underwent thyroplasty, 
between 1 and 6 months after the fat injection. A fur-
ther 6 patients (13%) in the injection group under-
went a second injection and 1 patient (2%) in the 
thyroplasty group underwent revision surgery, also 
within the first 6 months after the first operation. In 
order to analyze the acoustic results following au-
tologous fat injection only versus those following 
thyroplasty only, we excluded the 4 patients who 
underwent both procedures from the acoustic analy-
sis. They were included, however, in the analysis of 
the overall rate of revision surgery for autologous 
fat injection, which was 10 patients out of 50 (20%). 
Thus, 46 patients (17 women and 29 men; average 
age, 51 ± 14 years) constituted the injection group, 
and 48 patients (19 women and 29 men; average age, 

54 ± 15 years) constituted the thyroplasty group.  

Autologous fat harvesting and injection was per-
formed under general anesthesia. Abdominal fat was 
harvested via a small incision or with a large-bore 
cannula and gentle aspiration. The fat was diced 
into small pieces, filtered with surgical gauze, and 
rinsed with sterile saline solution. Injection was per-
formed with a 1-mm-bore needle. At least 3 mL was 
injected, in an attempt to obtain a convex vocal fold 
by overcorrecting the medialization and compensat-
ing for any fat extrusion that would occur once the 
needle was removed (Fig 1). Medialization thyro-
plasty was performed under local anesthesia with 
the Montgomery Thyroplasty Implant System5 in 
37 cases and with Gore-Tex4 in 11 cases.  

Voice recordings were made before operation; at 
1, 3, and 12 months after operation; and between 
18 and 24 months after operation. Voice recordings 
made after the second fat injection or after revision 
thyroplasty were used. The speech recordings were 
made in a quiet room, on one track of a Sony DTC-
60ES digital audiotape (48-kHz sampling rate). 
The recordings were then introduced into a person-
al computer via the analog port and converted into 
digital sound files (“wave” files) with Soundforge 
software (version 5.0, Sonic Foundry, Inc, Madi-
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son, Wisconsin). From this database, jitter (percent), 
shimmer (percent), and noise-to-harmonics ratio 
(NHR) were calculated for a 1,000-ms midvow-
el segment of the vowel /a/ performed in comfort-
able phonation (Praat software11). The acoustic pa-
rameters were compared longitudinally within each 
patient group (Wilcoxon signed rank test) and lon-
gitudinally between the two patient groups (Mann-
Whitney U-test). Statistical analysis was performed 
with StatView (SAS Institute Inc, Cary, North Caro-
lina). Recordings made between 18 and 24 months 
were available for 26 patients in the injection group, 
but for only 5 patients in the thyroplasty group.

RESULTS  
The causes of UVFP for each group are shown 

in the Table. The UVFP was attributed to iatrogenic 
causes in 75% of the patients treated with autolo-
gous fat and in 82% of the patients treated by thy-
roplasty. Cancer-related or cancer surgery–related 
UVFP was observed in 59% of patients treated with 
autologous fat and 46% of patients treated by thy-
roplasty. No difference was found between the two 
patient groups regarding age (Mann-Whitney test, 
p = 0.50) or sex distribution (Fisher’s exact test, p 
= 0.83). The rates of iatrogenic and cancer-related 
UVFP were not statistically different between the 
two groups (Fisher’s exact test, p = 0.56 and p = 
0.34, respectively).  

One month after operation, jitter, shimmer, and 
NHR were significantly improved in both groups 
(Wilcoxon’s test, p < 0.05 in all cases; Fig 2). The 
levels of jitter and shimmer did not change signifi-
cantly between 1 and 3 months, between 1 and 12 
months, or between 1 and 18 to 24 months (p > 
0.05). However, the NHR further improved at 12 
months in both groups (injection, p = 0.0004; thy-
roplasty, p = 0.0178) and at 24 months in the injec-
tion group (p = 0.0076). No significant difference 
on any of the 3 measures was noted between the 2 
techniques before operation or at 1, 3, or 12 months 
(Mann-Whitney test, p > 0.05; Fig 2). At 18 to 24 
months, there was no difference in the acoustic pa-
rameters between the two treatment groups; we had 

data from 26 patients in the autologous fat group but 
from only 5 patients in the thyroplasty group. Figure 
3 shows persistent fat in the right vocal fold 1 year 
after a single injection. No return of vocal fold mo-
bility was noted during follow-up in any patient.

DISCUSSION 
In the early 1990s, autologous fat acquired a “bad 

reputation” as a biomaterial for use as a filler, due to 
its seemingly unpredictable reabsorption rate, what-
ever the injection site.6 In the treatment of UVFP, 
fat has been shown to remain in place for at least 5 
months,4,12 and reabsorption rates of 30% to 40% 
have been reported.13,14 As a result, for treatment of 
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CAUSES OF UNILATERAL VOCAL FOLD PARALYSIS
 Autologous Thyroplasty
 Fat Group Group
Thoracic surgery 56% 46%
Thyroid surgery 13% 31%
Other neck surgery  6%  5%
Idiopathic 13% 15%
Esophageal cancer  6%
Blunt neck trauma  6%
Compression (goiter)   3%

Fig 2. Box plots comparing jitter, shimmer, and noise-to-
harmonics ratio (NHR) in two patient groups. 



UVFP, several other types of injectable biocompat-
ible materials have been employed within the past 
10 to 20 years, including collagen, fascia, allogen-
ic dermis, injectable hydroxylapatite, and injectable 
silicone.15-17 Some of these materials also have vari-
able reabsorption rates, although recent reports have 
shown satisfactory 1-year voice improvement rates 
with injectable hydroxylapatite, with a 22% reinjec-
tion rate,15 and an 8- to 10-month voice improve-
ment duration with micronized allogeneic dermis.16 

The technique of intracordal autologous fat injec-
tion for UVFP does have the disadvantage of requir-
ing the harvesting of the fat, most frequently under 
general anesthesia. Voicing is not possible under 
general anesthesia, and thus the quantity to inject is 
difficult to determine. Other biomaterial fillers have 
the advantage of being injected transcutaneously or 
trans orally with local anesthesia and require no har-
vesting. Thyroplasty is also performed under local 
anesthesia. Local anesthesia has the advantage of al-
lowing vocalization during the operation in order to 
precisely determine the size of the implant or the 
quantity of filler to inject. The advantage of autolo-
gous fat injection is the absence of a “foreign body” 
or synthetic material or neck scar, which some pa-
tients may be averse to, and the absolute biological 
safety and ubiquity of autologous fat. In contrast to 
thyroplasty, there is no risk of implant extrusion or 
complications if endotracheal intubation is required 
at a later date.18 The other limitations of all of these 

techniques include cost, which varies according to 
the local health-care system, availability of the im-
plants or biomaterials, and the surgeons’ technical 
expertise.  

In the early years of this study, in our department, 
only the fat injection technique was employed for 
permanent UVFP. In 1998, a “watershed” year, me-
dialization thyroplasty under local anesthesia was 
introduced and a “switch” was made to that tech-
nique for all cases of permanent UVFP. In that year, 
both techniques were being employed, with different 
surgeons employing different techniques; however, 
to our knowledge, no patient selection was made re-
garding the technique that was used. Once available, 
thyroplasty became the procedure of choice because 
of its ease of implementation (local anesthesia, no 
extra harvesting time). Today, we employ both tech-
niques, with patient preference (type of anesthesia, 
scar, foreign body) being the main factor in proce-
dure choice. We inform patients as to the risk of a 
need for reinjection or for revision thyroplasty, as 
well.  

The main drawback of our study is its retrospec-
tive nature. Recordings were performed prospec-
tively in consecutive patients, but it is unknown why 
patients were lost to voice follow-up in the postop-
erative period, possibly because of dissatisfaction 
with their voice, but also because of the underlying 
cancer. Recordings after 12 months were available 
for only 5 patients treated by thyroplasty, also, be-
cause recordings were generally discontinued after 
that time because of the permanent nature of the im-
plant. This low cohort size at 18 to 24 months for 
the thyroplasty group does constitute a bias in the 
very long-term comparison of the two groups, al-
though at 1 year, the two techniques were compa-
rable. Also, the 26 patients who had recordings at 18 
to 24 months in the group treated with autologous 
fat provide sufficient evidence of the stability of the 
fat at that end point. 

Recently, in plastic and reconstructive surgery, al-
though synthetic biomaterial fillers are still widely 
used, autologous fat has been “rehabilitated” as a re-
liable filler and as an adjunct to many reconstructive 
procedures.6,10 The conflicting previously published 
results regarding autologous fat may have arisen 
from the variety of harvesting and injecting tech-
niques that have been reported. Today, atraumatic 
harvesting under low pressure with a large-bore can-
nula, followed by gentle centrifugation and injection 
of the adipocyte layer, is currently the recommend-
ed procedure to optimize graft take.6,10,19,20 Mul-
tiple small-volume injections are recommended to 
optimize the graft revascularization.6,10 In our study, 
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Fig 3. Contrast-enhanced computed tomography scan 
shows persistent fat in right vocal fold 1 year after single 
injection of autologous fat in male patient with unilateral 
vocal fold paralysis due to surgical nerve resection for 
thyroid carcinoma. White star indicates fat deposit.



we did not employ centrifugation, but fat was har-
vested atraumatically and then filtered through ster-
ile gauze. We also injected at least 3 mL, in an at-
tempt to obtain an overcorrection. This practice may 
in part explain the stability of the acoustic results in 
our patients. The variability in the results of previ-
ous reports on the use of autologous fat for UVFP 
may also arise from the fact that vocal fold vibra-
tions are very sensitive to change and that even a 
small proportion of reabsorption of the fat may lead 
to significant voice changes.  

Objective voice and glottic function analysis af-
ter treatment of UVFP includes acoustic analysis, 
electroglottography,21 and aerodynamic measure-
ments.2,22,23 These objective measurements may not 
necessarily reflect subjective voice improvement or 
patient satisfaction, which depend on voice use and 
patient expectations, but do have the advantage of 
allowing precise, reproducible measurements and 
statistical analysis. In our study, both techniques sig-
nificantly improved acoustic measurements as com-
pared to preoperative measurements — a fact that 
has been confirmed by numerous studies regard-
ing both techniques.1,2,22,24 The NHR continued to 
improve over time after 3 months in both groups. 
Slight inflammatory alterations due to the surgery 
may explain the delayed decrease in NHR. The im-
provement over time, especially in the injection 
group, may also reflect other properties of injected 
fat, which has been shown to improve the quality 
of surrounding tissues when used as a treatment for 
scars or when used after radiotherapy in reconstruc-
tive surgery.6 Current studies of fat as an organ sys-
tem and of its properties and those of fat-derived 
stem cells may soon provide more insight into our 
surgical results.  

In light of the present study, it would seem that fat 
injection is just as reliable, from an acoustic stand-
point, as thyroplasty in unselected patients, the only 
difference being a higher rate of revision surgery: 
4 patients underwent repeat thyroplasty and 6 un-
derwent reinjection, for an overall revision rate of 
20% for injection, versus a 2% revision rate for thy-
roplasty in our series. This is similar to the revision 
rate of 22% found by Rosen et al15 in a recent long-
term evaluation of injectable hydroxylapatite in un-
selected cases of permanent UVFP. Our revision rate 
after autologous fat injection, however, is lower than 
the 41% revision rate reported by McCulloch et al.1 
Their study was based on subjective voice analysis, 
however, whereas our study was based on acoustic 
analysis, which is not strictly comparable. Patient 
satisfaction, and thus a patient demand for revision 
surgery, may take into account voice use and patient 
expectations — factors that were not studied in our 
acoustic analysis. Other factors may also have af-
fected the revision rate in our study, especially pa-
tient comorbidity, which would have had a tendency 
to decrease the rate of reoperation in patients whose 
general health was unfit for repeated general anes-
thesia or revision thyroplasty.

CONCLUSIONS 
Thyroplasty and autologous fat injection provid-

ed comparable rates of objective acoustic voice im-
provement over 18 to 24 months. At 2 years, autolo-
gous fat injection provided stable long-term acous-
tic voice improvement. Autologous fat injection, 
despite its reputation for being unreliable, seems 
to provide long-term stable results, although it has 
a higher rate of revision surgery than does thyro-
plasty. 
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Voice Production Mechanisms Following Phonosurgical
Treatment of Early Glottic Cancer 

Daryush D. Mehta, SM; Dimitar D. Deliyski, PhD; Steven M. Zeitels, MD;
Thomas F. Quatieri, ScD; Robert E. Hillman, PhD 

Objectives: Although near-normal conversational voices can be achieved with the phonosurgical management of early 
glottic cancer, there are still acoustic and aerodynamic deficits in vocal function that must be better understood to help 
further optimize phonosurgical interventions. Stroboscopic assessment is inadequate for this purpose.
Methods: A newly developed color high-speed videoendoscopy (HSV) system that included time-synchronized record-
ings of the acoustic signal was used to perform a detailed examination of voice production mechanisms in 14 subjects. 
Digital image processing techniques were used to quantify glottal phonatory function and to delineate relationships be-
tween vocal fold vibratory properties and acoustic perturbation measures.
Results: The results for multiple measurements of vibratory asymmetry showed that 31% to 62% of subjects displayed 
higher-than-normal average values, whereas the mean values for glottal closure duration (open quotient) and periodicity 
of vibration fell within normal limits. The average HSV-based measures did not correlate significantly with the acoustic 
perturbation measures, but moderate correlations were exhibited between the acoustic measures and the SDs of the HSV-
based parameters.
Conclusions: The use of simultaneous, time-synchronized HSV and acoustic recordings can provide new insights into 
postoperative voice production mechanisms that cannot be obtained with stroboscopic assessment.
Key Words: acoustic perturbation, glottic cancer, high-speed videoendoscopy, vocal fold asymmetry, voice production. 
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INTRODUCTION 

Early glottic cancer has been associated with high 
cure rates since direct endolaryngeal treatment tech-
niques were established almost a century ago.1 Be-
cause it is relatively easy to cure these neoplasms, 
voice outcome has always been a key metric of suc-
cess of the treatment. In the mid-20th century, this 
concern about voice outcome led many surgeons to 
resect the thyroid lamina lateral to the tumor when a 
laryngofissure and cordectomy would have provid-
ed adequate oncological treatment. The phonatory 
function of most cordectomy patients reflected aero-
dynamic glottal incompetence. After removal of the 
thyroid cartilage,2 the reconstructed soft tissue col-
lapsed to form a competent neoglottic valve. How-

ever, at present, open laryngeal treatment approach-
es are seldom done as initial primary treatment. 

As radiotherapy became the mainstay of treat-
ment for early glottic cancer, those who espoused 
surgical management relied primarily on microla-
ryngeal treatment strategies. Most surgeons, howev-
er, lack confidence about obtaining consistent voice 
outcomes from endoscopic treatment, so radiother-
apy remains as the dominant treatment strategy.3 To 
enhance the voice outcome while treating early glot-
tic cancer, we performed narrow-margin resections 
for the more superficial lesions4,5 and reconstructed 
the paraglottic space with the laryngeal framework 
by means of reconstructive methods6-8 transferred 
from skills acquired in managing paralytic dyspho-
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nia. These later techniques became the key strategy 
in reestablishing phonatory aerodynamic compe-
tency. Most recently, we have been able to further 
diminish loss of soft tissue from the paraglottic re-
gion by employing 532 nm KTP (potassium titanyl 
phosphate) angiolytic laser treatments.3 Although 
we have previously reported that near-normal con-
versational voices can be achieved with the phono-
surgical management of early glottic cancer, there 
are still acoustic and aerodynamic deficits in vocal 
function that must be better understood to help fur-
ther optimize phonosurgical interventions.3,9 

The purpose of this study was to gain better in-
sight into the voice production mechanisms of pa-
tients who have undergone endoscopic phonosurgi-
cal treatment of early glottic cancer. The investiga-
tion was accomplished with a recently developed 
system that could acquire digital color images of vo-
cal fold vibration by use of high-speed videoendos-
copy (HSV) with time-synchronized recordings of 
the acoustic voice signal during phonation. This sys-
tem enabled direct correlations between acoustic pa-
rameters and measures of glottal closure and vibra-
tory symmetry extracted from the high-speed digi-
tal recordings by means of custom-designed image 
processing algorithms. The focus of the study was to 
determine the impact of vocal fold vibratory asym-
metries and glottal closure on acoustic perturbation 
measures used in the clinic. Normative ranges for 
the HSV-based measures and acoustic parameters 
were derived from previous studies and provide a 
descriptive context for the current subject sample.

METHODS 
This study used HSV and acoustic voice data 

from 14 subjects (12 male, 2 female) who had un-
dergone endoscopic phonosurgical management of 
early glottic cancer. This comprised primarily angi-
olytic laser treatment with ultranarrow margins that 
allowed for maximal preservation of paraglottic soft 
tissue. The average age of the 14 subjects in the cur-
rent study was 66 years (range, 50 to 84 years). Ten 
of the subjects were treated with the KTP angiolytic 
laser, 2 were treated with the pulsed dye angiolytic 
laser, and 2 were treated with both types of lasers. 
An HSV assessment was performed within a year of 
the most recent procedure for all the subjects, except 
for 2 subjects who were treated more than 2 years 
before the data acquisition. The subjects were evalu-
ated in a sound-treated room with transoral rigid en-
doscopy and were instructed to sustain the vowel /i/ 
at a comfortable and steady pitch and loudness for 
2 to 4 seconds. 

HSV Data Acquisition. The HSV data were ac-
quired with the Phantom v7.3 high-speed video 

camera (Vision Research, Inc, Wayne, New Jersey), 
which enabled high-quality color image capture at 
fast rates because of a sensitive CMOS (comple-
mentary metal-oxide semiconductor) image sen-
sor. A C-mount lens adapter with an adjustable fo-
cal length (KayPENTAX, Lincoln Park, New Jer-
sey) was placed between the image sensor and a 70° 
transoral rigid endoscope (Jedmed, St Louis, Mis-
souri). Images were saved to partitions in a 4 GB 
onboard memory buffer and downloaded to a per-
sonal computer’s hard drive via Ethernet after the 
recordings were complete. The HSV data were re-
corded at 4,000 or 6,250 images per second with a 
maximum integration time and a spatial resolution 
of 320 horizontal × 480 vertical pixels to capture an 
approximately 2 cm2 target area. The light source 
contained a short-arc xenon lamp rated at 300 W 
(KayPENTAX). The fan-cooled housing produced a 
collimated beam of light with a color temperature of 
more than 6,000 K. Three glass infrared (2 dichroic, 
1 absorbing) filters blocked infrared light to reduce 
the thermal energy buildup during endoscopy. 

Acoustic Voice Signal Acquisition. The acoustic 
signal was recorded with a head-mounted, high-
quality condenser microphone (model MKE104, 
Sennheiser Electronic GmbH, Wedemark-Wenne-
bostel, Germany) with a cardioid pattern that offers 
directional sensitivity and a wideband frequency re-
sponse. The microphone was situated approximate-
ly 4 cm from the lips at a 45° azimuthal offset. The 
microphone’s gain circuitry (model 302 Dual Mi-
crophone Preamplifier, Symetrix, Inc, Mountlake 
Terrace, Washington) offered a low-noise, low-dis-
tortion input signal to additional preconditioning 
electronics (CyberAmp model 380, Danaher Corp, 
Washington, DC) for gain control and anti-aliasing 
with low-pass filtering at a 3-dB cutoff frequency 
of 30 kHz. The analog signals were digitized at a 
100 kHz sampling rate, 16-bit quantization, and a 
±10 V dynamic range by a PCI digital acquisition 
board (6259 M series, National Instruments, Austin, 
Texas). 

Time Synchronization of HSV Data and Micro-
phone Signal. Time synchronization of the HSV data 
and the microphone signal was critical for enabling 
correlations between voice production measures and 
acoustic perturbation from the same phonatory seg-
ment. The camera clock was supplied by the Na-
tional Instruments board’s clock source, which was 
synchronized to the sampling of the acoustic signal. 
The hardware clock division and data acquisition 
settings were controlled by MiDAS DA software 
(Xcitex Corporation, Cambridge, Massachusetts). 
Alignment of the HSV data and the microphone sig-
nals was accomplished by recording an analog sig-
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Fig 1. Steps for generating vocal fold amplitude waveforms from which all high-speed videoendoscopy (HSV)–based measures 
were derived. 

nal from the camera that precisely indicated the time 
of the last recorded image. To compensate for the 
larynx-to-microphone acoustic propagation time, 
we shifted the microphone signal into the past by 
600 μs relative to the HSV data. This shift duration 
was approximated from a propagation length of 21 
cm (17 cm vocal tract plus 4 cm lip-to-microphone 
distance) and a speed of sound of 35,400 cm/s. Pre-
cise compensation for differences in the vocal tract 
lengths of each subject was not necessary for the 
goals of this study, because data were based on aver-
ages derived from period-to-period measures across 
entire phonatory segments. Future investigations 
into acoustic-physiological correlations on a cycle-
by-cycle basis would benefit from a more rigorous 
compensation scheme. 

Signal Processing of HSV Data. Vocal fold tissue 
motion during phonation was measured by tracking 

the mediolateral motion of the left and right vocal 
fold edges closest to the glottal midline. The tracked 
edges collapsed the 3-dimensional motion of the 
vocal folds that constituted the mucosal wave to a 
2-dimensional space that ignored inferior-superior 
phase differences. 

In this study, the acoustic signal and the HSV im-
ages were segmented into approximately 400 ms 
segments for each subject who exhibited stable pho-
natory characteristics. Semiautomatic algorithms 
im proved upon manual markings of digital kymo-
grams10 and included knowledge-based image pro-
cessing of the kymograms and high-speed video 
images to extract vibratory asymmetry measures 
that were compared with properties of the acoustic 
voice signal. For each segment, vocal fold ampli-
tude waveforms were obtained from the images by 
the steps illustrated in Fig 1. 



The HSV-based measures depended on accurate 
extraction of vocal fold tissue motion extracted by 
demarcating the edges of the digital kymograms. 
Motion artifacts were compensated for11,12 so that 
edge detection was equivalent to motion tracking of 
the medial vocal fold edge. The anterior-posterior 
axis (glottal midline) was defined interactively on 
the first image that captured maximum vocal fold 
abduction. The midline defined the line of sym-
metry by connecting the anterior commissure to 
the posterior end of the musculomembranous glot-
tis. All HSV frames were rotated such that the glot-
tal midline was oriented vertically, and a cropping 
stage framed the glottis to reduce processing time 
and constrain the image to the most relevant features 
for accurate edge detection. Using threshold-based 
edge detection, we derived vocal fold amplitude 
traces from digital kymograms taken at the midpoint 
of the musculomembranous glottis, ie, midway be-
tween the anterior commissure and the posterior end 
of the musculomembranous glottis. 

Objective Measures of Vocal Fold Vibratory 
Asymmetry. The HSV-based measures included left-
right phase asymmetry, left-right amplitude asym-
metry, frequency differences, and axis shifts during 
closure. Švec et al13 have validated this categoriza-
tion by observing these different types of vibratory 
asymmetries in videokymographic images recorded 
from subjects with various vocal disorders. Quan-
titative measures were derived to build on these 
findings and other studies that computed indices of 
left-right asymmetries from kymographic data.10,14 
Analyses were restricted to phase differences, am-
plitude differences, and axis shifts during closure 
because of the overall interest in revealing covaria-
tions of physiological properties with synchronous 
acoustic data. 

HSV-Based Measures. Five HSV-based measures 
were automatically extracted from the digital kymo-
grams. Left-right amplitude asymmetry quantified 
the difference in the maximum excursions of the left 
and right vocal fold amplitude traces within a peri-
od. The zero amplitude reference was defined as the 
vocal fold position at the onset of its opening phase. 
Left-right phase asymmetry quantified temporal 
delays between maximum excursion of the vocal 
folds. The time delay was normalized by the period 
duration to obtain a percentage.10 The degree of axis 
shift during closure calculated the spatial distance, 
in the mediolateral axis, between onsets of closure 
and subsequent opening phases, and yielded a per-
centage after normalization by the maximum glottal 
width. The HSV-based open quotient was the ratio, 
in percent, between the open phase duration and the 

entire period. For each of the above cycle-to-cycle 
measures, mean and SD values were obtained over 
the number of cycles in the phonatory segment. Fi-
nally, period irregularity was computed from the 
digital kymogram to reflect a jitter-like phenom-
enon. Period durations were defined as the differ-
ence between successive onsets of glottal closure. 
The absolute difference between successive period 
durations was calculated, and the period irregularity 
percentage yielded the average of these absolute dif-
ferences divided by the mean period duration. 

Acoustic Perturbation Measures. Standard acous-
tic measures of shimmer, jitter, and noise-to-har-
monics ratio (NHR) were computed from the syn-
chronously recorded acoustic voice signal with the 
Multi-Dimensional Voice Program (MDVP, model 
5105, KayPENTAX). The acoustic shimmer was 
defined as the average absolute difference between 
peak amplitudes of consecutive periods divided by 
the average peak amplitude during the phonatory 
segment. Similarly, the acoustic jitter was defined 
as the average absolute difference between succes-
sive periods divided by the average period duration. 
The NHR reflected the relative spectral energy con-
tributions of the noise component and the harmonic 
component of the acoustic voice signal. 

Comparison With Normative Data. Limited data 
sets exist for making extensive comparisons among 
subjects with and without vocal disorders. Norma-
tive values for HSV-based measures have only been 
published for the left-right phase asymmetry param-
eter based on manual measurements of digital kymo-
grams from 52 subjects.10 The average age of these 
subjects was 41 years (range, 18 to 65 years). The 
subjects were age- and sex-matched, with 24 male 
and 28 female subjects divided among 3 age ranges: 
18 to 33 years, 34 to 49 years, and 50 to 65 years. 
Normative values for the other HSV-based measures 
were obtained by reanalyzing the HSV recordings 
from that normative investigation with the signal 
processing methods described above. Averaged val-
ues (means, SDs, ranges) for the entire normal co-
hort were used to provide a descriptive context for 
the data obtained from the postsurgical subjects, be-
cause statistical testing showed no age- or sex-based 
differences in measures within the normal group. 

The normative range for the open quotient was 
defined as the mean ± 2 SD. For all other HSV-based 
measures, the normative range was defined as val-
ues less than or equal to 2 SD above the mean. Nor-
mal ranges of measures derived from the normative 
study were included to provide a descriptive con-
text to which HSV-based measures of the subjects in 
the current study could be compared. A more rigor-
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ous analysis inferring statistical differences between 
subjects with and without vocal disorders is a sub-
ject for future work in this area. Normative ranges 
for the acoustic perturbation measures were taken 
from standard clinical assessment thresholds report-
ed by MDVP.

RESULTS 
Data from 1 of the 14 subjects (a 64-year-old 

man) were eliminated before further statistical as-
sessment of the group results, because the acoustic 
signal that was recorded during endoscopy was too 
unstable for standard perturbation analyses (exhib-
iting type II signal characteristics: sudden qualita-
tive changes in the form of subharmonics or mod-
ulation frequencies that interfere with the funda-
mental frequency15). Auditory-perceptual ratings 
were docu mented for a majority of the subjects by 
a certified speech-language pathologist on staff us-
ing the CAPE-V protocol.16 Voices fell within the 
mild-to-moderate range for overall severity of dys-
phonia, agreeing with our previous observations that 
although near-normal conversational voices can be 

achieved with phonosurgical treatment, persistent 
perceptual acoustic deficits require additional inves-
tigation. 

Table 110 shows a summary of HSV-based and 
acoustic measures for 13 patients relative to norma-
tive values. As described above, the normative val-
ues for the HSV data were obtained by analyzing 
recordings from a previous investigation of 52 nor-
mal subjects.10 Normative mean, SD, and threshold 
for each acoustic perturbation measure were taken 
from standard clinical assessment values reported 
by MDVP. 

The distributions of all HSV-based measures for 
the patient group are displayed in Fig 2, with indica-
tions of the normal ranges that were defined above. 
Five of the 13 subjects (38%) exhibited left-right 
phase asymmetry values that were above the norma-
tive threshold. Eight of the 13 subjects (62%) exhib-
ited abnormal amplitude asymmetry values, where-
as 4 of the 13 subjects (31%) exhibited axis shift 
values above the normative threshold. None of the 
subjects displayed average open quotient or period 
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TABLE 1. SUMMARY OF HSV-BASED MEASURES AND ACOUSTIC MEASURES FOR PATIENT GROUP (N = 13)
 Normals Patients
Measure Mean SD Thresholds Mean SD
HSV-based left-right phase asymmetry (%) 6.27 4.33 ≤14.9 14.1 9.10 
HSV-based left-right amplitude asymmetry (%) 6.45 4.66 ≤15.8 34.1 26.5 
HSV-based axis shift during closure (%) 10.4 8.30 ≤27.0 21.4 17.4 
HSV-based open quotient (%) 49.8 13.4 23.0 to 76.6 54.7 11.4 
HSV-based period irregularity (%) 1.84 0.880  ≤3.60 1.91 0.882 
Acoustic jitter (%) 0.616 0.434  ≤1.04 2.06 1.10
Acoustic shimmer (%) 2.21 0.915  ≤3.81 4.21 1.67
Acoustic noise-to-harmonics ratio 0.116 0.0123 ≤0.190 0.143 0.0246

Normative values for high-speed videoendoscopy (HSV)–based measures were obtained by analyzing recordings from 52 normal subjects.10 Nor-
mative mean, SD, and threshold for each acoustic measure were from Multi-Dimensional Voice Program (MDVP; model 5105, KayPENTAX, 
Lincoln Park, New Jersey). Male and female data were combined.

Fig 2. Distributions of HSV-based mea-
sures for patient group (N = 13), with 
normal ranges indicated (see text for 
definition of normal ranges). 



irregularity values that were outside the normative 
range. The average values for the acoustic measures 
(Table 1) were comparable to those from previous 
reports on vocal function in this patient group,3,9 
with a postoperative persistence of elevations in jit-
ter and shimmer, and essentially normal NHR val-
ues. 

Because of the nonnormal marginal distributions 
of all of the measures and the limited number of sub-
jects in the sample (violating the assumptions for lin-
ear correlation analysis using Pearson’s r), nonpara-
metric statistical analysis using the Spearman rank-
order correlation method was performed. Spearman 
rho values were computed from transformed, rank-
ordered measures. Pairwise correlation analysis was 

performed between HSV-based measures and acous-
tic voice parameters. Although none of the correla-
tions between average values of the measures were 
significant, statistically significant correlations (p ≤ 
0.05) were found between the SDs of the HSV-based 
measures and acoustic perturbation parameters in 3 
instances (Table 2). Scatterplots with corresponding 
regression lines for each of these statistically signifi-
cant correlations are depicted in Fig 3. 

As Table 2 shows, jitter in the acoustic voice 
signal significantly correlated with the HSV-based 
measure reflecting the SD of left-right phase asym-
metry. The Spearman rho for this correlation was 
0.604, indicating that approximately 36% of the 
variance (ie, rho squared) in jitter was explained by 
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TABLE 2. SIGNIFICANT PAIRWISE CORRELATIONS BETWEEN HSV-BASED MEASURES AND
ACOUSTIC MEASURES FOR PATIENT GROUP (N = 13) 

    95% Confidence
 Pairwise Comparison Spearman rho p Interval for rho 
Acoustic jitter vs SD of left-right phase asymmetry 0.604 0.03 0.080 to 0.867 
Acoustic jitter vs SD of left-right amplitude asymmetry 0.621 0.02 0.106 to 0.873 
Acoustic shimmer vs SD of open quotient 0.659 0.01 0.170 to 0.888 

Fig 3. Scatterplots display relationships exhibiting significant 
pairwise correlations between HSV-based and acoustic mea-
sures. 



the variation in left-right phase asymmetry. Acous-
tic jitter also correlated significantly with the SD of 
left-right amplitude asymmetry (rho = 0.621). Thus, 
approximately 39% of the variance in jitter was ac-
counted for by variation in the left-right amplitude 
asymmetry measure. Finally, shimmer in the acous-
tic voice signal was most significantly correlated 
(rho = 0.659) with the HSV-based SD of the open 
quotient, corresponding to an explained variance of 
43%. The NHR did not correlate significantly with 
any of the HSV-based measures computed.

DISCUSSION 

This study used a newly developed HSV-based 
system to examine voice production mechanisms 
in patients who had undergone phonosurgical man-
agement of glottic cancer. The analyses focused on 
quantitative measures of glottal closure and vibra-
tory symmetry (ie, vocal fold kinematics) extracted 
via custom-designed digital image processing rou-
tines and on the correlations of these measures with 
acoustic perturbation parameters. 

Taken together, the HSV and acoustic measure-
ment results for this patient group described postop-
erative voice production mechanisms in which the 
glottal closure (open quotient) and the overall pe-
riodicity of tissue vibration during phonation were 
within the normal ranges that were defined for this 
study. The restoration and/or maintenance of nor-
mal-like glottal closure durations and overall vibra-
tory periodicity probably contributed to the normal 
acoustic NHR values that have also been observed 
previously in similar groups of patients.3,9 On the 
other hand, the voice production mechanisms of 
these patients also displayed higher-than-normal 
within-cycle asymmetries in vocal fold tissue vibra-
tion (phase, amplitude, and closure axis) and, as pre-
viously reported,3,9 postoperative persistence of ele-
vations in acoustic jitter and shimmer. 

The results of pairwise correlations between aver-
age values for HSV and acoustic perturbation mea-
sures revealed that the variations in levels of acoustic 
jitter and shimmer were not related to within-cycle 
asymmetries in tissue vibration. Instead, a signifi-
cant amount of the variation in acoustic jitter was ac-
counted for by the changes (SD) in the symmetry of 
the phase and amplitude of tissue motion across vi-
bratory cycles, and a significant amount of the shim-
mer variation was correlated with changes (SD) in 
glottal closure durations (open quotients) across cy-
cles of vibration. Thus, it appeared that even though 
the open quotient values for patients fell within the 
normal range that was defined for this study (mean 
± 2 SD), this range was quite broad, with the larger 

variations within this range actually being associ-
ated with elevated levels of acoustic shimmer. 

Time-varying asymmetries were expected to 
play a large role in affecting characteristics of the 
acoustic voice signal. In a recent study, the physi-
ological correlates of acoustic perturbation mea-
sures were investigated by simulating asymmetric 
vocal fold vibrations with a mathematical model.17 
It was shown that time-varying changes in left-right 
asymmetry resulted in acoustic jitter and shimmer, 
whereas time-invariant left-right asymmetries yield-
ed an acoustic output that did not exhibit increased 
values of jitter and shimmer. This conclusion was 
supported by the results of the current study. 

The apparently critical cycle-to-cycle variations 
in tissue vibratory behavior that were shown to be 
significantly correlated with the degradation of the 
acoustic signal in this investigation would not be re-
liably revealed with stroboscopy. In fact, because 
stroboscopy would only provide stable imaging of 
periodic (repeating) vocal fold motion, it would be 
capable of only capturing the kind of highly repeti-
tive asymmetries that do not appear to make a major 
contribution to disrupting acoustic sound genera-
tion, assuming that glottal closure is adequate. 

The results of this study indicated that the postop-
erative vocal function of this patient group could be 
further improved by reducing cycle-to-cycle varia-
tions in the phase relationships of vibratory tissue. 
This might be achievable if it were possible to re-
store lost pliability to specific regions of the vocal 
folds, depending on the nature and extent of the re-
section that was needed to ameliorate the cancer. 
The need to restore pliability in such cases is one of 
the major motivations behind recent efforts to de-
velop vocal fold phonatory mucosal implants.18 

The postresection healed glottal epithelium as-
sumes the biomechanical properties of the underly-
ing scar and/or residual soft tissue of the neocord.9 
Therefore, the overall goal of a superficial lami-
na propria replacement implant would be to more 
closely equilibrate the biomechanical properties 
within and between the vocal folds and thereby re-
duce sources of cycle-to-cycle asymmetric vibra-
tion. Given the limitations described above for stro-
boscopy, it is clear that HSV imaging will provide 
insights that will assist surgeons in geographically 
mapping lost phonatory mucosal pliability to tar-
get restoration, as well as assess postreconstruction 
rheologic characteristics of tissue and their impact 
on enhancing vocal function. 

The HSV data in this study were limited to the 
midportion of the musculomembranous glottis. This 
is the typical location for performing videokymog-
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raphy, which is only capable of recording activity 
at 1 location.13 The differential variation in tissue 
pliability that can occur within and between the vo-
cal folds after surgical management of glottic cancer 
can give rise to asymmetries in tissue motion at oth-
er points along the glottis. The digital implementa-
tion of kymography following post-HSV image cap-
ture that was used in this study has the advantage of 
being able to generate kymographic images (slices) 
at any location along the entire length of the glottis, 
thus providing the potential to isolate motion at spe-
cific locations of interest. This capability is demon-
strated in Fig 4, for which digital kymograms were 
extracted from 3 glottal locations. Efforts are cur-
rently under way to determine how such multiple 
measures can be combined and/or presented in ways 
that are meaningful and allow useful comparisons 
with other simultaneously gathered (time-synchro-
nized) measures of vocal function, including acous-
tic, electroglottographic, neck skin acceleration, and 
aerodynamic parameters. 

Even though significant correlations were found 
between the SDs of some HSV measures and acous-
tic perturbation parameters, the actual correlations 
were at a moderate level. This means that there is 
still a sizable amount of variation in acoustic pertur-
bation that is not accounted for by the HSV measures 
used in this study. It is hoped that a more complete 
analysis of the HSV imaging data, such as the use of 
multiple kymograms described above, will increase 
the amount of acoustic perturbation that can be ac-
counted for. However, it is also possible that there 
are sources of acoustic perturbation in addition to 
asymmetries in vocal fold tissue motion, including 
higher-order aerodynamic phenomena and/or inter-

actions,19,20 that may play a role during voice pro-
duction.

CONCLUSIONS 

The use of simultaneous, time-synchronized HSV 
and acoustic recordings can provide new insights 
into the postoperative voice production mechanisms 
of patients who have undergone phonosurgical man-
agement of vocal disorders, including glottic cancer. 
In particular, this approach allows for the application 
of automated digital image and signal processing 
methods to reveal critical relationships between vo-
cal fold vibratory function and the resulting acous-
tic characteristics of the voice. Such investigations 
are not possible with standard clinical stroboscopy 
methods. This information should substantially as-
sist surgeons in identifying biomechanical phonato-
ry mucosal deficits and assessing the effectiveness 
of implant reconstruction efforts. 

Even though HSV provides much more detailed 
information about vocal fold phonatory function 
than does stroboscopy, its eventual adoption into 
standard clinical practice will depend on the extent 
to which remaining practical, technical, and meth-
odological challenges can be met. Such challeng-
es include the relatively high cost of HSV systems, 
management of the large computer files that HSV 
recordings produce, limitations on the sampling of 
vocal behaviors due to the brief durations of HSV 
recordings, and a paucity of solid clinical research 
that demonstrates that HSV significantly improves 
the diagnosis and management of voice disorders 
(ie, clinical trials with controls). Work is already 
well under way to address many of the remaining 
barriers to the clinical adoption of HSV.12
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Fig 4. Illustration of derivation of vocal fold amplitude waveforms from digital kymograms extracted from 3 locations along 
anterior-posterior glottal axis. 
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Characterization of Supraglottic Phonation in Children
After Airway Reconstruction

 Lisa N. Kelchner, PhD; Barbara Weinrich, PhD; Susan Baker Brehm, PhD;
Meredith E. Tabangin, MPH; Alessandro de Alarcon, MD

Objectives: We examined select acoustic (signal type), aerodynamic, and perceptual measures and associated surgical 
data in a cohort of children who were endoscopically identified as using supraglottic phonation after undergoing airway 
reconstruction. 
Methods: Twenty-one children (4 to 18 years of age) who were seen in the Cincinnati Children’s Hospital Medical Cen-
ter for Pediatric Voice Disorders and identified as using supraglottic phonation were included in this study. According to 
standard protocol, each of these children underwent acoustic, aerodynamic, and perceptual analyses and laryngeal imag-
ing. Their medical records were reviewed for surgical history. 
Results: Four primary supraglottic compression patterns and 3 distinct sound sources for voice were identified. Signal 
type classification revealed that 20 of 21 voice signals were either type II or type III. Signal type was moderately associ-
ated with compression pattern (p = 0.01). No statistically significant findings were found in testing the Consensus Audi-
tory Perceptual Evaluation of Voice (CAPE-V) Overall Severity score against compression patterns and vibration source. 
The mean Strain scores for participants who used a combined source of vibration were significantly higher than for those 
who used their ventricular folds. 
Conclusions: The compensatory compression patterns and alternate sources of vibration used by these children resulted 
in moderate to severe dysphonias. How children compensate after undergoing airway reconstruction has important im-
plications for behavioral and surgical interventions aimed at improving voice quality. Not all aspects of traditional voice 
evaluation are suitable for this population. 
Key Words: airway reconstruction, pediatric voice, supraglottic phonation, voice evaluation. 
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INTRODUCTION 

Supraglottic phonation is a potential voice out-
come in children who have undergone complex air-
way reconstruction for subglottic stenosis.1-3 Etio-
logic correlates of supraglottic phonation may in-
clude significant alteration of the laryngeal airway 
in combination with postsurgical changes in senso-
ry and motor control of the vocal mechanism. The 
postsurgical laryngeal findings in this population 
frequently co-occur and can include scarred and/or 
off-level true vocal folds (TVFs), unilateral or bi-
lateral restricted joint mobility, prolapsed arytenoid 
cartilages, and anterior commissure blunting.2,3 Cor-
relating laryngeal findings and voice outcomes to 
the type of surgical procedure(s) performed is chal-
lenging, given the range of contributory factors to 
outcomes, such as initial injury, number and types of 
procedures, varying technical (surgical) approaches, 
and potential complications. 

Few data are available linking specific voice mea-

sures with corresponding descriptions of the unique 
features and variations of supraglottic phonation in 
these children. Krival et al3 examined the site of vo-
cal tract vibration and related vocal function in 16 
children who had undergone airway reconstruction 
and identified the 3 main categories of vibration 
source(s), observed endoscopically, as being glot-
tic, supraglottic, and mixed (use of TVFs and su-
praglottic structures). Not surprisingly, worse voice 
outcomes were associated with mixed source (TVFs 
and supraglottic structures) vibration, but not exclu-
sively. Participants with mixed or supraglottic pho-
nation demonstrated greater degrees of voice quality 
disturbance as rated by experts using the Consensus 
Auditory Perceptual Evaluation of Voice (CAPE-
V).4 In particular, the CAPE-V parameters of Over-
all Severity, Roughness, Strain, and Pitch were sig-
nificantly (p = 0.05) worse for those participants than 
for participants whose voices were generated with 
the TVFs. However, vocal quality variability for the 
mixed or supraglottic-generated voices was evident, 



126 Kelchner et al, Supraglottic Phonation After Airway Reconstruction 

suggesting potential for modification and even im-
provement of mixed or supraglottic voice quality. 
Moreover, there are clinical findings (L. Kelchner, 
unpublished observations) of children who are able 
to generate 2 voice types (eg, primarily supraglottic 
versus primarily TVF phonation), each with distinct 
voice quality ratings.

Traditional, comprehensive evaluations of voice 
disorders include acoustic, aerodynamic, endoscop-
ic, perceptual, and voice handicapping self (or proxy) 
assessments. In assessing severe voice disorders, use 
of linear acoustic analyses is constrained by the vari-
able signal types generated by scarred, immobile, 
and alternate sources of laryngeal vibration.5,6 Voic-
es generating type I, or periodic, signals are suitable 
for confident extraction of fundamental frequency 
(F0).7 In cases of irregular or chaotic signals (type 
II or type III), assessment of voice quality typically 
defaults to graphical representation and perceptual 
evaluation.5 Similar signal processing issues affect 
the accuracy of tracking and interpretation of video-
laryngostroboscopic parameters.8 Evaluation of any 
pediatric voice disorder is further challenged by the 
ability of the child to fully participate in the exami-
nation process.9 In the case of some formerly med-
i cally fragile children, related comorbidities may 
com pound that challenge. 

In the spectrum of possible voice disorders across 
the life span, supraglottic phonation as a voice out-
come is rare, except in certain adult head and neck 
cancer patients, and is differentiated from the supra-
glottic activity that can accompany vocal fold pa-
ralysis, glottic insufficiency, or muscle tension dys-
phonia.5 Thus, comparison of voice outcomes in 
this population to other types of adult or pediatric 
voice disorders is difficult. Characterizing the func-
tional and perceptual features of supraglottic phona-
tion becomes necessary in order to plan appropri-
ate behavioral voice interventions and future medi-
cal and surgical options, and to address quality-of-
life issues in children, who have a lifetime of voic-
ing-dependent communication ahead of them. The 
purpose of the present study was to examine select 
acoustic (signal type), aerodynamic, and perceptual 
measures and associated surgical data in a cohort of 
children who had undergone airway reconstruction 
and were identified as using primarily supraglottic 
phonation.

METHODS 

A retrospective chart review was conducted of 
children and adolescents who had been evaluated 
at the Center for Pediatric Voice Disorders at the 
Cincinnati Children’s Hospital Medical Center be-
tween January and November 2008. All were con-

sented participants in an ongoing study investigat-
ing voice outcomes following airway reconstruc-
tion under an active protocol approved by the In- 
stitutional Review Board of Cincinnati Children’s 
Hospital Medical Center. Twenty-one participants 
who had undergone prior airway reconstruction were 
identified as using predominantly supraglottic pho-
nation, as determined by videolaryngostroboscopic 
evaluation. This cohort represents 34% of all post–
airway reconstruction patients and 22% of all pa-
tients seen in our clinic during that time period. The 
participants were 9 female and 12 male patients with 
a median age of 8 years (range, 4 to 18 years; SD, 
4.8 years). Fourteen of the participants (67%) had 
a primary medical diagnosis of prematurity (25 to 
28 weeks) that required prolonged intubation result-
ing in subglottic stenosis; 4 of the participants (18%) 
suffered subglottic stenoses secondary to prolonged 
intubation required to manage respiratory syncytial 
virus; 2 of the participants (10%) had congenital 
conditions and required airway management; and 1 
participant (5%) had a history of bilateral TVF pa-
ralysis diagnosed shortly after birth. 

Demographic and evaluation data collected from 
the participant’s chart included gender, age, prima-
ry cause of airway injury, number and type of air-
way reconstruction procedures, most recent surgery, 
CAPE-V scores, digital endoscopic ratings of vibra-
tion source and dimension of compression, and, as 
appropriate, F0, fundamental intensity (I0) and max-
imum fundamental intensity (max I0), maximum 
phonation time (MPT), airflow (in millimeters per 
second), and estimates of subglottic pressure (in 
centimeters of water). All acoustic signal data were 
typed (I, II, or III) before any documentation of F0, 
per our clinical protocol. 

Acoustic and Perceptual Data Collection. All 
voice samples were collected in a sound-treat-
ed booth by use of the Computerized Speech Lab 
(model 4500; KayPENTAX, Lincoln Park, New Jer-
sey) with the Real Time Pitch program. The samples 
were collected with a unidirectional dynamic micro-
phone (Shure SM48) with a constant microphone-
to-mouth distance of 5 cm maintained in an off-axis 
position. Intensity data were collected with a Quest 
210 sound level meter held 15 cm from the partici-
pant’s mouth. 

Each child was asked to perform, as possible, sev-
eral phonatory tasks for possible extraction of F0, 
highest comfortable pitch, lowest comfortable pitch, 
MPT, I0, and max I0. Each phonatory task was per-
formed 3 times and averaged. The vowel “ah” sam-
ple sustained at a comfortable pitch (first collected) 
for each participant was inspected visually by 2 of 
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the authors to determine signal type as described 
by Titze.7 A narrowband spectrogram was generat-
ed from a middle 3-second sample of the sustained 
“ah” with the Real Time Spectrogram software on 
the KayPENTAX Computerized Speech Lab 4500. 
All samples were rated by consensus as type I, II, 
or III. Only 1 participant was identified as having 
a type I signal. The remaining 20 participants had 
either type II or III signals; thus, their measures of 
F0 and pitch range (highest and lowest frequencies) 
could not be reported. 

The children also read or repeated the sentence 
portion of the CAPE-V, and the readings were re-
corded on the Real Time Pitch program of the Com-
puterized Speech Lab. In the instance of a very young 
child, the sentence length was modified for ease of 
repetition. All recorded voice samples were subject-
ed to later expert consensus perceptual ratings. The 
raters were 2 certified speech-language pathologists 
with extensive experience (20 years) in the assess-
ment and treatment of voice disorders. Neither of 
the raters reported a known hearing loss. Each had 
been using the CAPE-V for 5 years to perceptually 
evaluate the quality of children’s voices, including 
children who had undergone airway reconstruction. 
Our clinical protocol requires that raters make tick 
marks along the 100-mm line (0 = least deviant; 100 
= most deviant) for each designated parameter of 
vocal quality (Overall Severity, Roughness, Breathi-
ness, Strain, Pitch, and Loudness). Interrater and in-
trarater reliability data on these methods have been 
gathered by our group.10 

Aerodynamic Data Collection. Aerodynamic mea-
sures were obtained with a circumferentially vented 
mask,11 and captured and analyzed with TF32 soft-
ware (Milenkovic, 2001, Madison, Wisconsin). An 
orientation to the mask was provided to each child 
in terms of how it would be held against the face and 
that it would not obstruct breathing. If the child ap-
peared apprehensive about having the mask placed 
over the face, the clinicians provided additional ori-
entation to the mask. The standard protocol includ-
ed 3 samples of “ah” held for 3 to 5 seconds for 
the measurement of average airflow rate and 3 sam-
ples of the syllable train “pa pa pa” for measures 
of estimated subglottal pressure. Completion of the 
protocol was defined as providing at least 2 sam-
ples of a sustained “ah” for 3 seconds into the mask 
and 2 samples of a repetition of the syllable train  
“pa pa pa” at a rate of 1.5 syllables per second. The 
children were required to produce 4 to 6 syllables in 
the train, depending on their ability.10 Average air-
flow data were extracted from the middle 400 ms 
of a sustained “ah.” Frequency and intensity were 
matched within ±5% for each of the samples mea-

sured. The middle 2 or 3 samples of the “pa” sylla-
ble train were measured and averaged for estimated 
subglottal pressure data. 

Laryngeal Imaging–Digital Stroboscopic Data 
Collection. According to our voice evaluation pro-
tocol, each participant underwent a transnasal flex-
ible and/or transoral rigid digital stroboscopic ex-
amination. In our clinic, all children undergo a flex-
ible endoscopic examination; use of the rigid scope 
is dependent on the child’s ability to cooperate. Se-
lection of the flexible endoscope used was made by 
the team’s pediatric otolaryngologist, who deter-
mined the most appropriate instrument given the 
size of the child and the technical needs of the ex-
amination. Presentation of the flexible endoscope 
was made after application of oxymetazoline hydro-
chloride and tetracaine hydrochloride to both nasal 
passages. The phonatory tasks included connected 
speech, sustained “ee” and “oo,” pitch glides, sniff-
“ee,” and maximum loudness. When the rigid endo-
scope was used, it was the KayPENTAX 70º scope 
(RLS 9100). The laryngeal microphone was placed 
on the lateral aspect of the child’s thyroid cartilage. 
Pitch tracking was monitored. The speech-language 
pathologist performed the transoral examination by 
having the child sit upright, extend the chin forward, 
and sustain the sound “ee” once the scope was in 
place. All tasks mentioned above (except connect-
ed speech) were completed as tolerated. Each study 
was reviewed frame by frame for the optimal dy-
namic image segment depicting laryngeal anatomy 
and function. The otolaryngologist and speech-lan-
guage pathologist team had 2 to 18 years experience 
in endoscopy and interpretation of stroboscopic pa-
rameters. 

Laryngeal function and stroboscopic parameters 
were rated by the otolaryngologist and speech-lan-
guage pathologist, using our clinic form adapted for 
this population, at the end of each examination. For 
this study we used the documented clinical consen-
sus otolaryngologist and speech-language patholo-
gist ratings for apparent source of vibration and di-
mension of supraglottic compression. Gross vibra-
tory characteristics were evident under stroboscopic 
light and were interpreted cautiously as the vibration 
source. The sources of vibration observed in this pop-
ulation were defined and categorized as 1) combined 
(vibration generated by predominantly supraglottic 
structures but TVF edge vibration could not be ruled 
out; n = 9); 2) multiple (vibration generated by mul-
tiple supraglottic structures, including ventricular 
folds, prolapsed arytenoid cartilages, and arytenoid-
petiole contact, with the TVFs fixed or scarred open; 
n = 8); and 3) ventricular folds (approximation of 
the ventricular folds medially with the TVFs fixed 



or scarred open; n = 4). A separate categorization 
of dimension of compression (how the child moved 
laryngeal structures to accomplish phonation) was 
established. There were 4 categories, defined as 1) 
lateral compression (lateral-medial approximation 
of the ventricular folds; n = 7); 2) arytenoid-petiole 
contact only (n = 1); 3) anterior-posterior foreshort-
ening (n = 7); and 4) mixed (compression in anteri-
or-posterior and lateral dimensions; n = 6). For anal-
yses, the category of arytenoid-petiole contact only 
was collapsed into the anterior-posterior group. 

Each participant’s medical chart was reviewed by 
the otolaryngologist for the number and type of open 
airway reconstruction and carbon dioxide laser pro-
cedures performed. The child’s most recent surgery 
was noted. Several children had multiple procedures 
with staged techniques (eg, single- or double-stage). 
A subset of our participants had surgical procedures 
performed elsewhere, and their exact surgical his-
tories were unclear. In those instances, the category 
“laryngotracheoplasty unspecified” was used. 

Statistical Analyses. Descriptive statistics are re-
ported for classification of signal types with mea-
sures of intensity, MPT, airflow, subglottic pressure, 
and CAPE-V Overall Severity score. Differences 
in each of the vocal parameter scores by vibration 
source and compression dimension pattern were 
tested with an analysis of variance or a Kruskal-

Wallis test, as appropriate. Differences in scores by 
signal type and each vocal parameter were tested 
with a t-test or a Wilcoxon rank sum test, as appro-
priate. The Freeman-Halton test was used to test for 
association between signal type and compression 
dimension pattern and vibration source. Strength of 
association was examined with Cramer’s V, where 
0 indicates no relationship and –1 or 1 indicates a 
strong relationship. Statistical significance was de-
clared at an alpha level of 0.05. All analyses were 
performed with SAS version 9.1.3 (SAS Institute, 
Cary, North Carolina).

RESULTS 
Twenty-one participants were identified as using 

supraglottic structures as their primary source of vi-
bration for voicing. Inspection of each participant’s 
first trial of a sustained vowel “ah,”, displayed as a 
narrowband spectrogram, revealed that 1 participant 
demonstrated a type I signal; 8 demonstrated type II; 
and 12 demonstrated type III (see Figure). Extrac-
tion of F0 for the 1 participant (female, 10 years of 
age) with a type I signal was 215 Hz, and her MPT 
was 4.99 seconds. Unfortunately, she could not reli-
ably perform the other tasks. For the 8 participants 
with type II signals, the mean I0 was 69 dB sound 
pressure level (SPL; range, 64 to 78; SD, 5.7) and 
the mean max I0 was 83 dB SPL (range, 72 to 96; 
SD, 7.6). The MPTs for this group averaged 7.9 sec-
onds (range, 2.1 to 17; SD, 6.1). For the 12 partici-
pants with type III signals, the mean I0 was 68 dB 
SPL (range, 60 to 76; SD, 5.4) and the mean max 
I0 was 81 dB SPL (range, 73 to 89; SD, 5.8). The 
MPTs for this group averaged 7 seconds (range, 1.4 
to 19.46; SD, 4.9). Aerodynamic data were collect-
ed on 7 of the 8 participants and 9 of the 12 partici-
pants whose voice signals were classified as types 
II and III, respectively. Data could not be collect-
ed from children who could not fully cooperate or 
whose faces were too small for a secure mask fit-
ting. Mean airflows and subglottic pressures are de-
picted in Table 1. 

Tables 2 and 3 contain the summaries of the 
means, ranges, interquartile ranges, and p values for 
the analyses of variance and t-tests. The CAPE-V 
Overall Severity scores did not significantly differ 
by vibration source, compression dimension pattern, 
or signal type. Analyses of the remaining CAPE-V 
parameters and vibration source, compression di-
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Source of vibration displayed by signal type.

TABLE 1. SUBGLOTTIC PRESSURE AND AIRFLOW 
 Subglottic Pressure (cm H2O) Airflow (mL/s)
Signal Type Mean Range SD n Mean Range SD n 
II (irregular) 14.69 10.16-18.61 3.47 4 175.17 115.00-230.00 45.30 6 
III (chaotic) 11.80  5.60-22.65 5.81 9 146.95 41.67-267.00 82.60 7



mension pattern, and signal type revealed that only 
the strain score was associated with the vibration 
source. The mean strain score with a combined vi-
bration source was significantly higher (46.8; SD, 
28.95; range, 0 to 85) than the mean strain score dur-
ing ventricular fold vibration (12; SD, 11.34; range, 
2.5 to 21.5) (p = 0.05). 

Vibration source was not associated with signal 
type. However, compression dimension pattern was 
moderately associated with signal type (p = 0.01; 
Cramer’s V, 0.56). Table 4 shows the distributions of 
compression dimension groups across signal types. 

Tabulation of the number and type of participant 
surgical histories revealed that an average of 2.2 open 
airway reconstruction surgeries were performed per 
participant (range, 1 to 5). Table 5 gives a summary 
of most recent surgery, number of open airway recon-
struction procedures, vibration source, compression 
dimension, signal type, and CAPE-V Overall Sever-
ity score. The most common surgery performed was 
single-stage laryngotracheal reconstruction with an-
terior and/or posterior costal cartilage grafting (n = 
7), followed by double-stage laryn gotracheal recon-
struction with anterior and posterior cartilage graft-
ing (n = 5) and single- and double-staged cricotra-
cheal resection (n = 4 for single; n = 3 for double). 
Six of the children also had 1 or more carbon diox-
ide laser procedures for arytenoid prolapse, and 2 of 
the children had complete laryngofissure performed 
as part of the airway reconstruction. Descriptively, 
inspection of the raw data for any trends revealed 
that a combined source of vibration (glottic and su-
praglottic) occurred more frequently with double-

staged surgical procedures (5 of 8), and that mul-
tiple supraglottic structure vibration occurred more 
frequently with single-staged procedures (7 of 10). 
Of the 3 participants who demonstrated ventricular 
fold vibration, 2 had single-staged procedures and 
1 had a procedure categorized as unspecified laryn-
gotracheal resection.

DISCUSSION 
This study examined how 21 children who had 

undergone airway reconstruction and were specifi-
cally identified as using supraglottic phonation ma-
nipulated their laryngeal structures in order to gen-
erate voicing. The voice signals were classified by 
type and tested against the mean CAPE-V Over-
all Severity score and each of the vocal parameter 
scores, laryngeal compression patterns, and sources 
of vibration. Acoustic and aerodynamic data were 
summarized (as available), and surgical data regard-
ing the number and types of procedures were pro-
vided. 

The traditional descriptions of ventricular pho-
nation noted in other voice-disordered populations 
typically refer to medial compression of the ven-
tricular folds that results in a distinct, perceptually 
low-pitched, rough voice quality. Patterns of supra-
glottic compression activity are typically document-
ed as either lateral-medial (medial movement of the 
ventricular folds during TVF phonation) or anteri-
or-posterior (anterior movement of the arytenoid 
cartilages toward the petiole).12 Our population of 
children who had had airway reconstruction used 4 
distinct patterns of supraglottic compression and 3 
sources of vibration. Differentiating additional com-
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TABLE 2. SIGNAL TYPE AND CAPE-V OVERALL SEVERITY SCORE 
 CAPE-V Overall Severity Score 
     Interquartile
     Range
Signal Type N Mean SD Median (25%, 75%) Range p* 
I (periodic) 1 86.00 
II (irregular) 8 74.63 16.85 76.5 59.5, 90 50-95 0.43 
III (chaotic) 12 82.25 12.55 86.5 75, 90 55-96 

*Testing groups II, III. 

TABLE 3. COMPRESSION DIMENSION AND CAPE-V OVERALL SEVERITY SCORE 
 CAPE-V Overall Severity Score 
  Vibration     Interquartile
  Compression     Range
 Group Dimension N Mean SD Median (25%, 75%) Range p* 
 1 Lateral 7 78.85 19.03 90 56, 95 50-96 0.83 
 2 Arytenoid-petiole 1 87.00   
 3 Anterior-posterior 7 78.71 14.51 85 63, 90 55-94
 4 Mixed 6 80.00 10.41 83 70, 89 65-90 

*Testing groups 1,2 and 3,4. 



pression patterns and sources of vibration became 
necessary for this population when findings from 
their endoscopic and stroboscopic procedures could 
not be rated with traditionally available descrip-
tions. For example, some participants compressed 
the supraglottic structures in both dimensions (an-
terior-posterior and lateral), but appeared to vibrate 
only the medial edges of the ventricular fold; others 
demonstrated only anterior-posterior compression, 
with apparent vibration of an arytenoid cartilage 
against the petiole. We are cautious about the inter-
pretation of vibration source, since simulated slow-
motion stroboscopy requires a periodic signal and 
all but 1 of these participants demonstrated irregular 
or intermittent periodicity or chaotic signals. Gross 
vibration of the tissue was evident on examination, 
but no specific vibratory parameters (eg, waveform, 

amplitude) could be rated. In the future, our inten-
tion is to examine participants with high-speed tech-
nology, with which the tissue vibration can be more 
accurately analyzed in real time.8 

Use of graphical (time-based spectral) and non-
linear analyses of the voice signal becomes neces-
sary with very disordered voices. Each of the par-
ticipants’ voice signals were classified by type ac-
cording to published descriptions.7 Further quanti-
fication of these voice signals with more sophisti-
cated spectral analyses (eg, time-corrected, cepstral-
based) is needed.6 Distinguishing between type II 
and type III signals is not always clear, and unstable 
signals can vary within a single sample. The average 
reported values for I0 and max I0 for all signal types 
were slightly lower than the norms reported, taking 
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TABLE 4. COMPRESSION DIMENSION BY SIGNAL TYPE 
 Signal Type
 I II III Total
Vibration Compression Dimension No. % No. % No. % No. % 
Lateral 0 0.00 6 28.57 1 4.76 7 33.33
Arytenoid-petiole 0 0.00 0 0.00 1 4.76 1 4.76
Anterior-posterior 0 0.00 2 9.52 5 23.81 7 33.33
Mixed 1 4.76 0 0.00 5 23.81 6 28.57
Total 1 4.76 8 38.10 12 57.14 21 100.00

TABLE 5. SUMMARY OF SURGICAL INFORMATION FOR ALL PARTICIPANTS 
  Most Recent Total Open Vibration Compression Signal CAPE-V Overall
 Participant Surgery Procedures Source Dimension Type Severity Score 
 1 ds LTR APCCG 1 Combined Mixed III 89 
 2 ds LTR; ds CTR 2 Combined Mixed III 90 
 3 ss LTR ACCG 3 Multiple SG AP III 87 
 4 ds CTR 5 Combined Mixed I 86 
 5 ss LTR APCCG 1 Multiple SG Lateral II 95 
 6 ss LTR APCCG 1 Combined Mixed III 70 
 7 ss CTR 1 Combined Lateral II 90 
 8 ds LTR APCCG 2 Combined AP III 94 
 9 LTR, unspecified 4 Multiple SG Mixed III 65 
 10 ds CTR/PCCG 2 Combined Lateral II 75 
 11 ss CTR 1 Multiple SG Mixed III 80 
 12 ss CTR 2 Multiple SG AP III 55 
 13 ss LTR APCCG 1 Multiple SG AP II 63 
 14 ds LTR APCCG 2 Multiple SG AP II 78 
 15 LTR, unspecified 1 Ventricular folds Lateral III 96 
 16 ss LTR ACCG 5 Multiple SG AP III 90 
 17 ds LTR APCCG 1 Multiple SG AP III 86 
 18 ss LTR 3 Ventricular folds Lateral II 56 
 19 ss LTR APCCG 1 Combined AP III 85 
 20 ss LTR APCCG 3 Ventricular folds Lateral II 90 
 21 ds CTR 2 Multiple SG  II 50 

ds — double-stage; LTR — laryngotracheal reconstruction; APCCG — anterior and posterior costal cartilage grafts; combined — combined glot-
tic and supraglottic structures; mixed — lateral and anterior-posterior compression; CTR — cricotracheal resection; ss — single-stage; ACCG — 
anterior costal cartilage graft; SG — supraglottic structures; AP — anterior-posterior compression pattern and/or movement of arytenoid cartilages 
to petiole of epiglottis; lateral — ventricular folds to midline; PCCG — posterior costal cartilage graft.



into consideration age and gender, but the ranges 
indicated that some of the children could produce 
loud supraglottic voices (eg, 96 dB SPL). Clinically, 
we observe that these children often have difficulty 
producing soft sounds. The MPTs had a wide range 
(1.4 to 19 seconds), but averaged similarly (7 to 8 
seconds) when participants were grouped by signal 
type. This average was low for most of our partici-
pants, but typical for those 6 years of age and un-
der. The shortest MPT was produced by a 4-year-old 
girl, and the long est by a 13-year-old boy. The sub-
set of aerodynamic data revealed mean estimates of 
subglottic pressure that were elevated in compari-
son to the norms for these ages. Participants whose 
voices were classified as demonstrating type II sig-
nals had estimated subglottic pressures that ranged 
from 10.16 to 18.61 cm H2O, and those with type 
III signals had estimated subglottic pressures that 
ranged from 5.6 to 22.65 cm H2O. The typical esti-
mates of subglottic pressure for 6 to 10 years of age 
range from 8.87 to 10.03 cm H2O. Increased pres-
sure would be required to initiate vibration of the 
thicker supraglottic tissue. The range of airflow val-
ues demonstrated by our participants included the 
extreme ends (high and low) of what is considered 
normal for our participant ages and reflects the ef-
fects of altered control of laryngeal valving in this 
population.13 

In this study, the participants’ CAPE-V Overall 
Severity scores ranged from 50 (moderate dyspho-
nia) to 90 (severe dysphonia). We reported similar 
ratings of dysphonia in a previous study3 examin-
ing the interrater and intrarater reliabilities of per-
ceptual ratings; however, that sample included chil-
dren whose TVFs were the source of vibration. Al-
though the average perceptual rating for this cohort 
of children who underwent airway reconstruction 
was 79.5, indicating severe dysphonia, the ability of 
some children to generate a voice quality resulting 
in a moderate dysphonia demonstrates how they can 
naturally compensate or exert control over supra-
glottic structures. Interestingly, the one participant 
who had a type I signal had a CAPE-V Overall Se-
verity rating of 86 (severe), whereas the minimum 
Overall Severity scores were within the ranges re-
ported for participants with type II and III signals. 
Establishing interrater and intrarater reliability is 
important when perceptual ratings are used as pri-
mary outcome measures. In this study, according to 
our clinical standard, consensus ratings were used. 
However, our previous rater reliability analyses (us-
ing the CAPE-V) revealed that we were most reli-
able in rating Overall Severity (and roughness) in 
children after airway reconstruction.10

How some of the children were able to accomplish 

a nuanced supraglottic vibration yielding a less se-
vere voice quality is not fully understood. Our clini-
cal impression was that those children who appear to 
vibrate the medial edge of the ventricular fold have 
better control over the vibratory mechanism, and our 
current analyses provided some statistical support 
for that hypothesis. When we compared the mean 
strain scores against the vibration source, individu-
als who used combined sources (glottic and supra-
glottic structures) of vibration demonstrated signifi-
cantly higher mean strain scores than did those who 
used their ventricular folds. Although this makes 
some sense, given the perceived physicality of those 
laryngeal maneuvers, we interpret this cautiously for 
two reasons: our past experience with the interrater 
reliability of strain scores, and the large standard de-
viation and range associated with the mean. 

Given the small group numbers, we acknowl-
edge that we may have insufficient power to find 
key differences so that we can make confident gen-
eralizations. The one other statistically significant 
correlation suggests a moderately strong association 
of signal type and compression dimension (anteri-
or-posterior and mixed). This is a first association 
linking physiology and signal type and needs fur-
ther study. Moreover, additional understanding is 
needed regarding how outcomes are influenced by 
the degree of compression, the stiffness of the tissue 
(eg, whether supraglottic scarring is present), and 
the ability of the child to manipulate structures not 
cortically mapped for voicing. 

Quantifying the consequences of the number and 
types of surgical procedures on vocal function and 
voice quality outcomes is the biggest challenge in this 
population. Linking voice outcomes to specific sur-
gical procedures would be best accomplished if, us-
ing the same protocol, we saw each child at baseline 
and before and after each procedure. Practically, this 
is difficult to do, since many of these children were 
referred in from multiple sites, had had previous pro-
cedures, or were unable to undergo a complete voice 
evaluation because of age or other factors. Clinical-
ly, we find that the worst voice outcomes tend to oc-
cur in children who have had multiple open airway 
procedures (L. Kelchner, unpublished observations), 
and this population made up a significant portion of 
our current referral base. Supraglottic phonation is 
not an uncommon sequela of procedures destructive 
to the larynx, especially in individuals who have un-
dergone surgery for the management of laryngeal 
cancer.14 Unlike some individuals who have under-
gone laryngeal surgery for cancer, children who have 
had airway reconstruction may have intact, mobile 
vocal folds with intact musculomembranous archi-
tecture. However, the intubation injury that created 
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the airway stenosis, and the surgical procedures used 
to reconstruct it, can impair vocal fold mobility and 
scar the vocal fold vibratory layered structure. The 
cause of supraglottic phonation is likely a compensa-
tory behavior developed to create a sound source be-
cause of the inability to obtain glottic closure at the 
level of the vocal folds. Further studies evaluating 
these relationships will shed new light on the like-
lihood of individuals’ developing supraglottic pho-
nation after airway reconstruction. The participants 
in this study had surgical histories too complex and 
varied for us to determine the impact of all of these 
potential factors.

CONCLUSIONS 
Previous investigations reported by this group and 

others1,3,10 have documented the general nature and 
severity of post–airway reconstruction voice distur-
bances primarily by using perceptual judgments. 
This study begins to explain how children specifi-
cally compensate when normal vibratory mecha-
nisms are significantly altered, yielding supraglottic 
phonation. In some instances, there exists an inverse 
relationship between airway patency and desirable 
voice outcomes, creating challenges for the patient 
and clinician. Traditional voice measures may not 
fully reflect a child’s compensation or potential for 
change or serve as adequate outcome indicators. In 
assessing children who use supraglottic phonation 
to communicate after airway reconstruction, use of 
more sophisticated signal analyses are required and 
evaluations must remain multifactored. 

132 Kelchner et al, Supraglottic Phonation After Airway Reconstruction 

REFERENCES
1.  Smith ME, Marsh JH, Cotton RT, Myer CM III. Voice 

problems after pediatric laryngotracheal reconstruction: video-
laryngostroboscopic, acoustic, and perceptual assessment. Int J 
Pediatr Otorhinolaryngol 1993;25:173-81. 

2. MacArthur CJ, Kearns GH, Healy GB. Voice quality 
after laryngotracheal reconstruction. Arch Otolaryngol Head 
Neck Surg 1994;120:641-7. 

3. Krival K, Kelchner LN, Weinrich B, et al. Vibratory 
source, vocal quality and fundamental frequency following pe-
diatric laryngotracheal reconstruction. Int J Pediatr Otorhinolar-
yngol 2007;71:1261-9. 

4. Consensus Auditory-Perceptual Evaluation of Voice 
(CAPE-V). Rockville, Md: American Speech Language Hear-
ing Association, 2003. 

5. Behrman A, Agresti CJ, Blumstein E, Lee N. Microphone 
and electroglottographic data from dysphonic patients: type 1, 2 
and 3 signals. J Voice 1997;12:249-60. 

6. Awan SN, Roy N. Outcomes measurement in voice dis-
orders: application of an acoustic index of dysphonia severity. J 
Speech Lang Hear Res 2009;52:482-99. 

7. Titze I. Workshop on acoustic voice analysis: summa-
ry statement. Iowa City, Iowa: National Center for Voice and 
Speech, 1995. 

8. Deliyski DD, Petrushev PP, Bonilha HS, Gerlach TT, 

Martin-Harris B, Hillman RE. Clinical implementation of la-
ryngeal high-speed videoendoscopy: challenges and evolution. 
Folia Phoniatr Logop 2008;60:33-44. 

9. Brehm SB, Weinrich B, Zieser M, et al. Aerodynamic 
and acoustic assessment in children following airway recon-
struction: an assessment of feasibility. Int J Pediatr Otorhinolar-
yngol 2009;73:1019-23. 

10. Kelchner LN, Brehm SB, Weinrich B, et al. Perceptual 
evaluation of severe pediatric voice disorders: rater reliability 
using the consensus auditory perceptual evaluation of voice. J 
Voice (in press). 

11. Rothenberg M. A new inverse-filtering technique for de-
riving the glottal air flow waveform during voicing. J Acoust 
Soc Am 1973;53:1632-45. 

12. Stager SV, Bielamowicz S, Gupta A, Marullo S, Regnell 
JR, Barkmeier J. Quantification of static and dynamic supra-
glottic activity. J Speech Lang Hear Res 2001;44:1245-56. 

13. Weinrich B, Salz B, Hughes M. Aerodynamic measure-
ments: normative data for children ages 6:0 through 10:11 years. 
J Voice 2005;19:326-39. 

14. Cruz WP, Dedivitis RA, Rapoport A, Guimarães AV. 
Videolaryngostroboscopy following frontolateral laryngecto-
my with sternohyoid flap. Ann Otol Rhinol Laryngol 2004;113: 
124-7. 



How Does the Absence or Presence of Subglottal
Medialization Affect Glottal Airflow? 

Jedidiah Grisel, MD; Sid Khosla, MD; Shanmugam Murugappan, PhD;
Raghava Lakhamraju, MS; James Aubry; Ephraim Gutmark, PhD; Gordon Huntress, DDS 

Objectives: Our previous work has shown that the symmetric, smooth, convergent shape of the subglottis reduces tur-
bulent airflow at the glottal entrance. Medialization thyroplasty may alter the glottal shape and is very likely to introduce 
some degree of glottal asymmetry, which could result in increased turbulence and a reduction in voice quality. This study 
reports the effects of medializing and not medializing the subglottis in silicone models of human cadaveric larynges. 
Methods: In experiment 1, silicone models of 4 human cadaveric larynges were created. The subglottis was then com-
pletely medialized in all 4 models. Hot-wire anemometry was used to measure velocity and turbulence profiles at the en-
trance and exit of the subglottis. In experiment 2, 1 model was created to accommodate incremental medialization of the 
glottis without any medialization of the subglottis. Airflow characteristics were likewise measured. 
Results: In experiment 1, the average maximum turbulence intensity (TI) at the exit of the larynx was less than the TI of 
incoming tracheal airflow for all 4 larynges. In experiment 2, incremental medialization of the glottis did not affect the TI 
for medialization up to 35%. However, the TI significantly increased for medialization of 53%. 
Conclusions: Medialization of the subglottis does not significantly affect the turbulence reduction properties of the sub-
glottis, even though subglottal asymmetry is introduced. On the other hand, large amounts of medialization of the glottis 
only (with no subglottal medialization) can introduce significant amounts of turbulence. 
Key Words: larynx, phonation, vocal fold, voice.
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INTRODUCTION 

Medialization thyroplasty represents the most 
common and effective phonosurgical procedure for 
improving voice in patients with unilateral vocal 
fold paralysis (UVFP).1-4 Some authors have pro-
posed medialization techniques that allow subglottal 
augmentation,5 whereas other techniques medialize 
the glottis only. A better understanding of how the 
absence or presence of subglottal medialization af-
fects the voice may allow surgeons to optimize this 
procedure, as well as offer insight into voice pro-
duction in general. The phonatory role of the sub-
glottis has not been described in current theories of 
voice production.6-8 However, our previous work in 
excised canine larynges showed that turbulence was 
significantly reduced in the subglottis, specifically 
because of the smoothly converging shape of the 
subglottis. This report looks at how specific changes 
in the smoothly converging shape affect turbulence 
reduction. 

Glottal airflow during phonation can be separated 
into coherent and random components. Khosla et al9 
have shown that a variety of coherent, highly repeat-
able flow patterns (vortices) are produced within the 
first centimeter above the glottis. These vortices 
can produce acoustic energy in narrow frequencies, 
thus contributing to harmonics. The random com-
ponent of glottal airflow, however, produces energy 
over a broad range of frequencies. As the random 
component of the glottal airflow increases, so does 
the “broadband noise,” reducing the harmonics-to-
noise ratio (HNR). Increased turbulence (a measure 
of random airflow) is important clinically because it 
can result in a decreased HNR, an abnormal voice,10 
breathiness,11 and chaotic (irregular) vocal fold vi-
brations.12 

As mentioned previously, recent work in our lab-
oratory suggested that the subglottis functions to re-
duce random flow, or turbulence, as air passes from 
the trachea to the vocal folds.13 In the cited study, 
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hot-wire anemometry was used to measure the tur-
bulence intensity (TI) of airflow in excised canine 
larynges. Turbulence intensity is a measure of air-
flow that is not related to coherent flow patterns, but 
increases with the random component.14 By measur-
ing TI at a subglottal plane and comparing this to the 
TI 2 to 3 mm above the glottal exit, we found that 
the random component of glottal airflow is signifi-
cantly reduced as it passes through the subglottis. 

The turbulence-reducing property of the subglot-
tis is due to two factors. The first factor is the area 
reduction ratio (ARR), which is a measure of how 
much the cross-sectional area of a converging duct 
is reduced. The utilization of ARRs, or contraction 
ratios, to decrease turbulence is widespread in the 
designing of low-speed wind tunnels.15 Hussain and 
Ramjee16 suggested that a contracting nozzle whose 
flow area constricts rapidly is effective in suppress-
ing turbulence. Ramjee and Hussain17 found that the 
TIs at the nozzle exit for a given contraction ratio 
were independent of the initial TIs. It was also noted 
that the TI decreases rapidly with increasing ARR 
and reaches a minimum for an ARR of 45, after 
which it increases slowly. When the folds are in the 
adducted prephonatory condition, the ARR is large, 
and turbulence will be reduced by this mechanism. 
It is important to note that as long as the prephona-
tory glottal width does not change, the presence or 
absence of subglottal medialization will not affect 
the ARR. 

The second factor is the smoothly converging 
shape of the subglottis. Principles of fluid dynamics 
teach that the shape and contour of a duct also play 
a role in turbulence production. Uneven contours, or 
ledges, in a converging duct result in abrupt changes 
in cross-sectional area. Durst and Loy18 found that 
sudden contractions in the cross-sectional area of a 
pipe were associated with increased pressure losses, 
thought to be due to turbulence-generating sourc-
es occurring at the ledges. Additionally, asymmet-
ric duct shapes are more prone to fluid dynamic in-
stabilities. Such instabilities also lead to turbulence 
generation. 

These two theories may influence voice produc-
tion in patients with UVFP. In most patients with 
a paralyzed vocal fold, the ARR decreases because 
of a glottal gap, resulting in higher levels of turbu-
lence. It would be expected, therefore, that patients 
with UVFP have increased turbulence, a decreased 
HNR, and increased breathiness. Hartl et al19 report-
ed a decreased HNR in patients with UVFP. Medi-
alization thyroplasty has been show to increase the 
HNR and decrease breathiness20,21; part or all of 
this change may be due to the effect of medializa-

tion thyroplasty on increasing the ARR. 

Medialization thyroplasty results in a reduction of 
the asymmetry of the membranous glottis, whereas 
other operations, such as arytenoid adduction, may 
reduce the asymmetry of the cartilaginous glottis. 
Although the value of reducing these glottal asym-
metries is well accepted, the importance of reduc-
ing subglottal asymmetry is largely unknown. Me-
dialization techniques that alter the subglottal shape 
may introduce ledges into the otherwise smooth sub-
glottis. These ledges could increase the turbulence 
of airflow entering the glottis, thereby adversely af-
fecting the voice quality. It is important to note that 
the change in ARR is not dependent on medializa-
tion of the subglottis, so our purpose here was only 
to study the effects of the change in the shape. 

It is unlikely that any medialization of the sub-
glottis will completely restore the smooth shape of 
the subglottis. Therefore, we used 2 experiments 
that roughly estimated the extremes of subglottal 
me dialization. In the first experiment, the mem-
branous and cartilaginous glottis was medialized in 
such a way as to mimic normal prephonatory ad-
duction; in this “before” case, there was both glot-
tal and subglottal symmetry. In the “after” case, the 
subglottis was completely medialized such that the 
inferior and superior aspects of the conus elasticus 
were at midline in the axial plane. Theoretically, this 
complete medialization of the subglottis introduced 
a step at the junction of the subglottis and trachea; 
however, the actual angle of that step depended on 
the material properties of the subglottis and trachea. 
This angle was qualitatively evaluated. In the sec-
ond experiment, the glottis was incrementally me-
dialized without any medialization of the subglottis. 
This absence of any subglottal medialization intro-
duced a ledge at the inferior edge of the medialized 
fold; again, the shape of this ledge was qualitatively 
evaluated. 

METHODS 

For both experiments, silicone models of human 
cadaveric larynges were created. The principle of 
using laryngeal models to study glottal airflow is not 
new.22 There are several advantages of using mod-
els in the current study. First, hot-wire anemometry 
requires continuous airflow to be passed through the 
larynx. Cadaveric specimens often dry out in such 
conditions, altering hot-wire measurements. Addi-
tionally, keeping the specimens sufficiently moist 
for measurement increases the risk that laryngeal 
fluids will contaminate the hot-wire, decreasing the 
accuracy of velocity measurements. Moreover, mod-
els can be saved and reused multiple times. This is 



not true for cadaveric specimens, which decompose 
after about 5 to 7 days.22 Using models provides a 
more controlled measurement environment and al-
lows repeat experiments on the same specimen, if 
needed. The disadvantages of using models include 
1) the introduction of additional human error as the 
models are created and 2) the introduction of a non-
organic substance (silicone elastomer) whose physi-
cal properties are not identical to those of laryngeal 
mucosa. 
EXPERIMENT 1 

Four excised human larynges were harvested 
from cadavers identified as organ donors. Three ca-
davers were male, and 1 cadaver was female. The 
specimens were kept in a saline bath (0.9% sodium 
chloride) and refrigerated when not used. All mod-
el creation and surgery was accomplished within 72 
hours of harvest. 

Silicone Models. Figure 1 is a schematic diagram 
of the model creation. An excised human cadaveric 
larynx was mounted on an aluminum pipe covered 
with a plastic cap. An 8/32 screw was placed half-
way through the cap so that it protruded approxi-
mately 2 cm from the top of the cap. The larynx was 
held in space with double prong pins on each side, 
and the base of the larynx was secured with a 5-mm 
tube clamp. In excising the larynx, 3 cm of trachea 
was included in the specimen. The inferior 1 cm of 
the trachea was mounted on the pipe. Using meth-
ods previously described, we medialized the mem-
branous folds and the arytenoid cartilages.9 The 
mounted specimen was then placed on a vibrating 
table, and plaster (QuickStone, Whip Mix Corpora-
tion, Louisville, Kentucky) was injected into the en-
dolarynx with a 60-mL syringe. After adequate time 
for settling on the vibrating table, the plaster was 
allowed to harden. The larynx was removed, result-

ing in a plaster cast of the endolarynx that extended 
from the superior edge of the vocal folds superiorly 
to 2 cm below the cricoid cartilage inferiorly. The 
screw placed in the plastic cap was embedded in the 
inferior 1 cm of the cast. 

The screw extending inferiorly from the cast was 
screwed into a flat base with a hole drilled in the 
center. A polyvinyl chloride pipe (inner diameter, 2.0 
inches; outer diameter, 2.25 inches) was placed over 
the cast such that the cast extended into the center of 
the pipe. Screws and elastic bands held the pipe in 
place. VST-30 platinum silicone elastomer (Factor 
II, Inc, Lakeside, Arizona) was mixed with the ap-
propriate catalyst and poured into the pipe. The sili-
cone elastomer filled the pipe to a level on the cast 
corresponding to the inferior edge of the vocal fold. 
Thus, the superior edge of the silicone model corre-
sponds to an axial plane through the most superior 
aspect of the subglottis, at the inferior edge of the 
vocal fold. Because the glottis was fully medialized 
in the “before” and “after” cases, we wanted to mea-
sure the turbulence at the glottal entrance (inferior 
aspect of vocal folds). 

The silicone was permitted to set, at which time 
the pipe was removed by separating it into 2 seg-
ments. (The pipe had been cut longitudinally be-
forehand.) The cast was then removed, resulting in 
a silicone model of the larynx that extended from 
the inferior edge of the vocal fold superiorly to 2 cm 
below the cricoid cartilage inferiorly (Fig 1). Mod-
els were created for all 4 specimens before and after 
medialization thyroplasty, resulting in 8 models. 

Medialization of Subglottis. A 5 × 10-mm cartilage 
window was created in the right thyroid ala, leaving 
a 4-mm cartilage strut below the window. The me-
dial edge of the window started 5 mm from mid-
line. The inner perichondrium was not preserved. A 
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Fig 1. Schematic diagram outlin-
ing steps of model creation. 



carved silicone block was then placed through the 
window into the paraglottic space with a 5 × 10-mm 
tab left in the window to keep the block secure. Be-
cause the glottis was already medialized, the pur-
pose of the block was to completely medialize the 
subglottis. The block was carved such that the entire 
subglottis was at midline; the glottis and subglottis 
were visually inspected to ensure medialization to 
the midline. 

Hot-Wire Anemometry. Turbulence intensity is 
defined as the percentage of the root mean square 
(RMS) of the flow fluctuations relative to the maxi-
mum flow velocity14 (U' = RMS velocity; Umax = 
maximum velocity). To increase the turbulence of 
airflow entering the models, we inserted four 8/32 
screws 3 cm below the superior edge of a 36-inch 
pipe (inner diameter, 12.7 mm; outer diameter, 21 
mm). The screws were placed at 90º around the cir-
cumference of the pipe, offset 45º from the sagittal 
plane of the glottal exit. The upstream end of the 
pipe was connected to tubing that provided the air 
source. A mass flowmeter and control valves were 
used to regulate the air upstream. Figure 2 is a sche-
matic diagram of the entire experimental setup. 

A hot-wire anemometer (AN-1005, AA Lab Sys-
tems, Ltd) was used to measure the TI. Calibration 
between 0 and 50 m/s was performed by fitting a 
fifth-order polynomial between the hot-wire voltage 

output and the known velocity measurement from a 
regulated jet. This velocity range was sufficient to 
cover all expected velocities in the tests. The signal 
from the hot-wire was digitized and recorded with 
a LabV computer equipped with a National Instru-
ments high-speed multifunction PCI-6259 data ac-
quisition card. The hot-wire was checked periodi-
cally for contamination. If it was found to be con-
taminated, it was cleaned with an alcohol solution 
and re calibrated before measurements were taken. 

Baseline measurements, without the model, were 
taken 2.5 mm above the exit of the pipe. These mea-
surements represent tracheal airflow just below the 
cricoid cartilage. The model was then placed on the 
pipe and secured with a 12-mm hose clamp. Mean 
and turbulent velocity profiles were obtained for all 
8 models by traversing the hot-wire 2 to 3 mm above 
the superior plane of the models in the posterior, 
medial, and anterior planes. The medial plane was 
measured halfway between the anterior and poste-
rior edges of the glottal opening (on the model). The 
anterior plane was measured halfway between the 
anterior edge of the glottal opening and the middle 
plane. The posterior plane was similarly measured 
posteriorly. Fine-step measurements were taken at 
0.1 mm intervals with a motorized traverse system 
(BiSlide and VXM motor, Velmex Inc, Bloomfield, 
New York). Special care was taken to ensure that 
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Fig 2. Schematic diagram of com-
plete experimental setup. This 
hot-wire anemometry method was 
used to measure velocity and tur-
bulence profiles in experiments 1 
and 2. OD — outer diameter; ID 
— inner diameter; PVC — poly-
vinyl chloride. 
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the measurements at each trial were done along the 
same axes and at the same height. We took 100,000 
data points at each location at a sample rate of 25 
kHz. 

All statistical calculations were done in Matlab 7.0 
(The MathWorks, Natick, Massachusetts). The data 
were imported into Matlab and processed to find the 
mean and RMS for each measurement point. Fitting 
curves and confidence levels for the data were com-
puted with the Curve Fitting toolbox in Matlab.
EXPERIMENT 2 

To determine changes in turbulence with incre-
mental medialization of the vibrating surface of 
the glottis only, we needed a special design. A new 
model was created without any medialization of the 
membranous or cartilaginous glottis for the right vo-
cal fold. As the silicone was setting, a balsa-wood 
block (3 × 10 × 10 mm) was placed in the silicone 
corresponding to the paraglottic space. The silicone 
was allowed to set. A small aluminum plate was af-
fixed to the lateral aspect of the block. A 12-mm 
hose clamp was placed around the model such that 
the height of the clamp aligned with the block. An 
8/32 screw was inserted through the clamp so that 
the amount of medialization could be controlled 
with each turn of the screw (Fig 3). Each revolution 
of the screw resulted in 1.08 mm of medialization. 
Hot-wire measurements were then taken as previ-
ously described without medialization, followed by 
0.54, 1.08, 1.62, and 2.16 mm of medialization. The 
widths of the glottal exit in the middle coronal plane 
and posterior coronal plane were 3.06 and 5.42 mm, 
respectively. The length of the glottal exit was 20.3 
mm. Visual inspection confirmed that the subglottis 
was not medialized. 

RESULTS 
Velocity and length scales were normalized to ac-

count for differences in laryngeal anatomy. Length 
scales were normalized by dividing the distance of 
each measurement point from the origin (r) by the 
distance from the jet center to the point at which 
the mean velocity dropped to half of its value at the 
center velocity (r1/2). The axial component of the 
mean velocity (U) was normalized by the maximum 
velocity (Umax). This normalization has been de-
scribed elsewhere.13 

For experiment 1, models were created for 4 la-
ryngeal specimens before and after medialization of 
the subglottis. Each model was tested, making a to-
tal of 8 cases. For each case, measurements were 
taken in the anterior, middle, and posterior planes. 
For experiment 2, measurements were made for the 
case of no medialization, followed by 0.54, 1.08, 
1.62, and 2.16 mm of medialization of the glottis 
only. There was no subglottal medialization for any 
of the 5 cases in experiment 2. 
EXPERIMENT 1 

Figure 4 demonstrates the best-fit curves of mean 
velocity (Fig 4A,C,E) and TI (Fig 4B,D,F) for the 
presurgery and postsurgery models. Confidence in-
tervals (95%) are designated by hashed lines. The 
baseline profile, representing airflow at the inferi-
or edge of the subglottis, is also displayed on each 
graph for comparison (solid black curve). 

Anterior Plane. Figure 4A,B represents the mean 
and TI best-fit curves for the anterior plane. The ve-
locity profiles of the models before and after sub-
glottal medialization generally resembled the base-
line profile in the anterior plane. The average max-
imum TI in the shear layer decreased from 11.4% 
before medialization to 9.0% after medialization 
(Fig 5). These values were both slightly less than 
the baseline value (11.7%). 

Middle Plane. Figure 4C,D represents the best-fit 
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Fig 3. Schematic diagram of experimental setup for incremental medialization (experiment 2). A) Top (axial) view of silicone 
model. B) Coronal view before medialization. C) Coronal view after medialization. Lg — glottal length; Ant — one quarter of 
Lg (measured from anterior edge of glottal opening); Mid — one half of Lg (measured from anterior edge of glottal opening); 
Post — one quarter of Lg (measured from posterior edge of glottal opening). 
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curves for the middle plane. Again, the velocity pro-
files of the models before and after subglottal medi-
alization resembled the baseline profile. The aver-
age maximum TI in the shear layer increased from 
6.2% to 7.3% (Fig 5). Both the before and after val-
ues were less than the baseline (11.7%). 

Posterior Plane. Figure 4E,F corresponds to the 
posterior plane. The velocity profiles again resem-
bled the baseline profile. The average maximum TI 
in the shear layer decreased only slightly, from 5.0% 
before to 4.6% after (Fig 5). These values were sig-
nificantly less than the baseline value of 11.7%. 
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Fig 4. Velocity and turbulence intensity (TI) profiles. Best-fit curves are indicated by solid lines. Hashed lines represent 95% 
confidence interval for each curve. A) Velocity profile in anterior coronal plane. B) Turbulence profile in anterior coronal plane. 
C) Velocity profile in middle coronal plane. D) Turbulence profile in middle coronal plane. E) Velocity profile in posterior coro-
nal plane. F) Turbulence profile in posterior coronal plane. TI — normalized rms velocity (U'/Umax); U' — rms velocity; Umax 
— maximum velocity. 
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EXPERIMENT 2 

Figure 6 displays the results of the incremental 
medialization (expressed in terms of the percentage 
of glottal area that was medialized) for 1 model in 
the middle and posterior planes. In the middle plane 
(Fig 6A), it is clear that the average maximum TI 
increased with increasing medialization, although 
the change is not significant for medialization up 
to 35%. Moving from 35% to 53% medialization, 
the TI dramatically increased (from 12% to 30%), 
even though the glottal gap decreased. In the poste-
rior plane, the TI likewise increased with increasing 
medialization (7.6% to 11%). 

DISCUSSION 
The purpose of the current study was to demon-

strate how changes in subglottal shape affect the TI 
of airflow entering the glottis. Previous literature has 
already shown that the smooth, converging shape of 
the conus elasticus acts to reduce the TI.13 This tur-
bulence reduction has clinical significance, since in-
creased levels of turbulence can lead to a decreased 
HNR and increased breathiness.10,11 Patients with 
UVFP typically suffer from a breathy voice and a 

decreased HNR.19 
For experiment 1, the TI was reduced even when 

the subglottis was fully medialized and the smooth-
ly converging shape was disrupted. However, visual 
inspection found that medialization of the subglot-
tis actually produced medialization of the trachea 
also, resulting in a fairly smooth transition at the 
subglottal-tracheal border. This finding was seen for 
all 4 cases and for many canine larynges in our other 
work. 

On the other hand, in experiment 2, the sharpness 
of the angle between the superior edge of the sub-
glottis and the inferior edge of the vocal fold de-
pended on the amount of medialization. The tran-
sition was fairly smooth up to 35% medialization. 
However, at 53% medialization, the transition was 
seen to be very sharp (ie, a very noticeable ledge 
was introduced). Similar findings have been quali-
tatively noted in our work with excised human and 
canine larynges. 

As opposed to experiment 1, all of the medial-
ization cases in experiment 2 resulted in a glottal 
gap; the smallest gap was seen in the case of 53% 
medialization. For experiment 2, the largest ARR is 
also seen in the case of 53% medialization. As de-
scribed in the Introduction, the TI usually decreases 
as the ARR increases. This would suggest that the 
TI should be lowest for the case of 53% medializa-
tion; however, the exact opposite finding was not-
ed. Our findings are most likely due to the fact that 
the transition between the subglottis and glottis was 
much smoother for medialization up to 35% than for 
medialization of 53%. As described previously, both 
the ARR and the smoothness of the transition are 
important for turbulence reduction. In experiment 2, 
it was noted that the effects of a sharp transition ne-
gate any turbulence reduction caused by area reduc-
tion; these findings are consistent with observations 
in fluid mechanics. 
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Fig 6. Average maximum TI for incremental medialization in A) middle shear layer and B) posterior shear layer (experiment 2). 
Amount of medialization is expressed as percentage of area of original glottal opening that is medialized. 

Fig 5. Average maximum TI (shear layer) for anterior, 
middle, and posterior coronal planes in experiment 1 
(presence of subglottal medialization). 
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The findings of experiment 2 suggest that large 
amounts of medialization of the glottis only will in-
troduce high amounts of turbulence even if the glot-
tal gap is closed. For smaller amounts of medializa-
tion, it may not matter whether the subglottis is me-
dialized. Experiment 1 suggests that complete medi-
alization of the subglottis does not introduce much 
turbulence. Our qualitative inspection of the silicone 
models and excised canine larynges showed that the 
transition is much smoother if the “ledge” is at the 
tracheal-subglottal level than if it is at the subglot-
tal-glottal level. Thus, this study suggests that the 
subglottis should be medialized, especially in the 
case of larger glottal gaps. 

However, there are several limitations of this 
study. First, silicone models were used to replicate 
a biological system. As noted previously, these dis-
advantages are weighed against benefits that come 
with using models.22 We are planning on repeating 
these experiments on excised canine and human la-
rynges. Additionally, in the current study we only in-
vestigated one substance (carved silicone block) for 

medializing the fold. Future research should investi-
gate how different substances (Gore-Tex, Radiesse, 
etc) differentially alter airflow patterns. Future stud-
ies should also directly investigate how changes in 
the ARR before and after medialization thyroplasty 
affect laryngeal airflow patterns.

CONCLUSIONS 

Medialization thyroplasty is a well-accepted pho-
nosurgical procedure for improving voice quality 
in patients with UVFP. Changes in the subglottal 
shape after medialization thyroplasty can alter the 
turbulence of airflow entering the glottis. Although 
it changes the shape of the subglottis, complete me-
dialization of the subglottis does not seem to af-
fect the turbulence reduction effect of the subglot-
tis. On the other hand, medialization of the glottis 
can introduce significant amounts of turbulence if 
the amount of medialization is large. The findings of 
this study suggest that the subglottis should be me-
dialized in medialization thyroplasty. However, this 
study needs to be repeated on excised larynges. 



Respiration-Related Laryngeal Electromyography in
Children With Bilateral Vocal Fold Paralysis
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Paul M. Pilowsky, MBBS, PhD

We present 2 case reports to demonstrate the relationship between laryngeal muscle activity and respiration in children 
with bilateral vocal fold paralysis (BVFP) by simultaneous laryngeal electromyography (EMG) with recording of chest 
wall movement and intercostal muscle EMG. Laryngeal EMG was performed together with recording of chest wall 
movement in a 55-day-old girl who was undergoing tracheostomy for idiopathic congenital BVFP. Normal phasic activ-
ity was observed, ie, the thyroarytenoid (TA) muscle was active during expiration and the posterior cricoarytenoid (PCA) 
muscle during inspiration, suggesting a good prognosis for recovery. The child was decannulated at 11 months. Laryngeal 
EMG together with recording of chest wall movement and intercostal EMG in a 5-year-old girl who was tracheostomy-
dependent following tracheoesophageal fistula repair due to BVFP showed phasic activity during expiration for both the 
TA and PCA muscles, indicating aberrant regeneration of the PCA motor nerve. The timing of laryngeal muscle activ-
ity with respiration in the assessment of pediatric congenital BVFP is essential to demonstrate the presence of normal 
or abnormal medullary respiratory neuronal input to laryngeal motoneurons. In cases in which BVFP is due to recurrent 
laryngeal nerve injury, respiration-related laryngeal EMG will identify aberrant regeneration. Laryngeal EMG should be 
combined with intercostal muscle EMG in the evaluation of children with significant vocal fold dysfunction of either 
central or peripheral origin.
Key Words: electromyography, larynx, synkinesis.
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INTRODUCTION
Neurons in the ventral respiratory group impart 

phasic excitatory and inhibitory postsynaptic in-
puts to cranial airway-controlling motoneurons and 
spinal respiratory pump muscle motoneurons,1 and 
thereby coordinate breathing with airway patency. 
La ryn geal motoneurons are located in the nucleus 
ambiguus, in the ventrolateral medulla, in proximity 
to these respiratory neurons. Posterior cricoarytenoid 
(PCA) motoneurons control the sole abductor mus-
cle of the larynx and impart an inspiratory firing 
pattern.2 Laryngeal adductor motoneurons exhibit a 
postinspiratory firing pattern.3

In our previous laryngeal electromyography 
(EMG) studies in young tracheostomy-dependent 
children with congenital bilateral vocal fold paraly-
sis (BVFP), we recorded motor unit action poten-
tials from both the thyroarytenoid (TA) and PCA 
muscles. Finding motor unit action potentials in the 
presence of vocal fold immobility led us to suggest 
that congenital BVFP occurred as a result of aber-

rant action of the laryngeal abductors and adductors 
with respect to the respiratory cycle.4 We did not, 
however, attempt to document the relationship be-
tween motor activity and the phase of respiration.

In recognizing this deficiency in conventional la-
ryngeal EMG, we resolved to identify the respira-
tory phase during which muscle activity occurred in 
children with BVFP. This was carried out initially 
by simultaneously recording chest wall movement 
with laryngeal EMG, and then by combined laryn-
geal and intercostal muscle EMG. The 2 cases of 
BVFP reported, one congenital and of central ori-
gin and the other due to bilateral recurrent laryngeal 
nerve injury, highlight the clinical value of respira-
tory-related laryngeal EMG in determining both the 
diagnosis and the prognosis of vocal fold immobil-
ity in children.

METHODS 
Laryngeal EMG was performed with the patient 

breathing spontaneously through a tracheostomy 
un der inhalational anesthesia with sevoflurane and 
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sup plemental oxygen. The EMG activity was re-
corded on an Axon Eclipse Neurological Worksta-
tion (Hauppauge Computer Works, Hauppauge, 
New York). A self-adhesive gel ground electrode 
was placed on the upper chest. A monopolar needle 
electrode (20 mm, 28 gauge) was used for the laryn-
geal EMG. A monopolar needle was preferred be-
cause its smaller size and recording area facilitated 
insertion, minimized soft tissue trauma, and enabled 
us to be sure that we were recording from the muscle 
of interest rather than from surrounding tissues.

The larynx was suspended for microlaryngos -
copy, and the EMG needle electrode was inserted 
under direct vision into the membranous vocal fold 
to record from the TA muscle. The anesthesia was 
lightened, and recording continued until patient 
movement required deepening of the anesthesia. 
This was repeated after electrode insertion into the 
ipsilateral PCA muscle on the posterior aspect of the 
posterior cricoid lamina, and then into the contra-
lateral TA and PCA muscles. Success of needle in-
sertion was guided by the auditory representation 
of EMG activity and direction from the neurologist 
studying the recording. Several needle insertions 
were made into each muscle in order to optimize 
the EMG trace. Artifact was minimized by switch-
ing off all nonessential electrical instruments in the 
operating theater.

A twisted pair of subdermal needle electrodes 
were used for intercostal muscle EMG. The active 
electrode was inserted in the left ninth intercostal 
muscle, and the reference electrode over the ninth 
rib. Chest wall movement was recorded by means of 
a sin gle respiration band with a Nicolet piezo effort 
sensor, and was correlated with EMG activity by vi-
sual comparison and simultaneous recording.

The Royal Children’s Hospital Ethics and Re-
search Committee determined that formal approval 
was not required for this case report, but on their ad-
vice, written consent was obtained from the parents 
of the children studied.

RESULTS

Case 1. A female infant was born at term by nor-
mal vaginal delivery weighing 3,295 g with Apgar 
scores of 8 and 9, but developed inspiratory stridor 
and chest retractions at 15 minutes. She was trans-
ferred to the neonatal intensive care unit at the Royal 
Children’s Hospital, Melbourne, and commenced on 
nasal continuous positive airway pressure (CPAP) 
and oxygen.

At awake flexible laryngoscopy performed on 2 
occasions, the vocal folds were in an adducted posi-
tion with only a minor degree of right vocal fold ab-
duction during inspiration. No other clinical abnor-
malities were detected. The results of direct lar yn-
goscopy and assessment of passive mobility of the 
vocal folds, together with bronchoscopy, were nor-
mal. Magnetic resonance imaging of the brain and 
brain stem yielded normal findings.

The CPAP was discontinued on day 35, but re-
commenced on day 46. The infant remained CPAP-
dependent, and underwent tracheostomy and laryn-
geal EMG on day 55. Laryngeal EMG showed pha-
sic activity of the TA muscle on expiration and pha-
sic activity of the PCA muscle on inspiration (Figs 
1 and 2).

Development of purposeful vocal fold function 
was found on subsequent awake flexible laryngos-
copy at 11 months. Although the vocal fold adduc-
tion was partial, it was considered adequate for de-
cannulation, which was successfully performed. A 
tracheocutaneous fistula was closed at 17 months.

Case 2. This girl, born at 31 weeks weighing 
1,540 g, had esophageal atresia and a distal tra  - 
che o  esophageal fistula. Additional abnormalities in-
cluded tracheobronchomalacia, an interrupted in fe-
rior vena cava, sensorineural hearing loss, and dys-
morphism. The tracheoesophageal fistula was li-
gated and end-to-end anastomosis of the esophagus 
was carried out via a right thoracotomy on day 2. 
Fundoplication and gastrostomy were performed at 
10 weeks. Prolonged intubation was necessary from 

Fig 1. (Case 1) A) Electromyography of left thy-
roarytenoid muscle. B) Respiration band. Inspiration is 
shown as downward deflection.

Fig 2. (Case 1) A) Electromyography of left posterior 
crico arytenoid muscle. B) Respiration band. Inspiration 
is shown as downward deflection.
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birth because of respiratory failure and tracheobron-
chomalacia. The child was weaned off ventilation, 
but remained intubated with a CPAP requirement, 
and underwent tracheostomy at 4 months.

The otolaryngology department was first involved 
at 11 months, and a diagnosis of BVFP was made af-
ter awake flexible laryngoscopy that revealed both 
vocal folds in an adducted position with only a min-
imal gap during inspiration. This finding was con-
firmed by subsequent examination on a number of 
occasions. Despite the history of prolonged endotra-
cheal intubation, there was no significant laryngeal 
stenosis and the cricoarytenoid joints were mobile 
on microlaryngoscopy. The tracheobronchomalacia 
had resolved on bronchoscopy.

Laryngeal EMG was performed at 4 years 5 
months. Both the right and left TA muscles showed 
phasic activity during expiration (Figs 3 and 4). Both 
the right and left PCA muscles also showed phasic 
activity during expiration (Figs 5 and 6). The child 
remains cannulated at 5 years 2 months.

DISCUSSION

Activity of the laryngeal abductor and adductor 
muscles at an inappropriate phase of respiration is 
well recognized as a cause of vocal fold immobil-
ity and, as underscored by the 2 cases reported, may 
have central or peripheral causes. The PCA muscle, 

the sole abductor of the larynx, is active during in-
spiration,2 whereas the TA muscle, a laryngeal ad-
ductor, fires during the postinspiration phase.3

Laryngeal EMG interpretation has traditionally 
focused on identification of either normal motor 
unit potentials or patterns suggestive of laryngeal 
muscle denervation. However, the diagnostic value 
of laryngeal EMG is incomplete without an analysis 
of the phase of respiration during which muscle ac-
tivity occurs.

We previously obtained normal EMG recordings 
from children with congenital BVFP, but did not 
correlate phasic laryngeal muscle activity with the 
respiratory cycle.4 Clearly, this is essential in eluci-
dating any underlying abnormality of pontomedul-
lary control imparted to laryngeal motoneurons. In 
a study of the natural history of congenital BVCP in 
a small group of tracheostomy-dependent children, 
we found that spontaneous improvement sufficient 
to allow decannulation occurred in the second quin-
quennium.5 The child reported in case 1 was decan-
nulated early at only 11 months, and was found to 
have a normal pattern of TA and PCA muscle ac-
tivity with respiration. This EMG finding could be 
regarded as a positive prognostic feature in congeni-
tal BVFP that is indicative of early decannulation. 
Confirmation of the prognostic value would require 
comparison with laryngeal EMG findings in other 
children with congenital BVFP and their long-term 
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Fig 6. (Case 2) A) Electromyography of left posteri-
or crico ary tenoid muscle. B) Electromyography of left 
ninth intercostal muscle. C) Respiration band. Inspira-
tion is shown as upward deflection.

Fig 3. (Case 2) A) Electromyography of right thy-
roarytenoid muscle. B) Electromyography of left ninth 
intercostal muscle. C) Respiration band. Inspiration is 
shown as upward deflection.

Fig 4. (Case 2) A) Electromyography of left thy-
roarytenoid muscle. B) Electromyography of left ninth 
intercostal muscle. C) Respiration band. Inspiration is 
shown as upward deflection.

Fig 5. (Case 2) A) Electromyography of right posteri-
or crico arytenoid muscle. B) Electromyography of left 
ninth intercostal muscle. C) Respiration band. Inspira-
tion is shown as upward deflection.



follow-up.

Recording of the respiratory cycle with simulta-
neous laryngeal EMG in congenital BVFP will also 
allow us to test our hypothesis regarding the under-
lying neurochemical disorder responsible for con-
genital BVFP. Together with Dutschmann and Pa-
ton,6 we found that systemic administration of the 
glycine antagonist strychnine causes respiratory 
neurons that normally fire during the postinspiration 
phase to instead fire during inspiration. Consequent-
ly, we proposed that glycine deficiency could cause 
laryngeal adductor motoneurons to fire during inspi-
ration and result in sustained laryngeal adduction, as 
observed in congenital BVFP.7

Recurrent laryngeal nerve injury is a well-recog-
nized complication of esophageal atresia surgery in 
neonates, and BVFP has also been described follow-
ing this surgery.8 Bilateral recurrent laryngeal nerve 
injury appears to be the most likely explanation for 
the persistent BVFP found in case 2. The laryngeal 
EMG findings of synchronous laryngeal adductor 
and abductor activity during expiration indicate that 
the ongoing immobility observed clinically is due to 
synkinesis as a consequence of aberrant regenera-
tion of the motor fibers to the PCA muscle by axons 
from laryngeal adductor motoneurons. Spontaneous 
improvement in vocal fold function would not be 
expected to occur.

Correlation of bursting activity of laryngeal EMG 
with the phase of respiration has previously been de-
scribed. Jacobs and Finkel8 reported phase-specif-
ic laryngeal EMG findings in anesthetized children 
with vocal fold immobility. One group of children 
was found to have TA muscle activity during inspi-
ration and PCA muscle activity during expiration. 
Laryngeal EMG activity was recorded and correlat-
ed with the respiratory phase by one neurologist.8 
The means by which timing of the respiratory phase 
was carried out was not described, but presumably 
was based on comparing laryngeal muscle activity 
with observed chest wall movement. Woo and Man-
garo9 reported aberrant recurrent laryngeal nerve re-
innervation in adults based on laryngeal EMG show-
ing TA muscle activity during inspiration. Again, the 
means of identification of the respiratory phase of 
bursting activity was not stated. Correlation with 
observed chest wall movement is, however, subjec-
tive and imprecise and does not allow postexamina-
tion review of data.

Whereas others have identified the presence of 
synkinesis in adults with vocal fold immobility by 
laryngeal EMG during purposeful actions such as 
phonation and sniffing,10,11 Xu et al12 confirmed the 

diagnosis of laryngeal synkinesis by synchronous 
analysis of EMG of the PCA and TA muscles. There 
was synchronous activity during inspiration and on 
phonation and cough.12 This sophisticated approach 
to the EMG diagnosis of synkinesis underscores the 
preferred definition of this condition by Blitzer et 
al10 as simultaneous isometric contraction of antag-
onistic muscles. The technique of simultaneous re-
cording of TA and PCA muscles is, however, techni-
cally difficult in a young child and does not provide 
objective documentation of respiratory phases.

Luschei et al13 recorded chest and abdominal 
movement and tracheal pressure changes during la-
ryngeal EMG to compare the rate of bursts of EMG 
activity with the respiratory rate in adults during 
spontaneous laughter. As is apparent in Figs 1-6, re-
cording chest wall movement does not accurately 
demonstrate the onset and cessation of the phases 
of respiration.

Timing of laryngeal adductor and adductor muscle 
activity is most elegantly performed by synchronous 
intercostal EMG. Intercostal muscle activity repre-
sents the motor output of the phrenic nerve, which 
serves as the hallmark of inspiration. Each laryngeal 
muscle can be studied independently, a permanent 
record of data is available for subsequent analysis, 
and the relationship between laryngeal adductor and 
abductor muscle activity and respiration can be pre-
cisely determined to demonstrate abnormalities of 
laryngeal adductor or abductor function. In addition 
to accurate clinical diagnosis, this technique may 
potentially also provide information for research on 
the respiratory neuronal network and the relation-
ship that exists between control of respiration and 
airway patency. Care needs to be exercised, how-
ever, in inserting subdermal intercostal electrodes, 
to maintain a superficial plane and avoid penetration 
through the pleura.

The subjects reported herein have undergone la-
ryngeal EMG on a single occasion, with that testing 
providing valuable insight into the pathophysiology 
of their vocal fold paresis. This has improved diag-
nosis and prognostication, and has guided tracheos-
tomy decannulation. Serial studies would be of inter-
est in further delineating the natural history of BVFP 
and refining treatment strategies for this condition. 
Ideally, subsequent studies should be planned to be 
performed at a time when other procedures are car-
ried out under general anesthesia.

Laryngeal EMG should be routinely combined 
with intercostal muscle EMG in the evaluation of 
children with significant vocal fold dysfunction of 
either central or peripheral origin.
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Relaxation Thyroplasty for Mutational Falsetto Treatment 
Marc Remacle, MD, PhD; Nayla Matar, MD; Ingrid Verduyckt, MSc; Georges Lawson, MD

Mutational falsetto voice is considered to be a psychogenic disorder associated with the rejection of adulthood. The ini-
tial treatment must include speech therapy and psychotherapy. However, delayed treatment and denial of the problem 
can cause the disorder to become recalcitrant to behavioral treatment. Modified relaxation (type III) thyroplasty was 
proposed by Isshiki to shorten the vocal folds and release tension by incising and depressing the anterior segment of the 
thyroid cartilage. This procedure is called relaxation thyroplasty by a medial approach (anterior commissure retrusion) 
in the European Laryngological Society classification system. It results in a lowering of the vocal pitch. The surgery can 
be performed under local or general anesthesia. It should only be considered for cases not improved by speech therapy 
and psychological counseling. Our series included 7 male patients with a mean age of 21 years who underwent modified 
relaxation thyroplasty after failure of behavioral management. The assessment of outcomes was based on changes in the 
fundamental frequency of the voice and the Voice Handicap Index. The mean fundamental frequency was lowered from 
187 Hz to 104 Hz (p < 0.001), and the mean Voice Handicap Index was improved from 70 to 21. There were no postop-
erative complications. The voice results were consistent over a mean follow-up of 17 months. Modified relaxation Is-
shiki (type III) thyroplasty is a successful treatment option for lowering vocal pitch in cases of mutational falsetto voice 
recalcitrant to conservative therapy. 
Key Words: Isshiki type III thyroplasty, mutational falsetto, relaxation thyroplasty. 
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INTRODUCTION

Mutational falsetto, or puberphonia, is the failure 
of the voice to drop to a normal pitch at puberty. 
Hoarseness, breathiness, pitch breaks, inadequate 
resonance, shallow breathing, muscle tension, and 
lack of pitch variability are possible accompanying 
symptoms. Common complaints are vocal fatigue 
and an inability to shout or to be heard speaking 
over background noise. This disorder exists when 
there is some psychological reason for an individual 
to resist the maturing and lowering pitch of the adult 
voice and thereby maintain the higher pitch of a pre-
adolescent. Mutational falsetto is much more com-
mon in male adolescents, but can also exist in female 
adolescents. Frequent reasons cited for patients to 
resist the natural lowering of vocal pitch with pu-
berty and to develop mutational falsetto are feelings 
of embarrassment about one’s “new” voice, failure 
of a boy to accept his adult role, overidentification 
of a boy with his mother, social immaturity, desire to 
maintain a soprano singing voice, and muscle inco-
ordination or dysfunction with no known cause. 

The high-pitched voice characteristic of muta-
tional falsetto is a result of increased tension and 
contraction of the muscles in the larynx that cause 

the pitch to elevate.1 
Mutational falsetto is typically responsive to 

voice therapy,2 but if psychological resistance is 
strong, psychotherapy may be necessary to maintain 
the more adult voice quality.3 Temporary deactiva-
tion of the cricothyroid muscles by injection of 15 
units of botulinum toxin into each muscle, forcing 
adoption of a more appropriate vocal mechanism, 
has been reported.4 

In patients who have failed to respond to these 
conservative treatments, surgical intervention has 
been recommended. Isshiki proposed lowering the 
vocal pitch by anteroposterior relaxation or thyro-
plasty III.5-7 This resulted in shortened vocal folds 
with reduced tension. The first version of this relax-
ation thyroplasty, also called retrusion thyroplasty, 
consisted of bilateral excision of 2- to 3-mm vertical 
strips of thyroid cartilage. A second, modified ver-
sion achieved a similar result by incising the thyroid 
lamina bilaterally and depressing the anterior seg-
ment of the thyroid cartilage.8-11 This modified ver-
sion is called relaxation thyroplasty by a medial ap-
proach (anterior commissure retrusion) in the Euro-
pean Laryngological Society classification system12 
(Fig 1). Finally, less invasive modifications were 
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Fig 1. Type III thyroplasty according to Isshiki (second version). Shortening of vocal folds is performed by incising and depress-
ing anterior segment of thyroid cartilage. 

Fig 2. Midline mid–thyroid cartilage horizontal skin in-
cision (4 cm). 

proposed by Tucker13 and Kocak et al.14 In Tuck-
er’s13 modification, a superiorly based cartilage 
flap is depressed at the level of the anterior com-
missure, and in the modification of Kocak et al,14 
a window at the anterior commissure is created and 
retruded. This has been named window relaxation 
thyroplasty. 

We here report 7 cases of mutational falsetto voice 
managed with a modified version of the Isshiki type 
III thyroplasty or relaxation thyroplasty by a medial 
approach according to the classification system of 
the European Laryngological Society. More conser-
vative management options had failed in all cases.

MATERIALS AND METHODS

This study received the approval of the ethics 
committee of our university. Our series included 7 
male patients who underwent surgical intervention 
between 2001 and 2008. The subjects had a mean 
age of 21 years and presented with a mutational fal-
setto voice that was unresponsive to voice therapy 
and psychological counseling. 

Voice assessment was performed before and after 
operation. This included evaluation of fundamental 
frequency and the Voice Handicap Index.15,16 One 
clinical indicator of potential success used before 
surgery is to manually depress the leading edge of 
the thyroid cartilage posteriorly while evaluating 
the voice for favorable change in pitch and quality.5 
Statistical analysis was performed with Student’s t-
test. Results were considered statistically significant 
when the p value was less than 0.05.

The surgical setup is similar to that for medial-
ization thyroplasty. The procedure can be performed 
under local or general anesthesia. If general anesthe-
sia is preferred, use of ventilation through a larynge-
al mask is recommended to free the glottis and allow 

transnasal laryngoscopy. The patient is premedicat-
ed and monitored by an anesthesiologist throughout 
the procedure. Cottonoids soaked in 4% tetracaine 
hydrochloride and topical epinephrine are inserted 
into the nose on the more patent side. The neck is 
prepared, and a malleable arm is used to support the 
drapes and create a nonsterile space for the endosco-
pist. Sterile drapes are applied, and a 4-cm horizon-
tal midline incision site is marked at the level of the 
middle of the thyroid cartilage (Fig 2). The soft tis-
sues are infiltrated with 1% lidocaine hydrochloride 
with 1:100,000 of epinephrine. The skin incision is 
carried down through the pla tysma muscle, and su-
perior and inferior subplatysmal flaps are raised. A 
midline vertical incision is made down to the peri-
chondrium, separating the strap muscles at the me-
dian raphe. Vertical incisions in the thyroid lamina 
are made 5 mm posterior to the anterior commis-
sure and extended from the superior rim to the in-



ferior rim of the thyroid cartilage (Fig 3). Calcified 
cartilage requires the use of a fine side-end cutting 
bur. Cuts should extend through the outer perichon-
drium and the thyroid cartilage, but stop just short 
of the inner perichondrium to avoid inner perichon-
drium injury. The anterior 1 cm of inner perichon-
drium is carefully elevated from the posterior carti-
lage segment with an angled elevator. The anterior 
cartilage segment with an attached Broyles ligament 
is then retrodisplaced into the larynx, and the poste-
rior segments are allowed to override laterally (Fig 
4). The endoscopist then positions the flexible en-
doscope and observes the adjustment of the degree 
of retrusion. The segments of thyroid cartilage are 
secured in position with 3-0 nylon sutures (Fig 5). 

The wound is closed in layers with 3-0 polyglycolic 
acid and 4-0 monofilament nylon sutures. A drain is 
usually not necessary. The patient is kept on relative 
voice rest overnight. Although empiric, use of pro-
ton pump inhibitors (omeprazole 20 mg by mouth 
twice per day), antibiotics, and steroid aerosols is 
prescribed for 4 to 5 days. The patient is discharged 
the day after surgery and returns in 1 week for suture 
removal, stroboscopy, and evaluation by our speech 
pathologist.5,8,17

RESULTS

There were no early or late postoperative com-
plications. The mean fundamental frequency was 
improved from 187 to 104 Hz (p < 0.001), and the 
mean Voice Handicap Index was improved from 70 
to 21 (see Table). The results were consistent across 
a mean follow-up time of 17 months. Vocal rough-
ness was observed in some patients for the first few 
postoperative weeks. In these cases, voice therapy 
was initiated and helped achieve better voice, which 
alleviated patient anxiety. 

Stroboscopy showed that the vocal folds vibrated 
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Fig 5. Segments of thyroid cartilage are secured in posi-
tion.

BREAKDOWN OF PATIENT SCORES
 Fundamental Voice Handicap
 Frequency (Hz) Index
 Patient Preop Postop Preop Postop
 1 185 78 47 21
 2 196 117 95 31
 3 192 95 87 25
 4 140 75 68 20
 5 210 160 78 29
 6 190 95 56 5
 7 195 110 58 20

Fig 3. Vertical incisions are placed 5 mm posterior to 
midline, extending from superior rim to inferior rim of 
thyroid cartilage. 

Fig 4. Anterior cartilage segment is retrodisplaced into 
larynx, allowing posterior segments to override laterally. 



at a lower frequency and in a regular pattern. Jitter 
and shimmer remained in the normal range.

DISCUSSION 
Isshiki type III relaxation thyroplasty should only 

be considered for patients in whom speech therapy 
and psychological counseling fail.2,18 Isshiki5 pro-
posed that all patients undergo voice therapy for 3 
to 6 months as a trial regardless of the history or 
examination findings, and stated that only those pa-
tients who are not permanently cured and who re-
quest surgery should be operated upon. Following 
these guidelines, we only operated on 7 patients 
between 2001 and 2008. All of our patients were 
young adults who desired a more normal voice for 
their professional and/or social lives. Also, it is our 
experience that the later conservative therapy is in-
stituted, the less likely it is to be effective.

In our experience, the procedure can be per-
formed equally well under local or general anesthe-
sia, because unlike in medialization laryngoplasty, 
during which the vocal fold can be incrementally 
medialized, the posterior displacement of the ante-
rior cartilage segment cannot be adjusted progres-
sively. Thus, hearing the voice during surgery is less 
important. However, visual inspection of the airway 
and the resultant vocal fold relaxation at the glottic 
level is of paramount importance and must be ac-
complished through transnasal laryngoscopy or lar-
yngoscopy through a laryngeal mask airway. 

Isshiki5 emphasized that the diagnosis of muta-
tional voice disorder should be reserved for cases 
in which no organic disorder can be found, eg, the 
female type of thyroid ala, scarring, or congenital 
or acquired atrophy along the vocal fold (sulcus 
vocalis). Isshiki type III relaxation thyroplasty can 
also be performed for these organic disorders, but 
the postoperative results are generally not as good, 

because the rheological deviation of the vocal fold 
is greater.5,7,8

Slavit et al9 observed a decrease in frequency, a 
regular pattern of vibration, and no increase in jitter 
or shimmer quotient in 2 patients with more than 1 
year of follow-up. Kocak et al14 reported their expe-
rience with type III thyroplasty in 21 adult patients 
who believed that their high-pitched voices con-
flicted with their body image and/or gender iden-
tity. This series included 14 cases of sulcus vocalis, 
5 cases with constitutional causes, 1 case of muta-
tional falsetto, and 1 case of severe glottic scarring 
secondary to childhood diphtheria. After surgery, 
the fundamental frequency dropped significant-
ly, from a mean of 213.81 Hz to 149.86 Hz (p < 
0.001), and misperception leading to an abnormal 
body image was reduced by 86%. Fourteen patients 
who originally had feelings of tension and fatigue 
during phonation and vocalization gained comfort 
from the operation. Diplophonia with subharmonic 
signals, observed before operation in 11 cases, was 
reduced or resolved in 6 cases. Isshiki type III relax-
ation thyroplasty was also used for adductor spas-
modic dysphonia, but the results were unpredictable 
and cases were more refractory to chemolysis with 
Bo tox after surgery if symptoms recurred.8 Tucker19 
re ported 63% improvement and suggested that those 
in whom thyroplasty failed might then be candidates 
for recurrent laryngeal nerve section.

CONCLUSIONS 

Modified relaxation Isshiki (type III) thyroplasty, 
or relaxation thyroplasty by a medial approach ac-
cording to the classification of the European Lar-
yngological Society, can be performed as a possible 
treatment for lowering the vocal pitch in cases of 
mutational falsetto voice after failure of conserva-
tive therapy. 
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Predictors of Aspiration Pneumonia Following Radiotherapy
for Head and Neck Cancer      

Michael T. Purkey, MD; Marc S. Levine, MD; Brandon Prendes, MD;
M. Frank Norman, PhD; Natasha Mirza, MD

Objectives: Aspiration following radiotherapy for head and neck cancer (HNC) is a common event, but not all patients 
with aspiration will develop pneumonia. Our aim was to identify predictors of pneumonia in patients with aspiration fol-
lowing radiotherapy for HNC.
Methods: We performed a retrospective study of 52 patients referred for modified videofluoroscopic barium swallow 
(MVBS) testing at our institution from 2003 to 2007 in order to identify clinical variables associated with the diagnosis 
of aspiration pneumonia. 
Results: Independent risk factors for the development of pneumonia were tracheobronchial aspiration on MVBS testing 
(odds ratio [OR], 5.0; 95% confidence interval [CI], 1.2 to 20.5; p = 0.025), malnutrition (OR, 4.4; 95% CI, 1.3 to 14.7; 
p = 0.018), and smoking history (OR, 1.04 per pack-year; 95% CI, 1.01 to 1.07; p = 0.011).  Through logistic regression 
analysis, we developed a bivariate predictive model with a sensitivity of 58%, a specificity of 90%, a positive predictive 
value of 79%, and a negative predictive value of 77% for the development of aspiration pneumonia in our patient popu-
lation.
Conclusions: Depth of aspiration on MVBS testing, malnutrition, and smoking history were strongly associated with 
the development of aspiration pneumonia in our patient population. The use of clinical variables to determine the risk of 
aspiration pneumonia is feasible and may help identify high-risk patients.
Key Words: aspiration, head and neck cancer, irradiation, pneumonia.       
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INTRODUCTION
Preoperative and postoperative radiotherapy has 

a central role in the treatment of many head and 
neck malignancies. Furthermore, the use of prima-
ry chemoradiation therapy in the treatment of head 
and neck cancer (HNC) is increasing because of im-
proved locoregional control and overall survival.1,2 
Preservation of physiologic function is a major con-
cern of patients receiving primary or adjunctive ra-
diotherapy. Accordingly, there are a number of acute 
and late complications of radiotherapy to the head 
and neck region that must be considered when ad-
vising patients with HNC, including mucositis, xe-
rostomia, pain, depression, nutritional deficiency, 
dysphagia, and aspiration.3,4

Aspiration is one of the most severe side effects 
of chemoradiation therapy for HNC. In prospective 
studies, this complication has been shown to occur 
in up to 62% of patients 1 year after therapy.5 A sub-
set of patients who aspirate will go on to develop 
aspiration pneumonia, a condition that carries a sig-

nificant risk of mortality.6 The development of aspi-
ration pneumonia is a multifactorial process that de-
pends on entry of oropharyngeal flora into the respi-
ratory tract and the subsequent failure of the body’s 
normal defense mechanisms to successfully clear 
the inoculum. The depth of aspiration (which indi-
cates the severity of aspiration) on a modified vid-
eofluoroscopic barium swallow (MVBS) study has 
been shown to correlate with the risk of pneumo-
nia7; however, few studies have addressed the risk 
factors for aspiration pneumonia in patients receiv-
ing chemoradiation for HNC. The aim of our study 
was to elucidate clinical and radiographic character-
istics that might predict the development of pneu-
monia in this group of patients.

METHODS

We performed a retrospective review of 52 pa-
tients referred for the evaluation of dysphagia after 
radiotherapy for HNC between 2003 and 2007. A 
radiology database of all MVBS studies performed 
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during this time period was reviewed to identify 
these 52 patients. We included all patients with stage 
I to IV squamous cell carcinoma (SCC) of the na-
sopharynx, oral cavity, oropharynx, or larynx who 
underwent radiotherapy with or without the con-
comitant use of chemotherapy. Additionally, we in-
cluded 6 patients who received postoperative radio-
therapy for an occult primary SCC of the neck, and 
7 patients with non-SCC malignancies in the head 
and neck region. Six of the 7 patients with non-SCC 
malignancies underwent postoperative radiotherapy 
after primary tumor resection, including 2 patients 
with metastatic papillary thyroid cancer, 2 patients 
with adenoid cystic carcinoma, and 2 patients with 
sinonasal sarcoma. There also was 1 elderly patient 
who received primary radiotherapy for an unresect-
able carotid paraganglioma. Patients were exclud-
ed from analysis if they had prior radiotherapy per-
formed for a cause unrelated to their head and neck 
malignancy or if they had prior surgery (including 
but not limited to primary tumor resection) involv-
ing the nasopharynx, oropharynx, or larynx. Patients 
with primary tumor resection not involving these 3 
anatomic locations, and those who underwent neck 
dissection, were included in this study. Patients with 
other head and neck lesions, those who had docu-
mented recurrent primary lesions, and those who 
were lost to follow-up or had died within 6 months 
of the date of the MVBS study were also excluded.  

The results of the MVBS study, the presence of 
a tracheostomy tube, pneumonia history (6 months 
before or after the date of the MVBS study), past 
medical and social histories, gastrostomy tube de-
pendence, feeding history, and serum albumin levels 
were collected. As in previous studies, a diagnosis 
of pneumonia required documentation of an opac-
ity on chest radiographs combined with 2 or more 
of the following criteria: temperature greater than 
100°F, white blood cell count greater than 10 × 103/
μL, positive sputum cultures, dyspnea, chest pain, 
or cough.7,8 

Method of MVBS Study. The MVBS studies in 
our patient population were obtained by having the 
patient ingest a high-density barium suspension in 
frontal, lateral, and, if necessary, oblique positions 
with video recordings during swallowing.  Depend-
ing on the patient’s condition, the studies were per-
formed with the patient standing on the footrest of 
the fluoroscopy table or seated in a speech therapy 
chair. A speech therapist often was present to assist 
the radiologist performing the examination. Unless 
marked aspiration of high-density barium was ob-
served, the patient subsequently was asked to swal-
low a low-density barium suspension, a barium 
paste, or barium-impregnated food substances such 

as cookies or crackers. 
All examinations were interpreted by 1 of 2 senior 

attending radiologists. We retrospectively reviewed 
the radiology reports of the 52 patients in this study 
to classify them into 1 of 5 groups7: patients with 
normal swallowing (group 0); patients with abnor-
mal swallowing but no laryngeal penetration or tra-
cheobronchial aspiration (group 1); patients with la-
ryngeal penetration (group 2); patients with tracheo-
bronchial aspiration (group 3); and patients with si-
lent tracheobronchial aspiration (group 4). 

Statistical Analysis. The 3 lowest and 2 highest 
categories of swallowing function or dysfunction on 
MVBS study were combined, yielding a new MVBS 
study variable with 2 categorical values. Categori-
cal variables were reported as frequencies and per-
centages. Continuous variables were reported as a 
mean and dichotomized as necessary by use of es-
tablished clinical values. Associations were tested 
with logistic regression analysis, yielding odds ra-
tios (ORs), 95% confidence intervals (CIs) for ORs, 
and 2-tailed p values. We considered 2-tailed p val-
ues of less than 0.05 to be statistically significant. In 
addition to analyses with single predictors, a mul-
tivariable backward stepwise likelihood ratio logis-
tic regression analysis of pneumonia was performed 
with multiple predictors, including MVBS study, 
smoking history, malnutrition, and age. Statistical 
analyses were performed with SPSS version 15.0 
software.

Our Institutional Review Board approved all as-
pects of this retrospective study and did not require 
informed consent from any patients whose radio-
graphic or medical records were included in our 
study. This investigation also was compliant with 
the Health Insurance Portability and Accountability 
Act.

RESULTS 

Clinical Findings. Our study group included 39 
men and 13 women who presented with dysphagia 
after undergoing radiotherapy for malignancy of 
the head and neck region (Table 1). The mean age 
of our population was 61.3 years (range, 21 to 95 
years). The pathologic diagnoses of the primary 
malignancy included SCC of the head and neck in 
44 patients (84.6%), adenoid cystic carcinoma in 2 
(3.8%), papillary thyroid carcinoma in 2 (3.8%), sar-
coma in 2 (3.8%), paraganglioma in 1 (1.9%), and 
unknown HNC in 1 (1.9%). Thirty-three patients 
(63.5%) received concomitant chemotherapy, and 
29 (55.8%) underwent a neck dissection. Forty pa-
tients (76.9%) had placement of gastrostomy tubes, 
and 18 patients (34.6%) were classified as malnour-



TABLE 1. DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS

Age (y; mean ± SD) 61.3 ± 13.9
Male 39 (75%)
Tumor location
 Nasopharynx 6 (11.5%)
 Oral cavity 1 (1.9%) 
 Oropharynx 23 (44.2%) 
 Larynx 9 (17.3%) 
 Thyroid gland 2 (3.8%) 
 Neck (unknown primary) 6 (11.5%) 
 Salivary gland 2 (3.8%) 
 Paranasal sinus 2 (3.8%) 
 Other  1 (1.9%)
Chemotherapy
 Yes 33 (63.5%) 
 No 19 (36.5%)
Neck dissection
 Yes  29 (55.8%) 
 No 23 (44.2%)
Tracheostomy 7 (13.5%)
Pneumonia diagnosis*
 ×1 20 (38.5%) 
 ×2 6 (11.5%) 
 ×3 2 (3.8%)
Medical history
 Cerebrovascular accident or transient 3 (5.8%)
  ischemic attacks 
 Chronic obstructive pulmonary disease 5 (9.6%) 
 Heart failure 4 (7.7%) 
 Diabetes mellitus 9 (17.3%) 
 Gastrointestinal disease 16 (30.8%)
Gastrostomy tube placement 40 (76.9%)
Skilled nursing placement 5 (9.6%)
Smoking history
 Yes 34 (65.4%) 
 Mean pack-years 31.3 
 Currently smoking 3 (5.8%)
Malnutrition† 17 (32.7%)
Mean No. of medications 4.9

*Diagnosis made ±6 months from date of modified videofluoroscop-
ic barium swallow study.

†Defined as serum albumin value of <2.5 g/dL.

TABLE 2. RESULTS OF MODIFIED
VIDEOFLUOROSCOPIC BARIUM SWALLOW STUDY

 Patients 
 Degree of Aspiration* No. %
 0  1 1.9 
 1  5 9.6 
 2  12 23.1
 3  16 30.8 
 4  18 34.6

*0 — normal swallowing; 1 — abnormal swallowing but no laryn-
geal penetration; 2 — laryngeal penetration; 3 — tracheobronchial
aspiration; 4 — silent aspiration.
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ished (defined by a serum albumin value of less than 
2.5 g/dL). 

A significant smoking history was reported by 34 
patients (65.4%), with a mean pack-year history of 
31.3 (range, 1 to 100 pack-years). Only 3 patients 
(5.8%) reported the use of tobacco at some time dur-
ing the study period. Chronic obstructive pulmonary 
disease was diagnosed in 5 patients (9.6%). Gas-
trointestinal disease (30.8%) and diabetes mellitus 
(17.3%) were the most frequent comorbidities. 

Twenty-eight episodes of pneumonia were diag-

nosed in 20 patients in the 6 months before and af-
ter the date of their respective MVBS studies. Of 
the patients with recurrent episodes of pneumonia, 
6 patients developed pneumonia twice, and 2 pa-
tients were found to have pneumonia 3 times during 
the study period. The average age of the 20 patients 
who developed pneumonia was 65.6 years (range, 
41 to 95 years). Fourteen patients reported a smok-
ing history of greater than 30 pack-years. Nine of 
these patients (64.3%) developed at least 1 episode 
of pneumonia during the study period. Similarly, 11 
of 18 patients (61.1%) who were classified as mal-
nourished developed at least 1 episode of pneumo-
nia during the study period. 

Radiographic Findings. The MVBS study reports 
of our study population were classified into 1 of 5 
cate gories (groups 0 to 4) as summarized in Table 
2. In this high-risk population referred for clini-
cal symptoms of dysphagia, only 1 patient had an 
MVBS study result interpreted as normal (group 0), 
whereas 34 patients (65.4%) had aspiration of bari-
um into the tracheobronchial tree (groups 3 and 4), 
and 18 patients (34.6%) had no cough reflex after 
tracheobronchial aspiration (group 4). In the 18 pa-
tients without evidence of tracheobronchial aspira-
tion (groups 0, 1, and 2), only 3 (16.7%) had an epi-
sode of pneumonia. Conversely, in the 34 patients 
with tracheobronchial aspiration (groups 3 and 4), 
17 (50%) had at least 1 episode of pneumonia. 

Statistical Analysis of Clinical and Radiographic 
Data. We used logistic regression analysis to evalu-
ate clinical and radiographic predictors of the diag-
nosis of pneumonia. The significant univariate risk 
factors for the development of pneumonia in our pa-
tient population were evidence of tracheobronchi-
al aspiration (group 3 or 4 classification on MVBS 
study; OR, 5.0; 95% CI, 1.2 to 20.5; p = 0.025), a 
diagnosis of malnutrition (OR, 4.4; 95% CI, 1.3 to 
14.7; p = 0.018), and smoking history (OR, 1.04 per 
pack-year; 95% CI, 1.01 to 1.07; p = 0.011). Both 
age at date of MVBS study (p = 0.085) and number 
of reported medications (p = 0.072) also approached 



statistical significance. Also of note, neither receiv-
ing chemotherapy (p = 0.35) nor the presence of a 
gastrostomy tube (p = 0.23) was associated with the 
development of pneumonia.

Multivariable logistic regression analysis of risk 
factors for the diagnosis of pneumonia led to a sim-
ple yet useful bivariate model. The analysis initial-
ly included 4 predictors: the degree of aspiration on 
MVBS study, smoking history, diagnosis of malnu-
trition, and age, but the latter 2 predictors were re-
moved by backward stepwise elimination. The bi-
variate model dichotomized patients into those for 
whom a diagnosis of pneumonia is predicted and 
those for whom it is not. This bivariate model had 
a sensitivity of 58%, a specificity of 90%, a posi-
tive predictive value of 79%, and a negative predic-
tive value of 77% for predicting the development 
of pneumonia in our patient population during the 
study period. 

DISCUSSION

Irradiation for HNC is typically performed over 
a wide field that includes the primary tumor and as-
sociated lymphatic drainage. Consequently, struc-
tures vital to normal deglutition may be exposed to 
high doses of radiation. The mechanism of radiation 
injury is thought to be related to direct up-regula-
tion of the translation of transforming growth fac-
tor β1,9 a fibrogenic and proinflammatory cytokine 
that causes connective tissue hyperplasia. Clinical-
ly, this may lead to abnormal motility of the upper 
aerodigestive tract, dysphagia, and potential aspira-
tion. Adjunctive chemotherapy acts as a radiosen-
sitizer to diseased and normal tissue, theoretically 
increasing apoptosis of cancer cells, but also aug-
menting the deleterious effects of radiation on nor-
mal head and neck tissue.10 As a result, swallowing 
dysfunction is very common after radiotherapy in 
patients with HNC and has been described exten-
sively in the literature.5,10-16   

Videofluoroscopic assessment of swallowing in 
patients undergoing chemoradiation for HNC re-
veals dysfunction at multiple levels, including the 
base of the tongue, the oropharyngeal musculature, 
and the larynx, leading in many cases to bolus sta-
sis and subsequent laryngeal penetration or tracheo-
bronchial aspiration.10,15,16 The rate of aspiration in 
all patients who have undergone chemoradiation for 
HNC is underestimated and has been reported to be 
as high as 59% to 80% in previous studies.10,17 Our 
data support these findings, as 92% of the patients 
in our study population had laryngeal penetration of 
barium, 68% had aspiration below the vocal folds, 
and 34.6% had silent aspiration.   

A simple pathophysiologic model of aspiration 
pneumonia depends on two major criteria: the intro-
duction of pathogenic bacteria into the lower respi-
ratory tract and the ability of the patient to clear the 
inoculum through innate or adaptive immune de-
fenses. Patients are particularly at risk for develop-
ing aspiration pneumonia after chemoradiation, giv-
en the high incidence and extreme depth of aspira-
tion coupled with frequent comorbid factors that im-
pair natural immune defenses. In this study, 38.5% 
of patients developed pneumonia during our 1-year 
study period. This high rate of aspiration pneumonia 
has been observed previously.10 

Because of the high rate of aspiration in our 
study, we were able to identify specific predictors 
of pneumonia in patients who aspirate after chemo-
radiation. One of the strongest predictors was the 
presence of tracheobronchial aspiration on MVBS 
study. This is not a surprising observation, given 
the pathophysiology of aspiration pneumonia. The 
presence of tracheobronchial aspiration not only 
frequently introduces oropharyngeal flora into the 
lower respiratory tract, but is also associated with 
impairment of the cough reflex, a major component 
of pulmonary clearance. The increased risk of pneu-
monia with tracheobronchial aspiration has been 
previously reported in a study of Veterans Admin-
istration patients with multiple causes of swallow-
ing dysfunction, most of which were neurologically 
related.7 However, ours is the first study to quantify 
this risk in a population of patients with HNC. 

Logistic regression analysis also identified mal-
nutrition and smoking history to be predictors of as-
piration pneumonia. We used serum albumin levels 
as an indicator of malnutrition while recognizing 
that it has limitations and is affected by, for exam-
ple, surgery and inflammatory disease. Weight loss 
is common in patients undergoing chemoradiation, 
with a reported loss of 12% to 13.3% of initial body 
weight.18,19 Malnutrition impairs adaptive immune 
defenses and may also cause changes in oropharyn-
geal flora20; both factors probably contribute to an 
increased likelihood of developing pneumonia. The 
requirement for gastrostomy tube feeding has been 
reported to be 36% in patients with dysphagia 6 
months after treatment,21 and even higher in pa-
tients who are at high risk for aspiration.10 A signifi-
cant smoking history was also identified as a strong 
predictor of pneumonia. Pulmonary clearance is de-
creased in patients who smoke, primarily because of 
decreased mucociliary function and impaired cough 
reflexes. Local damage to the lung parenchyma may 
also depress the immune system’s ability to resist 
infection.22 These findings highlight the importance 
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of maintaining nutritional goals, promoting smok-
ing cessation, and improving pulmonary clearance 
in this population. Additional predictors that trend-
ed toward a significant association were age and 
number of medications. Age has been shown to be 
a predictor of aspiration pneumonia in other stud-
ies,23 and we were surprised it was not a stronger 
predictor in our study. The influence of age, how-
ever, is a major factor in a patient’s smoking his-
tory, which was found to be a significant predictor 
of aspiration pneumonia. We suspect that a larger 
study might show a more significant association be-
tween age and aspiration pneumonia in patients with 
HNC. The number of medications also is likely a 
surrogate measure for age and chronic debilitation, 
both of which have depressive effects on immunity.     

Finally, analysis of independent risk factors in 
our patient population produced a bivariate clinical 
model that performed reasonably well in identifying 
patients at high risk for developing aspiration pneu-
monia. Although this model is not validated and is 
only applicable to our study population, it shows the 
feasibility of using simple clinical and radiographic 
variables from larger prospective populations to es-
tablish a model for patients at risk for developing 
aspiration pneumonia. Aspiration is a necessary, but 
not sufficient, condition for the development of as-
piration pneumonia.20 In effect, there is a spectrum 
of risk in patients who aspirate. At one end are high-
risk patients who will benefit from early and aggres-
sive prevention of aspiration pneumonia with dietary 
modifications, voluntary compensatory swallowing 
maneuvers, nasogastric tube feeding, gastrostomy 
tube placement, or even surgical separation of the 
airway and digestive tract. At the other end are low-
risk patients who may aspirate chronically but are 
able to reliably compensate and clear the aspirated 
inoculum. The latter patients may never develop as-
piration pneumonia. They may, however, undergo 
morbid procedures or be placed on restrictions that 
greatly affect their quality of life while having lit-
tle impact on their clinical outcome. The ability to 
quantify risk in all patients who aspirate will enable 
clinicians to better counsel patients and concentrate 
resources — the end goal being to decrease morbidi-
ty and mortality associated with aspiration pneumo-
nia, improve quality of life, and ease the burden of 
aspiration pneumonia prevention on the health-care 
system.   

There are many limitations in our study that must 
be considered. First, pitfalls inherent to retrospec-
tive analysis of diverse clinical data are present 
here. Second, we collected clinical and radiograph-
ic data on a population of patients referred for the 
evaluation of dysphagia. As such, the possibility of 

selection bias exists. Third, our patient population 
was heterogeneous in terms of both pathologic di-
agnoses and treatment plans. It should be noted that 
only 39 of the 52 patients in this study had a known 
primary mucosal SCC malignancy. The decision to 
study this heterogeneous patient population stems 
from a need to identify a large number of patients 
who are at high risk for aspiration in order to elu-
cidate clinical factors that predispose to pneumonia 
development in the presence of aspiration. Inclusion 
of a lower-risk population, although the total group 
would be more homogeneous in terms of patholo-
gy and treatment, potentially could have rendered 
the study underpowered and complicated by more 
confounding variables. Fourth, although all patients 
were referred to our institution for evaluation of 
dysphagia, the treatment of the primary malignancy 
was often performed at an outside institution. Con-
sequently, we were unable to obtain reliable data on 
specific chemotherapeutic agents or radiation dos-
ing to determine their influence on the development 
of pneumonia in this patient population. Finally, 
sputum culture results for patients with pneumo-
nia were only available for a small number of our 
patients. Therefore, we cannot prove that all cases 
of pneumonia were caused by aspiration. However, 
because of the high rate of pneumonia in patients 
with tracheobronchial aspiration as compared with 
the baseline rate of pneumonia in those with nor-
mal swallowing, this seems like a well-supported 
assumption. 

The management of dysphagia in patients with 
HNC is an important but difficult clinical prob-
lem. As noted by Campbell-Taylor,24 there is curren t-
ly no national consensus on the appropriate manage-
ment of dysphagia in any patient population, and not 
surprisingly, there is extreme variability in clinical 
management. Too often, the objective of dysphagia 
management in HNC patients is concentrated on as-
piration prevention. This view of dysphagia man-
agement is too narrow and often prevents clinicians 
from achieving perhaps the most important objec-
tive: attaining nutrition and hydration goals. Valida-
tion of the findings here and further elucidation of 
risk factors is the first step in refining our under-
standing of the pathophysiology of aspiration pneu-
monia in HNC patients, will hopefully help identi-
fy high-risk patients, and may eventually permit the 
development of evidence-based intervention proto-
cols that will guide the management of dysphagia in 
the HNC population. 

In conclusion, dysphagia and aspiration are com-
mon sequelae of chemoradiation treatment for head 
and neck cancer. In our study, we have identified 
predictors for the development of pneumonia in pa-
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tients who aspirate after radiotherapy. Further eluci-
dation of these findings will help identify high-risk 
patients, and potentially facilitate the development 

of evidence-based guidelines for the prevention of 
aspiration pneumonia and optimization of nutrition 
in patients with HNC.
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Trends in Scientific Interest of the American
Broncho-Esophagological Association

Joel P. Jacobson, MD; Gady Har-El, MD 

Objectives: The specialty of otolaryngology in the United States has changed dramatically over the past century, and this 
is particularly true in the field of bronchoesophagology, which has evolved from a new specialty at the beginning of the 
20th century to one that is now multidisciplinary and further subspecialized. The purpose of this report was to trace the 
evolution of bronchoesophagology over the past 60 years by examining and quantitating the scientific subject matter of 
the annual meetings of the American Broncho-Esophagological Association (ABEA).
Methods: The Transactions of the ABEA annual meetings from the 1940s to the present day were examined in depth 
for subject matter, and articles were categorized by topic. Each decade was represented by 3 years. Data were sorted into 
3 domains: 1) anatomic area, 2) adult versus pediatric, and 3) subject matter, including neoplasms, infectious diseases, 
foreign bodies, technologies, function, and trauma. The overall changes were quantified to outline the direction and in-
terests of the ABEA.
Results: We reviewed 483 scientific articles from the 1940s into the present decade, with a mean of 69.7 papers (SD, 
32.4) representing each decade. Bronchology and pulmonology decreased in percentage of papers, from 43% and 17.9% 
in 1940 to 1.7% and 2.6%, respectively, in the 2000s. Laryngology evolved from 12.5% to 58.1%. Esophagology peaked 
in the 1950s at 35.7%, dropped to 4% in the 1980s, and then rose to its present-day level of 15.4%. Trends were also dis-
cernible in gastric and tracheal areas. Pediatric topics rose to 26.7% in the 1980s, then declined to their present level of 
12.8%. Topics related to aerodigestive tract function increased from 3.6% to 34.2%, and presentation of technology de-
clined from 23.2% in the 1940s to nil in the 2000s. Trends in neoplasms, infectious diseases, foreign bodies, and trauma 
were less significant.
Conclusions: Analysis of the data reveals changing trends in the focus of the ABEA. The changing focus of the ABEA 
has paralleled scientific advances in our field, as well as the rise of other subspecialties such as interventional pulmonol-
ogy and gastroenterology.
Key Words: American Broncho-Esophagological Association, bronchoesophagology, trends.
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INTRODUCTION 

The field of bronchoesophagology has undergone 
several transformations over the past century. Al-
though it is rooted in the study of the larynx, the 
field developed into its own specialty in the early 
1900s, emphasizing the investigation of the aerodi-
gestive system. Technologies and techniques devel-
oped by pioneering figures such as Kirstein, Gustav 
Killian, Von Mikulicz, and Chevalier Jackson al-
lowed for the first time direct visualization and ma-
nipulation of the tracheobronchial tree and esopha-
gus, and with it an expanded capability for diagnos-
ing and treating their disorders.1 Although techno-
logical advances laid the groundwork for the field 
of bronchoesophagology, it was the leadership of 
Chevalier Jackson that sustained interest in this 
emerging field. Jackson published the first book 

devoted to the specialty in 1907, and his dedicat-
ed broncho esophagology clinic was the first of its 
kind. His many protégés have since spread his tra-
dition across the United States and abroad. In 1917, 
he helped to organize and found the American Bron-
cho-Esophagological Association (ABEA), which 
has been pivotal in advancing and promoting bron-
choesophagology throughout the past century.

Early bronchoesophagologists had a prime role in 
treating the entire aerodigestive tract, including pul-
monary and gastric disorders; however, as the cen-
tury progressed, the borders and substance of bron-
choesophagology fragmented between the different 
medical and surgical specialties, each with differing 
skill sets and practices.2 This change can be seen ad-
ditionally in the rise of the subspecialty branches of 
internal medicine consisting of pulmonary medicine 
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Fig 1. Trends by anatomic area from 1940s to present.

and gastroenterology, as well as in the increased 
success of open surgical procedures by thoracic sur-
gery. Concerns have been raised over the years as to 
how to properly train the new generation of bron-
choesophagologists, given this fragmentation.3 The 
ABEA is the “mother” organization of endoscopic 
societies, and its interests parallel the changing role 
of bronchoesophagology in the field of otolaryngol-
ogy. We hypothesized that this trend could be seen 
by examining the focus of the scientific papers, sem-
inars, and technologies that were presented yearly at 
the ABEA meetings over the past 60 years. 

MATERIALS AND METHODS 

This study was approved by the Institutional Re-
view Board of Lenox Hill Hospital. The Transac-
tions of the ABEA is the bound copy of the proceed-
ings from the yearly meeting of the ABEA, contain-
ing all of the abstracts, seminars, papers, and new 
technologies formally presented at the meeting. The 
Transactions of the ABEA annual meetings from 
the 1940s to the present were examined in depth for 
subject matter, and articles were categorized by top-
ic. Specifically, 3 consecutive years in the latter half 
of each decade were perused, analyzed, and strat-
ified to represent the ABEA focus for the decade. 
Data were sorted into 3 domains: 1) anatomic area; 
2) adult versus pediatric; and 3) subject matter, in-
cluding neoplasms, infectious diseases, foreign bod-
ies, technologies, trauma, and function. A given pa-
per was categorized into several of these domains 
when there was more than 1 focus to the paper. Top-
ics that did not fit into a specific category were des-
ignated as miscellaneous. Data were quantitated in 
each category and expressed as a percentage of the 
decade’s total topics. Comparisons between decades 
were made by χ2 analysis expressed as p values, and 

Fig 2. Trends in pediatric topics from 1940s to present.

by Fisher’s exact probability testing for smaller data 
numbers when expected cell frequencies were less 
than 5.

RESULTS 

A total of 483 topics from 20 volumes were ana-
lyzed from the 1940s to the 2000s, composed of pa-
per topics, abstracts, seminars, and instrument pre-
sentations. The mean number of pooled topics from 
each decade was 69 (SD, 32.4). Data analyzed by 
χ2 yielded significant trends between 1940 and the 
present in the anatomic areas of the airway, includ-
ing bronchial, pulmonary, and laryngeal categories 
(Fig 1). 

Bronchial and pulmonary topics progressive-
ly dropped from 43.0% and 17.9% in the 1940s 
to 1.7% and 2.6% in the 2000s (p < 0.0001 and p 
= 0.0008, respectively). The larynx remained at a 
steady interest level through the 1970s, with a mean 
percentage from the 1940s to the 1970s of 11.7%, 
and then made a steep rise to become the most domi-
nant topic in the 2000s, at 58.1% (p < 0.0001). In-
terest in the trachea rose to a peak of 32% in the 
1970s and 1980s (p = 0.001) and then dropped off 
(p = 0.0026). The esophagus and stomach as topics 
also showed trends. Esophageal topics peaked in the 
1950s at 35.7%, then tapered to a low in the 1980s at 
4% (Fisher exact test, p = 0.000088), and then rose 
again to the present-day level (15.4%; p = 0.014). 
The stomach dropped from 7.1% of topics to 0% in 
the 2000s (Fisher exact test, p = 0.01). 

When stratified by age (Fig 2), the number of pe-
diatric bronchoesophagology topics rose from 12.5% 
in the 1940s to 26.7% in the 1980s (p = 0.047) and 
then declined to 12.8% in the 2000s (p = 0.015). 

By subject matter, several trends were discernible 
but less dramatic (Fig 3). Functional aspects of the 
aerodigestive tract rose from 3.6% to 34.2% (p < 
0.0001). These topics were predominantly degluti-



tion and voice, with some earlier cases of pulmo-
nary function in the 1940s and 1950s. Technology 
steadily declined from 23.2% in the 1940s to nil in 
the 2000s (p < 0.0001). The topics concerning neo-
plasms, foreign bodies, infection, and trauma all 
were scattered over the years, without a definable 
trend. 

DISCUSSION 

In this study we used the Transactions of the 
yearly society meeting of the ABEA to document 
the changing focus of bronchoesophagology in 
the United States, highlighting several prominent 
trends. The most noticeable from our data was the 
decline in interest in the esophagogastric and bron-
chopulmonary subjects, while the larynx became the 
overwhelming focus. 

The field of bronchoesophagology as created in 
the early 1900s was historically involved with pul-
monary and esophageal disorders. Until at least the 
1950s, the bronchoesophagologist had an essential 
position as the intermediary between the thoracic 
surgeon, pediatrician, and internist, using endosco-
py to make diagnoses, assess treatment responses, 
and perform biopsies.4 From our data of the 1940s 
and 1950s, it is clear that subjects such as pulmonary 
tuberculosis, bronchial carcinoma, and lower esoph-
ageal, mediastinal, and gastric disorders were well 
within the realm of the bronchoesophagologist. 

As many recognize in the present day, medical 
subspecialists are now the routine endoscopists for 
diagnosis and management of pulmonary and gas-
troesophageal disorders.2 There are several explana-
tions for this change, and most likely it is due to 
a combination of factors. Although there have un-
doubtedly been changes in disease prevalence, as 

well as in diagnostic and treatment methods over 
this time span, the paradigm shift is also a result of 
bronchoesophagologists’ spreading interests and of 
the rise of pulmonary and gastrointestinal medical 
subspecialties in the past half century. Attraction 
from areas within otolaryngology, such as otology, 
head and neck surgery, and facial plastic surgery, 
have likely contributed to this divergence from clas-
sic bronchoesophagology.5 

When and how this transition occurred is unclear. 
As early as 1960, it was remarked that there was a 
significant amount of research in endoscopy ema-
nating from the medicine and thoracic surgery meet-
ings.5 According to our data, the shift corresponds 
to the 1950s and 1960s. Two landmark technolo-
gies, which coincide with this period, are the flex-
ible gastroscope and bronchoscope, introduced in 
19586 and 1968,7 respectively. Examination of the 
tracheobronchial tree and esophagus became possi-
ble in a nonsurgical setting, and other subspecialties 
quickly adopted this new technology, while for un-
clear reasons, the otolaryngological community did 
not. Perhaps this tendency was owing to long-stand-
ing expertise and comfort with rigid techniques. Our 
data closely parallel this shift, with articles on rigid 
esophagoscopy and bronchoscopy continuing, but 
less frequent. 

One area in which rigid endoscopy has remained 
dominant is in the larynx, for which the ABEA 
showed dramatically increased interest beginning in 
the 1970s. This shift has been characterized by the 
emphasis on restoring function and on the concept 
of phonosurgery, which has dramatically changed 
laryngology.8 Although there are multiple reasons 
for this shift, we hypothesize that an increased un-
derstanding of vocal dysfunction and physiology, in 
addition to enhanced video and surgical capabilities, 
has created this dynamic field of interest. In addi-
tion, societal expectations of perfect health and our 
capacity to treat these voice disorders have contrib-
uted to interest in voice in general. Laryngology has 
since become the most active area of scholarly re-
search and clinical activity for the ABEA. 

One potentially interesting development has been 
the transnasal flexible esophagoscope, first de-
scribed in 1994,9 which has been well received in 
otolaryngology.10 From data presented here, an up-
ward trend is seen in the area of the esophagus since 
the 1980s. Again, we see the development of a tech-
nology with a shadowing trend in our data. 

Several other trends were significant. Interest in 
both the trachea and pediatrics peaked in the 1970s 
and 1980s, which could correspond to the increased 
recognition of laryngotracheal stenosis and emerg-
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ing reconstruction techniques. The subsequent 
downward trend in pediatrics likely represents frag-
mentation from within our field. An independent or-
ganization, the American Society of Pediatric Oto-
laryngology, has become another forum for present-
ing topics specifically addressing the pediatric air-
way, and has thus channeled some of these topics 
away from the ABEA. 

The introduction of new instruments and tech-
nology was an important focus in the early years of 
the Transactions, which faded in later years, as this 
topic was incorporated into the main content of ar-
ticles. Although there has clearly been a flourishing 
of technology in our field, such as lasers, optics, and 
imaging, this was simply not categorized as the fo-
cus of the articles in question. 

The topic of foreign bodies remained stable, for 
the most part representing isolated case reports and 
series, rather than active areas of research. We pro-
pose that the incidence, character, and management 
of foreign bodies have not changed meaningfully 
since the time of Chevalier Jackson. Rigid endos-
copy is still the most reliable and efficient method 
for foreign body removal, and research has thus fo-
cused on other, evolving fields. Similarly, airway 
trauma did not reveal significant trends, but increas-
ing interest in related areas such as tissue engineer-
ing, airway reconstruction, and larynx reinnervation 
will likely affect future airway trauma management 
as this basic research becomes more clinically ap-
plied. In the future, this may become an emerging 
interest. 

Infectious diseases would have been expected to 

change over the years, given advances in antibiot-
ics, vaccines, and the successful treatment of tuber-
culosis early in the century, but this change was not 
seen quantitatively. This lack of quantitative change 
could be explained by the increasing appreciation of 
the role of infectious agents in multiple processes 
such as neoplasms, as well as recognition of new 
infectious agents such as human immunodeficiency 
virus and human papillomavirus. 

Although our data support the aforementioned 
trends, there are several significant limitations. This 
type of analysis has not been validated, and cannot 
be viewed as a comprehensive assessment of the 
ABEA. Yearly variations in the content of the meet-
ings could produce a nonrandom sampling from 
each decade and skew results. There is also a sub-
jective factor in assigning a category to a topic that 
is unavoidable. Future studies could include quan-
titating endoscopic procedures performed, levels of 
research funding allocations, and other societies’ an-
nual meetings, which may further enhance our un-
derstanding of the ABEA trends.

CONCLUSIONS
Analysis of subject matter of the annual ABEA 

meetings highlights the changing scientific trends in 
bronchoesophagology from the 1940s to the pres-
ent. The ABEA evolved from early interests in pul-
monary, bronchial, lower esophageal, and gastric 
subjects to a society with a developing focus on lar-
yngology. Key technological advances, the subspe-
cialization within otolaryngology, and the rise of the 
medical subspecialties of gastroenterology and pul-
monology have accompanied these changes. 
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Pepsin in Nonacidic Refluxate Can Damage Hypopharyngeal
Epithelial Cells 

Nikki Johnston, PhD; Clive W. Wells, CBiol, MIBiol; Tina L. Samuels, MS;
Joel H. Blumin, MD 

Objectives: Studies using combined multichannel intraluminal impedance with pH monitoring reveal a role for nonacid-
ic reflux in laryngopharyngeal symptoms and injury. We have discovered that pepsin is taken up by laryngeal epithelial 
cells by receptor-mediated endocytosis. This finding reveals a novel mechanism by which pepsin could cause cell dam-
age, potentially even in nonacidic refluxate. The objective of this study was to determine whether pepsin, at pH 7.4 and 
thus in nonacidic refluxate, causes cell damage. 
Methods: Cultured hypopharyngeal epithelial (FaDu) cells were exposed to human pepsin (0.1 mg/mL) at pH 7.4 for ei-
ther 1 hour or 12 hours at 37°C and analyzed by electron microscopy, cytotoxicity assay, and SuperArray. 
Results: We report mitochondrial and Golgi complex damage in cells exposed to pepsin at neutral pH, observed by elec-
tron microscopy. We also report cell toxicity of pepsin at pH 7.4, measured by a cytotoxicity assay. Furthermore, using 
SuperArray, we found that pepsin at pH 7.4 significantly alters the expression levels of multiple genes implicated in stress 
and toxicity. 
Conclusions: These findings are perhaps the first to explain why many patients have symptoms and injury associated 
with nonacidic reflux, and could have important implications for the development of new therapies for reflux, such as 
pepsin receptor antagonists and/or irreversible inhibitors of peptic activity. 
Key Words: cytotoxicity, larynx, nonacid reflux, pepsin, reflux. 
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INTRODUCTION 
Gastroesophageal reflux disease (GERD; the 

backflow of gastric contents into the esophagus) af-
fects an estimated 25% to 35% of the United States 
population.1 The annual health-care costs related to 
this disease are high; more than $19 billion per year 
are spent on proton pump inhibitor (PPI; acid sup-
pression) therapy alone for GERD. In addition to 
esophageal symptoms and disease, reflux is associ-
ated with many other symptoms and inflammatory 
disorders and diseases, including hoarseness, chron-
ic cough, globus pharyngis, chronic throat-clearing, 
voice disorders, dysphagia, oral ulceration, den-
tal caries, laryngospasm, sudden infant death syn-
drome, asthma, laryngitis, subglottic stenosis, and 
otitis media. Prolonged, uncontrolled reflux has also 
been implicated in the development of neoplastic 
disease.2,3 

Reflux-attributed esophageal and extraesopha-
geal symptoms and injury are thought to be caused 
by frequent or prolonged exposure to acidic gastric 

contents (a pH level of less than 4.0). Thus, diag-
nosis and treatment has largely focused on control-
ling the acidity of the refluxate. However, it is now 
becoming clear that esophageal and extra-esopha-
geal symptoms are also associated with less-acidic 
reflux (pH of 4 to 7).4-7 Intraesophageal perfusion 
experiments, which were initially used to show that 
esophageal symptoms are caused by acidic reflux-
ate, have since been used to demonstrate that symp-
toms also occur after exposure to solutions at higher 
pH levels (pH 6 or 7), albeit with a slower onset.8,9 
Furthermore, recent studies using multichannel in-
traluminal impedance (MII), which can detect reflux 
independent of its pH, highlight a role for nonacid-
ic and weakly acidic reflux in symptoms and inju-
ry.4-6,10-12

Proton pump inhibitors are the most potent gas-
tric acid suppressing agents currently in clinical use 
and have been the primary therapy for reflux for 3 
decades. However, there are many reports of incom-
plete symptom relief despite aggressive acid sup-
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pression therapy.13 Using combined MII with pH 
monitoring (MII-pH), Tamhankar et al12 showed 
that PPI therapy decreases the hydrogen ion con-
centration in the refluxed fluid, but does not sig-
nificantly affect the frequency or duration of reflux 
events. Kawamura et al10 reported on a comparison 
of gastroesophageal reflux patterns in 10 healthy 
volunteers and in 10 patients suspected of having 
reflux-attributed laryngitis. Using a bifurcated MII-
pH reflux catheter, the investigators found that gas-
tric reflux with weak acidity (above pH 4.0) is more 
common in patients with reflux-attributed laryngitis 
than in healthy controls. Oelschlager et al11 demon-
strated that the majority of reflux episodes into the 
pharynx are in fact of nonacidic contents. More re-
cently, Sharma et al5 reported that 70 of 200 patients 
(35%) on at least twice-daily PPI doses had a pos-
itive symptom index for nonacidic reflux. Tutuian 
et al6 also recently reported that reflux episodes ex-
tending proximally are significantly associated with 
symptoms, irrespective of the pH of the refluxate. 
Thus, pH monitoring alone would likely underesti-
mate the presence of pharyngeal reflux, and it is rea-
sonable to assume that patients who have symptoms 
associated with nonacidic or weakly acidic reflux 
would not benefit from acid suppression therapy. It 
is therefore necessary to investigate the role of non-
acidic and weakly acidic reflux in extraesophageal 
symptoms and disease. There is evidence to support 
a role for deconjugated bile acids at higher pH,14,15 
and we have reported data that support a significant 
role for pepsin in reflux-attributed laryngeal injury 
and disease.16-18 The results of our study specifical-
ly reveal that pepsin is cytotoxic to laryngeal epithe-
lial cells at pH 7, perhaps explaining the symptoms 
and endoscopic findings associated with nonacidic 
reflux. 

Pepsin is a proteolytic enzyme produced only in 
the stomach, initially secreted in zymogen form as 
pepsinogen by gastric chief cells. Hydrochloric acid 
in the stomach causes the pepsinogen to unfold and 
cleave itself in an autocatalytic fashion, generating 
pepsin, the active form. Pepsin is maximally active 
at pH 2.0, but can cause tissue damage above this 
pH, with complete inactivation not occurring until 
pH 6.5.19-21 Although pepsin is inactive at pH 6.5, 
it remains stable to pH 8.0 and thus can be reac-
tivated when the pH is reduced. Pepsin is not ir-
reversibly inactivated until it reaches pH 8.0.20,21 
Thus, even if the pepsin that we have detected in, 
for example, laryngeal epithelia, is inactive16,17 (as 
the mean pH of the laryngopharynx is 6.8), it would 
be stable and thus could sit inactive or dormant in 
the laryngopharynx and have the potential to be-
come reactivated by a decrease in pH. Using a spe-

cific and sensitive antibody against human pepsin, 
we demonstrated the presence of pepsin in larynge-
al epithelial biopsy specimens taken from patients 
with reflux-attributed laryngeal disease; it was not 
detected in normal control subjects.16,17,19 In these 
studies, we also found a significant association be-
tween the presence of pepsin and the depletion of 
laryngeal protective proteins (carbonic anhydrase 
isoenzyme III [CAIII] and a squamous epithelial 
stress protein of 70 kd [Sep70]). Using an estab-
lished porcine in vitro model, we demonstrated that 
exposure of laryngeal mucosa to pepsin, but not to 
low pH alone, causes depletion of CAIII and Sep70 
protein levels.16,19 These findings suggest that the 
pepsin present in the laryngeal epithelia of patients 
with reflux-attributed laryngeal disease is likely to 
be the causal factor for the observed depletion of 
CAIII and Sep70 proteins in these same patients. Of 
most significance, we recently discovered that pep-
sin is taken up by human laryngeal epithelial cells 
by receptor-mediated endocytosis, even when it is 
inactivated by high pH or with pepstatin.16,18 This 
was an unexpected but intriguing finding. Pepsin is 
thought to damage laryngeal epithelial cells by its 
proteolytic activity alone, digesting the molecules 
that maintain cohesion between the cells. Our dis-
covery that pepsin is taken up by laryngeal epithelial 
cells by receptor-mediated endocytosis not only is 
a novel scientific finding, but could have important 
clinical implications, as it reveals a novel mecha-
nism by which pepsin can cause damage, potentially 
even in nonacidic refluxate. 

Receptors and their ligands are typically sorted in 
late endosomes and the transreticular Golgi (TRG) 
complexes. Thus, pepsin would likely be trans-
ported through these intracellular compartments, 
of which the pH is well documented in the litera-
ture to be approximately pH 5.22 Therefore, even if 
the pepsin that is taken up by the cell is inactive, 
it could theoretically become reactivated inside late 
endosomes and the TRG complexes because of their 
lower pH and subsequently cause intracellular dam-
age. It should be noted that pepsin has approximate-
ly 40% of its maximum activity at pH 5.0.20,21 Alter-
natively, cell signaling events, following activation 
of the receptor, could be responsible for its detri-
mental effect at neutral pH. Our central hypothesis 
is that laryngeal injury and the development of dis-
ease, as a result of uncontrolled laryngopharyngeal 
reflux (LPR), is caused not only by acid, but also by 
receptor-mediated uptake of pepsin. The objective 
of this study was to specifically test the hypothesis 
that receptor-mediated uptake of pepsin damages la-
ryngeal epithelial cells irrespective of the pH of the 
refluxate. The effect of pepsin at pH 7 on larynge-
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al cell morphology was examined by transmission 
electron microscopy. The cell toxicity of pepsin at 
neutral pH was measured with the MTT (see below) 
cytotoxicity colorimetric assay, and the expression 
of 84 genes implicated in stress and toxicity was 
measured by SuperArray, described below.

METHODS 

Cell Culture. Human hypopharyngeal epithelial 
FaDu cells (American Type Culture Collection, Ma-
nassas, Virginia) were grown in Minimum Essential 
Medium with Earle’s balanced salt adjusted to 1.5 
g/L sodium bicarbonate containing 0.1 mmol/L non-
essential amino acids, 1.0 mmol/L sodium pyruvate, 
and 10% fetal bovine serum (ATCC) to a density of 
70% confluence. 

To investigate the effect of uptake of inactive pep-
sin (pepsin at neutral pH) on cell morphology, we 
incubated cultured FaDu epithelial cells with 0.1 
mg/mL human pepsin at pH 7.4 for either 1 or 12 
hours at 37°C. After the incubation with pepsin at 
neutral pH, the cells were washed 3 times briefly 
in phosphate-buffered saline solution and fixed in 
2.5% glutaraldehyde in 100 mmol/L sodium caco-
dylate buffer pH 7.2 for analysis by transmission 
electron microscopy. 

Transmission Electron Microscopy. After fixa-
tion in 2.5% glutaraldehyde in 100 mmol/L sodium 
cacodylate buffer pH 7.2, cultured hypopharyngeal 
FaDu epithelial cells were post-fixed in 1% osmi-
um tetroxide on ice for 1 hour and then dehydrated 
in a graded methanol series and embedded in Epon 
812 (Electron Microscopy Sciences, Hatfield, Penn-
sylvania). Sections of 60 nm were cut, stained with 
uranyl acetate and Reynolds lead citrate, and then 
examined in a Japanese Electron Optics Ltd 2100 
transmission electron microscope (JEOL USA Ltd, 
Peabody, Massachusetts). 

MTT Cytotoxicity Assay. Cultured FaDu cells 
were grown to approximately 70% confluence in 
complete growth medium on 6-well plates and in-
cubated in medium at pH 7.4 or pH 5.5 in the pres-
ence or absence of pepsin (0.1 mg/mL) for 1 hour 
at 37°C. The cells were washed briefly (3 times for 
1 minute), and MTT was prepared in growth me-
dium without serum or phenol red. A 2-mL total 
volume of medium, without serum or phenol red, 
containing 10% MTT was added to each well, and 
the cells were incubated for 3 hours at 37°C. Solu-
tions of MTT dissolved in medium without phenol 
red are yellowish in color. Mitochondrial dehydro-
genases of viable cells cleave the tetrazolium ring, 
yielding purple formazan crystals that are insoluble 
in aqueous solutions. The crystals were dissolved in 

an equal volume of acidified isopropanol, and the 
resulting purple solution was measured spectropho-
tometrically at a wavelength of 570 nm. The back-
ground absorbance of multiwell plates was mea-
sured at 690 nm, and this value was subtracted from 
the 570 nm measurement. A decrease in absorbance 
is indicative of damage. Data from 3 biological rep-
licates were analyzed by a 1-way analysis of vari-
ance. 

Stress and Toxicity PathwayFinder SuperArray. 
Cultured FaDu cells were incubated in complete 
growth medium containing 0.1 mg/mL pepsin at pH 
7.4 for either 1 or 12 hours at 37°C. Control cells 
were incubated in complete growth medium for the 
same time period without pepsin. The cells were 
washed (3 times for 1 minute each) and processed 
for analysis by real-time reverse transcription–poly-
merase chain reaction (RT-PCR). The RNA was 
isolated as directed by the SuperArray RT2-qPCR-
grade RNA isolation kit (SuperArray, Bioscience 
Corp, Frederick, Maryland), and the concentration 
and quality were assessed by ultraviolet spectrosco-
py and agarose gel electrophoresis. The RNA was 
reverse-transcribed with the SuperArray RT2 first 
strand kit. FaDu cell complementary DNA was di-
luted in RT2 SYBR green–fluorescein qPCR Master 
Mix and aliquoted into a 96-well RT2 Profiler PCR 
array (Human Stress and Toxicity PathwayFinder 
PCR Array, Bioscience Corp). Real-time RT-PCR 
was performed in an iCycleriQ multicolor real-time 
RT-PCR detection system (Bio-Rad Life Science, 
Hercules, California). The real-time RT-PCR condi-
tions were as follows: 95°C for 10 minutes, 40 cy-
cles of 95°C for 15 seconds, and 60°C for 1 minute, 
immediately followed by a melt curve of 95°C for 
1 minute, 65°C for 2 minutes, and sixty 10-second 
cycles each with a 0.5°C increase. 

Three biological replicates were performed. Sam-
ples exhibiting more than 1 peak within the melt 
curve were excluded from analysis. Data analysis 
was performed with the SuperArray online interface 
(http://www.SuperArray.com/pcrarraydataanalysis.
php).

RESULTS 

To test our hypothesis that inactive pepsin can be 
taken up by laryngeal epithelial cells and cause in-
tracellular damage, we exposed cultured epithelial 
cells to pepsin (0.1 mg/mL human pepsin 3b) at pH 
7.4 for either 1 hour or 12 hours at 37°C, washed 
them 3 times briefly, and examined them by trans-
mission electron microscopy. The cells remained vi-
able after 1-hour and 12-hour incubations with pep-
sin at neutral pH (Figs 1 and 2). The cell and nuclear 
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membranes were intact. However, both mitochon-
dria and Golgi complexes were clearly damaged. 
Mitochondria were swollen and the cristae degraded 
in cells exposed to pepsin (0.1 mg/mL) at pH 7.4 
for 1 hour at 37°C. Further mitochondrial damage 
was evident in cells exposed to pepsin for 12 hours. 
Golgi complexes were also swollen in cells exposed 
to pepsin for 12 hours. Control cells, which were in-
cubated for the same time period in the absence of 
pepsin, showed no signs of mitochondrial or Golgi 
complex damage. 

In support of a pepsin effect on mitochondria, 
initially observed by transmission electron micros-

copy, we also report cell toxicity measured by the 
MTT cell toxicity colorimetric assay kit (Sigma, St 
Louis, Missouri). The key component of this kit is 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazoli-
um bromide, or MTT, which can be used to measure 
mitochondrial activity in living cells. A decrease 
in absorbance compared to control is indicative of 
damage. We exposed cultured FaDu cells to pH 7.4 
or 5.5 with and without pepsin (0.1 mg/mL) for 1 
hour at 37°C. Data from 3 biological replicates, read 
in triplicate, were analyzed with a 1-way analysis 
of variance. The results are summarized in Table 1, 
and the mean absorbance and standard deviation at 
570 nm for each condition are presented in Fig 3. A 
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Fig 1. Effect of pepsin (0.1 mg/mL) at pH 7.4 on laryngeal epithelial cell mitochondria. Size bars — 0.5 μm in A-C, and 2 μm 
in D. Hypopharyngeal FaDu cells were exposed to 0.1 mg/mL pepsin at pH 7.4 for either B) 1 hour or D) 12 hours at 37°C, 
fixed, and processed for analysis by routine electron microscopy. (A and C are 1-hour and 12-hour controls, respectively.) Cells 
remained viable: cell membranes (small arrow in D) and nuclear membranes (large arrow in D) were intact. However, mito-
chondria showed signs of damage after incubation with pepsin (0.1 mg/mL), pH 7.4, for 1 hour at 37°C. Mitochondria are be-
coming swollen and cristae degraded, so that they appear translucent (small arrows with round ends). Further mitochondrial 
damage was observed after longer incubation with pepsin (12 hours at 37°C). D) Approximately 4× lower magnification, shows 
extent of mitochondrial damage. Mitochondria appear same size as those in control cells in C. Thus, mitochondria are swollen 
to approximately 4 times the size of those in control cells, after exposure to pepsin. Mitochondria appear normal in control cells 
(large arrows with round ends), which were incubated for either 1 hour or 12 hours at 37°C in absence of pepsin.
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significant increase in toxicity was detected after ex-
posure to pepsin at pH 7.4 compared to the pH 7.4 
control (p < 0.01). This finding supports our elec-
tron microscopy data showing mitochondrial dam-
age by pepsin at neutral pH. 

A Human Stress and Toxicity PathwayFinder Su-
perArray was used to examine the effect of pepsin 
at neutral pH on the expression of 84 genes whose 
expression level is indicative of stress and toxicity. 
Cultured FaDu cells were incubated with complete 
growth medium with or without pepsin (0.1 mg/
mL) for either 1 hour (Table 2) or 12 hours (Table 3) 
at 37°C, washed, and processed for RT-PCR. Data 
from 3 biological replicates were analyzed with the 

RT2 Profiler RT-PCR array data analysis software 
(Student’s t-test). Our data indicate that pepsin sig-
nificantly alters the expression levels of multiple 
genes implicated in stress and toxicity. The expres-
sion levels of 7 genes implicated in stress and tox-
icity were found to be significantly altered after a 
1-hour incubation with pepsin (0.1 mg/mL; pH 7.4). 
Also, a time response was observed: the expression 
levels of 25 genes were significantly altered after a 
12-hour incubation with pepsin.

DISCUSSION 
Pepsin has been previously assumed to cause 

damage by its proteolytic activity alone, but our dis-
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Fig 2. Effect of pepsin (0.1 mg/mL) at pH 7.4 on laryngeal epithelial cell Golgi complexes. Size bars — 0.5 μm in A-C, and 1 
μm in D. Hypopharyngeal FaDu cells were exposed to 0.1 mg/mL pepsin at pH 7.4 for either B) 1 hour or D) 12 hours at 37°C, 
fixed, and processed for analysis by routine electron microscopy. (A and C are 1-hour and 12-hour controls, respectively.) Cells 
remained viable: cell membranes (small arrows in A and B) and nuclear membranes (large arrows in A and B) were intact. How-
ever, mitochondria showed signs of damage after incubation with pepsin (0.1 mg/mL), pH 7.4, for 1 hour at 37°C. Mitochon-
dria are becoming swollen and cristae degraded, so that they appear translucent (small arrow with round end in B) compared to 
mitochondria in control cells (large arrow with round end in A). D) Lower magnification shows extent of Golgi complex dam-
age. Golgi complexes (small arrow with square end in D) are swollen in cells exposed to pepsin at pH 7.4 for 12 hours at 37°C. 
Golgi complexes appear normal in control cells (large arrows with square ends in A-C), which were incubated for either 1 hour 
or 12 hours at 37°C in absence of pepsin.



covery that pepsin is taken up by laryngeal epithe-
lial cells by receptor-mediated endocytosis, together 
with our recent findings of peptic injury at neutral 
pH, opens the door to a new mechanism for peptic 
damage. Furthermore, these data highlight potential 
novel drug targets for reflux disease: receptor an-
tagonists to prevent pepsin from being taken up by 
the cell and/or irreversible inhibitors of peptic activ-
ity. The latter could have therapeutic potential if in-
active but stable pepsin (pepsin below pH 8) taken 
up by the cell becomes reactivated within the cell. 
We have shown that inactive pepsin is taken up by 
laryngeal epithelial cells by receptor-mediated en-
docytosis,18 and it is known that receptors and their 
ligands are sorted in late endosomes and the TRG 
complexes, which are approximately pH 5. Impor-
tantly, whereas pepsin has maximal activity at pH 2, 
it has approximately 40% of its maximal activity at 
pH 5.20,21 Thus, we propose that inactive pepsin tak-

en up by the cell may become reactivated inside late 
endosomes and the TRG complexes because of the 
lower pH of these intra cellular compartments and 
subsequently cause damage. If this is the mechanism 
by which pepsin at pH 7 causes damage, an irrevers-
ible inhibitor of peptic activity would prevent pepsin 
from becoming reactivated inside the cell, and con-
sequently prevent damage. This hypothesis is cur-
rently being tested in our research laboratory. Alter-
natively, it may be that activation of the cell surface 
receptor by pepsin results in a cell signaling cascade 
and ultimately has a negative effect on normal cell 
function. The process of signal transduction, where-
by binding of a ligand to its receptor initiates a sig-
naling cascade, is often dysregulated in disease. It is 
unlikely that there is a specific cell surface receptor 
for pepsin, but perhaps it is more plausible that pep-
sin somehow exploits another receptor on laryngeal 
epithelial cells. One would presume that a receptor 
antagonist would be required to prevent peptic inju-
ry by this mechanism. Our long-term goal is to elu-
cidate this novel mechanism for peptic injury and to 
test pepsin inhibitors and receptor antagonists using 
in vitro and in vivo models. 

The mitochondrial damage we observed in human 
FaDu epithelial cells exposed to pepsin (0.1 mg/mL) 
at pH 7.4 for 1 hour at 37°C is probably an early in-
dicator of necrosis, and supports our hypothesis that 
pepsin can cause injury to laryngeal epithelial cells 
in nonacidic and weakly acidic refluxate. There is 
no doubt that pepsin will be more injurious to the la-
ryngeal epithelium in acidic refluxate. However, our 
data reveal that it could also cause damage in non-
acidic refluxate. In support of a pepsin effect on mi-
tochondria, initially observed by transmission elec-
tron microscopy, we also report cell toxicity mea-
sured by the MTT cell toxicity colorimetric assay 
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TABLE 1. MTT CELL TOXICITY ASSAY
 Mean
Comparison Difference p
pH 7.4 vs pH 5.5 0.5630 <0.01
pH 7.4 vs pH 7.4 + pepsin 0.4947 <0.01
pH 7.4 vs pH 5.5 + pepsin 1.307 <0.001
pH 5.5 vs pH 7.4 + pepsin –0.06833 >0.05
pH 5.5 vs pH 5.5 + pepsin 0.7437 <0.001
pH 7.4 + pepsin vs pH 5.5 + pepsin 0.8120 <0.001

Cultured FaDu cells were exposed to pH 7.4 or pH 5.5 with or with-
out pepsin (0.1 mg/mL) for 1 hour at 37°C. Data from 3 biological 
replicates were analyzed by 1-way analysis of variance. Mean ab-
sorbance at 570 nm for each condition and SD are shown in Fig 3.

*Statistically significant increase in toxicity was detected in cells ex-
posed to pepsin at pH 7.4, compared to pH 7.4 control (p < 0.01).

Fig 3. Graph of data from MTT cell toxicity assay. Cul-
tured FaDu cells were exposed to pH 7.4 or pH 5.5 with 
or without pepsin (0.1 mg/mL) for 1 hour at 37°C. Data 
from 3 biological replicates were analyzed by 1-way 
analysis of variance. Graph shows mean (arrowheads; 
and SD [tail of arrows]) absorbance at 570 nm for each 
condition. Statistically significant decrease in absorbance 
at 570 nm, which indicates significant increase in toxic-
ity, was detected in cells exposed to pepsin at pH 7.4, 
compared to pH 7.4 control (p < 0.01). 

TABLE 2. RESULTS FOR HUMAN STRESS AND
TOXICITY PATHWAYFINDER SUPERARRAY WITH

ONE HOUR OF PEPSIN EXPOSURE
  Fold
Gene p Change
Colony stimulating factor 2 (granulocyte- 0.004 5.95
 macrophage)
Early growth response 1 0.017 5.55
Growth differentiation factor 15 0.002 2.01
Heat shock 70 kd protein 1A 0.003 3.34
Heat shock 70 kd protein 6 (HSP70B') 0.000 73.86
Heat shock 105 kd/110 kd protein 1 0.015 1.56
Interleukin 1α 0.016 1.59

Cultured FaDu cells were exposed to pepsin (0.1 mg/mL) at pH 7.4 
for 1 hour at 37°C, and expression levels of 84 genes were compared 
to those in control cells (exposed to same medium at pH 7.4, for same 
time, at 37°C, but in absence of pepsin). Expression levels of 7 genes 
implicated in stress and toxicity were found to be significantly up-
regulated after exposure to pepsin (0.1 mg/mL) for 1 hour at 37°C.



kit (Sigma). The key component of this kit is MTT, 
which can be used to measure mitochondrial activity 
in living cells. A decrease in absorbance compared 
to control is indi cative of damage. Using this assay, 
we found a significant increase in toxicity in cells 
exposed to pepsin at pH 7.4 compared to control 
cells incubated at pH 7.4 for the same time period 
but in the absence of pepsin (p < 0.01). This finding 
supports our electron microscopy data showing mi-
tochondrial damage by pepsin at neutral pH. 

Mitochondria are known to play a central role 
in cell metabolism, and damage — and subsequent 
dysfunction — in mitochondria is an important fac-
tor in a wide range of human diseases.23 Although 
seemingly unrelated, there is a common thread be-
tween the different diseases associated with mito-
chondrial damage: cellular damage causing oxida-
tive stress and the accumulation of reactive oxygen 
species. These oxidants then damage mitochon-
drial DNA, resulting in mitochondrial dysfunction 
and death.24 There is evidence that CAIII protects 
against oxidative damage25,26 that has been shown 
to be caused experimentally by reflux.27,28 We have 
shown that CAIII expression levels are depleted in 
patients with LPR and that laryngeal CAIII levels 
are depleted after exposure to pepsin in vitro.17,19 
The possible link between reflux-attributed laryn-
geal injury or disease, depleted levels of protective 
CAIII by pepsin, and the mitochondrial damage ob-
served after exposure to pepsin warrants further in-
vestigation. Perhaps depletion of laryngeal CAIII by 
LPR of pepsin results in the accumulation of reac-
tive oxygen species and subsequent mitochondrial 
damage. 

In addition to depletion of CAIII, we have also 
reported that patients with LPR have depleted lev-
els of laryngeal Sep70 compared to normal control 
subjects. Furthermore, both CAIII and Sep70 pro-
teins are depleted after exposure to pepsin, but not 
low pH alone, in vitro.16,17,19 More recently, we 
found that patients with LPR have depleted levels of 
MUC-2, MUC-3, and MUC-5ac messenger RNAs, 
and that pepsin prevents production of these mucins 
in vitro.29 However, because pepsin is a proteolytic 
enzyme, it is likely that it would have a more global 
effect, rather than cause damage by depleting the ex-
pression of a select few genes or proteins. To this end, 
a Human Stress and Toxicity PathwayFinder Super-
Array was used to examine the effect of pepsin at 
neutral pH on the expression of 84 genes whose ex-
pression levels are indicative of stress and toxicity. 
Cultured FaDu cells were incubated with complete 
growth medium with or without pepsin (0.1 mg/mL) 
for either 1 or 12 hours at 37°C, washed, and pro-

cessed for real-time RT-PCR. Data from 3 biological 
replicates were analyzed with the RT2 Profiler PCR 
array data analysis software–Student’s t-test (Table 
2). Pepsin significantly alters the expression levels 
of 25 of the 84 genes implicated in stress and toxic-
ity after a 12-hour incubation (Table 3). Seven genes 
implicated in stress and toxicity were significantly 
up-regulated after a 1-hour exposure to pepsin (0.1 

 Johnston et al, Nonacidic Refluxate 167

TABLE 3. RESULTS FOR HUMAN STRESS AND
TOXICITY PATHWAYFINDER SUPERARRAY WITH 

TWELVE HOURS OF PEPSIN EXPOSURE
  Fold
Gene p Change
Up-regulated
 Crystallin, αB 0.004 2.35
 Colony stimulating factor 2 (granulocyte- 0.031 3.73
  macrophage)
 Cytochrome P450, family 1, subfamily A, 0.011 5.04
  polypeptide 1
 Growth differentiation factor 15 0.023 1.59
 Heat shock 70 kd protein 6 (HSP70B') 0.035 2.96
 Interleukin 1α 0.008 1.70
 Metallothionein 2A 0.011 3.33
 Ribosomal protein L13a 0.012 1.82
Down-regulated
 BCL2-associated X protein 0.005 0.45
 Caspase 10, apoptosis-related cysteine 0.002 0.41
  peptidase
 Cyclin D1 0.005 0.37
 DnaJ (Hsp40) homolog, subfamily A, 0.002 0.47
  member 1
 Excision repair cross-complementing 0.024 0.37
  rodent repair deficiency,
  complementation group 1 (ERCC1)
 Excision repair cross-complementing 0.006 0.35
  rodent repair deficiency,
  complementation group 3 (ERCC3)
 Heat shock 70 kd protein 4 0.001 0.22
 Heat shock 70 kd protein 8 0.002 0.51
 Heat shock 60 kd protein 1 (chaperonin) 0.022 0.65
 Heat shock 105 kd/110 kd protein 1 0.019 0.59
 Interleukin 6 (interferon β2) 0.002 0.43
 Nuclear factor of κ light polypeptide gene 0.001 0.63
  enhancer in B-cells 1 (p105)
 Proliferating cell nuclear antigen 0.016 0.60
 RAD23 homolog A (Saccharomyces 0.031 0.51
  cerevisiae)
 RAD50 homolog (Saccharomyces 0.005 0.37
  cerevisiae)
 Tumor protein p53 0.043 0.56
 X-ray repair complementing defective 0.002 0.42
  repair in Chinese hamster cells 2

Cultured FaDu cells were exposed to pepsin (0.1 mg/mL) at pH 7.4 
for 12 hours at 37°C, and expression levels of 84 genes were com-
pared to those in control cells (exposed to same medium at pH 7.4, 
for same time, at 37°C but in absence of pepsin). Incubation with 
pepsin for 12 hours at 37°C (pH 7.4) resulted in significant changes 
in expression of 25 of 84 genes implicated in stress and toxicity.



mg/mL; pH 7.4; Table 2).
A long exposure time was used in these initial 

experiments to see whether an effect could be ob-
served. We anticipated that we would only see an ef-
fect by exposure to pepsin at pH 7 after a long time 
period, compared to the effect by pepsin at acidic 
pH, which would occur relatively quickly. The mor-
phological changes we observed would have been 
missed by simply examining gross morphology 
(for example, hematoxylin and eosin–stained sec-
tions examined by light microscopy) and required 
detailed examination of the intracellular structures 
(using transmission electron microscopy). Although 
damage clearly occurs, the cells do remain viable 
and thus potentially are able to recover from a single 
insult. It is likely that permanent injury and symp-
toms would result from multiple uncontrolled reflux 
events, as occur in patients with LPR. Time course, 
repeated exposure, and pulse chase experiments 
will now be performed. However, compared to con-
trols, pepsin is clearly injurious to laryngeal epithe-
lial cells at neutral pH and thus may play a role in 
this chronic inflammatory disease, in particular in 
patients who have refractory symptoms on maximal 
acid suppression therapy. 

Our findings reveal an entirely novel mechanism 
for pepsin-induced cellular injury and may explain 
why a large percentage of patients with reflux-at-

tributed laryngeal and esophageal injury or disease 
have persistent symptoms despite aggressive acid 
suppression therapy. It has been suggested that 25% 
to 50% patients have refractory symptoms on PPI 
therapy. This patient population can be further sub-
divided into 3 groups: those who have 1) symptom 
association with breakthrough acid reflux; 2) symp-
tom association with weakly acidic or nonacidic re-
flux; and 3) no symptom association. Reflux is un-
likely to be the cause of symptoms or injury in the 
last group. Thus, other causes should be investigat-
ed. Those patients with symptoms or injury from 
nonacidic or weakly acidic reflux would likely have 
a negative pH test and would likely not benefit from 
PPI therapy. Recent studies using combined MII-pH 
monitoring demonstrate a significant association be-
tween nonacidic and weakly acidic reflux and symp-
toms or injury. Our data suggest that pepsin may be 
responsible for symptoms and injury caused by non-
acidic and weakly acidic reflux. We are currently 
testing pepsin inhibitors in our in vitro models to see 
whether they prevent peptic injury. Once we have 
identified the receptor with which pepsin interacts, 
we will also design and synthesize receptor antago-
nists to test in our in vitro models. If our in vitro 
studies demonstrate that pepsin inhibitors and/or re-
ceptor antagonists prevent pepsin uptake and injury, 
an in vivo model will be used to investigate the clin-
ical usefulness of such pharmacologic agents.
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Influence of Anxiety and Depression on the Predictive Value
of the Reflux Symptom Index 

Samuel L. Oyer, MD; Lauren C. Anderson, MD; Stacey L. Halum, MD 

Objectives: Although the Reflux Symptom Index (RSI) is a validated laryngopharyngeal reflux (LPR) outcomes tool, 
its predictive value for LPR is controversial. Because psychiatric problems may lead to exaggerated patient-perceived 
symptoms and RSI values, the aim of this study was to determine whether the positive predictive value of the RSI for pH 
probe–documented LPR is influenced by anxiety and depression. 
Methods: We reviewed the charts of all patients who underwent pH probe testing for LPR between January 2006 and 
July 2008 at our institution. The RSI, Reflux Finding Score (RFS), medical history, and pH probe findings were recorded. 
Patients with anxiety or depression were included in the psychiatric disorder (+PSY) group, and those without anxiety or 
depression comprised the non–psychiatric disorder (–PSY) group. Predictive values of the RSI for pH probe–documented 
LPR were determined for each group. 
Results: We included 51 patients: 30 patients (59%) in the –PSY group and 21 patients (41%) in the +PSY group. The 
mean RSI of the +PSY group was higher than that of the –PSY group (p < 0.05), but the +PSY patients actually had a 
lower incidence of abnormal probe studies (p < 0.02). The positive predictive value of an elevated RSI for an abnormal 
pH probe study was poor in the +PSY patients (p = 0.495), but strong in the –PSY group (p = 0.004). 
Conclusions: The presence of anxiety and depression impairs the predictive value of the RSI for LPR. This finding po-
tentially explains some of the controversy over the diagnostic utility of the RSI.
Key Words: extra-esophageal reflux, laryngopharyngeal reflux, psychiatric disorder, reflux, Reflux Finding Score, Re-
flux Symptom Index. 
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INTRODUCTION 
Laryngopharyngeal reflux (LPR) is a disease en-

tity associated with significant controversy. The ini-
tial controversy surrounded the question of whether 
LPR was a distinct disease or simply a manifestation 
of gastroesophageal reflux disease (GERD); Kouf-
man1 first made the distinction in 1991. Although 
LPR and GERD both involve retrograde reflux of 
gastric contents, the two disorders have been found 
to have different pathophysiology, symptomatolo-
gy, and patient characteristics.1-3 For example, LPR 
occurs more commonly in the upright position,2-4 
and often without heartburn.3 Unlike patients with 
GERD, patients with LPR tend not to be obese.5 
Finally, manometric studies suggest differences in 
esophageal motility between patients with LPR and 
those with GERD.6 

To aid in the diagnosis of LPR, Belafsky et al7 de-
veloped the Reflux Symptom Index (RSI), a patient-
generated score used to grade the severity of symp-
toms associated with LPR. This index was validated 
through an outcomes-based study over 6 months of 
treatment by comparing the trend in RSI values of 

patients with pH probe–documented LPR with that 
in RSI values of age-matched, asymptomatic con-
trols.7 In addition, the Reflux Finding Score (RFS),8 
a clinician-derived score based on videostroboscop-
ic examination of the larynx, was also developed 
to identify the extent of physical findings associ-
ated with LPR. This scoring system was similarly 
validated through an outcomes-based study over 6 
months of treatment and demonstrated interobserv-
er and intraobserver correlation coefficients of 0.95 
and 0.90, respectively.8 These measures have been 
used as screening tools to identify patients with pos-
sible LPR, but controversy exists regarding their re-
producibility and their correlation with results from 
pH probe studies.9-12

Historically, LPR symptoms such as globus were 
often attributed to psychiatric problems. For exam-
ple, globus pharyngeus was actually called “globus 
hystericus,” as it was believed to be entirely psycho-
genic.13 Over time, otolaryngologists have recog-
nized that many conditions such as LPR, allergies, 
and even vagal neuropathies can contribute to glo-
bus sensation, chronic cough, throat clearing, and 
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other symptoms. In fact, the pendulum has swung 
to the point that it is now considered politically in-
correct or substandard care to suggest that globus 
sensation could, even in part, be psychogenic. As a 
consequence, these patients are often seen by mul-
tiple otolaryngologists and receive extensive unsuc-
cessful medical testing and treatments without their 
underlying psychiatric issues’ being addressed. 

Over recent years, there has been significant con-
troversy as to the diagnostic utility of the RSI. Be-
cause the RSI was developed as an outcomes tool to 
follow the treatment response in LPR patients, there 
are no data on the positive predictive value of an ele-
vated RSI for pH probe–documented LPR.7 Based 
on a comparison of RSI data from two cohorts (one 
with pH probe–documented LPR and one with nei-
ther LPR symptoms nor pH probe information), Be-
lafsky et al7 suggested that an RSI of greater than 
or equal to 13 is highly suggestive of reflux. Thus, 
many otolaryngologists have used the RSI diagnos-
tically in conjunction with the RFS, rather than sub-
mitting patients to testing with a dual pH probe eval-
uation, which remains the recognized gold standard 
for diagnosing LPR.1,2,14,15 Interestingly, much LPR 
controversy has been sparked over subsequent stud-
ies suggesting that the symptoms and examination 
findings have poor predictive value for pH probe–
documented LPR.10,11,16 There may be several ex-
planations for this discrepancy. Because the RFS de-
tects inflammatory changes (pseudosulcus vocalis, 
ventricular obliteration, arytenoid erythema, etc), 
it may be falsely elevated by inflammatory disor-
ders other than LPR. In addition, some studies have 
found poor agreement among examiners in desig-
nating RFS values.10,11 Similarly, the RSI may also 
be influenced by variable sources of inflammation 
(allergies, autoimmune disease, etc) that potentially 
contribute to false values. The subjective nature of 
the RSI also makes defining a “threshold” for an ab-
normal RSI problematic. For example, one patient 
may find a symptom such as cough to be a nuisance 
whereas another individual finds the same cough 
severely disabling, thereby having vastly different 
symptom severity scores. Finally, regarding dual pH 
probe testing itself, the threshold for “abnormal” hy-
popharyngeal acid exposure continues to be debat-
ed, adding even more confusion to the topic. 

Because patients with anxiety and depression 
may be prone to exaggerate physical symptoms, this 
cohort of patients may be especially difficult to as-
sess or screen via symptom indices such as the RSI. 
Thus, the aim of this study was to determine wheth-
er the positive predictive value of the RSI for LPR 
(as determined by 24-hour pH probe measurements) 

was influenced by a patient history of anxiety and/
or depression. 

METHODS 

The study group consisted of all patients with 
symptoms suggestive of LPR who presented to the 
Indiana University Clinic for Swallowing and Voice 
Disorders between January 2006 and July 2008. A 
retrospective chart review was performed to iden-
tify patients who underwent pH probe testing as part 
of their workup for LPR. Studies involving both the 
standard dual pH probe and the newer oropharyn-
geal probe were included. Exclusion criteria includ-
ed incomplete patient data (RSI, RFS, or probe re-
sults) and a history of neurologic disorders or previ-
ous head and neck chemoradiation that might have 
influenced RSI values. The study was approved by 
the Institutional Review Board at Indiana University 
School of Medicine. 

At their initial visit, all patients completed stan-
dardized paperwork asking them to describe their 
past medical history (PMH) and current medica-
tions, complete a review of systems (ROS; a check-
list consisting of 15 total systems), and complete the 
RSI. Additionally, patients underwent videostrobo-
scopic examination and were assigned an RFS. Pa-
tients in whom LPR was suspected on the basis of 
symptoms and examination findings were referred 
for pH probe testing while off antireflux medica-
tions per standard protocol at the clinic. 

All study patients underwent pH probe testing. As 
this study was not interested in esophageal acid ex-
posure, results were categorized simply as positive 
for LPR (abnormal pH probe results) or negative 
for LPR (normal pH probe results). Ambulatory 24-
hour pH monitoring was performed and interpreted 
by a gastroenterologist at Indiana University School 
of Medicine using a dual-channel probe (PHN15, 
Sandhill Scientific, Highlands Ranch, Colorado). 
The esophageal sphincters were identified with ma-
nometry, and the proximal and distal sensors were 
placed within 1 cm of the upper esophageal sphinc-
ter and 6 cm above the lower esophageal sphincter. 
A pharyngeal reflux event was defined as an abrupt 
drop to a pH of less than 4 at the proximal probe im-
mediately preceded by a similar drop in the distal 
probe and not occurring during a mealtime. On the 
basis of results from efforts by Vincent et al4 and 
Bove et al17 to establish normal levels of reflux in 
asymptomatic patients, abnormal pharyngeal re-
flux was defined, at the proximal probe, as either 7 
or more reflux events or a total percentage of time 
that the pH was less than 4 of greater than 0.2%.4,17 
It should be noted, however, that these criteria are 



TABLE 1. COMPARISON OF PATIENTS
 Total –PSY Group +PSY Group p*
Patients 51 (100%) 30 (58.9%) 21 (41.4%)
Mean (±SD) age (y) 51.6 ± 14.1 48.7 ± 14.0 55.7 ± 13.7 p = 0.08
Female 33 (64.7%) 16 (53.3%) 17 (81.0%) p < 0.05†
Male 18 (35.3%) 14 (46.7%) 4 (19.0%) p < 0.05†
Mean (±SD) ROS 5.5 ± 3.8 3.7 ± 2.8 8.0 ± 3.6 p < 0.0001†
Mean (±SD) RSI 20.9 ± 10.5 18.2 ± 9.6  24.9 ± 10.7 p < 0.05†
–PSY — non-psychiatric; +PSY — psychiatric; ROS — review of systems; RSI — Reflux Symptom Index.

*Value was calculated by comparing –PSY and +PSY groups. Student’s t-test was used for mean values, and χ2 test was used for categorical data.
†Significant.
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based on the 95th percentile of reflux events in as-
ymptomatic individuals and have not been validated 
with therapy-based outcome studies. A data analysis 
was additionally performed by using more than 4 
reflux events to define abnormal proximal reflux, as 
proposed by Smit et al,18 but this produced no sig-
nificant difference in results (data not shown). Pa-
tients who presented later in the study period under-
went ambulatory pH probe testing with an oropha-
ryngeal pH probe, the Dx-pH Measurement System 
(Respiratory Technology Corporation, San Diego, 
California), of which the results have been shown to 
correlate well with those of the upper probe of the 
gold-standard dual pH probe.19 The oropharyngeal 
probe was placed through one naris and positioned 
with the sensor in the oropharynx posterior to the 
uvula, and its positioning was confirmed by direct 
visualization. Reflux events were defined as abrupt 
drops to a pH of less than 4 or more than 25% from 
baseline, with 2 or more events signifying an abnor-
mal result.19 Drops in pH that occurred during meal-
times were manually excluded as artifacts. 

For the purposes of this study, patients were cate-
gorized as being in the psychiatric (+PSY) group if 
they reported anxiety and/or depression in their 
PMH or ROS. The remaining patients were catego-
rized as non-psychiatric (–PSY). As pre  vious ly de-
scribed,7 an RSI greater than or equal to 13 was con-
sidered abnormally elevated. For data anal ysis, the 
positive predictive value of an elevated RSI for pH 
probe–determined LPR was calculated for the entire 
group, the +PSY group, and the –PSY group. Posi-
tive predictive values attained with dual pH probe 
testing were also compared to those attained with 
oropharyngeal probe testing. Statistical analysis was 
performed with Student’s t-test for mean values and 
a χ2 test for categorical data; a p value of less than 
0.05 was used to determine significance for both.

RESULTS 
The initial chart review included 56 patients, but 

5 patients were excluded from the final analysis ac-
cording to the exclusion criteria above (4 because of 

incomplete data and 1 because of an underlying neu-
rologic condition). Fifty-one patients (33 female, 18 
male) with a mean age of 51.6 years (range, 16 to 
79 years) made up the study population. Of these 51 
patients, 31 (61%) were evaluated with the dual pH 
probe and 20 (39%) with the oropharyngeal probe. 

Twenty-one patients (41%) made up the +PSY 
group, based on self-reported anxiety and depression 
on their initial evaluations. Thirty patients (59%) 
made up the –PSY group, based on an absence of 
anxiety or depression and associated medications on 
their history and review of systems. The differences 
between the two groups of patients are summarized 
in Table 1. The +PSY group consisted of relatively 
more female patients (80% versus 53%; p < 0.05). 
On the basis of the ROS and the RSI, patient-report-
ed symptom ratings were significantly higher for the 
+PSY group than for the –PSY group (p < 0.001 and 
p < 0.05, respectively; Table 1). 

A total of 30 patients (59%) had abnormal study 
results based on abnormal pharyngeal acid exposure 
(Table 2). Ten of the 20 oropharyngeal probe stud-
ies (50%) gave abnormal results, and 20 of the 31 
proximal dual probe studies (65%) gave abnormal 
results (Table 3). Among –PSY patients, 22 (73.3%) 
had abnormal study results, compared to 8 patients 
(38.1%) in the +PSY group (p < 0.02; Table 2). 

Twenty patients (67%) in the –PSY group and 18 
patients (86%) in the +PSY group had RSI scores 
of 13 or more (p = 0.12), which was considered an 
elevated RSI in this study according to data from 
Belafsky et al.7 The number of patients whose RSI 
results concurred with their pH probe results (that is, 
an RSI of less than 13 and normal pH probe results 
or an RSI of at least 13 and abnormal pH probe re-
sults) was 22 (73%) in the –PSY group and 9 (43%) 
in the +PSY group (p < 0.05). When all patients 
were combined, there was not a strong relationship 
between RSI values and abnormal pH probe re-
sults; the mean (±SD) RSI of those with abnormal 
probe studies was 21.6 ± 9.1, and the mean RSI of 
those with normal probe studies was 20.0 ± 12.5 (p 



= 0.62). However, when the groups were analyzed 
separately, –PSY patients with an abnormal probe 
study had a mean RSI of 21.1 ± 9.1 (95% confidence 
interval, 17.3 to 24.9), and those with normal probe 
studies had a mean RSI of 10.1 ± 5.7 (95% confi-
dence interval, 6.1 to 14.1; p < 0.001; see Figure). 

DISCUSSION 

Much of the controversy surrounding the diagno-
sis of LPR stems from criticisms of the subjective 
nature of the RSI and the RFS, and from difficul-
ties in establishing consistent criteria for pH probe 
studies. Wright et al20 demonstrated that patients 
with GERD who experience psychosocial stressors 
have an increased perception of heartburn without 
any measurable increase in the amount of esopha-
geal reflux. Because the RSI is based entirely on 
patients’ perceptions of their symptoms, it is feasi-
ble that a similar phenomenon may occur with LPR 
symptoms among patients with greater psychosocial 
unease. An elevated awareness of LPR symptoms 
would lead to falsely elevated RSI rates, thus reduc-
ing the accuracy of the RSI as a whole and potential-
ly contributing to some of the controversy regarding 
its use. 

Relatively few studies have directly examined the 

relationship between the LPR and psychiatric symp-
toms such as anxiety and depression. Park et al12 
studied patients with a chief complaint of globus 
pharyngeus by evaluating them for LPR with the 
RSI, the RFS, a pH probe study, and the SCL-90-R 
(a 90-item questionnaire that assesses 9 psychiatric 
symptom dimensions, including anxiety). The au-
thors found that the RSI and RFS have poor speci-
ficity for LPR when used independently, but that the 
specificity improved when an elevated RSI or RFS 
was combined with a negative SCL-90-R. Another 
study, by Siupsinskiene et al,21 demonstrated that 
patients with LPR have an overall worse quality of 
life and greater psychological disturbance than con-
trols. The rate of anxiety among patients with LPR 
was roughly 30%, compared to 6% in controls, and 
the difference in all measured parameters of well-
being between LPR subjects and controls resolved 
after successful treatment of LPR.21 Thus, psycho-
logical symptoms such as anxiety may lead to an 
amplification of LPR symptoms in patients without 
the disease, and LPR itself may contribute to poorer 
psychosocial function and an increased rate of anxi-
ety. 

As did the study by Park et al,12 this study found 
that psychiatric issues (anxiety and/or depression) 
have a significant influence on the relationship be-
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TABLE 2. DIAGNOSTIC UTILITY OF RSI FOR PH PROBE–DOCUMENTED LARYNGOPHARYNGEAL REFLUX
 Total (n = 51) –PSY Group (n = 30) +PSY Group (n = 21) p*

Elevated (≥13) RSI 38 (74.5%) 20 (66.7%) 18 (85.7%) p = 0.12
Abnormal probe results 30 (58.9%) 22 (73.3%) 8 (38.1%) p < 0.02‡
Mean (±SD) reflux events at upper probe 21.2 ± 23.7 24.3 ± 30.2 17.7 ± 25.4 p = 0.4
Mean (±SD) percentage of time pH <4† 0.6 ± 0.8 0.8 ± 0.9 0.4 ± 0.5 p = 0.2
Sensitivity 24/30 (80%) 17/22 (77.3%) 7/8 (87.5%) p = 0.54
Specificity 7/21 (33.3%) 5/8 (62.5%) 2/13 (15.4%) p < 0.05‡
Positive predictive value 24/38 (63.2%) 17/20 (85%) 7/18 (38.9%) p < 0.01‡
Negative predictive value 7/13 (53.8%) 5/10 (50%) 2/3 (66.7%) p = 0.61

*Value was calculated by comparing –PSY and +PSY groups. Student’s t-test was used for mean values, and χ2 test was used for categorical data.
†Based on 31 dual-probe studies only.
‡Significant.

TABLE 3. COMPARISON OF DUAL-PROBE AND OROPHARYNGEAL PROBE PH TESTING METHODS
 –PSY Group +PSY Group
 Dual Oropharyngeal p* Dual Oropharyngeal p†
Patients 18 (60%) 12 (40%)  13 (61.9%) 8 (38.1%)
Elevated (≥13) RSI 12 (66.7%) 8 (66.7%) p = 1.0 12 (92.3%) 6 (75%) p = 0.27
Abnormal probe results 14 (77.8%) 8 (66.7%) p = 0.50 6 (46.2%) 2 (25%) p = 0.33
Association of RSI and probe 12 (66.7%) 10 (83.3%) p = 0.31 7 (53.8%) 2 (25%) p = 0.19
Sensitivity 10/14 (71.4%) 7/8 (87.5%) p = 0.39 6/6 (100%) 1/2 (50%) p = 0.064
Specificity 2/4 (50%) 3/4 (75%) p = 0.47 1/7 (14.3%) 1/6 (16.7%) p = 0.91
Positive predictive value 10/12 (83.3%) 7/8 (87.5%) p = 0.80 6/12 (50%) 1/6 (16.7%) p = 0.17
Negative predictive value 2/6 (33.3%) 3/4 (75%) p = 0.20 1/1 (100%) 1/2 (50%) p = 0.39

*Comparison of dual and oropharyngeal probes among –PSY patients.
†Comparison of dual and oropharyngeal probes among +PSY patients. 



tween the RSI and the pH probe study results. Pa-
tients in the +PSY group had a significantly higher 
RSI on average, but only half the rate of abnormal 
(LPR-positive) pH probe studies, as compared to 
the –PSY group; thus, there was a poor association 
between an elevated RSI and pH probe–document-
ed LPR in the +PSY group. Additionally, the mean 
RSI for patients with normal and abnormal probe 
studies showed no difference when the groups were 
analyzed together, but among –PSY patients alone, 
the average RSI was significantly higher for pa-
tients with an abnormal probe study than for those 
with a normal probe study. The specificity and posi-
tive predictive value of the RSI for abnormal acid 
reflux on 24-hour pH probe testing was also high-
er in –PSY patients than for +PSY patients. Final-
ly, +PSY patients had an average of twice as many 
positive items on the ROS (despite not having more 
medical diagnoses than the –PSY group); this find-
ing supports the idea that such patients may have an 
elevated awareness of physical symptoms. 

Limitations of this study included a lack of blind-
ing and the retrospective nature of the study. Addi-

tionally, the study did not utilize multichannel in-
traluminal impedance monitoring to detect gaseous 
and nonacidic reflux, but measured only acid reflux 
with the pH probe. The fact that patients were asked 
to self-report their psychiatric symptoms and histo-
ry may also be limiting because of the potential for 
over-reporting or under-reporting of true psychiat-
ric illness within the study group. Although a more 
thorough assessment tool such as the SCL-90-R 
may more precisely characterize a patient’s psychi-
atric issues, the fact that significant differences were 
found based on such a simple and brief assessment 
is reassurance that this assessment could feasibly 
take place amid a busy clinical practice.

CONCLUSIONS 

Certainly, psychiatric symptoms and LPR are not 
mutually exclusive entities, as some of the +PSY pa-
tients in our study had LPR confirmed by pH probe 
testing. Our data suggest, however, that psychiatric 
symptoms such as anxiety and depression may be 
one patient factor that significantly impacts the di-
agnostic validity of the RSI for LPR. 
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Mean Reflux Symptom Index (RSI) based on 
probe results. –PSY — non-psychiatric; +PSY 
— psychiatric.
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Dysphagia, Stricture, and Pneumonia in Head and Neck Cancer 
Patients: Does Treatment Modality Matter? 

David O. Francis, MD, MS; Ernest A. Weymuller, Jr, MD; Upendra Parvathaneni, MD;
Albert L. Merati, MD; Bevan Yueh, MD, MPH 

Objectives: Dysphagia-related sequelae are common after head and neck cancer treatment. Our aims were 1) to docu-
ment overall and site-specific dysphagia, stricture, and pneumonia rates in a Medicare population, 2) to calculate treat-
ment-specific rates and adjusted odds of developing these complications, and 3) to track changes in rates between 1992 
and 1999. 
Methods: Head and neck cancer patients between 1992 and 1999 were identified in combined Surveillance Epidemiol-
ogy and End Results (SEER) registry and Medicare databases. Multivariate analyses determined odds of dysphagia, stric-
ture, and pneumonia based on modality. 
Results: Of 8,002 patients, 40% of experienced dysphagia, 7% stricture, and 10% pneumonia within 3 years of treatment. 
In adjusted analyses, patients treated with chemoradiation had more than 2.5-times-greater odds of dysphagia than did 
those treated with surgery alone. Combined therapy was associated with increased odds of stricture (p < 0.05). The odds 
of pneumonia were increased in patients treated with radiation with or without chemotherapy. Temporally, the dysphagia 
rates increased 10% during this period (p < 0.05). 
Conclusions: Sequelae of head and neck cancer treatment are common and differ by treatment regimen. Those treated 
with chemoradiation had higher odds of experiencing dysphagia and pneumonia, whereas patients treated with any com-
bined therapy more commonly experienced stricture. These sequelae represent major sources of morbidity and mortality 
in this population. 
Key Words: dysphagia, esophageal stricture, head and neck cancer, pneumonia, treatment toxicity. 
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INTRODUCTION 

Surgery and radiation have long been the prin ci-
pal modalities in the treatment of head and neck can-
cer (HNC). Over the past 2 decades, chemoradiation 
(CRT) has developed into an accepted alternative 
and, in certain circumstances, the standard of care 
for intermediate- and advanced-stage cancers.1 Dys-
phagia and related sequelae are dose-limiting toxi-
cities of CRT; as many as 30% of patients require 
long-term use of gastrostomy tubes for nutrition.2 

Posttreatment dysphagia has many manifesta-
tions. A particularly incapacitating form of dys-
phagia is pharyngoesophageal stricture. It is esti-
mated that up to 46% of HNC patients treated with 
CRT will develop some degree of stricture.3 Higher 
estimates are attributed to regimens involving accel-
erated hyperfractionated radiation.4 These patients 
often require esophageal dilations to maintain pha-

ryngoesophageal patency and are dependent on gas-
trostomy feeding. Pneumonia is another potentially 
life-threatening manifestation.5,6 Dysphagia-relat-
ed pneumonia is caused by frank or silent aspira-
tion, which occurs in 17% to 81%7-9 of patients with 
stage III and IV HNC. This condition can spiral into 
respiratory failure and sepsis and represents a ma-
jor source of morbidity and mortality in this popula-
tion.3,10,11 

Despite recognition of these serious complica-
tions, no population-based estimates have been ad-
vanced. With the trend toward expanding nonsur-
gical treatment of HNC, it is important that all in-
volved practitioners understand the consequences 
of treatment options when counseling patients. With 
this in mind, our 3 aims in this study were 1) to doc-
ument overall and site-specific dysphagia, stricture, 
and pneumonia rates in a Medicare population; 2) to 
calculate treatment-specific rates and adjusted odds 
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ratios (AORs) for developing these complications; 
and 3) to track changes in their rates between 1992 
and 1999. 

METHODS 

Data from the combined Surveillance Epidemiol-
ogy and End Results (SEER) registry–Medicare da-
tabase was used for this analysis. The SEER registry 
comprises 12 registries, and systematically collects 
cancer data for 14% of the US population. It includes 
information on patient, cancer, treatment, and vital 
status. The SEER registry is enriched by Medicare 
claims, which provide longitudinal records for 94% 
of cancer patients over 65 years of age.12 Medicare 
claims record International Classification of Dis-
ease 9th Revision Clinical Modification (ICD-9-
CM) and Common Procedure Terminology 4th Re-
vision (CPT-4) codes and the dates those diagnoses 
and services were rendered. 

Patient Population. This is a retrospective cohort 
study of histologically confirmed incident cases of 
squamous cell carcinoma of the oral cavity, orophar-
ynx, hypopharynx, or larynx enrolled in the SEER 
registry between 1992 and 1999 in the Medicare 
population. These cancer sites were chosen because 
of their essential roles in deglutition. Inclusion cri-
teria were patients with 1) a first cancer diagnosed 
between 1992 and 1999; 2) age equal to or greater 
than 65 years; and 3) enrollment in both Medicare 
A and B to ensure inclusion of inpatient and out-
patient medical utilization. Excluded were patients 
with 1) other types of HNC (ie, skin, paranasal, thy-
roid, nasopharyngeal, orbital); 2) any prior cancer 
diagnosis; 3) unrecorded diagnosis dates; or 4) an 
unrecorded treatment modality. 

Treatment Definition. Treatment regimens were 
defined based on 3 modalities — surgery, radiation, 
and chemotherapy — occurring in the 4 months af-
ter cancer diagnosis. The SEER registry designates 
this 4 months as the “treatment period.”13 Both 
SEER and Medicare records were used to identify 
treatment with surgery and radiation. At the time of 
this study, SEER did not show whether patients un-
derwent chemotherapy. Therefore, chemotherapy 
data were necessarily extracted from ICD-9-CM 
and CPT-4 codes in Medicare claims. To confirm 
that we captured most chemotherapy used in our co-
hort, we independently identified surgery and radia-
tion treatments in the Medicare database. We then 
correlated the frequencies of known surgery and ra-
diation treatments in the SEER registry with those 
discovered in Medicare claims. A high correlation 
was found, which increased our confidence that che-
motherapy data identified by the same method were 

nearly complete.
Outcome Definitions. The primary outcomes were 

posttreatment diagnoses of dysphagia, stricture, and 
pneumonia. Each outcome was evaluated over the 3 
years following cancer diagnosis to standardize the 
time at risk. The rationale for this period relates to 
the availability of linked Medicare claims, which 
were only available through 2002. The 3-year time 
period ensures equal follow-up for all patients, in-
cluding those with diagnoses from 1999. Dysphagia 
was identified by its ICD-9-CM code, 787.2. Simi-
larly, pneumonia was defined on the basis of ICD-9-
CM codes (507-507.8, 481-482.9, 485, 486). Stric-
ture was defined on the basis of ICD-9-CM codes for 
pharyngeal and esophageal strictures (478.29, 530.3), 
ICD-9 procedure codes (29.91, 42.01, 42.92), and 
CPT-4 codes for esophageal dilation (43220, 43226, 
43248, 43249, 43450, 43453, 43456, 74360). 

Comorbidity. Comorbidity was included in this 
analysis because of its relationship to prognosis and 
survival after cancer diagnosis and treatment.14 It 
was measured with the Deyo Modification of the 
Charlson Comorbidity Index.15 Traditionally, this 
index is calculated from inpatient claims made the 
year before the beginning of the study period. How-
ever, because of resource limitations, it was cal-
culated with disease information from Medicare 
claims during the 4-month treatment period. Cancer 
data were excluded from its calculation to allow bet-
ter stratification of comorbidity status. 

Statistical Methods. Overall, cancer site- and 
treatment-specific dysphagia, stricture, and pneu-
monia rates were calculated. Multivariate logistic 
regression analyses were used to determine the inde-
pendent impact of treatment modality on the devel-
opment of dysphagia, stricture, and pneumonia. The 
variables included were age (quartiles), sex, Deyo 
comorbidity score (0 to 3), cancer site (oral cavity, 
oropharynx, hypopharynx, larynx), treatment (sur-
gery alone, surgery and radiation, CRT, “other”), 
and SEER historic cancer stage (in situ or localized, 
regional, distant, unstaged). The “other” treatment 
category comprises less-used combinations of the 
principal modalities. 

The SEER registry classifies HNCs with use of 
both modified American Joint Commission on Can-
cer (AJCC) staging and the SEER historical stag-
ing system. The historical staging system divides 
tumors into in situ (no invasion of basement mem-
brane), localized (confined to organ of origin), re-
gional (extends beyond organ of origin, regional 
lymph nodes), distant (spread remote from primary 
tumor), and unstaged.16 In our assessment, data on 
historical staging were more complete for the years 



TABLE 1. PATIENT CHARACTERISTICS
Cohort (n) 8,002
Male 66%
Caucasian 85%
Age (y; mean ± SD) 73.8 ± 6.5
Age quartiles
 69 y 31%
 69-72 y 24%
 73-78 y 23%
 >78 y 22%
Comorbidity
 0 15%
 1 16%
 2 10%
 3 58%

TABLE 2. CANCER CHARACTERISTICS
Site
 Oral cavity 31%
 Oropharynx 21%
 Hypopharynx 7%
 Larynx 40%
SEER stage
 In situ or localized 43%
 Regional 46%
 Distant 7%
 Unstaged 4%

SEER — Surveillance Epidemiology and End Results.

TABLE 3. TREATMENT CHARACTERISTICS
Surgery alone 28%
Surgery and radiation 33%
Radiation alone 26%
Chemoradiation 7%
Other 6%
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included and were therefore used in this study. In 
situ and localized stages were combined to increase 
statistical power. The results are reported as adjust-
ed odds ratios (AORs) with 95% confidence inter-
vals (CIs). 

Temporal trends in these conditions were mea-
sured for patients with incident cancers diagnosed 
between 1992 and 1999. Because linked Medicare 
data were only available through 2002, each patient 
was followed for 3 years after cancer diagnosis to 
equalize the time at risk for developing outcomes. 
The results are presented on the basis of diagnosis 
year. For example, if a patient received a diagno-
sis in 1993 and developed a stricture in 1995, the 
stricture is reported with the 1993 cohort. The treat-
ment-specific rates for each anatomic site were de-
termined and categorized by diagnosis year. Anal-
ysis of variance was used to detect differences in 
rates between years. Significant differences were 
eval uated by pairwise χ2 analyses. Secondary analy-
ses used all available follow-up data to measure the 
time from treatment to dysphagia, stricture, or pneu-
monia. All statistical analyses were performed with 
Microsoft Excel (Redmond, Washington) and Stata 
9.0 SE software (College Station, Texas).

RESULTS 

Most of the 8,002 patients who met the inclusion 
criteria were male (66%), were Caucasian (85%), 
and had either laryngeal (40%) or oral cavity (31%) 
cancer (Tables 1 and 2). All patients were 65 years or 
older (mean age, 73.8 years). Surgery and radia tion 
was the most common treatment regimen (33%), 
fol lowed by either radiation or surgery alone and, 
least commonly, CRT (Table 3). 

Within 3 years of cancer diagnosis, 39.8% of pa-
tients were found to have dysphagia, 7.1% stricture, 
and 10.4% pneumonia. Compared to cancers of oth-

er sites, hypopharyngeal cancers correlated with the 
highest rates of dysphagia (65.6%), stricture (20%), 
and pneumonia (17.4%; Fig 1). Stricture was sig-
nificantly more common among patients with laryn-
geal cancer than among patients with oropharyngeal 
or oral cavity cancer. Patients with oropharyngeal 
cancer had a significantly higher rate of pneumonia 
than did patients with cancer of the oral cavity or 
larynx. 

Outcomes and Treatment Regimen. Patients treat-
ed with CRT had more dysphagia (64%) than did 
those treated with surgery and radiation or either 
surgery or radiation alone (Fig 2). Surgery alone in-
volved significantly less dysphagia (25%) than did 
any other treatment regimen. In multivariate anal-
ysis, CRT was associated with 2.69-times-greater 
odds of dysphagia as compared to surgery alone 
(AOR, 2.69; 95% CI, 2.17 to 3.34; Fig 3). Patients 
had 2 times the odds of dysphagia with surgery and 
radiation (AOR, 1.97; 95% CI, 1.72 to 2.25) or “oth-
er” therapies (AOR, 2.03; 95% CI, 1.63 to 2.53) and 
73% higher odds with radiation alone (AOR, 1.73; 
95% CI, 1.50 to 1.99; p < 0.001). 

Other variables affected the odds of dysphagia. 
Compared to oral cavity cancer, dysphagia was sig-
nificantly more common in patients with cancer of 
the oropharynx (AOR, 1.44; 95% CI, 1.25 to 1.66; 
p < 0.001), hypopharynx (AOR, 2.60; 95% CI, 2.12 
to 3.20; p < 0.001), or larynx (AOR, 1.18; 95% CI, 
1.04 to 1.34; p = 0.010). Female gender and a higher 
comorbidity score increased the odds of dysphagia. 

The stricture rate was significantly higher in pa-
tients treated with CRT (12%) as compared to sur-
gery and radiation (p = 0.040), surgery alone (p < 



0.001), or radiation alone (p < 0.001; Fig 2). In mul-
tivariate analysis, surgery and radiation increased 
the odds of stricture by 37% (AOR, 1.37; 95% CI, 
1.06 to 1.77). Use of CRT increased the odds by 
35%; this increase approached, but did not achieve, 
statistical significance (AOR, 1.35; 95% CI, 0.95 to 
1.92; Fig 3). There was no difference in the odds of 
stricture between patients treated with CRT, radia-
tion alone, or surgery alone. 

Cancer site independently affected the odds of 
stricture. Compared to oral cavity cancer, patients 
with hypopharyngeal cancers had the highest odds 
of stricture (AOR, 2.26; 95% CI, 1.80 to 2.83), fol-
lowed by cancer of the larynx (AOR, 1.53; 95% 
CI, 1.31 to 1.78) and oropharynx (AOR, 1.19; 95% 
CI, 1.00 to 1.43). The odds of stricture were also 
increased among patients with higher comorbidity 
scores. 

Significantly fewer patients in the surgery-alone 
group (8%) developed pneumonia than did those 
treated with surgery and radiation, radiation alone, 
CRT, or “other” therapies (Fig 2). Patients treated 
with CRT had a significantly higher rate of pneumo-
nia (15%) than did those treated with surgery and ra-

diation. In multivariate analysis, the odds of devel-
oping pneumonia were increased 44% (AOR, 1.44; 
95% CI, 1.06 to 1.95) by treatment with CRT com-
pared to surgery alone (Fig 3). The odds of pneu-
monia were also significantly increased for those 
treated with “other” therapies (AOR, 1.38; 95% CI, 
1.01 to 1.90) or radiation alone (AOR, 1.26; 95% 
CI, 1.01 to 1.57). 

Other variables affected the odds of pneumo-
nia. Patients with hypopharyngeal cancer had 56% 
great er odds of developing posttreatment pneumo-
nia compared to those with oral cavity cancer (AOR, 
1.56; 95% CI, 1.19 to 2.06). There was no difference 
in the odds of pneumonia among patients with other 
cancer sites. Male gender, non-Caucasian race, ad-
vanced age, and a higher comorbidity score all sig-
nificantly increased the odds of pneumonia. 

Temporal Relationship. Changes in posttreatment 
rates of dysphagia, stricture, and pneumonia be-
tween 1992 and 1999 were measured. All patients 
were followed for 3 posttreatment years and mon-
itored for outcomes. The dysphagia rate increased 
significantly, from 33% to 44%, during this time pe-
riod (Fig 4). Neither the stricture rate nor the pneu-
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Fig 4. Longitudinal trends in dysphagia, stricture, and 
pneumonia rates (1992 to 1999).

Fig 1. Rates of dysphagia, stricture, and pneumonia by 
cancer site.

Fig 2. Rates of dysphagia, stricture, and pneumonia by 
treatment modality.

Fig 3. Adjusted odds of dysphagia, stricture, and pneu-
monia by treatment modality.



monia rate changed during this period. 

In secondary analysis, the rates of dysphagia, 
stricture, and pneumonia were higher when analyses 
were not limited to 3 years from treatment. Twenty 
percent of patients developed stricture overall; how-
ever, only 7.1% developed this complication within 
3 years of their cancer diagnosis. The dysphagia rate 
also was increased, from 39.8% when a 3-year fol-
low-up was used, to 46.5% overall. The pneumonia 
rate only increased from 10.4% to 13.3% from the 
3-year follow-up to overall during this time period.

DISCUSSION 

Treatment for head and neck squamous cell carci-
noma has intensified to improve locoregional control 
and survival rates. Unfortunately, more-aggressive 
treatments have had the unintended consequence of 
swallowing dysfunction. Population-based rates and 
risks of posttreatment dysphagia are poorly under-
stood. This study sought to evaluate treatment-spe-
cific rates of dysphagia in Medicare patients treated 
for HNC. Although dysphagia and related sequelae 
can occur with any treatment regimen, certain mo-
dalities were associated with increased risk. 

The rate of posttreatment dysphagia increased 
10% between 1992 and 1999, affecting nearly 40% 
of our cohort. It was significantly more common for 
CRT than for any other regimen. An increased rate 
of dysphagia observed over this period is likely at-
tributable to more-aggressive recent therapies. The 
use of CRT burgeoned in the early 1990s, after CRT 
showed an efficacy similar to that of surgery and ad-
juvant radiation.17 Its promise prompted intensifica-
tion with a hope of improved outcomes. However, 
these efforts were tempered by increasing rates of 
dysphagia and its sequelae, which are now recog-
nized as dose-limiting toxicities.18,19

Dysphagia is not isolated to treatment with CRT. 
In fact, compared to surgery alone, patients treat-
ed with all other regimens had higher risks of dys-
phagia. The risk of swallowing dysfunction was in-
creased for any regimen involving radiotherapy. Ad-
dition of either surgery or chemotherapy compound-
ed this risk. It therefore behooves practitioners who 
have patients with HNC to carefully inquire about 
dysphagia and its sequelae. Since these data were 
collected, advances in radiotherapy (ie, intensity-
modulated radiotherapy) have aimed at reducing the 
risk of clinically significant dysphagia.20 

Independent of treatment modality, other vari-
ables affecting the risk of dysphagia were cancer 
site, gender, and comorbidity. Patients with oropha-
ryngeal and hypopharyngeal cancers had the great-

est risk of posttreatment dysphagia. Typically, can-
cers at these sites are treated with radiation with or 
without chemotherapy. Resultant collateral fibrosis 
of tissues is expected, thereby altering the function-
ality of the base of the tongue and the epiglottis and, 
at times, directly inhibiting bolus transit into the 
proximal esophagus.21 Neither gender nor comor-
bidity has been previously cited in prognostication, 
and they deserve further attention. 

Dysphagia is a nonspecific diagnosis; therefore, 
to better understand its specific clinical manifesta-
tions, we considered stricture and aspiration pneu-
monia. Both result in significant rates of morbidity 
and mortality after treatment for HNC. Overall, our 
stricture rate was lower than those previously re-
ported,10,22 likely as a by-product of the duration of 
follow-up. The overall stricture rate was 7% in the 
3 years following cancer diagnosis; but in second-
ary analysis including all available Medicare claims 
(1992 to 2002), the rate increased to 20%. Stricture 
has historically been considered a late toxicity,21 as 
was confirmed by these data. 

Nearly a quarter of patients treated with com-
bined therapy had strictures. Previously reported 
rates of stricture among patients treated with CRT 
are variable and are likely related to the intensity of 
the regimen,21 the sensitivity of the detection meth-
ods,1 the duration of follow-up, and the study design 
(sample size, selection bias). Most studies defined 
stricture on the basis of clinically driven radiograph-
ic evidence and/or the need for dilation,10,22 whereas 
others identified strictures on compulsory posttreat-
ment radiographic evaluation.3 

In multivariate analysis, the risk of developing 
stricture was increased nearly 40% in patients treat-
ed with either surgery and radiation or CRT com-
pared to surgery alone. However, the increased risk 
of stricture was statistically significant only among 
those treated with both surgery and radiation. This 
may represent a type II error. The fact that fewer pa-
tients were treated with CRT than with surgery and 
radiation reduced the precision of the odds ratio, as 
evidenced by its broad confidence intervals. Inter-
estingly, the rates and odds of stricture were iden-
tical between surgery and radiation alone. There is 
apparent synergy in combined therapy compared to 
individual modalities. 

Cancer site and comorbidity were prognostic 
fac tors for stricture formation. Patients with hypo-
pharyngeal and laryngeal cancers had 2-times and 
50%-greater odds, respectively, of developing stric-
ture than did patients with oral cavity cancer. The 
close proximity of the mucous membranes in the 
hypopharynx makes it especially susceptible to scar 
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formation and fibrosis leading to cicatricial stric-
ture.4,10 Another interesting finding was the direct 
relationship between comorbidity and stricture for-
mation. Comorbidity has shown to be a predictor of 
survival after treatment for HNC,14 but has not been 
linked to increased odds of toxicities. This relation-
ship deserves further study. 

Pneumonia is another major source of posttreat-
ment morbidity and mortality for HNC patients.3,10,11 
Some estimate that aspiration pneumonia occurs in 
up to 50% of patients with dysphagia and is associ-
ated with a 50% mortality rate.23 This toxicity was 
expected to be prevalent in the Medicare cohort, 
and clinically significant pneumonia was diagnosed 
in 10.4%. In this study, a diagnosis of pneumonia 
was used as a surrogate for aspiration pneumonia. 
Although ICD-9-CM codes for aspiration are avail-
able, their use is fraught with inconsistency. More-
over, aspiration is often subclinical and becomes ap-
parent only when infection is manifested. A diagno-
sis of pneumonia is objective and is usually attribut-
able to aspiration in patients treated for HNC. Using 
this metric provided a conservative assessment of 
clinically relevant aspiration, which may explain the 
lower rate of pneumonia reported. 

Several covariates also independently affected 
the risk of pneumonia. The risk was highest among 
patients who had hypopharyngeal cancer and were 
treated with radiation alone or in combination with 
chemotherapy. Other prognostic factors included 
male gender, non-Caucasian race, advanced age, 
and higher comorbidity. Explanation of these rela-
tionships requires further inquiry. 

Limitations. The SEER-Medicare data provide 
the unique opportunity to study a population-based 
cohort of cancer patients and follow them longitudi-
nally to evaluate treatment outcomes and survivor-
ship. Nonetheless, using administrative databases 
has inherent limitations. The SEER registry uses the 
historical cancer staging system, which is not direct-
ly comparable to the AJCC system used clinically. 
Next, the population in this study was 65 years and 
older; therefore, extrapolation to younger patients 
may be inaccurate. Perhaps most importantly, the 
data are retrospective, precluding objective assess-
ment of dysphagia, stricture, and pneumonia. Infor-

mation was not available as to whether dysphagia, 
stricture, or pneumonia preceded treatment. 

Another concern is that patients were identified 
on the basis of Medicare claims data. As such, there 
was no means to confirm the source (ie, symptom-
based, diagnostic test), type, or severity of dyspha-
gia. The accuracy and validity of these diagnoses 
cannot be assessed. For example, the diagnosis of 
dysphagia may be based on complaints, symptoms, 
examination (ie, fiberoptic endoscopic evaluation 
of swallowing), or radiography (ie, modified bar-
ium swallow study). These methods have variable 
sensitivity, and estimates are subject to bias. In our 
study, asymp tomatic dysphagia, stricture, and aspi-
ration likely went unrecognized, leading to an un-
derestimated effect size. Severity and duration are 
also important considerations. Similarly, temporary 
conditions occurring immediately after treatment 
have vastly different prognostic significance than 
do those that persist and cause long-term morbid-
ity (ie, gastrostomy tube) or mortality. Furthermore, 
although claims data do provide some information 
on the type and dose of chemotherapy and radiation 
dosing, they are not complete or comprehensive. 
These factors have been shown to influence the rate 
of dysphagia and its sequelae, and therefore, further 
investigation is necessary to understand their roles. 
Finally, SEER data were only available through 
1999, and Medicare data through 2002. Surgical 
and, to a greater degree, chemotherapy and radiation 
treatment regimens have evolved since 1999.

CONCLUSIONS 
This represents the only retrospective cohort 

study to evaluate the effect of treatment modali-
ty on specific toxicities. Treatment with CRT was 
associated with the highest rates and risks of dys-
phagia and pneumonia. Stricture rates were highest 
among patients treated with combined therapy, but 
the risk of developing stricture was only significant-
ly increased among patients treated with surgery and 
radiation. As the population ages, the rates of mor-
bidity and mortality from dysphagia and related se-
quelae will increase. Large prospective studies are 
needed to further refine our knowledge of risk fac-
tors, to identify patients at risk early, and to develop 
strategies to minimize or prevent these toxicities. 
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Inhaled Triamcinolone With Proton Pump Inhibitor for Treatment 
of Vocal Process Granulomas: A Series of 67 Granulomas 

Alexander T. Hillel, MD; Li-Mei Lin, MD; Robin Samlan, MS;
Heather Starmer, MA; Kevin Leahy, MD, PhD; Paul W. Flint, MD 

Objectives: We sought to analyze the outcomes of vocal process granulomas treated with proton pump inhibitors and 
inhaled triamcinolone acetonide. 
Methods: We reviewed the medical records of patients with a diagnosis of contact granuloma or vocal process granuloma 
between 1995 and 2008. Data included age, gender, intubation history, reflux history, lesion location, previous treatment 
methods, treatment course, and recurrence. All patients were treated with daily or twice-daily protein pump inhibitors and 
inhaled triamcinolone acetonide (300 μg 3 times a day). 
Results: Sixty-seven granulomas were diagnosed in 54 patients: 13 bilateral and 41 unilateral. Twenty patients, includ-
ing all 11 women, had a recent history of intubation. Sixty-two granulomas in 50 patients were treated with triamcinolone 
and a proton pump inhibitor. Of the 57 granulomas that completed treatment, 5 (9%) did not respond (mean follow-up, 
50 weeks; range, 30.3 to 78.3 weeks), 13 (22%) partially responded (mean follow-up, 11 weeks; range, 3 to 30 weeks), 
and 40 (69%) completely responded (mean follow-up, 21 weeks; range, 5.9 to 84.6 weeks). Three cases had recurrence: 
2 nonresponders and 1 complete responder. One patient developed oral thrush. 
Conclusions: In this study, vocal process granulomas occurred more frequently in men, whereas women developed gran-
ulomas only after intubation. The anti-inflammatory action of inhaled triamcinolone combined with antireflux proton 
pump inhibitors successfully treats most vocal process granulomas with low rates of side effects and recurrence. 
Key Words: gastroesophageal reflux, hyperfunctional voice abuse, inhaled steroid, proton pump inhibitor, speech ther-
apy, vocal process granuloma.
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INTRODUCTION 

Vocal process granulomas of the larynx are rela-
tively uncommon benign lesions emanating over 
the vocal process. Common synonyms include con-
tact granuloma, laryngeal granuloma, and pyogenic 
granuloma, among others, with vocal process granu-
loma gaining favor as an inclusive term identifying 
the anatomic location in contrast to more narrowly 
defined pathophysiologic or etiologic descriptions.1 
Vocal process granulomas are commonly associat-
ed with laryngopharyngeal reflux disease, intuba-
tion trauma, and vocal abuse. However, tradition-
al therapy with antireflux regimens, voice therapy, 
and/or surgical excision has demonstrated variable 
success. 

Chevalier Jackson2 was the first to report “con-
tact ulcers” along the posterior glottis in 1928. With 
his son, Chevalier L. Jackson, Jackson surmised the 
mechanical action of abusive phonation as an etio-

logic mechanism and recognized that men were 
more commonly affected.3 Other etiologic factors 
were identified, including direct trauma from intu-
bation injury leading to a granuloma in a woman in 
1932.4 New and Devine5 substantiated this finding 
with a larger case series of 9 postintubation contact 
ulcer granulomas. In 1968, Cherry and Margulies6 
published a report using an acid-barium swallow 
study to associate gastroesophagopharyngeal reflux 
with granuloma formation. Delahunty and Cherry7 
corroborated their clinical suspicion in the labora-
tory by demonstrating granuloma formation in dogs 
whose larynges were exposed to acid, compared 
with no granuloma formation in controls. Subse-
quent clinical studies supported the effect of reflux 
in the pathogenesis of vocal process granuloma.8-10 
In a small study comparing 26 patients with con-
tact granuloma with 19 healthy controls, Ylitalo and 
Ramel9 demonstrated that pharyngeal reflux events 
were significantly more common in the experimen-
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tal group. 

Identification of causal factors is important in the 
treatment of vocal process granulomas. Treatment 
options include voice therapy, antireflux therapy, 
surgical removal, botulinum toxin injections, and 
steroid therapy. Although voice therapy is useful in 
the management of vocal process granuloma, dis-
agreement remains regarding its timing, method, and 
effectiveness. Peacher and Holinger11 reported suc-
cess with vocal reeducation in contrast to voice rest. 
Similarly, Bloch et al12 reported a 71% success rate 
in the use of conventional voice therapy for disease 
resolution. However, Ward et al13 suggested that the 
effectiveness of voice therapy was secondary to that 
of antireflux therapy, which was emphasized as the 
most important treatment method. Aggressive an-
tireflux management of laryngeal granuloma is a 
well-documented approach.13,14 In 1999, Roh et al15 
reported success with topical inhaled steroids as the 
principal therapy for vocal process granuloma. Al-
though surgical intervention represents a treatment 
option, it is associated with a high rate of recurrence 
and is generally indicated for airway obstruction, di-
agnostic biopsy, and granulomas that are nonrespon-
sive to conservative management.8,16 Perioper ative 
steroid injection and postoperative systemic corti-
costeroids have been proposed as adjuvant thera-
py.14,15 Additionally, botulinum toxin injections are 
a more recent treatment option that has been shown 
to aid the resolution of vocal process granuloma in 
poor surgical candidates whose cases were unre-
sponsive to conservative medical management.17 

Despite the spectrum of management strategies, 
vocal process granulomas continue to be difficult 
to eradicate and demonstrate a propensity for rapid 
return. Although management strategies have been 
proposed, a universally accepted approach to man-
aging granulomas is lacking.8 Since the 1999 publi-
cation of Roh et al15 on the success of inhaled budes-
onide for contact granuloma, topical steroid therapy 
has not been mentioned in the literature as a treat-
ment regimen. The purpose of this investigation was 
to analyze the effectiveness of the combination of in-
haled triamcinolone acetonide and proton pump in-
hibitors (PPIs) in the treatment of vocal process gran-
uloma. In this case series, the success of the combi-
nation medical therapy was measured by partial and 
complete resolution of the granulomas, as well as by 
medical failure that required surgical excision. 

METHODS 

The medical records of patients with a diagnosis 
of contact granuloma or vocal process granuloma 
were reviewed at a tertiary care medical center be-

tween 1995 and 2008. The retrospective review of 
patient records was exempted by the Johns Hopkins 
Medicine Institutional Review Board (JHM-IRB X 
04-06-25-01e). The diagnosis was made by rigid or 
flexible videostrobolaryngoscopy in an outpatient 
clinic setting. Data collected included age, gender, 
occupation, intubation history, history of gastro-
esophageal or laryngopharyngeal reflux symptoms 
or signs, lesion location, previous treatment meth-
ods, treatment course, and recurrence. 

After diagnosis, all patients were treated with a 
PPI either daily or twice daily and with inhaled tri-
am cinolone acetonide (300 μg 3 times a day). Pa-
tients were started on a 6- to-8-week trial, with fur-
ther medical therapy based on repeat examination 
and videostrobolaryngoscopy. Follow-up evalua-
tions took place every 6 to 12 weeks until recov-
ery. Failure of treatment was defined as no improve-
ment in signs or symptoms following 2 courses of 
therapy. Time to partial recovery, time to complete 
recovery, and time of treatment were measured in 
weeks. Recurrences and contralateral lesions that 
formed during the treatment trial were recorded. 
Other treatment methods, including voice therapy, 
botulinum toxin injection, steroid injection, and sys-
temic steroid treatment, were also recorded. Patients 
in whom medical therapy failed, who needed a bi-
opsy, or who had an obstructive granuloma were ad-
vised to undergo surgery. 

Completion of treatment was defined as comple-
tion of at least one 6- to-8-week course of medical 
therapy with follow-up. Resolution of vocal process 
granulomas was determined by modification of the 
grading system of Emami et al.14 Cases with com-
plete resolution of symptoms and no identifiable le-
sion were defined as “completely resolved.” Cases 
with discoloration, including erythema, without a 
lesion were defined as “completely resolved.” Cas-
es that had improvement in symptoms, as well as 
a reduction in the size of the granuloma, and any 
lingering lesion, including ulceration, were defined 
as “partially resolved.” Cases that demonstrated no 
symptomatic improvement or a worsening of symp-
toms were defined as “nonresponsive” to treatment. 

Statistical analyses were performed with Med-
Calc 3000 (Foundation Internet Services, Pittsburgh, 
Pennsylvania). We applied a χ2 test to the location of 
unilateral lesions, the association of intubation trau-
ma with gender, and the association of vocal abuse 
with gender. Values for p were determined with χ2 
tests; values less than 0.05 were considered signifi-
cant.

RESULTS 
Overall, 67 granulomas were diagnosed in 54 



pa tients. Forty-three men and 11 women were in-
cluded, with an average age of 54.4 years and an 
average follow-up of 45.9 weeks (range, 3 to 362.7 
weeks). Seven patients were professional voice us-
ers. Forty-one patients had unilateral lesions (76%), 
and 13 patients had bilateral disease (24%). A con-
tralateral granuloma in 4 patients developed after 
initiation of therapy for the principal lesion. Of pa-
tients with unilateral vocal process granulomas, 32 
(78%) had left-sided and 9 (22%) had right-sided 
lesions (p < 0.001). One patient was noted to have a 
contralateral ulcer that did not develop into a granu-
loma. Twenty patients, including all 11 women, had 
a recent history of intubation. Intubation trauma was 
associated with granuloma formation in women (p 
< 0.001). The 17 patients whose date of intubation 
was known averaged 13.1 weeks to the diagnosis 
of vocal process granuloma. This cohort was intu-
bated an average of 4.8 days, with 7 patients intu-
bated for less than 1 day, primarily for an operative 
procedure. Thirty-two of the patients were identified 
with a history of reflux (Fig 1). Fifteen patients were 
documented voice abusers (Fig 2); voice abuse was 

associated with granuloma formation in men (p < 
0.001). The frequencies of presenting symptoms are 
presented in the Table. 

Twenty-seven patients had previously been treat-
ed with PPIs alone, either daily or twice daily, and 
had not completely responded. Seventeen patients 
previously underwent surgery (12 had more than 
1 procedure) with recurrence of the vocal process 
granuloma. Other previous treatment included voice 
therapy in 1 patient, inhaled steroids in 3 patients, 
systemic steroids in 5 patients, steroid injection in 1 
patient, and botulinum toxin injection in 1 patient. 

Sixty-two granulomas in 50 patients were treat-
ed with the combination of inhaled triamcinolone 
and PPIs. Forty-seven patients with 58 vocal pro-
cess granulomas completed treatment for a mean 
of 43.8 weeks (range, 3 to 84.6 weeks). Of those 
47 patients, 16 also underwent voice therapy. In the 
cohort with complete treatment, 5 granulomas (9%) 
did not respond after a mean treatment course of 50 
weeks (range, 30.3 to 78.3 weeks). Thirteen granu-
lomas (22%) partially responded after a mean thera-
py course of 11 weeks (range, 3 to 30 weeks), and 40 
(69%) completely responded after a mean therapy 
course of 21 weeks (range, 5.9 to 84.6 weeks). Tem-
porally, complete or partial recovery was seen at 2, 
4, and 6 months in 29%, 66%, and 79%, respective-
ly (Fig 3). Three patients underwent surgical exci-
sion: 1 for biopsy and 2 others in whom conserva-
tive therapy failed (after 17 and 42 weeks). There 
were 3 recurrences: 2 in nonresponders after surgery 
and 1 in a complete responder. One patient devel-
oped oral thrush. 

DISCUSSION 
The epidemiology, presentation, and causes of 

vocal process granuloma in this study substantiate 
previous published results. A greater number of men 
were affected by vocal process granuloma (by a 4:1 
ratio). This is likely due to the greater prevalence 
of vocal abuse in men, a result seen in this study.16 
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Fig 1. Frequency of causes of mechanical trauma. 

Fig 2. Percentage of patients with history of reflux (light 
column) overall and in each category of mechanical trau-
ma. (Total number of patients in each category is listed 
above each column.) 

PRESENTATION OF SYMPTOMS
 Patients
Symptom No. %
Hoarseness 39 72
Cough 19 35
Sore throat 17 31
Foreign body sensation 6 11
Dysphagia 6 11
Globus sensation 5 10
Sensation of increased mucus 4 7
Ear pain 4 7
Vocal fatigue 3 5
Hemoptysis 2 4
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Interestingly, the granulomas of all 11 women in 
this cohort followed recent intubation, an associa-
tion that supports previous reports that women are 
more likely to sustain vocal process granuloma from 
intubation-related or surgical trauma.18-20 McFerran 
et al18 suggested that the thinner mucosa in smaller 
larynges makes women vulnerable to trauma-relat-
ed granuloma. In all patients included in this study, 
hoarseness represented the most common present-
ing symptom, seen in 72% of patients. Voice abuse 
(28%), intubation trauma (35%), and laryngopha-
ryngeal reflux (59%) represented the 3 principal fac-
tors in the development of contact granuloma. Intu-
bation trauma was significantly associated with de-
velopment of granuloma in women, whereas vocal 
abuse was significantly associated with granuloma 
formation in men. These findings are suggestive of 
potential causes in men and women; however, this 
study was not designed to analyze causality. 

In patients with unilateral granuloma, there was 
a significantly greater number of left-sided lesions 
(32) than right-sided lesions (9; p < 0.001). This 
was significantly different from expected outcomes. 

This result is supported by other studies that have 
demonstrated a left-sided preponderance of vocal 
fold granulomas.16,21,22 This phenomenon could 
be related to intubation technique and the tendency 
for right-handed placement of an endotracheal tube 
to cause the tube to come into contact with the left 
vocal process. However, only 19 of the 54 patients 
were intubated, of whom 8 developed simultaneous 
bilateral granulomas, 9 developed left-sided gran-
ulomas, and 2 had right-sided lesions. Therefore, 
the left-to-right ratio of intubation-related unilater-
al contact granulomas is not substantially different 
from the overall ratio and likely does not explain the 
preponderance of left-sided lesions. 

The presumptive pathophysiologic process of vo-
cal process granuloma begins with trauma to the mu-
cosa overlying the vocal process secondary to voice 
abuse, intubation injury, other trauma, and/or over-
exposure to acid reflux.8 This creates the ulceration 
commonly seen on histologic specimens along with 
subepithelial capillary proliferation and a mixed in-
flammatory infiltrate.18 Continued chemical expo-
sure combined with mechanical trauma likely prop-
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Fig 3. Videostroboscopic images depict A) original granuloma and its response to therapy at B) 2 months, 
C) 4 months, and D) 6 months. 



agates constant inflammation and exposure of the 
cartilaginous process, resulting in underlying peri-
chondritis, epithelial hyperplasia, and proliferation 
of granulation tissue.8,18,23 Fibrosis may also be 
seen on histologic analysis.18 

The failure of surgical excision may be explained 
by its failure to address the principal causes of vo-
cal process granuloma. Recurrence rates following 
surgical excision range from 25% to 92%.8,15,16 A 
large subset of patients in this study (17) entered this 
study secondary to recurrent granuloma following 
surgery. Once placed on inhaled triamcinolone and 
a PPI, 2 (12%) partially responded and 13 (76%) 
completely responded — rates similar to the overall 
results. Only 3 patients in this study underwent sur-
gical excision following initiation of medical thera-
py: 1 for biopsy and 2 others in whom conservative 
therapy failed. The small number of patients who re-
quired surgery further demonstrates the efficacy of 
combination medical therapy for treatment of vocal 
process granuloma. 

Although antireflux and voice therapy have dem-
onstrated some success in treatment of contact gran-
uloma, the disease often recurs. In a retrospective 
review of 120 patients with contact granuloma, Yli-
talo and Lindestad16 concluded that voice therapy 
did not significantly shorten healing time compared 
to an untreated cohort. Havas et al8 demonstrated 
excellent results for granulomas treated with antire-
flux medications, lifestyle modifications, and voice 
therapy, but still had 4 of 39 conservatively treated 
patients ultimately require gastric fundoplication to 
manage their gastroesophageal reflux and resolve 
their granuloma. Even in highly motivated patients, 
maintaining good vocal hygiene may decrease me-
chanical impact and laryngopharyngeal reflux; how-
ever, it may not be enough to completely resolve the 
vocal process inflammation. Reduction of healing 
time and treatment of refractory granulomas rep-
resent the principal basis for an additional medical 
mechanism to facilitate decreased local inflamma-
tion. 

Inhaled steroids have a successful record in re-
ducing local inflammation. Budesonide, beclometh-
asone, and triamcinolone have been used to treat na-
sal polyposis, allergic rhinitis, asthma, and chronic 
obstructive pulmonary disease.24,25 In 1999, Roh et 
al15 applied the inhaled topical steroid budesonide 
to the treatment of vocal process granuloma. The au-
thors demonstrated resolution of 19 of 20 intubation 
granulomas within 12 months. The only side effect 
seen with inhaled budesonide in this cohort was a 
10% rate of oral moniliasis.15 Although these out-
comes were highly favorable, Roh et al15 solely in-
cluded intubation granulomas, which have very high 

rates of resolution with medical therapy.20 

Our investigation applied the inhaled topical ste-
roid triamcinolone to PPI therapy for combined med-
ical treatment of vocal process granulomas resulting 
from various causes. Triamcinolone was used be-
cause it has a greater ratio of local anti-inflammatory 
effect to systemic absorption than does budesonide 
and it has an excellent long-term safety profile up to 
12 months.24-26 Our therapy regimen evolved during 
the course of this study, thereby causing variations 
in PPI regimens and the use of voice therapy. The 
current treatment regimen is a PPI twice daily with 
inhaled triamcinolone 3 times daily for 6 to 8 weeks, 
augmented with voice therapy when appropriate. On 
follow-up, if there is partial or no resolution, we rec-
ommend continuation of therapy for another 6 to 8 
weeks. After resolution of the granuloma, we dis-
continue the inhaled triamcinolone and taper the PPI 
over the next 2 to 3 months, after which patients fol-
low up on an as-needed basis. We recommend this 
treatment regimen because it addresses multiple fac-
tors involved in the pathogenesis of vocal process 
granulomas, with the PPI diminishing the chemical 
insult from acid reflux and the topical triamcinolone 
reducing the local inflammatory response from me-
chanical and chemical trauma. 

In a subset of 23 patients with vocal process gran-
ulomas or ulcers, Emami et al14 demonstrated an 
87% rate of recovery following treatment with PPIs 
alone. No time to resolution was mentioned in their 
report.14 Wani and Woodson20 reported that all 18 
patients treated with PPIs for vocal process granulo-
mas responded to treatment; however, 2 of 4 partial 
responders required surgical excision, resulting in 
an 88% rate of recovery.  The average time to com-
plete resolution was 10.4 months. Our results dem-
onstrated a 91% overall response rate with a mean 
resolution time of 4.3 months. Seventy-nine percent 
of patients responded by 6 months, with complete 
recovery achieved in almost half of this cohort by 
4 months and in two thirds by 1 year. Further dem-
onstrating the success of this regimen, only 2 pa-
tients required surgical excision after failed com-
bined medical therapy, a comparatively low rate of 
3%.8,14,20 

The 1 patient in whom oral candidiasis developed 
during use of inhaled triamcinolone was success-
fully treated with a 2-week course of topical nysta-
tin while the triamcinolone regimen was continued. 
The rate of 1.9% in this cohort is consistent with the 
incidence of candidiasis in the use of inhaled triam-
cinolone in the asthma patient population (2.4%).25 
Although oral candidiasis was an infrequent side ef-
fect in this study, care may be indicated in treating 
immunosuppressed individuals with inhaled triam-
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cinolone. 
The retrospective nature of this study, its small 

number of patients, and the lack of a case control 
limit its conclusions. The retrospective method re-
sulted in a varied treatment protocol with a nonuni-
form PPI dosage schedule and duration and nonuni-
form follow-up times. Furthermore, less than one 
third of patients in this study received voice therapy 
for their granuloma, including only 8 of 15 patients 
identified as vocal abusers. A greater number of pa-
tients receiving voice therapy would optimize con-
servative multi method treatment for vocal process 
granuloma. Finally, in 27 patients who presented 
with PPI therapy already initiated, the inhaled ste-
roid was added to the regimen. Complete and par-
tial responses in this group suggest that a beneficial 
response may be achieved with the steroid alone; 
however, this study did not assess inhaled steroid 
alone versus inhaled steroid with PPI. Future studies 
are necessary to study inhaled topical steroids’ ef-
fect on vocal process granulomas controlled for PPI 

use. Although difficult to organize and complete, a 
prospective multi-institutional study would poten-
tially include a greater number of patients that could 
yield significant results on the benefits of combined 
medical therapy for the treatment of vocal process 
granulomas. 

In this study, vocal process granulomas occurred 
more frequently in men, whereas women developed 
granulomas only after intubation. The significantly 
greater presence of left-sided granulomas supports 
other investigators’ findings, but lacks a clear cause, 
and is worthy of further investigation. The outcomes 
presented in this study support the therapeutic effi-
cacy of inhaled triamcinolone combined with antire-
flux PPIs for treatment of vocal process granulomas 
with few side effects, a low recurrence rate, and no 
need for surgical excision. Inhaled topical steroids 
provide a direct anti-inflammatory mechanism to 
the laryngeal mucosa and represent a complementa-
ry therapy to PPI and voice therapy to improve treat-
ment of vocal process granuloma. 
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Hypopharyngeal Extrusion of 2.5 Feet (76 cm) of
Polytetrafluoroethylene (Gore-Tex): Initial Laser-Assisted
Office-Based Removal and Micropharyngeal Completion

Steven Feinberg, MD; Gerardo Lopez-Guerra, MD; Steven M. Zeitels, MD

Extrusion of an implant after medialization laryngoplasty is unusual and warrants removal. Most commonly, it extrudes 
through the laryngeal introitus, but rarely, it extrudes through the pyriform sinus. A case report in which 2.5 feet (76 cm) 
of polytetrafluoroethylene (Gore-Tex) was removed from an 80-year-old female patient is presented to evaluate factors 
that led to this surgical complication and strategies that solved the problem. Because of the patient’s multiple medical 
problems, initial removal of the foreign body was attempted in the office with topical anesthesia. When the Gore-Tex was 
noted to be lodged in the laryngeal parenchyma, it was severed at the edge of the pyriform sinus to stabilize the airway. 
Subsequently, microlaryngoscopic-controlled completion removal was done in the operating room with general anesthe-
sia. The patient healed uneventfully with no further sequelae. Analysis of this case illustrates a number of factors lead-
ing to a rare iatrogenic foreign body complication. Office-based removal of the Gore-Tex implant evolved into a unique 
scenario in which the rapid use of a fiber-based laser to divide the foreign body facilitated stabilizing the airway to allow 
for elective completion removal in a controlled fashion.
Key Words: Gore-Tex, KTP laser, laryngoplasty, larynx, laser, polytetrafluoroethylene, vocal cord, vocal cord paralysis, 
vocal fold.
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Fig 1. A) Distal-chip flexible examination of laryngopharynx and larynx shows copious secretions overlying foreign body in right 
pyriform sinus. B) After suctioning of secretions, it appears as if there is food foreign body lodged in right pyriform sinus.

HISTORY AND PRESENTATION

A female patient underwent high-dose radiothera-
py in the 1930s for thymus enlargement, was subse-
quently treated for metastatic papillary thyroid can-
cer (1958), and was disease-free for 50 years. In the 
1970s, a right vocal fold paralysis was noted, and 

in 2002, a surgeon performed medialization laryn-
goplasty with polytetrafluoroethylene (Gore-Tex) at 
another institution. Because of slowly progressive 
postoperative hoarseness and dysphagia, the patient 
sought another opinion at our institution in March 
2008, at 80 years of age. Her laryngoscopic exami-
nation revealed an excessive amount of exudate in 
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Fig 2. A) Axial image of computed tomography scan demonstrates radiopaque foreign body in paraglottic region 
and extending into pyriform sinus aperture on right. B) Coronal section of same region demonstrates extremely 
large foreign body within paraglottic space.

Fig 3. A) Office-based alligator forceps grasping of foreign body in right pyriform sinus. B) Gore-Tex tape is seen being with-
drawn from ulcerating defect in right pyriform sinus. Gore-Tex tape is on tension, because it is lodged within cartilaginous la-
ryngeal framework.

the right pyriform sinus with the suggestion of a for-
eign body (Fig 1A). After suctioning of the secre-
tions, a tan-white mass consistent with food debris 
was noted (Fig 1B). This was not unexpected, giv-
en the ipsilateral vocal fold paralysis, progressive 
dysphagia, and the extensive radiotherapy approxi-
mately 70 years earlier. It was decided to perform 
office-based flexible laryngoscopic removal of the 
foreign body.

The patient’s past records were not initially avail-
able. In April 2007, she sustained a cerebrovascular 
accident, and computed tomography (CT) angiogra-
phy revealed a supraglottic mass. A subsequent la-
ryngeal CT scan revealed a 2.1 × 1.7 × 1.9-cm mass 
filling the right supraglottis and extruding through 
the pyriform sinus (Fig 2). No follow-up was done.

OFFICE-BASED PROCEDURE
The mass was grasped with an alligator forceps 

(Fig 3A). The foreign body was withdrawn, reveal-
ing Gore-Tex tape (Fig 3B) extruding through the 
pyriform sinus mucosa, unraveling from the para-
glottic space. 

After withdrawal of approximately 1.5 feet (about 
45 cm) of Gore-Tex (Fig 4), the residual tape be-
came stuck within the thyroid lamina window. 

Releasing the Gore-Tex would have left it dan-
gling in the pharynx and laryngeal introitus, causing 
substantial coughing and strain with possible aspira-
tion in an elderly individual. To stabilize the situa-
tion, we decided to cut the Gore-Tex at the pyriform 
sinus extrusion site. A key maneuver was that the 
assistant quickly grasped the Gore-Tex transorally 
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in the oropharynx, keeping it on tension so that the 
flexible laryngoscope could be repositioned. Be-
cause flexible scissors were not available, the Gore-
Tex was transected with a fiber-based potassium ti-
tanyl phosphate (KTP) laser (Fig 5). The blood on 
the Gore-Tex tape enhanced the effectiveness of the 
angiolytic KTP laser. 

Elective completion removal of the Gore-Tex un-
der general anesthesia was done the next day by mi-
crolaryngoscopy and micropharyngoscopy, revealing 
diffuse granulation at the extrusion site. The Gore-
Tex was dislodged through the aperture in the pyri-
form sinus with microlaryngeal hand instruments. 

Remarkably, another foot (about 30 cm) of Gore-
Tex was removed from the paraglottic region (Fig 
6). 

Peroral fluids were started that day; all symptoms 
resolved, and the patient remains asymptomatic (Fig 
7).

DISCUSSION
This case illustrates an unusual set of circum-

stances that required rapid decision-making in the 
office with an unstable foreign body in the airway. 
Considering the prior ipsilateral vocal fold paralysis 
and extensive irradiation, it was our impression that 
the patient had a retained food foreign body lodged 
in the pyriform sinus that could be removed easily 
in the office. 

Extrusion of the Gore-Tex from the upper pyri-
form sinus after medialization laryngoplasty1-4 was 
an unusual complication resulting from the exorbi-
tant volume of material placed in the supraglottis. 
This complication was not initially anticipated, be-
cause it was 6 years after glottic medialization and 
prior records were unavailable. Notwithstanding, by 
attempting to remove it in the office, we encoun-
tered an acute scenario that could have led to air-
way difficulties in an elderly individual. Although 
we did not have microscissors to pass through the 
flexible laryngoscope, we were fortunate to have fi-
ber-based laser technology to transect the partially 
removed Gore-Tex.5,6 We selected the pulsed KTP 
laser over the pulsed dye laser because the former is 
substantially more versatile in its delivery of energy. 
We had minor concerns about combusting the Gore-
Tex with a thulium laser, especially in an awake 
patient, and a carbon dioxide wave guide7 was not 
available. 

This fiber-based laser transection of the partially 
extracted Gore-Tex allowed for controlled removal 
of the residual Gore-Tex in the operating room. It 
was fortunate that the residual Gore-Tex could be 
removed by micropharyngoscopy. Transcervical im-
plant removal would have likely complicated the pa-
tient’s rehabilitation and hospitalization, predispos-
ing her to substantial further complications, includ-
ing fistula formation, given the extensive radiation 
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Fig 4. Gore-Tex tape (1.5 feet; about 45 cm) was removed in office from right pyriform sinus defect.

Fig 5. A) Because Gore-Tex was lodged, pulsed potassium titanyl phosphate laser was used to incise Gore-Tex to allow for par-
tial removal. B) Completion and severing of Gore-Tex with laser.
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decades earlier. 
Remarkably, the patient’s voice quality was never 

significantly altered by the laryngoplasty or by the 
removal of the excessive Gore-Tex, because the vo-
cal fold position likely never substantially changed. 
This lack of change was due to the fact that the vo-
cal fold position had been established in the 1950s 
from synkinetic reinnervation and radiation fibro-
sis, so that the minor voice deterioration was due 
to mild increased stiffness of the phonatory mem-
branes. Given the long-term voice stability prior to 
the medialization laryngoplasty, it is also valuable to 
assess the surgical decision-making that led to this 

unique iatro genic foreign body scenario. 
The patient had had a consistent and serviceable 

voice throughout her life, and her minor vocal dete-
rioration in her seventies should have alerted the ini-
tial treating clinician that a careful vocal assessment 
was mandated. The surgeon assumed that the immo-
bile vocal fold was causing repairable aerodynamic 
incompetence; however, stroboscopy would have 
demonstrated that the dysphonia was the result of 
diminished phonatory mucosal pliability.8 This ef-
fect was easily observed after removal of the Gore-
Tex, because the vocal fold membranes were not al-
tered by the laryngeal framework surgery. 
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Fig 7. A) Distal-chip flexible examination shows that pyriform sinus ulceration is healing well, 1 week after procedure. B) Sev-
eral weeks later, ulceration is completely healed.

Fig 6. A) Microlaryngoscopic examination demonstrates laser-
charred edge of residual Gore-Tex that had been partially re-
moved previous day in office. B) Residual Gore-Tex in para-
glottic space, which required completion removal by means of 
microlaryngoscopy.
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The diminished pliability was expected because 
of the patient’s age, coupled with the prior radio-
therapy decades earlier. Therefore, the decision to 
perform transcervical laryngoplasty for a denerva-
tion injury that occurred more than 4 decades ear-
lier without establishing that the dysphonia was due 
to aerodynamic incompetence was flawed. This er-
ror in judgment was amplified by the decision to 
electively enter the irradiated and severely fibrotic 
neck to place a foreign body for mild dysphonia. 
Furthermore, there was a clear misunderstanding of 
the basic anatomy of the region and the paraglot-
tic space,9 given the volume of the implant that was 
placed. This is especially notable in that the patient 
weighed 90 pounds (40 kg). It is likely that her voice 
did not change during the implant placement, so the 
surgeon resorted to placing more Gore-Tex until it 
dissected posteriorly, ultimately extruding through 

the anterior wall of the pyriform sinus. 
It is equally remarkable that the first surgeon’s 

colleague evaluated the patient for dysphagia 5 
years after the laryngoplasty and obtained a CT scan 
that demonstrated the problem. However, he either 
decided to ignore the findings or never checked the 
scan. It is likely the latter was the case, because the 
patient was never informed about the findings of the 
imaging study. 

Given this labyrinthine 70-year saga of question-
able medical judgment dating back to the patient’s 
childhood radiotherapy that resulted in subsequent 
malignancy, what is most remarkable about this case 
was the kind spirit of this elderly individual, who 
was so pleased to be feeling better after 6 years of 
dysphagia that she did not harbor resentment or bit-
terness.



Improved Tracheoesophageal Prosthesis Sizing in
Office-Based Tracheoesophageal Puncture 

Douglas Sidell, MD; David Shamouelian; Andrew Erman, MA;
Bruce R. Gerratt, PhD; Dinesh Chhetri, MD

Objectives: Tracheoesophageal puncture (TEP) for postlaryngectomy speech is increasingly being performed as an of-
fice-based procedure. We review our experience with office-based TEP and compare outcomes with those of operating 
room–based TEP. Our hypothesis was that office-based TEP results in improved prosthesis sizing, reducing the num-
ber of visits dedicated to prosthesis resizing.
Methods: A retrospective chart review was performed of all patients who underwent secondary TEP at our institution 
from 2001 to 2008.  The primary dependent measure was the change in the length of the voice prosthesis. We also eval-
uated the number of visits made to the speech-language pathologist for resizing before a stable prosthesis length was 
achieved, and the number of days between voice prosthesis placement and the date a stable prosthesis length was ob-
served.
Results: Thirty-one patients were included in this study. There was a significant difference in prosthesis length change be-
tween patients who had office-based TEP and patients who had operating room–based TEP (p < 0.001). In addition, 
the office-based cohort required fewer visits to the speech-language pathologist for TEP adjustments before a sta-
ble TEP length was achieved (p < 0.001).
Conclusions: Voice prosthesis sizing was better in patients who had office-based TEP than in patients who had operat-
ing room–based TEP. This outcome is likely due to the lesser degree of swelling of the tracheoesophageal party wall in 
the office-based procedure. 
Key Words: laryngectomee, tracheoesophageal speech, voice prosthesis.  
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INTRODUCTION

Tracheoesophageal speech is typically the most ef-
fective and preferred method by which speech can be 
achieved in an alaryngeal patient, because functional 
esophageal speech is difficult to attain and electro-
larynx speech sounds unnatural.1 To achieve tra-
cheo   esophageal speech, a tracheoesophageal punc  -
ture (TEP) is surgically created at the level of the 
tracheostoma and a voice prosthesis is inserted 
through the fistula into the esophagus. Secondary 
TEP traditionally has been performed in the operat-
ing room (OR). After the TEP is created in the OR, 
a rubber catheter is inserted through the fistula and 
the patient then visits a speech-language pathologist 
(SLP) 3 to 5 days later to have the voice prosthe-
sis inserted. The delay between the TEP procedure 
and voice prosthesis placement is typically chosen 
to allow the fistula to mature. In addition, several re-
visions of prosthesis size are typically necessary to 
achieve stable tracheoesophageal prosthesis length, 

because the tracheoesophageal party wall thickness 
fluctuates as postoperative swelling resolves.2,3

Recently, office-based unsedated transnasal esoph -
agoscopy has become possible with the develop-
ment of small-diameter flexible endoscopes with 
working channels that can be passed through the na-
sal cavity to the esophagus and stomach.4 This has 
allowed for the possibility of office-based unsedat-
ed TEP.5-9 In performing in-office TEP, a transna-
sal esophagoscope is used to view the esophageal 
lumen and specifically the tracheoesophageal party 
wall site on which the puncture will be performed.5 
The fistula is created surgically, and a voice pros-
thesis is placed immediately. We have adopted this 
technique at our institution, as we find distinct ad-
vantages to office-based secondary TEP, including 
a shorter procedure time, the ability to perform the 
procedure under local anesthesia, and the placement 
of the voice prosthesis during the same clinical visit 
that the TEP procedure is performed, allowing the 
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possibility that the patient may be able to use his or 
her voice immediately.10,11 In addition, the SLP can 
provide input regarding the position of the TEP site, 
and both the surgeon and the SLP can troubleshoot 
any problems with the tracheoesophageal speech to-
gether immediately after prosthesis placement. For 
example, prosthesis placement can be directly visu-
alized, or can be checked immediately afterward if 
there is any question regarding its position.

Although office-based TEP is being embraced 
for its obvious advantages, the results of this tech-
nique on patient outcome have not been evaluated, 
particularly in comparison to OR-based secondary 
TEP. The objective of this study was to review our 
experience with office-based TEP and compare the 
outcomes with those of OR-based TEP. Tradition-
ally, several prosthesis-resizing procedures are re-
quired to achieve a stable voice prosthesis size af-
ter TEP.2,12 On the basis of our initial experience, 
we hypothesized that improved TEP sizing would 
be achieved in the in-office TEP patients and that 
fewer resizing visits would be required to achieve a 
stable prosthesis size. A retrospective review of all 
patients who had office-based TEP was performed, 
and the findings were compared with those of a co-
hort of patients who had OR-based TEP.

METHODS

This study was approved by the Institutional Re-
view Board of the University of California, Los An-
geles. A retrospective chart review was performed of 
all patients who underwent secondary TEP at our in-
stitution between January 2001 and January 2009.

Patients who required free-flap pharyngeal or 
pharyngoesophageal reconstruction were excluded 
from this study. Because we have experienced dif-
ficulty visualizing the procedure site while using 
transnasal esophagoscopy in patients who have un-
dergone such reconstruction, these individuals un-
dergo TEP in the OR under general anesthesia.

The same SLP performed insertion of the voice 
prosthesis and provided all follow-up care in all pa-
tients in both cohorts. The same surgeon performed 
all office-based TEP procedures. The OR-based TEP 
procedures were performed by several different sur-
geons; however, the technique used was identical in 
all patients.

The primary dependent measure was the change 
in voice prosthesis length, which was defined as the 
difference between the voice prosthesis length at 
the initial placement after TEP and the patient’s fi-
nal, stable prosthesis length. In review of the data 
for each cohort, those patients whose prosthesis size 

remained stable over 2 resizing visits appeared to 
maintain a stable prosthesis length thereafter. The 
stable prosthesis length was therefore defined as 
the length in millimeters at the time the prosthesis 
size remained unchanged over 2 consecutive resiz-
ing visits to the SLP. We also evaluated the num-
ber of visits made to the SLP before achievement of 
a stable prosthesis length, and the number of days 
from the voice prosthesis placement date to the ob-
served date of stable prosthesis length. The day of 
prosthesis placement was counted as day 0 and visit 
0 for both groups; thus, visit 1 was the first visit after 
prosthesis placement for both groups.

Mann-Whitney U tests compared the OR-based 
and the office-based TEP groups for T-stage and 
each of the primary and secondary parameters. A 
1-way analysis of variance tested the difference of 
age between the means for both groups. The pres-
ence or absence of postoperative radiotherapy and a 
history of irradiation failure (prelaryngectomy irra-
diation) were evaluated with χ2 analysis.

Office-based TEP was performed as follows. The 
nasal cavity was topically decongested with 1% phe-
nylephrine and anesthetized with 4% lidocaine hy-
drochloride. After achievement of adequate topical 
anesthesia, a trans nasal esophagoscope was passed 
through the nasal cavity into the esophagus. The 
esophagus was insufflated, and the proposed punc-
ture site was located. The puncture site was located 
by inserting a 25-gauge needle from the tracheos-
tomal side (approximately 5 mm below the superior-
midline mucocutaneous junction) into the esopha-
geal lumen. The puncture was then serially enlarged 
with an 18-gauge needle, a cruciate stab incision 
made with a No. 11 knife blade, and a curved hemo-
stat. The puncture was then dilated with an 18F TEP 
dilator. The party wall was sized with a voice pros-
thesis sizer, and the voice prosthesis was inserted 
with a gel-cap insertion system. The prosthesis was 
oversized by 2 mm to allow for anticipated postpro-
cedure party wall swelling.

The first few patients underwent voice prosthesis 
placement under direct visualization. In our current 
practice, we do not routinely place the prosthesis un-
der direct visualization. Instead, after the puncture is 
made and the placement of the TEP dilator is con-
firmed, the endoscope is removed. The voice pros-
thesis is then placed according to the standard tech-
nique by the SLP. Thus, voice prosthesis placements 
for the office-based and OR-based procedures are 
similar. Rarely, the SLP requests repeat endoscopy 
if there is a question regarding placement, such as 
suboptimal speech. In no instance did repeat endos-
copy lead to a change in voice prosthesis length.



Operating room–based TEP was performed as 
follows. With the patient under general anesthe-
sia, a rigid esophagoscope was inserted through 
the oral cavity and advanced to the puncture site 
at the esophagus. The puncture site was first locat-
ed in a manner similar to that of office-based TEP 
with a 25-gauge needle. A 16F Peel Away introduc-
er set (model G04500 C-PLI-16.0-38, Cook Medi-
cal, Bloomington, Indiana) was then used to make 
the puncture and insert a 14F red rubber catheter 
through the puncture. The Peel Away introducer set 
is a wire-guided dilator and sheath placement sys-
tem that allows placement of a variety of catheters 
through the sheath. In brief, once the TEP site was 
chosen, the guidewire needle was inserted through 
the party wall and visualized in the esophagus. The 
guidewire was inserted through the needle, passed 
rostrally, and grasped at the mouth. The guide-
wire needle was removed, and the 16F dilator was 
passed over the guidewire to make the TEP. The di-
lator was removed and attached to the Peel Away 
sheath, and both were reinserted via the guidewire 
into the esophagus and passed rostrally. The dila-
tor and guidewire were removed, leaving only the 
Peel Away sheath in place. A 14F red rubber cathe-
ter was then inserted through the sheath and grasped 
at the mouth while the sheath was peeled away and 
removed. A second red rubber catheter was inserted 
through 1 nostril, advanced to the oropharynx, and 
then brought out to the mouth. This was then tied to 
the TEP catheter at the level of the oropharynx. The 
other 2 ends of the catheters outside the body were 
also tied, thus creating a continuous ring of catheter 
through the TEP, up the pharynx, and out the nose. 

In follow-up with the SLP 3 to 5 days later, the voice 
prosthesis was sized and placed in a manner identi-
cal to that of the in-office TEPs. However, the pros-
thesis for this group was placed without oversiz-
ing, because any anticipated postoperative swelling 
would have already occurred.

RESULTS
Thirty-one patients were included in this study. 

Eighteen patients (58%) underwent secondary OR-
based TEP, and 13 patients (42%) underwent office-
based TEP. The median age was 61 years (range, 44 
to 79 years) for the OR-based cohort and 69 years 
(range, 51 to 83 years) for the office-based cohort. 
Fourteen patients (78%) in the OR-based cohort and 
10 patients (77%) in the office-based cohort had a 
history of previous radiotherapy. Successful tracheo-
esophageal speech was achieved in all patients. In 
addition, the procedure was tolerated well by all pa-
tients in each group, and there were no complica-
tions.

There was a significant difference in the distribu-
tions of the primary outcome measure of voice pros-
thesis length change between the 2 groups (Mann-
Whitney U, 206.0; degrees of freedom [df], 1; p < 
0.001; Tables 1 and 2). Secondary outcome mea-
sures were also significantly different between the 2 
groups. The distribution of the number of visits for 
the office-based cohort prior to achieving a stable 
prosthesis length was significantly smaller than that 
of the OR-based cohort (Mann-Whitney U, 32.0; df, 
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TABLE 1. PATIENTS WITH OFFICE-BASED
TRACHEOESOPHAGEAL PUNCTURE

     Prosthesis Visits to Days to
     Length Achieve Achieve
 Age  History of T Change Stable Stable
 (y) Sex Irradiation Stage (mm) Size Size
 51 M Post 4 0 2 31
 51 M Post 4 –4 1 17
 55 F Both 2 0 0 0
 62 F Pre 4 –2 1 4
 64 M Pre 4 0 0 0
 68 M Pre 2 0 2 57
 71 M Pre 2 –2 1 18
 75 M Pre 2 0 0 0
 78 F Post 4 0 0 0
 81 M Pre 1 0 0 0
 81 M Pre 3 –2 1 21
 82 M Pre 2 –2 2 20
 83 F Post 3 0 0 0

Pre — prelaryngectomy; post — postlaryngectomy; both — both pre-
laryngectomy and postlaryngectomy.

TABLE 2. PATIENTS WITH OPERATING ROOM–BASED
TRACHEOESOPHAGEAL PUNCTURE

     Prosthesis Visits to Days to
     Length Achieve Achieve
 Age  History of T Change Stable Stable
 (y) Sex Irradiation Stage (mm) Size Size
 44 M Post 3 –2 2 76
 44 M Pre 3 –6 3 42
 47 F Pre 2 –6 2 20
 51 M Pre 3 –6 3 83
 51 M Post 3 –8 2 8
 56 M Pre 2 –8 2 27
 58 M No 4 –2 2 31
 59 M No 3 –6 3 45
 60 F Pre 2 –6 3 34
 63 M Post 1 0 0 0
 63 M No 2 –4 3 33
 65 M Pre 2 –4 2 42
 67 M Pre 2 –7 2 28
 68 F Unknown 2 –2 2 10
 74 M Post 3 –6 3 37
 75 M Pre 3 –6 3 36
 75 M Pre 4 –6 3 48
 79 M Pre 3 0 0 0



1; p < 0.001). The distribution of the number of days 
needed to achieve a stable prosthesis length was also 
significantly shorter for the office-based cohort than 
for the OR-based cohort (Mann-Whitney U, 49.0; 
df, 1; p < 0.01). The duration between appointments 
was not controlled, but on average patients returned 
for resizing every 2 to 3 weeks. The 2 groups did 
not differ significantly in the distributions of T-stag-
es (Mann-Whitney U, 132.0; df, 1; p > 0.5), nor was 
the difference in age significant (F[1,29] = 4.11; p > 
0.05). The incidences of prelaryngectomy radiother-
apy and postlaryngectomy radiotherapy were also 
not significantly different (χ2[1] = 0.343; p > 0.05 
and χ2[1] = 0.782; p > 0.05, respectively).

DISCUSSION

In comparing patients who underwent second-
ary OR-based TEP and those who underwent office-
based TEP, significant differences exist in our pa-
tient sample. The finding of clinical importance is 
the difference in the overall change in the size of the 
TEP prosthesis between the 2 groups (Table 1). We 
demonstrated a greater change in prosthesis size in 
the OR-based cohort. This suggests increased post-
operative party wall swelling with secondary OR-
based TEP. The main difference in surgical tech-
nique between the 2 groups is the use of a red rubber 
catheter to stent the tracheo esophageal fistula for 
several days after OR-based TEP. Movement of the 
red rubber catheter with deglutition and head and 
neck movement may contribute to frictional irrita-
tion and a subsequent increase in inflammatory tis-
sue expansion of the party wall in this patient subset. 
A commonly reported interval between secondary 
OR-based TEP and prosthesis placement is 3 to 5 
days; however, longer intervals have been discussed 
in the literature.13 Although our prosthesis place-
ment is earlier than that reported in some studies, 
we would expect an increase in irritation and par-
ty wall expansion with a longer post-TEP interval. 
Overall, our OR-based group had the typical course 
of prosthesis resizing and prosthesis length change 
that has been reported by others.2,14 However, we 
find that the initial fit of the prosthesis is quite accu-
rate in the office-based TEP procedure. In the office-

based procedure, we oversized the prosthesis length 
by 2 mm because we anticipated some postopera-
tive swelling. Interestingly, we find that this initial 
fit was the final prosthesis length for 8 of the 13 pa-
tients, and the final size was 2 mm less than the ini-
tial fit in 4 others (Table 1).

It is reasonable to suspect that fewer visits may be 
required to downsize the prosthesis to its final size 
if the tracheoesophageal party wall at the TEP site 
develops less postoperative edema. Indeed, our data 
demonstrate significantly fewer visits and less time 
to stable prosthesis size for the office-based TEP 
group than for the secondary OR-based group (Ta-
bles 1 and 2). Although we found a statistical differ-
ence between the 2 groups in these secondary out-
comes parameters, we note that we did not control 
the timing of postoperative visits, which may have 
been affected by a variety of uncontrolled factors. 
Nevertheless, a follow-up interval of typically 2 to 
3 weeks was required until a stable prosthesis size 
was achieved. We followed this practice in our pa-
tients who had office-based TEP, as well. We have 
now changed the follow-up interval for patients who 
have office-based TEP to 3 to 4 weeks after initial 
prosthesis placement, as we find that these patients 
require less-frequent visits for prosthesis resizing.

CONCLUSIONS
Previously highlighted advantages of office-based 

TEP include shorter operative time, the ability to 
perform TEP under local anesthesia, and the possi-
bility of tracheoesophageal speech immediately fol-
lowing the procedure. Thus, many otolaryngologists 
are adopting this surgical technique. We find that 
the patient outcomes are improved, as well. Specifi-
cally, this study finds that patients who undergo of-
fice-based TEP have less change in voice prosthesis 
length than do patients who undergo OR-based TEP. 
This is likely due to less party wall swelling with 
the office-based TEP technique. This study suggests 
that patients who undergo office-based TEP will 
therefore require fewer clinic visits for voice pros-
thesis resizing. However, a prospective study con-
trolling the timing of postoperative visits would be 
necessary to fully support this hypothesis.
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Endoscopic Management of Airway Venous Malformations
With Nd:YAG Laser

Robert Glade, MD; Kimberly Vinson, MD; Gresham Richter, MD; James Y. Suen, MD;
Lisa M. Buckmiller, MD

Objectives: The neodymium:yttrium-aluminum-garnet (Nd:YAG) laser is a powerful tool in treating venous malforma-
tions (VMs) involving the upper airway. If left untreated, laryngeal VMs can lead to life-threatening airway obstruction. 
We aimed to evaluate the efficacy of endoscopic management of laryngeal VMs with the Nd:YAG laser.
Methods: We performed a 12-year retrospective review in a tertiary referral center. Patient records were reviewed for 
demographics, presenting symptoms, area of involvement, age at first Nd:YAG laser therapy, total number of treatments, 
time between treatments, and treatment response.
Results: Seventeen patients were treated endoscopically with an Nd:YAG laser for laryngeal VMs. The mean age at first 
treatment was 23.0 years (range, 18 to 45 years). The majority of patients presented with obstructive sleep apnea (58.8%), 
and 17.5% of patients presented with acute airway obstruction or stridor. The remaining patients presented with minor 
symptoms, including chronic cough and voice changes. The VMs involved the supraglottis, glottis, or both in 29%, 35%, 
and 35% of patients, respectively. An average of 4 treatments were required per patient (median, 3.5; range, 1 to 9). The 
time between treatments increased with each consecutive laser therapy, starting at a mean of 3.8 months between the 
first and second treatments to 21.7 months between the third and fourth. A marked reduction in VM size and symptom 
improvement were achieved in each patient after Nd:YAG therapy. Two complications (3%) were encountered among 
66 total procedures.
Conclusions: Endoscopic management of VMs using an Nd:YAG laser appears to be both effective and relatively safe. 
Multiple treatments are often required, but increased time can elapse between consecutive therapies. Use of the Nd:YAG 
laser for laryngeal VMs helps avoid tracheotomy and open surgical resection.
Key Words: larynx, Nd:YAG laser, supraglottis, venous malformation.
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INTRODUCTION

Venous malformations (VMs) are congenital col-
lections of ectatic veins that grow commensurately 
with a child throughout life.1 Classically, they pre-
sent as a soft, compressible, blue or purple mass that 
expands with dependency or a Valsalva maneuver. 
Enlargement may occur with hormonal changes, 
trauma, or infection. They can occur anywhere in 
the body, but have a tendency to occur in the head 
and neck, particularly within the oral cavity, airway, 
and certain muscle groups, including the masseter, 
buccinator, orbicularis oris, and tongue.2 Symptoms 
such as stridor, hoarseness, and difficulty breathing 
in the supine position should raise suspicion of air-
way involvement, which can be associated with se-
vere or life-threatening events. Thus, airway lesions 
mandate prompt diagnosis and treatment.

The neodymium:yttrium-aluminum-garnet (Nd: 
YAG) laser has been proven effective for treating 
VMs on mucosal surfaces. The Nd:YAG laser has a 
wavelength of 1,064 nm and is absorbed preferen-
tially by oxyhemoglobin, with 4- to 7-mm surface 
penetration.3 With better technology, endoscopic la-
ser treatments can now be performed with specially 
designed fibers through conventional laryngoscopes. 
We aim to share our experience in using endoscopic 
laser therapy for management of VMs of the supra-
glottic and glottic airway.

METHODS

After Institutional Review Board approval, we 
reviewed charts of all patients with a diagnosis of 
laryngeal VMs who received endoscopic treatment 
with an Nd:YAG laser from August 1996 to January 
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Fig 1. Laser attached to Hopkins rod.

Fig 2. (Patient 1) Venous malformation. A) Before procedure. 
B) During procedure. C) After procedure.

2008 at Arkansas Children’s Hospital and Univer-
sity of Arkansas for Medical Sciences. A database 
was created to include presenting symptoms, area 
of involvement, total number of treatments, time be-
tween treatments, and treatment response.

The laser procedures were performed under gen-
eral anesthesia with suspension microlaryngoscopy. 
The patients’ eyes were covered with tape, and their 
faces were covered with a blue towel. The laser (CL 
MD/Dual and CL 60, Photomedex, Inc, Montgom-
eryville, Pennsylvania) energy was delivered via a 

2.2-mm optical fiber attached with 2 Steri-Strips at 
the middle and distal aspects of a 0° Hopkins rod 
(Fig 1). The tip of the laser fiber extended just past 
the distal aspect of the telescope to be easily visual-
ized with the camera. All patients received an intra-
operative dose of dexamethasone. The laser energy 
was delivered at settings of 18 to 30 W over pulses 
of 0.3 to 0.7 seconds. No repeat settings were used. 
Pulses were delivered in a punctate, nonoverlapping 
technique. The distal aspect of the lesion was treat-
ed first to prevent visual obstruction of the surgical 
field due to bleeding or induced edema. Hemostasis 
was obtained with pledgets soaked in oxymetazo-
line hydrochloride or epinephrine. Preop erative and 
postoperative photographs were taken at each pro-
cedure (Figs 2 and 3). The location of each lesion 
was noted as supraglottic, glottic, or both. Quantifi-
cation of the exact size or extent of the lesions was 
not possible because of the diffuse nature of the dis-
ease. Repeat procedures were performed for recur-
rence or worsening of symptoms.

The patients were admitted for observation with 
continuous pulse oximetry, intravenous fluids, and 
monitoring for postoperative bleeding. Dexametha-
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sone (0.5 mg/kg) was administered every 12 hours, 
and the patients were discharged on a 5-day oral ste-
roid taper. 

RESULTS

Seventeen patients (7 male, 10 female) were treat-
ed for laryngeal VMs. The mean age at first treat-
ment was 23.0 years (range, 18 days to 54 years). 
Ten patients (58.8%) presented with symptoms of 
obstructive sleep apnea (OSA), 2 had airway ob-
struction (11.8%), 2 were asymptomatic (11.8%), 
and 1 each had chronic cough (5.9%), voice change 
(5.9%), and stridor (5.9%). The 2 patients (11.8%) 
with airway obstruction had a tracheotomy placed 
at an outside institution before the initial evaluation. 
The 2 asymptomatic patients had significant cervi-
cofacial disease that precipitated airway examina-
tion. Five patients (29.4%) were found to have iso-
lated involvement of the supraglottis, 6 (35.3%) had 
isolated glottic disease, and 6 (35.3%) were found to 
have both sites involved. 

The patients underwent a total of 66 laser proce-
dures (mean, 3.9; median, 3; range, 1 to 9). Fourteen 
patients (82.4%) underwent more than 1 procedure. 
The mean time between the first and second treat-
ments was 3.8 months (median, 2.7 months; range, 
0.5 to 16.6 months). Twelve patients (70.6%) under-
went more than 2 procedures. The mean time between 
the second and third treatments was 9.8 months (me-
dian, 5.4 months; range, 1 to 29.2 months). Eight pa-
tients (47.1%) underwent more than 3 procedures. 
The mean time between the third and fourth proce-
dures was 21.7 months (median, 10.1 months; range, 
3.9 to 76.6 months). In essence, the treatment inter-

vals increased with each successive treatment.

All 17 patients reported either improvement or 
resolution of their preprocedure symptoms. Of the 
10 patients with OSA, 5 (50%) reported complete 
resolution of snoring and witnessed apneas and 5 
(50%) reported diminished snoring and symptoms 
of OSA. A polysomnogram was not obtained in all 
patients, as it would not have changed our postop-
erative management. Each patient who presented 
with chronic cough, voice change, or stridor showed 
complete resolution of their symptoms. All patients 
were found to have subjective decrease of lesion 
size with thickening of the overlying mucosa as as-
sessed by microlaryngoscopy and bronchoscopy and 
comparison of preoperative and postoperative pho-
tographs. Two complications (delayed hemorrhage 
and deep neck abscess) were encountered in 66 to-
tal procedures (3.0%). The hemorrhage occurred ap-
proximately 1 week after surgery. Fortunately, the 
bleeding stopped spontaneously without requiring 
surgical management. The deep neck abscess also 
occurred approximately 1 week after surgery and 
was controlled with intravenous antibiotics without 
surgical drainage. No patient required an open air-
way excision or tracheotomy as a result of treatment 
failure. 

DISCUSSION

In 1982, Mulliken and Glowacki1 described the 
histologic differences between the 2 types of vas-
cular anomalies, hemangiomas and vascular mal-
formations. Vascular malformations can be further 
divided into capillary, venous, lymphatic, and ar-
teriovenous on the basis of the predominant vessel 
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Fig 3. (Patient 2) A) Supraglottic venous malformation. B) After 3 treatments with neodymium:yttrium-aluminum-
garnet laser.



types within the lesion. These histologic differences 
also predict clinical behavior. In particular, VMs are 
low-flow vascular malformations that are frequently 
visible at birth, blue in color, and compressible and 
increase in size with dependency.4 Growth may oc-
cur with hormonal changes, including puberty and 
pregnancy, trauma, or infection.5 Stridor, obstruc-
tive apnea, and difficulty breathing while supine 
indicate airway involvement. In an awake patient, 
flexible fiberoptic laryngoscopy can confirm the di-
agnosis of a mucosal VM. However, magnetic reso-
nance imaging remains the optimal tool for diagno-
sis6,7 (Fig 4). 

Treatment options for airway VMs include sclero-
therapy, laser therapy, and surgical resection. Man-
agement often requires a combination of treatments. 
Additional conservative measures can reduce ve-
nous congestion and include sleeping with the head 
of the bed elevated, avoidance of strenuous activity, 
and limited use of wind instruments. In this study, 
we illustrate that laser photocoagulation of mucosal 
VMs with the Nd:YAG laser can reduce, and sus-
tain reductions in, lesion size. This is most helpful in 
treating VMs of the larynx that are not amenable to 
resection.2 Others have also reported success in the 
treatment of oral cavity and airway vascular malfor-
mations with the Nd:YAG laser. Previous work has 
been predominately in lymphatic malformations.8,9 

Here we illustrate that the Nd:YAG laser can also be 
used to safely treat laryngeal VMs. The response to 
therapy seems to improve with time, as therapeutic 
intervals lengthen with successive treatments. 

Ohlms et al10 treated 2 tracheotomized patients 
with supraglottic VMs with the Nd:YAG laser after 
sclerotherapy. In contrast, we have avoided trache-
otomy in patients with laryngeal VMs by using the 
Nd:YAG laser. Other treatments have proven suc-
cessful in the management of head and neck VMs, 
but are unlikely to be applicable in the treatment of 
airway lesions. Primary sclerotherapy with either 
sodium tetradecol or pure alcohol has shown vari-
able success in the management of VMs. This tech-
nique can reduce the lesion, but recurrence is com-
mon secondary to recanalization of venous chan-
nels.11 In addition, mucosal and skin lesions have a 
high risk of sloughing with bleeding episodes after 
sclerotherapy because of necrosis. Surgical resec-
tion remains an option, but is objectionable. The risk 
of performing complete excision of airway lesions 
outweighs the clinical gain secondary to functional 
impairment because of the potential for blood loss, 
and the need for airway reconstruction. 

To our knowledge, this is the largest reported se-
ries of airway VMs. The Nd:YAG laser was effec-
tive in preventing or alleviating symptoms of air-
way obstruction. All patients showed resolution or 
improvement of pretreatment symptoms. No patient 
required open surgical resection or tracheotomy 
as a result of treatment failure. However, the fact 
that the majority of patients required multiple treat-
ments, often many years from the primary interven-
tion, suggests a control, rather than an elimination, 
of disease. Interestingly, the mean treatment interval 
between the second and third treatments was longer 
than the mean interval between the first and second 
treatments. Only 2 complications (3%), 1 case of 
postoperative bleeding and a neck abscess, occurred 
among all procedures.

CONCLUSIONS
Treatment of airway VMs using an Nd:YAG laser 

via an endoscopic approach appears to be both rela-
tively safe and efficacious. Although multiple treat-
ments are often necessary, they typically obviate the 
need for tracheotomy.
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Fig 4. T2-weighted magnetic resonance imaging of ve-
nous malformation.
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Effects of Gold Laser on the Avian Chorioallantoic Membrane
Catherine J. Rees, MD; Jacqueline Allen, MD; Gregory N. Postma, MD;

Peter C. Belafsky, MD, PhD

Objectives: Office-based lasers have revolutionized the treatment of laryngeal disease. The 980-nm Gold laser is a de-
vice that may offer some practical advantages over other office lasers. The chick chorioallantoic membrane has been pro-
posed as a model for predicting the effects of photoangiolytic lasers on vocal fold microvasculature. We sought to evalu-
ate the effects of the Gold laser in this model.
Methods: Vascular reactions in first-order vessels were determined for the Gold laser with both 0° straight and 30° an-
gled laser fibers. Vessels were treated at 15 W and a 500-ms pulse interval, with a 1-mm working distance. Pulse widths 
of 300 ms and 500 ms were evaluated. All vessels were treated until selective coagulation or vessel rupture.
Results: We performed 60 trials on 30 embryos. The mean energy delivered was 33.7 J for the straight fiber and 51.2 J 
for the angled fiber. The laser achieved selective vessel coagulation without rupture in 100% (30 of 30) of straight fiber 
trials and in 100% (30 of 30) of angled fiber trials. In 6.7% (2 of 30) of straight fiber and 10% (3 of 30) of angled fiber 
trials, it caused minor injury to the surrounding albumin as indicated by white coagulum outside the vessel. 
Conclusions: The Gold laser effectively coagulates small vessels without rupture at a working distance of 1 mm and set-
tings of 15 W, 500-ms pulse interval, and 300- to 500-ms pulse width. 
Key Words: chorioallantoic membrane, Gold laser, larynx, laser, phonosurgery, vocal fold. 
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INTRODUCTION
Office-based lasers have revolutionized the treat-

ment of laryngeal disease. The 585-nm pulsed dye 
laser and the 532-nm KTP (potassium titanyl phos-
phate) laser fibers may be delivered through the 
working channels of flexible endoscopes to treat 
laryngeal and tracheal lesions in the office under 
topical anesthesia. The rationale for treating laryn-
geal lesions with lasers that target the microvascu-
lature is that disruption of the aberrant blood supply 
of the lesion results in lesion involution over time. 
These lasers have proven beneficial in the treatment 
of many laryngo tracheal diseases, including papil-
loma, granuloma, polyp, scar, and dysplasia.1-7 The 
980-nm Gold laser (Medical Energy, Pensacola, 
Florida; Fig 1) is a new device that may offer some 
practical advantages over other office lasers. The 
primary advantage of this laser system is that it can 
be delivered through a flexible 600-μm silica quartz 
fiber in a noncontact mode for angiolysis and in a 
contact mode for cutting and tissue ablation. Previ-
ous reports have evaluated the use of the Gold la-
ser in contact mode for both tonsillectomy and ade-
noidectomy.8,9

The chick chorioallantoic membrane (CAM) has 

been proposed as a model for predicting the effects 
of photoangiolytic lasers on vocal fold microvascu-
lature.10-13 The delicate vessels of the CAM are sus-
pended in albumin, mimicking the suspended vascu-
lature within the superficial layer of the lamina pro-
pria in the human vocal fold mucosa. An excellent 
review of the CAM model and its implications for 
laryngeal research is provided in the thesis publica-
tion by Burns et al.13 

The purpose of this study was to evaluate the ef-
fects of the Gold laser in the CAM model in non-
contact mode.

METHODS
This study was designed to reproduce the model 

proposed by Broadhurst et al10 for the evaluation of 
the pulsed KTP laser in the chick CAM. Research-
grade fertilized avian eggs were obtained 7 to 14 
days after fertilization. The eggs were maintained 
at 100°F with humidification on an egg rocker. The 
eggs were removed from the incubator at day 15 and 
used immediately for the experiments below. 

For each egg, the top of the eggshell was care-
fully removed to expose the CAM. This provided 
an excellent view of the vessels in the egg albumin 



SUMMARY OF GOLD LASER TRIALS IN CHICK
CHORIOALLANTOIC MEMBRANE MODEL

   Vessel Albumin
 Mean Range Rupture Injury
Straight fiber, 300 ms 32.6 23-54 0/10 0/10
Straight fiber, 500 ms 34 22-57 0/20 2/20
Angled fiber, 300 ms 65.3 27-149 0/10 1/10
Angled fiber, 500 ms 44.2 22-90 0/20 2/20

 Energy Delivered (J)
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Fig 1. Gold laser delivery system.

Fig 2. Prepared fertilized egg with top of eggshell re-
moved to reveal chorioallantoic membrane.

(Fig 2). First-order vessels were identified by com-
parison of vessel size within the vessel arborization 
pattern. The first-order vessels averaged 0.08 mm in 
diameter.

The 980-nm Gold laser was positioned at a 1-mm 
working distance, a working distance similar to that 
used by Burns et al13 using alternative lasers, and 
ensuring a noncontact mode during this experiment. 
An operating microscope was employed for the la-
ser trials. All researchers wore wavelength-specific 
laser-protective eyeglasses. The first-order vessels 
were treated with both the 0° straight and 30° angled 
laser fibers (30 trials for each fiber). Vessels were 
treated at 15 W and a 500-ms pulse interval. Pulse 

widths of 300 ms and 500 ms were evaluated (10 tri-
als for each fiber at 300 ms; 20 trials for each fiber at 
500 ms). The end point of vessel treatment was se-
lective coagulation (blanch) or vessel rupture.

RESULTS

Sixty trials were performed on 30 fertilized eggs 
(see Table). The mean energy delivered was 33.7 J 
for the straight fiber and 51.2 J for the angled fiber. 
For the straight fiber, the mean energies delivered at 
300 ms and 500 ms pulse widths were 32.6 J and 34 
J, respectively. For the angled fiber, the mean ener-
gies delivered at 300 ms and 500 ms pulse widths 
were 65.3 J and 44.2 J, respectively. The laser 
achieved selective vessel coagulation without rup-
ture in 100% (30 of 30) of straight fiber trials and 
in 100% (30 of 30) of angled fiber trials. In 2 of 30 
(6.7%) straight fiber trials and 3 of 30 (10%) angled 
fiber trials, minor injury to the surrounding albumin 
occurred, as indicated by white coagulum seen out-
side the vessel (Fig 3). The 2 episodes of albumin 
injury with the straight probe were at a pulse width 
of 500 ms. Two of the albumin injury episodes with 
the angled fiber occurred at a pulse width of 500 ms, 
and 1 occurred at a pulse width of 300 ms. 



DISCUSSION

The Gold laser system integrates an active lasing 
medium of indium gallium III arsenide phos phide 
combined with elemental gold. It is allied with a 
fiberoptic delivery system that focuses the beam 
and limits diffusion. The Gold laser system offers 
a number of advantages over currently available 
office lasers used in laryngology. The laser works 
in both contact and noncontact modes, making it 
unique for office procedures. It can be utilized in a 
continuous or pulsed setting. The power can be ad-
justed in increments of 0.5 W from a minimum of 
0.5 to a maximum of 20.0 W. The pulse width and 
pulse separation may be adjusted in increments of 
0.01 seconds from as low as 0.01 to as high as 9.99 
seconds. Straight 0° and angled 30° free-beam fi-
bers are available. Contact fibers are available in a 
ball tip and a scalpel tip. This flexibility enables tai-
lored use of the laser for a wide range of disorders. 
We have used the laser in noncontact mode to treat 
laryngeal and tracheal papilloma, polyps, Reinke’s 
edema, and vocal fold cysts. We have used the ball 
tip to ablate bulky papilloma and granuloma and the 
scalpel tip to incise laryngeal webs and subglottic 
and tracheal stenoses. The laser is relatively small 
and portable, so it can be transferred from the clin-
ic to the operating room, in which it has been used 
for radial incisions for subglottic stenosis, cordecto-
mies, and endoscopic supraglottic laryngectomies.

This study focused only on noncontact application 
of the laser. The settings were fixed at a power of 15 
W, a pulse separation of 500 ms, and pulse widths of 
300 and 500 ms. The working distance was limited 
to 1 mm. At these settings, the laser was effective 

for coagulation of small vessels in the CAM model 
without vessel rupture. If, indeed, the CAM model 
is a reliable surrogate for the delicate vocal fold mu-
cosa and superficial layer of the lamina propria, then 
the Gold laser may be effective in performing selec-
tive photoangiolysis with limited collateral thermal 
damage. However, histologic studies of living tissue 
are necessary to prove the validity of this model and 
the effects of the Gold laser on surrounding tissue in 
the vocal fold.

This study has several limitations that must be 
recognized before the results of this experiment can 
be generalized to the treatment of laryngeal disease. 
The Gold laser, like the KTP laser, is solid-state. The 
pulse separation and pulse width can be manipulat-
ed to obtain the desired tissue effect. Adjusting the 
pulse width can produce more effective vessel co-
agulation. Increasing the pulse width, however, in-
creases the time that the laser energy is delivered 
to the target tissue. Previous work by Burns et al13 
has established that increasing the pulse width at a 
constant power increases collateral thermal damage. 
Increasing the power of the laser, decreasing the 
treatment distance, and decreasing the pulse sepa-
ration will all increase energy delivery to the target 
tissue and increase the potential for collateral dam-
age. Thus, inappropriate settings in the use of these 
lasers have the potential to cause significant laryn-
geal trauma.

The 532-nm KTP laser and the 585-nm pulsed dye 
laser are both in the 500- to 600-nm visible light spec-
trum, which also falls within the peak absorption of 
oxyhemoglobin. The 980-nm wavelength of the Gold 
laser places this laser beyond the visible spectrum 
into the near-infrared spectrum and outside the peak 
absorption of oxyhemoglobin. Because the wave-
length of the Gold laser is in the near-infrared spec-
trum, its target chromophore includes water. There-
fore, the Gold laser’s ability to damage the superfi-
cial layer of the lamina propria is theoretically greater 
than that of the green (KTP) and yellow (pulsed dye) 
lasers. Thus, the Gold laser must be used with great 
care on vibratory epithelium to avoid collateral dam-
age and the potential for scar formation. 

The CAM has been used as a model for laser 
research since 199212 and has been proposed as a 
model of laryngeal microvasculature.10,11 This mod-
el is likely to emerge as both a research tool and a 
resident training tool for office-based laryngeal la-
ser surgery.

CONCLUSIONS

The Gold laser effectively coagulates small ves-

206 Rees et al, Gold Laser & Chorioallantoic Membrane 

Fig 3. Demonstration of coagulated blood vessel (arrow) 
with minimal collateral damage.



sels without vessel rupture at a working distance of 
1 mm and settings of 15 W, 500-ms pulse interval, 
and 300- to 500-ms pulse width. Advantages of this 

laser are the capability to utilize it in contact mode 
for cutting and ablation, its portability, and the abil-
ity to use angled fibers. 

 Rees et al, Gold Laser & Chorioallantoic Membrane 207

REFERENCES
1. Koufman JA, Rees CJ, Frazier WD, et al. Office-based 

laryngeal laser surgery: a review of 443 cases using three wave-
lengths. Otolaryngol Head Neck Surg 2007;137:146-51.

2. Mouadeb DA, Belafsky PC. In-office laryngeal surgery 
with the 585-nm pulsed dye laser (PDL). Otolaryngol Head 
Neck Surg 2007;137:477-81.

3. Zeitels SM, Burns JA. Office-based laryngeal laser sur-
gery with the 532-nm pulsed-potassium-titanyl-phosphate laser. 
Curr Opin Otolaryngol Head Neck Surg 2007;15:394-400.

4. Rees CJ, Halum SL, Wijewickrama RC, Koufman JA, 
Postma GN. Patient tolerance of in-office pulsed dye laser treat-
ments to the upper aerodigestive tract. Otolaryngol Head Neck 
Surg 2006;134:1023-7.

5. Zeitels SM, Akst LM, Burns JA, Hillman RE, Broad-
hurst MS, Anderson RR. Office-based 532-nm pulsed KTP la-
ser treatment of glottal papillomatosis and dysplasia. Ann Otol 
Rhinol Laryngol 2006;115:679-85.

6. Zeitels SM, Franco RA Jr, Dailey SH, Burns JA, Hillman 
RE, Anderson RR. Office-based treatment of glottal dysplasia 
and papillomatosis with the 585-nm pulsed dye laser and local 
anesthesia. Ann Otol Rhinol Laryngol 2004;113:265-76.

7. Mortensen MM, Woo P, Ivey C, Thompson C, Carroll L, 
Altman K. The use of the pulse dye laser in the treatment of vo-
cal fold scar: a preliminary study. Laryngoscope 2008;118:1884-
8.

8. Worley NK, Abdalkhani A, Hagmann MA, Belafsky PC, 
Amedee RG. Gold laser versus curettage adenoidectomy: inci-
dence of complications and otorrhea after concurrent pressure-
equalization tube placement. Laryngoscope 2007;117:2026-9.

9. Ida JB, Worley NK, Amedee RG. Gold laser adenoidec-
tomy: long-term safety and efficacy results. Int J Pediatr Otorhi-
nolaryngol 2009;73:829-31.

10. Broadhurst MS, Kobler JB, Burns JA, Anderson RR, Zei-
tels SM. Chick chorioallantoic membrane as a model for simu-
lating human true vocal folds. Ann Otol Rhinol Laryngol 2007; 
116:917-21.

11. Broadhurst MS, Akst LM, Burns JA, et al. Effects of 532 
nm pulsed-KTP laser parameters on vessel ablation in the avian 
chorioallantoic membrane: implications for vocal fold mucosa. 
Laryngoscope 2007;117:220-5.

12. Kimel S, Svaasand LO, Hammer-Wilson M, et al. Dem-
onstration of synergistic effects of hyperthermia and photody-
namic therapy using the chick chorioallantoic membrane mod-
el. Lasers Surg Med 1992;12:432-40.

13. Burns JA, Kobler JB, Heaton JT, Anderson RR, Zeitels 
SM. Predicting clinical efficacy of photoangiolytic and cutting/
ablating lasers using the chick chorioallantoic membrane mod-
el: implications for endoscopic voice surgery. Laryngoscope 
2008;118:1109-24.



Congenital Bilateral Vocal Fold Paralysis and
Charcot-Marie-Tooth Disease 

Andrea F. Lewis, MD; Jeffrey D. Carron, MD; Vetta Vedanarayanan, MD

We present the case of a patient with Charcot-Marie-Tooth disease (CMT) type 1 with congenital bilateral vocal fold pa-
ralysis in order to emphasize the treatment options and long-term outcome. The case is reviewed with regard to presenta-
tion, differential diagnosis, and treatment. We also reviewed the literature to determine the frequency of congenital and 
childhood presentations of bilateral vocal fold paralysis associated with CMT, most specifically CMT type 1. We found 
only 14 children reported to have bilateral vocal fold paralysis associated with CMT, and only 1 of these cases was as-
sociated with CMT type 1. None of these patients had congenital vocal fold paralysis. Because of the degenerative na-
ture of the disease, our patient underwent endoscopic cordotomy to avoid tracheotomy. We conclude that CMT should 
be included in the differential diagnosis in evaluating neonates with bilateral vocal fold paralysis. If CMT is definitively 
diagnosed, it could alter the course of treatment.
Key Words: Charcot-Marie-Tooth disease, vocal fold paralysis. 
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INTRODUCTION 

The incidence of congenital bilateral vocal fold 
paralysis is unknown, but it accounts for 10% of 
congenital laryngeal anomalies and is the second 
most common cause of neonatal stridor.1,2 It typical-
ly presents within the first few months of life with 
stridor, cyanosis, and apnea.3 Bilateral vocal fold 
paralysis in a neonate may result from upper mo-
tor neuron disorders, brain stem lesions, peripheral 
neuropathies, birth trauma, or invasive procedures. 
Often, the cause is unknown. In many cases, mag-
netic resonance imaging is performed as part of the 
workup. The treatment of congenital bilateral vocal 
fold paralysis depends on several factors, including 
the severity of the obstruction and the cause. Tra-
cheotomy is required in up to 73% of cases.1,4 

We describe the case of a patient who presented 
with biphasic stridor shortly after birth and received 
a diagnosis of Charcot-Marie-Tooth disease (CMT). 
Because of our knowledge of his underlying disor-
der, we were able to avoid tracheotomy. After an ex-
tensive literature review, this appears to be the first 
reported case of congenital vocal fold paralysis due 
to CMT.

CASE REPORT 
The patient was initially seen by our pediatric 

otolaryngology service at 3 weeks of age for bi-

phasic stridor that had been present since birth. At 
the initial visit, the parents described circumoral 
cyanosis with feeding and failure to thrive. Before 
his presentation to our clinic, a swallowing assess-
ment had shown only mild reflux, which was being 
treated. We performed flexible laryngoscopy, which 
revealed laryngomalacia with obstructed visualiza-
tion of the vocal folds. Because of the nature of his 
symptoms, the patient was taken to the operating 
room, in which a comprehensive examination of the 
airway demonstrated only redundant arytenoid mu-
cosa. We believed this to be the cause of his symp-
toms, and supraglottoplasty was performed.  

When we reevaluated the patient in the otolaryn-
gology clinic, we noted some improvement in his 
symptoms. He did, however, still have stridor, and 
it did not respond to changes in position. Without 
obstruction from the redundant mucosa, flexible lar-
yngoscopy revealed bilateral vocal fold paralysis. 
After a workup for common causes of paralysis was 
negative, surgical options were discussed extensive-
ly with the parents. We recommended tracheotomy, 
but the parents steadfastly refused. 

After several more months, the patient returned 
with worsening stridor and failure to thrive. In the 
interim, he had been seen in the neurology clinic, 
and his examination showed generalized hypotonia 
and distal muscle weakness with absent tendon re-
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flexes. His mother was known to have CMT with 
similar neurologic findings. The pediatric neurolo-
gist performed nerve conduction studies and nee-
dle electromyography, which demonstrated slowed 
nerve conduction velocities (median motor nerves, 
18 m/s; tibial motor nerves, 16 m/s; peroneal motor 
nerves, 20 m/s) consistent with CMT type 1. Genet-
ic testing confirmed the diagnosis. 

Because of the degenerative nature of the disease, 
which has little potential for recovery, surgical op-
tions, including tracheotomy and cordotomy, were 
again discussed with the parents. To avoid further 
weight loss or aspiration after surgery, we also rec-
ommended gastrostomy tube placement over naso-
gastric tube placement at the time of surgery. The 
parents were reluctant for their child to undergo sur-
gery, but finally agreed to cordotomy, which was 
performed in 2003, when the patient was 7 months 
old. Throughout this time, the patient was followed 
by speech therapy and was evaluated with a modi-
fied barium swallow study, which showed only re-
flux. He had no signs of postoperative aspiration 
and tolerated an age-appropriate diet. 

Since his initial surgery, the patient has been 
followed clinically. In 2007, he was noted to have 
worsening stridor and respiratory insufficiency, and 
underwent a right arytenoidectomy with a carbon di-
oxide laser. He is now 7 years old and is doing well; 
he has never required tracheotomy. He has also had 
no signs or symptoms of aspiration and maintains 
a relatively active lifestyle, including school atten-
dance and gym class.

DISCUSSION 

Charcot-Marie-Tooth disease, or hereditary sen-
sory motor polyneuropathy, affects 1 in 2,500 peo-
ple in the United States, making it one of the most 
common inherited neurologic disorders. Sensory and 
motor axons are affected in all forms of CMT. Typi-
cal features begin in the lower extremities and in-
clude weakness and loss of proprioception and deep 
tendon reflexes. According to clinical features, onset 
of symptoms, and electrodiagnostic studies, CMT is 
divided into 5 major subtypes: 1, 2, 3, 4, and X. The 
onset of symptoms occurs in adolescence and young 
adulthood, and infants are rarely symptomatic. The 
severity of symptoms is quite variable between the 
various types of CMT and also among individuals 
who have the same genetic alteration.5,6 

Clinical features and electrodiagnostic studies can 
differentiate the two most common types of CMT, 
types 1 and 2. Type 1 presents in the first decade of 
life and is characterized by a demyelinating poly-
neuropathy with slowing of motor conduction ve-

locities. Type 2 is primarily a neuronal (ie, axonal) 
disorder, not a demyelinating disorder, and results in 
peripheral neuropathy through direct axonal death 
and wallerian degeneration. It presents at a later age, 
often progresses very slowly, and has near-normal 
motor conduction velocities. Type 3 is rare and is 
characterized by a severe form of demyelinating 
polyneuropathy presenting in infants and children. 
It is characterized by extremely slow nerve conduc-
tion velocities. Type 4 is characterized by recessive 
inheritance, is often severe, and can be of both ax-
onal and demyelinating types. Type X is inherited 
by the X chromosome, is dominantly inherited, and 
presents with severe weakness in male patients and 
is of milder severity in female patients.5,7 

Advances in the molecular genetics of CMT have 
led to the identification of mutations in several pro-
teins, which cause all types of CMT. Each of the 
types of CMT is further subdivided into several sub-
types based on the mutated gene. Among all forms 
of CMT, type 1A is the most common and accounts 
for nearly 50% of patients. It results from a duplica-
tion in the peripheral myelin protein gene located on 
chromosome 22. Our patient had a duplication in the 
peripheral myelin protein 22 gene and showed a de-
myelinating polyneuropathy with motor conduction 
velocities of 18 m/s in the median motor nerves.8 
His mother had the same gene mutation and demy-
elinating polyneuropathy. The patient was evaluated 
for other genes that commonly cause CMT 1, and 
the results were normal. These findings established 
that he had CMT type 1A. 

Type 2 CMT is the most common type associated 
with vocal fold paralysis.9 A review by Sulica et al10 
revealed 9 of 11 cases to be associated with CMT 
type 2. Sevilla et al7 described 3 Spanish families 
with CMT type 4 associated with vocal fold palsy 
and mutations in the GDAP1 gene. By their late 
teens, most of the patients had developed a hoarse 
voice and vocal fold paresis. These families, how-
ever, differed from most other patients with CMT 
type 4A in that the nerve conduction velocities were 
more in line with CMT type 2.7 

There have only been 4 documented cases of 
CMT type 1 as the cause of bilateral vocal fold pa-
ralysis, and this is only the second in a child.11 In 
fact, most of the reported cases of vocal fold paraly-
sis associated with all types of CMT did not present 
until adulthood; none have been reported in the neo-
natal period. 

In the literature, there is only 1 other case of endo-
scopic treatment of a child with a diagnosis of bilat-
eral vocal fold paralysis associated with CMT type 



1.11 Traditionally, management of bilateral congeni-
tal vocal fold paralysis has consisted of tracheoto-
my to stabilize the airway until function returns. In 
2005, Miyamoto et al12 published a 16-year institu-
tional review of rates of vocal fold recovery and de-
cannulation in patients with bilateral congenital vo-
cal fold paralysis. They found that 53% of patients 
who had undergone tracheotomy had return of vo-
cal fold function and were decannulated. Of the pa-
tients treated without tracheotomy, 80% recovered 
function. The authors concluded that these infants 
should be treated according to their overall medical 
status.12 

We agree with this approach to managing patients 
with congenital bilateral vocal fold paralysis. The 
diagnosis of CMT significantly affected our over-
all management of the patient. We had considered 
laryngeal electromyography in his initial evaluation 
for bilateral vocal fold paralysis, but considered it 
unnecessary after his diagnosis was established. We 
also had to consider aspiration as a potential sequel 
to airway surgery in a patient with a known senso-

rimotor polyneuropathy. Boseley et al11 evaluated a 
similar patient with fiberoptic endoscopic evalua-
tion of swallowing before surgery in order to deter-
mine their surgical options. Although we agree that 
fiberoptic endoscopic evaluation of swallowing is an 
effective way to evaluate these patients before sur-
gery, given the age of our patient, we felt it would be 
difficult to evaluate him in this manner. Treatment 
options also had to be reconsidered with the knowl-
edge that the patient’s vocal fold paralysis would not 
likely improve. Ultimately, his underlying disorder, 
along with the parents’ reluctance to allow trache-
otomy, led us to perform cordotomy in this case of 
congenital bilateral vocal fold paralysis.

CONCLUSIONS 
Although it is one of the most common hereditary 

neurologic disorders, CMT is an uncommon cause 
of vocal fold paralysis. In patients with congenital 
bilateral vocal fold paralysis in whom the diagnosis 
is confirmed and the prognosis is extremely poor, 
definitive surgical treatment of the larynx is an op-
tion and may avoid tracheotomy. 
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Effect of Exogenous Hepatocyte Growth Factor on
Vocal Fold Fibroblasts 

Yo Kishimoto, MD; Shigeru Hirano, MD, PhD; Atsushi Suehiro, MD;
Ichiro Tateya, MD, PhD; Shin-ichi Kanemaru, MD, PhD;

Tatsuo Nakamura, MD, PhD; Juichi Ito, MD, PhD 

Objectives: We have previously demonstrated the therapeutic potential of hepatocyte growth factor (HGF) in the treat-
ment of vocal fold scarring, although how exogenous HGF affects gene expression of endogenous HGF or extracellular 
matrix components in the vocal fold fibroblasts remains unclear. In this in vitro study, we aimed to clarify this aspect in 
order to better understand the effects of HGF on the vocal folds. 
Methods: Fibroblasts were obtained from the lamina propria of the vocal folds of 5 Sprague-Dawley rats and were 
cultured with HGF at concentrations of 100, 10, 1, and 0 ng/mL. The cells were collected on days 1, 3, and 7, and the 
expression of endogenous HGF, its receptor c-Met, transforming growth factor–β1 (TGF-β1), procollagen types I and 
III, and hyaluronic acid synthase (HAS)–1 and HAS-2 messenger RNAs (mRNAs) was examined by real-time reverse 
transcription–polymerase chain reaction. 
Results: The expression of endogenous HGF and HAS-1 mRNAs increased significantly when exogenous HGF was 
administered at a concentration of 1 ng/mL. On day 1, the expression of TGF-β1 and HAS-2 mRNAs increased signifi-
cantly in response to 1 ng/mL HGF. 
Conclusions: Exogenous HGF triggered the up-regulation of endogenous HGF, TGF-β1, HAS-1, and HAS-2 mRNAs 
in vocal fold fibroblasts. 
Key Words: gene expression, hepatocyte growth factor, vocal fold fibroblast.
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INTRODUCTION 

Vocal fold scarring occurs after injury, inflamma-
tion, or phonosurgery of the vocal fold. It disrupts 
the layered structure of the lamina propria, changing 
the biomechanical properties of the vocal fold. In 
other words, scarring stiffens the viscoelastic shear 
properties of the vocal fold mucosa that are essential 
for optimal vibration, and it reduces mucosal wave 
propagation, resulting in severe dysphonia. 

For treatment of vocal fold scarring, various kinds 
of therapeutic strategies, such as voice therapy, in-
jection therapy, and a medial shift of the vocal folds, 
have been attempted to soften the vocal fold and to 
restore its normal properties; however, to date, there 
is no optimal strategy to restore the scarred vocal 
fold. Therefore, development of a new regenerative 
pathway to restore the normal properties of the vo-
cal fold is needed. 

Previous studies on vocal fold scarring have re-

ported the changes in the organization and distribu-
tion of extracellular matrix (ECM) components such 
as dense and/or disorganized type I collagen depo-
sition, decreased elastin and decorin, increased fi-
bronectin, and occasional decreases of hyaluronic 
acid (HA).1-3 These histologic changes stiffen the 
vocal fold and cause hoarseness. Therefore, a cor-
rection of the distribution of ECM components is 
needed to restore the vocal fold after scarring. Since 
the ECM components are primarily synthesized by 
fibroblasts,4 it is thought that controlling the fibro-
blasts will be an effective strategy to correct these 
adverse histologic changes. 

Hepatocyte growth factor (HGF) is a multifunc-
tional polypeptide that plays a significant role in em-
bryogenesis, angiogenesis, organ regeneration, and 
wound healing. It has strong antifibrotic activity and 
has been shown to contribute to the prevention or 
complete resolution of fibrosis in liver, kidney, and 
lung in animal models.5 Another study also reported 
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TABLE 1. PRIMER SEQUENCES
β2-Microglobulin
 Forward 5'-TCA CAC TGA ATT CAC ACC CAC CGA-3'
 Reverse 5'-TGA TTA CAT GTC TCG GTC CCA GGT-3'
HGF
 Forward 5'-ACA AGG GCT TTC CAT TCA CT-3'
 Reverse 5'-CCA GTA GCA TCG TTT TCT CG-3'
c-Met
 Forward 5'-TCC TGT GGC TGA GAA AGA GA-3'
 Reverse 5'-GGG CAC TTA CAA GCC TAT CC-3'
TGF-β1
 Forward 5'-GCT TCA GTG CTC ACT GCT CT-3'
 Reverse 5'-GGG ACT GAT CCC ATT GAT TT-3'
Procollagen type I
 Forward 5'-AGG CAT AAA GGG TCA TCG TGG CTT-3'
 Reverse 5'-AGT CCA TCT TTG CCA GGA GAA CCA-3'
Procollagen type III
 Forward 5'-ATG AGC TTT GTG CAA TGT GGG ACC-3'
 Reverse 5'-ACT GAC CAA GGT AGT TGC ATC CCA-3'
HAS-1
 Forward 5'-TAG GTG CTG TTG GAG GAG ATG TGA-3'
 Reverse 5'-AAG CTC GCT CCA CAT TGA AGG CTA-3'
HAS-2
 Forward 5'-ACT GGG CAG AAG CGT GGA TTA TGT-3'
 Reverse 5'-AAC ACC TCC AAC CAT CGG GTC TTC TT-3'

HGF — hepatocyte growth factor; c-Met — receptor of HGF; 
TGF-β1 — transforming growth factor–β1; HAS — hyaluronic acid 
syn thase.

that HGF has therapeutic potential in the manage-
ment of vocal fold scarring because it increases HA 
production and decreases collagen production in vo-
cal fold fibroblasts.6 However, it is still unclear how 
the exogenous HGF affects the gene expression of 
endogenous HGF or ECM components in the vocal 
fold fibroblasts. In the present study, we aimed to 
clarify this aspect to better understand the effects of 
HGF on vocal fold fibroblasts. 

MATERIALS AND METHODS 

Animals. Five Sprague-Dawley rats (male; 16 to 
30 weeks old; Japan SLC Inc, Hamamatsu, Japan) 
were used in this study. All experimental procedures 
were conducted in accordance with Kyoto Univer-
sity guidelines. 

Isolation and Culture of Rat Vocal Fold Fibro-
blasts. The isolation and culture methods used were 
those that have been established from previous stud-
ies.7,8 The animals were anesthetized by diethyl 
ether inhalation and then were humanely euthanized 
by intracardiac injection of pentobarbital sodium. 
The larynx was dissected out immediately, and the 
lamina propria and epithelium of the vocal folds, 
excluding the maculae flavae, were removed with 
the aid of a dissecting microscope. The excised tis-
sue was minced into small pieces in a 10-cm Petri 
dish and then cultured with 10 mL Dulbecco’s mod-
ified Eagle’s medium supplemented with 10% fe-
tal bovine serum and antibiotics, at 37°C under 5% 
carbon dioxide. The medium was refreshed twice a 
week until the cells grew to confluency. 

Subculture With HGF. The fibroblasts at the 
first passage were subcultured on 12- or 6-well mi-
croplates with the culture medium described above. 
After the cells grew to 80% to 90% confluency, hu-
man recombinant HGF (PeproTech Inc, Rocky Hill, 
New Jersey) was added into paired wells at concen-
trations of 100, 10, and 1 ng/mL. As a control, wells 
without HGF were prepared. The cells were harvest-
ed at days 1, 3, and 7. The culture media were not 
changed over 7 days and were allowed to diminish 
over time naturally. 

Extraction of Total RNA and Complementary 
DNA Synthesis. Cells lysates were prepared by pass-
ing the collected cells through a 21-gauge needle 10 
times. Total RNA was isolated from the lysates with 
RNeasy Mini Kit (Qiagen, Valencia, California). To 
eliminate genomic DNA contamination, we treated 
the total RNA with DNaseI (Ambion, Austin, Tex-
as). The quantity and quality of the RNA were eval-
uated by measuring the A260/280 ratio of the RNA 
samples and visualizing 18S and 28S ribosomal 

RNA bands on an agarose gel. 
Complementary DNAs were synthesized by re-

verse transcription (RT) using TacMan Reverse 
Transcription Reagents (Applied Biosystems Inc, 
Foster City, California). Reactions were performed 
with the GeneAmp polymerase chain reaction (PCR) 
system 9700 (Applied Biosystems Inc) with the fol-
lowing parameters: 25°C for 10 minutes, 48°C for 
30 minutes, 95°C for 5 minutes, and 4°C for 5 min-
utes. 

Real-Time RT-PCR. The primers used in this 
study are listed in Table 1. The expression of endog-
enous HGF, the HGF receptor c-Met, transforming 
growth factor–β1 (TGF-β1), procollagen types I and 
III, hyaluronic acid synthase (HAS)–1, HAS-2, and 
β2-microglobulin (a constitutively expressed gene 
included as a control) messenger RNAs (mRNAs) 
was examined. Primers were synthesized by Hok-
kaido System Science Co, Ltd, Sapporo, Japan. 

Real-time RT-PCR was performed in a final vol-
ume of 20 μL according to the manufacturer’s proto-
cols; the reaction mix comprised template comple-
mentary DNA, 10 μL of Power SYBR Green Mas-
ter Mix (Applied Biosystems Inc), 0.25 μmol/L final 
concentration of each primer, and ribonuclease-free 
water. The amplification profile was as follows: ura-



TABLE 2. RESULTS OF TWO-WAY
FACTORIAL ANALYSIS OF VARIANCE

 Main Effect
 Concentration Time Point Interaction
HGF 0.002 0.003 0.898
c-Met 0.887 <0.001 0.985
TGF-β1 0.021 <0.001 0.026
Procollagen type I 0.711 0.370 0.984
Procollagen type III 0.904 0.567 0.948
HAS-1 0.001 0.338 0.964
HAS-2 <0.001 <0.001 <0.001

Data are p values.
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cil-N-glycosylase activation at 50°C for 2 minutes, 
enzyme activation at 95°C for 10 minutes, and 40 
cycles of denaturing at 95°C for 15 seconds and an-
nealing at 60°C for 1 minute. Fluorescence was de-
tected with the ABI Prism 7000 (Applied Biosys-
tems Inc). Each mRNA value was normalized to that 
of the β2-microglobulin control mRNA. 

Statistical Analysis. The data of duplicate cul-
tures were averaged before combining them across 
cell lines. The effects of exogenous HGF adminis-
tration on gene expression of vocal fold fibroblasts 
were examined with 2-way factorial analysis of vari-
ance (ANOVA) and a subsequent Scheffé post hoc 
test. When interactions were present between the 
concentration and the time point, 1-factor ANOVA 
with Scheffé post hoc testing was used to examine 
the simple main effects of concentration at each time 
point. Values of p of less than 0.05 were considered 
to be statistically significant. 

RESULTS 

Table 2 shows the results of 2-way factorial  
ANOVA, which revealed an interaction effect be-
tween the concentration of HGF and the day the 
lysates were collected for the expression of TGF-β1 
and HAS-2 mRNAs. 

The Figure shows the temporal changes of 
mRNA expression ratios for several genes respond-
ing to different concentrations of exogenously ap-
plied HGF. Each bar represents the average of the 
5 cell lines. As for the expressions of endogenous 
HGF and HAS-1 mRNAs, 2-way factorial ANOVA 
demonstrated a significant main effect of concentra-
tions of exogenous HGF, and post hoc testing re-
vealed that the expression of endogenous HGF (p 
= 0.007) and HAS-1 (p = 0.006) mRNAs increased 
significantly at an HGF concentration of 1 ng/mL. 
However, there were no significant mRNA expres-
sion differences for c-Met or procollagen type I or 
III at any concentration. 

One-way ANOVA with post hoc testing was used 

to examine the expression of TGF-β1 and HAS-2. It 
showed that on day 1 the expression of TGF-β1 (p 
= 0.013) and HAS-2 (p < 0.001) mRNAs increased 
significantly at an HGF concentration of 1 ng/mL.

DISCUSSION 

The treatment of vocal fold scarring remains a 
therapeutic challenge.9 Many therapeutic strategies 
have been attempted to restore vocal fold viscoelas-
tic shear properties; however, there is still no opti-
mal strategy to prevent or treat vocal fold scarring. 
Previous studies on vocal fold scarring demonstrated 
histologic changes in the organization and distribu-
tion of ECM components, and disruption of the lay-
er structure in the lamina propria.1-3 In injured vo-
cal folds, fibroblasts produce various kinds of ECM 
components to repair the wound and cytokines to 
control ECM production. Since the distribution of 
ECM is the key to determining the tissue proper-
ties of the vocal fold, a better understanding of how 
to control the responses of vocal fold fibroblasts at 
the molecular level is needed for the development of 
new therapeutic strategies. 

We have focused on HGF as a candidate for growth 
factor therapy to control ECM production by vocal 
fold fibroblasts in the management of vocal fold 
scarring.6,10-14 A multifunctional polypeptide, HGF 
has strong antifibrotic activity and has been used to 
prevent or restore fibrosis in the liver, kidney, and 
lung in animal models.5 Hirano et al6 have reported 
that HGF stimulates HA production and suppresses 
collagen type I production from normal canine vocal 
fold fibroblasts — a finding that suggested that HGF 
may have a therapeutic potential for scarred vocal 
folds. Subsequent in vivo studies examined the ef-
fects of HGF injection on the prevention and treat-
ment of vocal fold scarring in rabbit12 and canine13 
models. In those studies, HGF solution was locally 
injected into injured or scarred vocal folds, and the 
results indicated improvement in histologic and vi-
bratory properties. It is curious why merely injecting 
an HGF solution works so well to restore histologic 
alterations of scar tissues, when such a solution is 
usually dissolved and metabolized quickly within a 
day. A possible explanation may be the existence of 
autocrine effects of HGF on vocal fold fibroblasts. 
Indeed, HGF autocrine mechanisms have been re-
ported in some organs,15-17 in which HGF and c-Met 
are detected in the same cells. Here, the growth fac-
tors are synthesized locally and activate the recep-
tors on the cells from which they were produced. 
Our hypothesis was that exogenous HGF may at 
least trigger an up-regulation of endogenous HGF in 
vocal fold fibroblasts, which in turn achieves long-
term biological effects inside the tissue. The present 
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study was designed to test this aspect, as well as the 
effects of HGF on the gene expression of various 
ECM components. 

The HGF receptor, c-Met, is a heterodimeric ty-
rosine kinase receptor that consists of an extracel-
lular subunit and a transmembrane subunit.18,19 The 
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Messenger RNA (mRNA) expression ratios of several genes 
from rat vocal fold fibroblasts treated with various concentra-
tions of hepatocyte growth factor (HGF) and harvested on days 
1, 3, and 7 of treatment. Each bar represents average of 5 cell 
lines. A,C,F,G) Differences in mRNA expression were observed 
for A) HGF, C) transforming growth factor–β1 (TGF-β1), F) 
hyaluronic acid synthase (HAS) 1, and G) HAS-2 when sam-
ples were treated with 1 ng/mL HGF. Asterisk — p < 0.05, one-
way analysis of variance with Scheffé post hoc test. B,D,E) No 
differences in mRNA expression were detected for B) HGF re-
ceptor c-Met, D) procollagen type I, or E) procollagen type III.



biological activities of HGF appear only when HGF 
couples with c-Met on the target cell membrane.20 
In this study, the administration of exogenous HGF 
had no significant effect on the expression of c-Met 
mRNA, whereas the expression of endogenous HGF 
mRNA increased significantly with the administra-
tion of exogenous HGF at a concentration of 1 ng/
mL. This result suggests that the administration of 
exogenous HGF triggers the up-regulation of en-
dogenous HGF mRNA. Although the expression of 
c-Met in normal fibroblasts was not regulated by the 
administration of exogenous HGF, it may be affect-
ed in different phenotypes of fibroblasts, such as fi-
broblasts from injured vocal folds. Further study is 
needed to test our hypothesis. 

As mentioned above, a previous in vitro study 
suggested that HGF suppresses collagen type I pro-
duction.6 In this study, however, there were no sig-
nificant differences in the expression of procollagen 
type I and III mRNAs at any concentration. Fibro-
blasts isolated from a normal vocal fold might be 
relatively quiescent, and different results might be 
achieved when we use fibroblasts isolated from in-
jured vocal folds. Moreover, it is well known that 
HGF stimulates the collagenase activity of fibro-
blasts, which decreases the accumulation of col-
lagen inside the tissue. Therefore, further study is 
needed to clarify the control mechanisms of colla-
gen content in vocal folds by examining the effects 
of HGF on the expression of collagenase, as well as 
procollagens. 

Hyaluronic acid is a kind of glycosaminoglycan 
distributed throughout the epithelia and connective 
tissues, and is concentrated in the vocal folds and 
other specialized tissues.21 It plays a major role in 
wound healing, inhibiting collagen synthesis in hu-
man dermal fibroblasts, and is regarded as a potent 
antifibrotic molecule.22 It is distributed in the super-
ficial layer of the lamina propria of the vocal fold,23 
and is thought to be the most important ECM com-
ponent for maintaining the biomechanical properties 
of the lamina propria. In this study, as compared to 
controls, HAS-1 mRNA expression was significant-
ly higher when HGF was applied at a concentration 
of 1 ng/mL, and HAS-2 mRNA expression was sig-
nificantly higher at a concentration of 1 ng/mL on 
day 1. In a previous study, Hirano et al6 showed an 
increase in HA production by canine vocal fold fi-
broblasts using enzyme-linked immunosorbent as-

say at 24 and 48 hours after the administration of 
HGF, which is consistent with our results. Further-
more, Ohno et al24 investigated the in vivo effects of 
HGF on ECM gene expression during wound heal-
ing of injured rat vocal folds, and reported signifi-
cantly higher expression of HAS-2 on posttreatment 
day 14.

It is unclear why administration of exogenous 
HGF in our study increased the expression of 
TGF-β1 mRNA without up-regulating procollagen 
mRNA levels. Transforming growth factor–β1 is a 
cytokine that is known to induce fibrogenesis and 
counteract HGF in wound healing.25 Previous in 
vivo studies have reported that HGF inhibits the ex-
pression of TGF-β1,26,27 whereas a study of primary 
rat hepatic stellate cell cultures showed that exoge-
nous HGF increases the expression of TGF-β1.28 In 
addition, other studies have indicated no significant 
effects of HGF on TGF-β1 expression in human 
skin fibroblasts29 or in a hepatic stellate cell line.30 
It is possible that these contrasting results on the in-
teraction between HGF and TGF-β1 may be due to 
differing conditions among the experiments.

It is well known that the effects of growth fac-
tors often depend on their concentration. The data 
in this study indicate that the fibroblasts of the vocal 
fold were stimulated by the administration of HGF 
at lower concentrations, and suggest that the effect 
of exogenous HGF is to trigger the up-regulation 
of endogenous HGF expression in the vocal folds, 
possibly in an autocrine manner. Further studies are 
needed to prove the mechanisms of HGF’s effect on 
vocal fold fibroblasts, including an investigation of 
whether HGF functions in an autocrine loop, and to 
determine the appropriate concentration of HGF to 
use for clinical applications.

CONCLUSIONS 

We performed in vitro experiments to investi-
gate the effects of exogenous HGF on the gene ex-
pression of vocal fold fibroblasts. The expression 
of endogenous HGF, TGF-β1, HAS-1, and HAS-2 
mRNAs was significantly up-regulated with the ap-
plication of exogenous HGF. These results indicate 
that exogenous HGF triggers the up-regulation of 
endogenous HGF, which can contribute to remodel-
ing mechanisms of the vocal fold, accompanied by 
stimulation of HA production. 
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Age-Associated Changes in the Expression and Deposition
of Vocal Fold Collagen and Hyaluronan 

Tsunehisa Ohno, MD; Shigeru Hirano, MD, PhD; Bernard Rousseau, PhD 

Objectives: We investigated age-associated changes in the expression and deposition of collagen and hyaluronan (hy-
aluronic acid; HA) in aged vocal folds. 
Methods: Thirty Sprague-Dawley rats were involved in this study. For gene expression analyses, 15 animals were divid-
ed into 3 age groups of young (2 month), adult (9 month), and elderly (18 month) rats. Real-time polymerase chain reac-
tion testing was used to quantify the messenger RNA expression of procollagen types I and III, matrix metalloproteinases 
2 and 9, and HA synthases 1, 2, and 3. The remaining 15 animals were divided into 3 similar age groups and underwent 
histologic analyses designed to investigate age-associated changes in the deposition of collagen and HA. 
Results: The results revealed down-regulated expression of procollagen types I and III, matrix metalloproteinases 2 and 
9, and HA synthases 1, 2, and 3 in adult and elderly vocal folds, compared to young vocal folds. Histologically, staining 
of collagen was dense in the vocal folds of adult and elderly rats, and HA was less dense in the vocal folds of adult and 
elderly rats than in young rats.
Conclusions: A slowdown in the expression of procollagens and matrix metalloproteinases was associated with dense 
collagen in aged vocal folds, as observed in elderly humans. A similar decrease in the expression of genes that code for 
HA synthase was consistent with a low density of extracellular matrix HA in the vocal folds of elderly rats.
Key Words: age, collagen, hyaluronan, turnover, vocal fold. 
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INTRODUCTION 

Voice disorders are common in the elderly and 
have a significant impact on communication and 
quality of life.1 The vocal folds, which protect the 
airway and modulate airflow through the glottis dur-
ing phonation, are composed of an extracellular ma-
trix (ECM) of fibrous proteins, interstitial proteins, 
and glycosaminoglycans. The density and spatial ar-
rangement of these elements is important, as chang-
es in their deposition can alter the vocal folds’ bio-
mechanical properties and vibratory function.2 Age-
related alterations in the deposition of the ECM 
have been reported in humans, including excessive 
accumulation of collagen, dense collagen bundles, 
reduced deposition of elastin, and reduced deposi-
tion of hyaluronan (hyaluronic acid; HA).3-6 

One hypothesis attributes age-related histologic 
changes of the vocal fold to a disruption in the nor-
mal balance of ECM turnover.7 It has been suggested 

that the vocal folds undergo an age-dependent slow-
down in the synthesis and degradation of collagen.7 
It is unknown whether the slowdown in the synthesis 
of collagen and in the expression of genes that code 
for matrix-degrading enzymes results in the over ac-
cumulation of ECM collagen observed in elder ly hu-
mans. Also unknown is whether decreased levels of 
HA are the result of a similar decrease in the syn-
thesis of messenger RNA (mRNA) that codes for 
HA synthase (HAS). Therefore, the purpose of the 
current study was threefold: 1) to investigate the se-
nescent expression of genes that code for collagen 
and HAS; 2) to investigate the senescent expres-
sion of genes that code for matrix metalloproteinases 
(MMPs); and 3) to examine histologic changes in the 
ECM levels of collagen and HA in aged vocal folds. 

MATERIALS AND METHODS 
Animals. Thirty male Sprague-Dawley rats were 

involved in this study. Fifteen animals were equally 



PRIMER SEQUENCES 
Procollagen type I
 Forward 5'-AAG GGT GAG ACA GGC GAA CAA-3'
 Reverse 5'-TTG CCA GGA GAA CCA GCA GAG-3'
Procollagen type III
 Forward 5'-ATG GTG GCT TTC AGT TCA GC-3'
 Reverse 5'-TGT CTT GCT CCA TTC ACC AG-3'
Matrix metalloproteinase–2
 Forward 5'-GTC ACT CCG CTG CGC TTT TCT CG-3'
 Reverse 5'-GAC ACA TGG GGC ACC TTC TGA-3'
Matrix metalloproteinase–9
 Forward 5'-CGG AGC ACG GGG ACG GGT ATC-3'
 Reverse 5'-AAG ACG AAG GGG AAG ACG CAC ATC-3'
Hyaluronan synthase–1
 Forward 5'-TAG GTG CTG TTG GAG GAG ATG TGA-3'
 Reverse 5'-AAG CTC GCT CCA CAT TGA AGG CTA-3'
Hyaluronan synthase–2
 Forward 5'-CCA ATG CAG TTT CGG TGA TG-3'
 Reverse 5'-ACT TGG ACC GAG CCG TGT AT-3'
Hyaluronan synthase–3
 Forward 5'-CCT CAT CGC CAC AGT CAT ACA A-3'
 Reverse 5'-CCA CCA GCT GCA CCG TTA GT-3'
Glyceraldehyde-3-phosphate dehydrogenase
 Forward 5'-GAG TCA ACG ATT TGG TCG T-3'
 Reverse 5'-GAC AAG CTT CCC GTT CTC AG-3'
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divided into 3 groups of rats 2 months (young), 9 
months (adult), and 18 months of age (elderly; 5 per 
group), and assigned to the polymerase chain reac-
tion (PCR) study arm. The 15 remaining rats were 
divided equally into 3 age groups as described above 
and assigned to the histologic study arm. Whole la-
rynges were harvested from all animals after an 
overdose intracardiac injection of pentobarbital so-
dium (150 mg/kg).

Polymerase Chain Reaction. A light microscope 
was used in removing all layers of the vocal fold 
above the thyroarytenoid muscle for PCR analysis. 
The specimens included all mucosal layers of the 
lamina propria and epithelium. A Mixer Mill MM 
301 (Retsch Inc, Pittsburgh, Pennsylvania) was 
used for homogenization of vocal fold specimens. 
Total RNA was isolated from homogenate with an 
RNeasy Mini Kit (Qiagen, Valencia, California) and 
treated with ribonuclease-free deoxyribonuclease I 
(Qiagen) to minimize contamination from genomic 
DNA. The A260/A280 ratio was used to determine 
the quantity of total RNA. 

Electrophoresis was used to evaluate the quality 
of RNA on the basis of the appearance of the 18S 
and 28S ribosomal RNA bands. A High Capacity 
cDNA Reverse Transcription Kit (Applied Biosys-
tems, Foster City, California) was used to perform 
reverse transcription according to the manufacturer’s 
recommended reaction protocol. A Biometra TGra-

dient Thermocycler (Labrepco, Horsham, Pennsyl-
vania) was used to perform reactions at 25°C for 10 
minutes, 37°C for 120 minutes, 85°C for 5 seconds, 
and 4°C for 5 minutes. 

Rat-specific primers for procollagen type I, pro-
collagen type III, MMP-2, MMP-9, HAS-1, HAS-2, 
HAS-3, and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) were used.8,9 The primers were 
synthesized by Integrated DNA Technologies (Cor-
alville, Iowa). The Table displays the primer se-
quences. All primers generated a single PCR band 
of the expected size, and PCR products were veri-
fied by DNA sequencing. The iQ SyBR Green Su-
permix Kit (Bio-Rad, Hercules, California) was used 
to perform real-time PCR in a 25-μL volume reac-
tion mixture composed of 500 nmol/L primer 1, 500 
nmol/L primer 2, 12.5 μL of iQ SyBR Green Super-
mix, 1 μL of template complementary DNA, and 9 
μL of ribonuclease-free water. Real-time PCR was 
performed under the following conditions: 1 cycle 
at 95°C for 3 minutes followed by 45 cycles at 95°C 
for 20 seconds, 58.7°C for 20 seconds, and 72°C for 
40 seconds; 1 cycle at 95°C for 2 minutes followed 
by 55°C for 2 minutes; and 1 cycle at 55°C to 95°C 
in 0.2°C increments to make a melting curve. The 
PCR products were detected with an iCycler iQ Op-
tical System (software version 2.0; Bio-Rad). Elec-
trophoresis was used to separate the PCR products 
in 1% agarose gels containing 0.5 μg/mL ethidium 
bromide for verification of PCR products according 
to fragment size. 

Standard curves were used to determine the rela-
tive ratio of gene expression. Gene expression ratios 
from young rats (2 month) were used for PCR con-
trols. Target gene ratios were normalized by compar-
ing the ratios of the internal control gene (GAPDH) 
with gene expression ratios from the PCR controls. 
The normalization consisted of using the differences 
between the cycle thresholds (∆CT) and the expres-
sion level for GAPDH to calculate the ET∆CT(1-2)/
ER∆CT(1-2) ratio, where ET corresponds to the expres-
sion level of the target gene, ∆CT(1-2) corresponds to 
the differences between the cycle thresholds (∆CT) 
for the internal control gene and the control sam-
ple, and ER corresponds to the expression level for 
the internal control gene. Separate 1-way analysis 
of variance (ANOVA) tests were used to investi-
gate differences in gene expression ratios across age 
groups. An adjusted alpha level of 0.01 was used to 
control for type I error. For group analyses, vocal 
folds were averaged for each animal and the expres-
sion ratios were log-transformed to better meet the 
assumptions of the ANOVA. If the F test revealed 
a significant main effect, pairwise comparisons be-
tween age groups were examined with Tukey’s hon-
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estly significant difference test. For post hoc testing, 
the threshold for significance was set at a p value 
of less than 0.0167 (0.05/3) to account for multiple 
pairwise comparisons. All analyses were performed 
with the use of 2-tailed p values. Data were analyzed 
with SPSS 15.0 for Windows (SPSS Inc, Chicago, 
Illinois). 

Histology. Whole larynges were soaked in em-
bedding medium (Tissue-Tek OCT Compound, Tor-
rance, California), frozen quickly with a combina-
tion of acetone and dry ice, and stored in a deep 
freezer (–80°C). Ten-micrometer-thick serial sec-
tions were prepared in the coronal plane. The sec-
tions were made in the same systematic manner 
from the posterior portion to the anterior portion of 
the vocal fold. Verhoeff’s elastic stain was used to 
identify collagen. The hyaluronidase digestion tech-
nique was used to detect HA. For the hyaluronidase 
digestion procedure, 50 mg of bovine testes hy-
aluronidase (Sigma, St Louis, Missouri) was dilut-
ed in 100 mL of phosphate-buffered saline solution, 
and each section was incubated in this solution for 
1 hour at 37°C. Next, the sections were stained with 
Alcian blue (pH 2.5). We detected HA by compar-
ing the sections without digestion to those with di-
gestion.

RESULTS 
PCR. The results of ANOVA revealed a signifi-

cant main effect for procollagen type I, procolla-
gen type III, MMP-2, and MMP-9 among young 
(2 month), adult (9 month), and elderly vocal folds 
(18 month; p < 0.0001). Pairwise comparisons re-
vealed that the expression of procollagen type I de-
creased significantly in adult (Fig 1A; p < 0.0001) 
and elderly vocal folds (Fig 1A; p < 0.0001) com-
pared to young vocal folds. The expression of pro-
collagen type I was also significantly lower in el-
derly vocal folds than in adult vocal folds (Fig 1A; p 
= 0.001). Procollagen type III expression decreased 
significantly in adult (Fig 1B; p < 0.0001) and el-
derly vocal folds (Fig 1B; p < 0.0001) compared to 
young vocal folds. Procollagen type III was also sig-
nificantly lower in elderly vocal folds than in adult 
vocal folds (Fig 1B; p = 0.003). The expression of 
MMP-2 decreased significantly in adult (Fig 1C; p = 
0.001) and elderly vocal folds (Fig 1C; p < 0.0001) 
compared to young vocal folds. The expression of 
MMP-9 decreased significantly in adult (Fig 1D; p < 
0.0001) and elderly vocal folds (Fig 1D; p < 0.0001) 
compared to young vocal folds. 

The results of ANOVA revealed a significant 
main effect for HAS-1, HAS-2, and HAS-3 expres-
sion across the age groups (p < 0.0001). Pairwise 
comparisons revealed that the expression of HAS-1 
decreased significantly in adult (Fig 2A; p < 0.0001) 
and elderly vocal folds (Fig 2A; p < 0.0001) com-
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Fig 1. Log-transformed messenger RNA 
(mRNA) expression ratios of A) procol-
lagen type I, B) procollagen type III, C) 
matrix metalloproteinase (MMP)–2, and 
D) MMP-9 in young (2 month), adult 
(9 month), and elderly vocal folds (18 
month). Boxes indicate first and third 
quartiles. Whisker caps indicate small-
est and largest non-outlier observations. 
Outliers are indicated by dots. Extreme 
is indicated by #. Median observations 
are denoted by thick black line in each 
box. Values of p indicate significant dif-
ference from young (*) and adult (**) 
vocal folds.
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pared to young vocal folds. The expression of HAS-
2 decreased significantly in adult (Fig 2B; p = 0.003) 
and elderly vocal folds (Fig 2B; p < 0.0001) com-
pared to young vocal folds. The expression of HAS-
2 was also significantly lower in elderly vocal folds 
than in adult vocal folds (Fig 2B; p = 0.004). The 
expression of HAS-3 was decreased significantly in 
adult (Fig 2C; p < 0.0001) and elderly vocal folds 
(Fig 2C; p < 0.0001) compared to young vocal folds. 
The expression of HAS-3 expression was also sig-
nificantly lower in elderly vocal folds than in adult 
vocal folds (Fig 2C; p < 0.0001).

Histology. Young vocal folds revealed sparse col-
lagen and dense HA throughout the lamina propria 
(Fig 3A,B). In contrast, dense staining of collagen 
and sparse HA was present in adult and elderly vo-
cal folds (Fig 3C-F).

DISCUSSION 
Matrix metalloproteinases (MMPs) are a family 

of zinc-containing endopeptidases involved in the 
turnover of structural components of the ECM.10 

MMP-2 (gelatinase A) and MMP-9 (gelatinase B) 
display substrate specificity for collagen.11,12 MMP-
2 encodes an enzyme that degrades the major struc-
tural component of the basement membrane (type 
IV collagen). MMP-9 encodes an enzyme that dis-
plays broad-spectrum activity and affinity for dena-
tured collagens, membranous collagens (type IV), 
in terstitial collagens (type V collagen), and elastin. 

Results from the current study revealed that the 
expression of MMP-2 and MMP-9 was decreased 
significantly in adult and elderly vocal folds com-
pared to young vocal folds. No further decline in 
MMP expression was observed beyond adulthood. 
That is, adult and elderly vocal folds revealed simi-
lar expression levels of MMP-2 and MMP-9. The 
findings are similar to those of Ding and Gray,7 who 

found decreased expression of MMP-2 and MMP-9 
in adult and elderly vocal folds compared to young 
vocal folds. These same investigators found that the 
expression of MMPs, albeit decreased, did not di-
minish any further after adulthood.7 

In contrast, procollagen type I and procollagen 
type III expression were decreased significantly in 
adult vocal folds compared to young vocal folds, 
and continued to diminish beyond adulthood. El-
derly vocal folds displayed significantly decreased 
procollagen type I and procollagen type III expres-
sion levels in comparison to adult vocal folds. His-
tologic analysis revealed that young vocal folds con-
tained sparse collagen throughout the lamina pro-
pria, whereas the deposition of collagen was dense 
in adult and elderly vocal folds. 

The advantages of a rat model for studies involv-
ing aging of the vocal folds include the wide avail-
ability of ECM primers. Ding and Gray7 also pos-
tulated that the rat model provides an opportunity 
to investigate the effects of aging without the con-
tamination of biomechanical force effects. Although 
it is likely that the biomechanical forces experienced 
by rats during vocalization are different from those 
experienced by humans, rats do produce meaning-
ful ultrasonic vocalizations.13 The types of vocaliza-
tions emitted by rats depend on a number of factors, 
including the animal’s age, its environmental condi-
tions, and its affective state. For example, adult rats 
produce a 22-kHz vocalization when faced with an 
inescapable aversive stimulus, such as exposure to a 
predator, foot shock, or an alarming sound.14 These 
calls are typically between 300 and 4,000 ms in du-
ration and are produced at a sound pressure level of 
65 to 85 dB.14 Rats also emit 50-kHz vocalizations 
in situations that are rewarding, such as sexual ac-
tivity, playful behavior, and/or arousal over winning 
a fight.14 Given the likelihood that the rats in this 
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Fig 2. Log-transformed mRNA expression ratios of A) hyaluronan synthase (HAS)–1, B) HAS-2, and C) HAS-3 in young (2 
month), adult (9 month), and elderly vocal folds (18 month). Boxes indicate first and third quartiles. Whisker caps indicate small-
est and largest non-outlier observations. Outliers are indicated by dots. Extreme is indicated by #. Median observations are de-
noted by thick black line in each box. Values of p indicate significant difference from young (*) and adult (**) vocal folds.
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study vocalized less in their shorter life span than 
elderly humans do in the course of an average life-
time, the findings of decreased expression of procol-
lagens and MMPs in adult and elderly vocal folds, 
in the context of increased ECM collagen, provides 
support for the hypothesis proposed by Ding and 
Gray7 of an age-dependent slowdown in the synthe-
sis and turnover of vocal fold collagen. These data 
may also suggest that the increase in collagen depo-
sition observed in elderly humans may not be due 
to the effects of biomechanical forces alone. This is 

because, in the absence of human phonatory forc-
es in the rat vocal fold, the balance between syn-
thesis and degradation of collagen appears to result 
in an increased amount of collagen, as observed in 
elderly humans.3,4 In other words, the ECM chang-
es observed in human and rat vocal folds may be 
related to normal age-related changes in gene ex-
pression, and not necessarily due to vocal fold use 
and abuse over a lifetime. Interestingly, and perhaps 
providing additional evidence for this, is the finding 
that age-related changes in the expression of colla-
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Fig 3. Coronal sections of A,B) young (2 month), C,D) adult (9 month), and E,F) elderly (18 month) vocal folds stained with 
Verhoeff’s elastic stain (collagen) and Alcian blue stain (hyaluronan). Results revealed dense deposition of collagen (pink stain-
ing) in adult and elderly vocal folds compared to young vocal folds, and less-dense staining of hyaluronan (blue stain) in elderly 
vocal folds compared to young and adult vocal folds. Bars — 100 μm. 



gen and elastin in the vocal fold are similar to those 
in the lung and skin, suggesting that these mRNA 
changes may be indicative of an age-dependent de-
generative process across various organ systems in 
the body.7,15 The overaccumulation of ECM colla-
gen in humans is likely to have adverse effects on 
the stiffness of the lamina propria, as collagen type 
I provides tensile strength to the tissue, and collagen 
type III, a reticular fiber, contributes to structural 
maintenance of the vocal fold.16 However, the ques-
tion of whether increased stiffness of the aged vocal 
fold is the result of an increased amount of collagen 
and/or increased collagen cross-linking remains un-
known. In actuality, the answer to this question may 
not be so simple. Theories that attribute stiffness al-
terations of the vocal fold to structural changes in 
fibrous proteins alone exclude the possibility that 
alterations in other key ECM components, such as 
interstitial proteins and glycosaminoglycans, may 
play a contributing role. 

Hyaluronan is an important component of the 
ECM and contributes to the viscoelastic properties 
of the vocal fold lamina propria.17 Butler et al6 re-
ported decreased HA levels in the vocal fold lamina 
propria in elderly humans. Thus, a second aim of 
this study was to investigate whether the histolog-
ic deposition of HA would be similarly decreased 
in adult and elderly vocal folds, and to determine 
whether a slowdown in the synthesis of genes that 
code for HAS is consistent with decreased HA in 
the ECM. The results revealed that the expression of 
HAS-1, HAS-2, and HAS-3 decreased significantly 
in adult and elderly vocal folds compared to young 
vocal folds. HAS-1 expression decreased signifi-
cantly in adult vocal folds compared to young vocal 
folds, but expression levels were similar between 
adult and elderly vocal folds. In contrast, HAS-2 
and HAS-3 expression decreased significantly in 
adult vocal folds compared to young vocal folds, 
and continued to decrease after adulthood. Histo-
logically, HA in the ECM was less dense in elderly 
vocal folds than in young and adult vocal folds. 

The finding of decreased expression of genes that 
code for HAS was consistent with the decreased den-
sity of HA in the aged vocal fold ECM. It would be 
interesting in the future to also investigate whether 
the expression of genes that code for hyaluronidases 
(HA degrading enzymes) is similarly decreased in the 
aged vocal fold; this finding might provide evidence 
for a slowdown in the synthesis and turnover of HA 
during the aging process. An alternative explanation 
for decreased levels of HA in the ECM may be that 
the expression of genes that code for hyaluronidases 
is up-regulated, giving way to unchecked turnover of 

HA in the aged vocal fold. However, in the context 
of the age-associated slowdown in ECM gene ex-
pression mentioned above, this appears unlikely. 

Future studies should also consider the effects of 
cell phenotype and decreased fibroblast density on 
the observed mRNA changes associated with aging 
of the vocal fold. For example, the accumulation of 
dysfunctional senescent cells may contribute to the 
observed mRNA changes and may play a role in the 
transcription and translation of proteins and the as-
sociated histologic manifestations observed in aged 
vocal folds. It would also be interesting to determine 
the individual contributions of various cell popula-
tions (fibroblasts, epithelial cells, etc) to synthesis 
and maintenance of the aged vocal fold. The isola-
tion of epithelial cells and cells of mesenchymal ori-
gin from aged vocal fold specimens will be neces-
sary to address these questions. In the current study, 
all mucosal layers above the thyroarytenoid muscle, 
including epithelium, were used for PCR. It was not 
determined how specific cells might have contribut-
ed to the mRNA and histologic findings. However, 
it may be possible in the future to investigate cellu-
lar production from individual cell types. 

Collectively, these results suggest that the issue 
of increased stiffness of aged vocal folds is likely 
a result of more than just structural changes in fi-
brous proteins. Furthermore, given the findings of 
decreased expression of genes that code for MMPs, 
procollagens, and HAS and associated histologic 
changes, these candidate genes may provide logical 
targets for treatments aimed at stimulating synthesis 
and turnover of the ECM and at optimizing tissue 
viscoelastic properties.

CONCLUSIONS 

We performed a prospective study to investigate 
age-associated changes in the expression of genes 
that code for collagens, HA, and MMPs and histo-
logic changes in the deposition of collagen and HA 
in the aged vocal fold. The results revealed that in 
the absence of human phonatory forces, a slowdown 
in the expression of procollagens and MMPs results 
in an increased amount of collagen in the aged vocal 
fold, as observed in humans. A similar decrease in 
the expression of genes that code for HAS was ob-
served in elderly vocal folds, as was consistent with 
decreased density of HA in the ECM. These data 
provide a foundation for future studies aimed at in-
vestigating strategies for the treatment of age-relat-
ed vocal fold changes in the rat model and potential 
targets for treatments aimed at stimulating synthesis 
and turnover of the ECM. 
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Comparative Study of Vocal Outcomes With Silicone
Versus Gore-Tex Thyroplasty  

Atsushi Suehiro, MD; Shigeru Hirano, MD, PhD; Yo Kishimoto, MD;
Shinzo Tanaka, MD, PhD; Charles N. Ford, MD 

Objectives: We examined vocal outcomes of patients who underwent type I thyroplasty for unilateral vocal fold paraly-
sis. Specifically, the vocal outcomes were compared between 15 patients whose thyroplasties were performed with sili-
cone and 15 patients whose thyroplasties were performed with Gore-Tex. 
Methods: The examined clinical characteristics did not differ significantly between the groups. The vocal outcomes were 
evaluated by aerodynamic and acoustic measurements. 
Results: Aerodynamic examination indicated significant postoperative improvements in the maximum phonation time 
and mean flow rate in both groups. Shimmer was significantly improved only in the Gore-Tex group. A direct compari-
son between groups showed no significant difference in the degree of improvement of the vocal parameters, except for a 
significant improvement in the noise-to-harmonics ratio in the Gore-Tex group. The duration of surgery was significantly 
less in the Gore-Tex group than in the silicone group. 
Conclusions: Gore-Tex thyroplasty is considered to be comparable to silicone thyroplasty in terms of postoperative vocal 
outcomes. Gore-Tex thyroplasty enables a less invasive procedure with a shorter surgical duration and easier adjustment 
of medialization due to its flexibility. 
Key Words: Gore-Tex, silicone, thyroplasty, vocal outcome. 
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INTRODUCTION 

Type I thyroplasty is a well-established surgical 
treatment that was introduced by Isshiki et al1 for 
unilateral vocal fold paralysis. To date, several mod-
ifications of the original method have been made in 
terms of the selection of shim materials, as well as in 
the surgical approach, including how to manage the 
cartilage and the inner perichondrium. Although au-
tologous cartilage was used as the shim in the origi-
nal method, other materials, such as silicone,2,3 hy-
droxylapatite,4 titanium,5 and Gore-Tex,6 have been 
used in an attempt to facilitate the surgical proce-
dure. 

Gore-Tex (W. L. Gore & Associates Inc, Newark, 
Delaware) is a polymer material consisting of poly-
tetrafluoroethylene and has been applied clinically 
as an artificial substitute for blood vessels since the 
1970s7 because of its good biocompatibility. Re-
cently, Gore-Tex has become a popular material as 
the shim in type I thyroplasty because of its ease 
of adjustment, as well as its biocompatibility. Gore-
Tex sheets have been used in patients with vocal 

fold paralysis, atrophy,8 or post-cordectomy scars.9 
The advantages of Gore-Tex sheets include their 
flexibility and ease of handling as compared to oth-
er materials. However, since Gore-Tex is a relatively 
new material in type I thyroplasty, vocal outcomes 
have not been fully described. Specifically, it is not 
clear whether the vocal function after Gore-Tex thy-
roplasty is comparable to that after silicone thyro-
plasty. In this study, we performed a direct compari-
son of postoperative vocal functions between Gore-
Tex and silicone thyroplasty to clarify the feasibility 
and usefulness of Gore-Tex thyroplasty.

MATERIALS AND METHODS 
Patients. Thirty patients with unilateral vocal fold 

paralysis who underwent type I thyroplasty from 
2003 to 2007 in Kyoto University Hospital were in-
volved in the current study. The inclusion criteria 
were paralysis of a vocal fold, fixed at a paramedi-
an position, accompanied with symptomatic glottic 
insufficiency. Half of the patients underwent Gore-
Tex thyroplasty, and the other half underwent sili-
cone thyroplasty. A Gore-Tex sheet or silicone block 
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Minimally invasive procedure of Gore-Tex thyroplasty. A) Exposure of thyroid ala and design of anterior small window. B) In-
sertion of Gore-Tex ribbon. C) Schematic of procedure. 
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was applied randomly for each case. Two experi-
enced surgeons performed the Gore-Tex thyroplasty 
(S.H.) and silicone thyroplasty (S.T.) operations. 
The patients were randomized to the surgeons on the 
basis of their availability. No patient underwent as-
sociated procedures such as arytenoid adduction or 
type IV thyroplasty.  

Gore-Tex Thyroplasty Procedure. A small win-
dow approach is used for Gore-Tex thyroplasty, 
which achieves minimal invasiveness (see Figure). 
In this approach, the skin incision is as short as ap-
proximately 3 cm, and only the anterior portion of 
the thyroid cartilage is exposed, by retracting the 
strap muscles laterally. A small window of 5 × 5 mm 
is made on the thyroid ala cartilage along the level 
of the vocal fold, 5 mm lateral to the midline of the 
cartilage. This window is removed, with the inner 
perichondrium preserved as much as possible. The 
space between the inner perichondrium and the ala 
cartilage is dissected with a spatula. A 5 × 100-mm 
Gore-Tex ribbon is prepared and inserted through 
the window to medialize the vocal fold. The adjust-
ment is monitored by intraoperative voice and flex-
ible endoscopic findings. A suture is made to fix the 
ribbon to the cartilage.  

Silicone Thyroplasty Procedure. Thyroplasty 
with a silicone block was performed by the modified 
method of Isshiki et al.10 Briefly, a skin incision is 
made at a length of approximately 5 cm horizontally 
along the midline of the thyroid cartilage. The strap 
muscle is cut at the middle portion and then elevated 
superoinferiorly to expose the thyroid ala cartilage. 
A thyroplasty window is designed in the original po-
sition of Isshiki et al,10 approximately 5 × 10 mm in 
area, at 5 mm lateral to the vertical midline of the 
cartilage. The cartilage of the window is removed, 
and the inner perichondrium is preserved. A silicone 
block is inserted through the window to medialize 
the vocal fold. The silicone block is designed in a 
rectangular shape so as to compress the anterior por-
tion about 5 mm medially and the posterior portion 

about 7 to 10 mm medially. Adjustment of the shim 
is performed by reshaping the block until optimal 
medialization is achieved for each case.  

Assessments of Vocal Function. Aerodynamic and 
acoustic examinations were completed before and 3 
months after the operation. The maximum phonation 
time and the mean flow rate were measured with a 
Phonation Analyzer Type PA-500 (Minato Medical 
Science Co Ltd, Osaka, Japan). Acoustic parameters 
were analyzed with Multi Speech software (Kay-
PENTAX, Tokyo, Japan). The parameters examined 
included shimmer, jitter, and the noise-to-harmonics 
ratio. The duration of surgery was also evaluated.  

Comparison of Vocal Outcomes. Aerodynamic 
and acoustic parameters were compared before and 
after surgery within each group, and then a direct 
comparison of each parameter was made between 
groups. For the intergroup comparison, subtraction 
of the preoperative value from the postoperative 
value was performed, and the difference was used 
for the comparison as representing the degree of im-
provement. 

Statistical analysis was performed with the Mann-
Whitney U-test. A p value of less than 0.05 was con-
sidered significant.

RESULTS 

Demographic and clinical features of the patients 
in each surgical group are shown in Table 1, and 
no significant differences in the distribution of age, 
gender, side of paralysis, or cause of paralysis were 
observed between the two groups. 

 There was no preoperative statistical difference 
between the surgical groups in any of the aerody-
namic and acoustic parameters examined. 

Aerodynamic examination indicated significant 
post operative improvements in the maximum phona-
tion time and mean flow rate in both groups. Shim-
mer was significantly improved only in the Gore-Tex 



group, and there was no significant improvement in 
the other acoustic parameters in either group (Table 
2). 

Intergroup comparisons showed no significant 
differences in the degree of improvement of the 
aerodynamic parameters, jitter, or shimmer. Only 
the noise-to-harmonics ratio was significantly bet-
ter in the Gore-Tex group than in the silicone group 
(Table 3). 

The time required for each operation was signifi-
cantly shorter in the Gore-Tex group than in the sili-
cone group (Table 3).

DISCUSSION 

Several materials have been applied as a shim in 
type I thyroplasty, and each material appears to have 
advantages and disadvantages. Silicone is one of the 
most popular materials, and a commercial system 
for the Montgomery implant has been developed. 
However, there remains a concern of allergic reac-
tion to silicone, despite only one published occur-
rence of an adverse effect.11 

Gore-Tex consists of polytetrafluoroethylene and 
polyurethane. It has many microscopic pores, and 
it has been proven to have good biocompatibility. 
Since it has high mechanical strength with water-
tight and airtight potency, it has been the main ma-
terial used for artificial blood vessels for 35 years.7 
McCulloch and Hoffman3 first introduced use of 

this material for a thyroplasty window shim in 1998. 
The greatest advantage of Gore-Tex is its flexibil-
ity, which enables it to change shape, thickness, and 
length easily for precise adjustment of medialization. 
Gore-Tex can also contribute to minimizing surgical 
invasiveness by reducing the length of the skin inci-
sion and the dissection area of the thyroid cartilage, 
and minimizing the area of the window. The cur-
rent procedure was also designed to minimize surgi-
cal invasiveness, requiring a smaller window size as 
compared to that reported by McCulloch and Hoff-
man3 and by Zeitels et al.12

Despite increasing use of Gore-Tex, only a few 
reports have described vocal outcomes thus far. 
McCulloch and Hoffman3 treated 16 paralytic pa-
tients with Gore-Tex, and reported an improvement 
of voice on the GRBAS scale (grade, roughness, 
breathiness, asthenia, strain). Zeitels et al12 report-
ed the largest series with 142 patients, but objec-
tive assessment of postoperative voice was not ful-
ly demonstrated. Nouwen et al13 examined 24 cas-
es with Gore-Tex thyroplasty by acoustic analysis, 
and compared the results with those obtained from 
33 cases treated with Montgomery implant thyro-
plasty. Their findings indicated a significantly better 
improvement of shimmer and the noise-to-harmon-
ics ratio in the Montgomery implant group, where-
as no significant difference was detected in jitter or 
the maximum phonation time between groups. Al-
though it was suggested that the Montgomery im-
plant seemed to be better than Gore-Tex for acoustic 
improvement, the interpretation of the data appeared 
to be limited. Furthermore, prior authors have fre-
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TABLE 1. PATIENT CHARACTERISTICS OF GORE-TEX 
GROUP AND SILICONE GROUP

 Gore-Tex Silicone
Characteristics Group Group
Number 15 15
Age in years (mean) 40-84 (64) 36-79 (61)
Gender (M/F) 10/5 10/5
Paralyzed side (R/L) 3/12 2/13
Cause of paralysis
 Neck surgery 2 4
 Mediastinal surgery 7 8
 Head trauma 1 0
 Unknown 5 3

TABLE 2. PREOPERATIVE-POSTOPERATIVE COMPARISON
 Gore-Tex Group Silicone Group
 Preop Postop p Preop Postop p
MPT (s)  6.7 ± 1.1 12.6 ± 1.4 0.003  5.1 ± 0.6 10.6 ± 1.2 0.000
MFR (mL/min) 549.6 ± 84.8 221.1 ± 20.4 0.013 482.8 ± 57.3 268.7 ± 39.8 <0.01
Jitter (%)  3.75 ± 1.07  1.57 ± 0.57 >0.05  2.07 ± 0.31  0.84 ± 0.23 >0.01
Shimmer (%) 10.89 ± 2.53  4.44 ± 1.14 <0.05  5.24 ± 0.65  4.08 ± 1.31 >0.05
NHR  0.35 ± 0.08  0.17 ± 0.03 >0.05   0.15 ± 0.016  0.14 ± 0.02 >0.05

Data are mean ± SD.
MPT — maximum phonation time; MFR — mean flow rate; NHR — noise-to-harmonics ratio.

TABLE 3. COMPARISON BETWEEN GORE-TEX GROUP 
AND SILICONE GROUP

 Gore-Tex Silicone
 Group Group p
MPT (s)  6.9 ± 1.4  5.6 ± 3.2 >0.05
MFR (mL/min) 328.5 ± 76.2 214.1 ± 58.0 >0.10
Jitter (%)  2.18 ± 0.74  1.22 ± 0.26 >0.10
Shimmer (%)  6.46 ± 1.96  2.49 ± 0.47 >0.05
NHR  0.18 ± 0.07  0.01 ± 0.01 0.013
Duration (min) 63.8 ± 4.8 97.8 ± 9.1 0.008



quently not included voice results when comparing 
implant materials, because a substantial number of 
patients are also treated with an arytenoid adduction 
or adduction arytenopexy and/or cricothyroid sub-
luxation. These additional procedures substantially 
limit the value of comparing voice results and attrib-
uting postoperative voice enhancement to the thyro-
plasty maneuver. The current results show no sig-
nificant difference in most aerodynamic and acous-
tic data between the 2 groups, suggesting that Gore-
Tex is as feasible as silicone for type I thyroplasty 
in terms of effects on postoperative voice. The im-
provement in the noise-to-harmonics ratio was bet-
ter in the Gore-Tex group, for unknown reasons. 

Gore-Tex is considered to have several advantag-
es. First, unlike with silicone, in vivo adjustments 
are made by adding and repositioning the Gore-Tex 
while conversing with the patient. The surgeon does 
not place an implant, listen to the voice, remove the 
implant, and make adjustments accordingly. Second, 
the ease and maneuverability of Gore-Tex make its 
use easier to teach to trainees. Furthermore, the ex-
act thyroid lamina window position is less impor-
tant with Gore-Tex, since the window is primarily 
functioning as an aperture to the paraglottic space, 
in contrast to the more precise alignment required 
in using the window to align the silicone implant. 
Our results also showed that the operative time in 
the Gore-Tex group was significantly shorter than 
that in the silicone group, probably because the cur-
rent Gore-Tex procedure is less invasive, requiring 
a shorter incision and a smaller dissection area. Ad-

justment of the volume of the Gore-Tex is also much 
easier than reshaping a silicone block. 

A weakness of this study is that each surgery was 
performed by a different surgeon, according to his 
capability, and thus the study was not strictly ran-
domized. However, since each surgeon has been 
trained for type I thyroplasty with each implant ma-
terial, each surgical level was thought to be the best 
in the current institution. If a patient does not need 
the posterior glottis closed by means of an arytenoid 
procedure, the final voice result from a thyroplasty 
is more dependent on the surgeon’s skill than on the 
type of implant placed to support the paraglottic soft 
tissue. In this sense, the key differences are time and 
ease of use. 

In conclusion, the current modified procedure of 
Gore-Tex thyroplasty is feasible and has a level of 
vocal outcomes at least equivalent to those of sili-
cone thyroplasty, and it may contribute to reducing 
the invasiveness and duration of surgery.

CONCLUSIONS 

The feasibility and usefulness of the current mini-
mally invasive procedure of Gore-Tex thyroplasty 
was examined by comparing its vocal outcomes 
with those of ordinary silicone thyroplasty. The re-
sults indicate that Gore-Tex thyroplasty can achieve 
vocal improvement similar to that of silicone thyro-
plasty, and that it has additional advantages, includ-
ing simplifying the procedure and reducing the op-
erative time. 
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Successful Decannulation of T-tubes According to Type of
Tracheal Stenosis 

Sang Cheol Kim, MD; Se-Heon Kim, MD, PhD; Benjamin Youngho Kim, MD, PhD 

Objectives: Although the T-tube has been widely used as a therapeutic method for treatment of tracheal stenosis, predic-
tors for success have not been much studied. The authors analyzed several factors to search for a factor that would be 
useful as a prognostic indicator for successful decannulation. 
Methods: A total of 41 patients who underwent T-tube insertion from 1995 to 2004 at Yonsei University Health System 
were included. The medical records were reviewed retrospectively, and several factors regarding the type of stenosis were 
evaluated. 
Results: Age, sex, and multiplicity and severity of stenoses (p = 0.860) were not significantly related to successful decan-
nulation. The longitudinal extent of stenosis had a significant influence on success (p = 0.035), and cases with a greater 
circumferential involvement tended to result in decannulation failure (p = 0.084). 
Conclusions: The severity of stenosis did not have a statistically significant relationship to the decannulation rate, al-
though it was closely related to the patient’s symptoms. The longitudinal extent and the circumferential involvement of 
stenosis were found to be correlated to the success rate and represented the extent of the damaged mucosal area. There-
fore, it was assumed that the extent of the damaged mucosal area could be more important than the area of the granulation 
tissue or the patients’ symptoms in predicting the decannulation of T-tubes. 
Key Words: decannulation, tracheal stenosis, T-tube.
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INTRODUCTION 
The current conventional treatment methods for 

tracheal stenosis include repeated dilation, tracheal 
resection and end-to-end anastomosis,1 and staged 
reconstruction with a cartilaginous graft and myo-
cutaneous flap.2,3 However, such methods involve 
some risks and require the patient to be in good 
physical condition.4 Dilation carries a risk of bron-
chospasm and deep mucosal laceration, and the re-
currence rate is high.5,6 End-to-end anastomosis 
cannot be used in patients with a long segment of 
tracheal stenosis.7 

Since its introduction by Montgomery8 in 1965, 
the T-tube has been documented in many journals 
as a safe and effective method for treating tracheal 
stenosis.2,3,9,10 The T-tube has been widely used as a 
therapeutic method for both palliative and definitive 
treatment of tracheal stenosis. The proper materials 
and methods required for T-tube insertion have been 
well studied. 

However, the ultimate goal of treating tracheal 
stenosis is providing patients with a wide tracheal 
lumen through which they can breathe by remov-

ing the stenosis. As such, decannulation is the best 
treatment for tracheal stenosis when it is possible. 
If we can predict in advance whether decannulation 
will be successful, we can also predict the patient’s 
prognosis before introducing a tube. Furthermore, 
we can decide which treatment method — open sur-
gery or T-tube — is more suitable for each individu-
al patient. However, this approach has not been thor-
oughly studied, and although the decannulation rate 
has been studied according to intubation periods and 
tracheotomy techniques,11 it is not easy to establish 
any causal relationships. 

It is believed that successful decannulation can be 
achieved after healthy mucosa grows and covers the 
injured area and granulation tissue of a damaged tra-
cheal lumen. As such, an increased extent of dam-
aged mucosa and granulation tissue can be assumed 
to cause failures of decannulation. 

Nouraei et al12 performed a study on this subject. 
They treated 62 patients who had tracheal steno-
sis with endoscopy and T-tube insertion and tried 
to predict the success of the endoscopic surgery by 
analyzing different factors thought to affect the out-
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come.12 However, their endoscopic treatment was 
not confined to one technique, but rather, it included 
many endoscopic techniques such as laser, dilation, 
and administration of steroids or mitomycin. This 
would have made it very difficult to correlate any 
factor with any specific treatment method. There-
fore, we tried to confine endoscopic treatment to T-
tube insertion in order to identify any correlation be-
tween the type of tracheal stenosis and the success 
of the decannulation.

MATERIALS AND METHODS 

Among patients who underwent T-tube insertion 
from 1995 to 2004 in the Department of Otolaryn-
gology at Yonsei University Health System, those 
whose endoscopic findings and imaging studies 
were available were selected for this study. Those 
who were given other treatments, such as open sur-
gery, before T-tube insertion were excluded. 

The airway was visualized with an operating mi-
croscope and a rigid bronchoscope under general 
anesthesia. Granulation tissue was removed with 
forceps and a carbon dioxide laser. A Montgomery 
T-tube was introduced through a preformed stoma 
with the aid of a bronchoscope. The tube diameter 
was decided on according to the estimated trache-
al diameter of the patient, and the length was de-
signed to cover the entire stenotic site. The T-tube 
was removed with forceps when the airway was pat-
ent on the endoscopic examination and the tube was 
no longer tight, in the physician’s judgment. If the 
patient’s condition was tolerable after the removal 
of a tube, a compressive dressing was applied on the 
stoma until it was closed. Decannulation was con-
sidered successful if no further treatment for the tra-
cheal stenosis was required after decannulation. 

The medical records were retrospectively re-
viewed. We investigated whether patient age or sex 
had any association with the success of decannula-
tion.

The type of stenosis was classified by severity, 
longitudinal extent, circumferential involvement, 
and number. All necessary information was obtained 
from telescopy, bronchoscopy, and cervical imaging 
studies, including plain radiographs, computed to-
mography scans, and magnetic resonance imaging. 
In cases in which a patient had granulation tissue 
on both sides (upper and lower) of the tracheosto-
ma, we included the larger value as a representative 
item, and multiplicity of stenoses was included in 
the statistical analysis. We analyzed these factors to 
determine whether any were associated with suc-
cessful decannulation. 

Severity was classified into 4 grades according to 
the size of the residual lumen at the narrowest sec-
tion of the stenosis: grade 1 if more than 50% of 
the tracheal lumen was preserved, grade 2 if 30% to 
50% of the tracheal lumen was preserved, grade 3 if 
less than 30% of the tracheal lumen was preserved, 
and grade 4 if there was complete obstruction.7,13 

The longitudinal extent of the stenosis was de-
termined from imaging studies and intraoperative 
bronchoscopic findings. We gave preference to the 
bronchoscopic findings if there were any differences 
between the imaging studies and the bronchoscopic 
findings. 

The circumferential involvement of granulation 
tissue was observed on cross section of the stenot-
ic sites. The part of the circumference from which 
granulation tissue has grown is “a” and the luminal 
circumference of the trachea is “b” on Fig 1D and on 
Fig 2A. The circumferential involvement of granu-
lation tissue was classified into 2 groups according 
to the ratio of “a” to “b”: cases with more than half 
of the luminal circumference involved (a/b > 0.5) 
and cases with less than half of the luminal circum-
ference involved (a/b < 0.5). 

The patients were divided into 2 groups: patients 
with granulation tissue on both sides (upper and 
lower) of the tracheostoma and patients with granu-
lation tissue on only 1 side of the tracheostoma (up-
per or lower). 

Patient sex, severity of stenosis, circumferential 
involvement of stenosis, and multiplicity of steno-
ses were considered as categorical data. Patient age 
and longitudinal extent of stenosis were considered 
as continuous data. SPSS version 12.0 for Windows 
was used to analyze the data. A p value of less than 
0.05 was considered statistically significant. 

Correlations between categorical variables (sex, 
severity of stenosis, circumferential involvement of 
stenosis, and multiplicity of stenoses) and correla-
tions between continuous variables (age and longi-
tudinal extent of stenosis) were evaluated by χ2 test 
and Pearson correlation coefficient, respectively. 
Correlations between categorical variables and con-
tinuous variables were evaluated by t-test, except 
for the severity of stenosis, which was not classified 
into 2 categories, but 4. The association between 
the severity of stenosis and the continuous variables 
was evaluated with an analysis of variance. 

A χ2 test and a t-test were used for univariate anal-
ysis to investigate whether factors were associated 
with the success of decannulation. The factors that 
were shown to be significant on univariate analysis 
were used for multivariate analysis by binary logis-
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tic regression.

RESULTS 

We included 41 patients who underwent T-tube 
insertion as an initial treatment of tracheal stenosis 
and whose endoscopic findings and imaging studies 
were available. The average (±SD) age at the time 
of treatment was 47.9 ± 21.4 years. There were 19 
male and 22 female patients. The mean follow-up 
period was 26.5 ± 19.7 months. 

Out of 41 patients, 22 patients (12 male and 10 fe-
male) were decannulated. Nineteen patients (7 male 
and 12 female) were not decannulated. 

We evaluated correlations between factors before 
investigating whether they were associated with the 
success of decannulation. Only the following 2 re-
lationships were statistically significant among 15 
combinations from 6 factors. First, the severity of 
stenosis was related to the longitudinal extent of 
stenosis (p < 0.001; Fig 3). Second, the severity of 
stenosis was related to the circumferential involve-
ment of stenosis (p = 0.033; Fig 4). 

A χ2 test was used for univariate analysis to in-

vestigate whether the categorical variables (sex, se-
verity of stenosis, circumferential involvement of 
stenosis, and multiplicity of stenoses) among the 
factors were associated with the success of decannu-
lation (Table 1). Sex (p = 0.257) was not significant-
ly related to successful decannulation. Patients with 
higher grades of stenosis were more likely to experi-
ence decannulation failure (p = 0.012). The success 
rate of decannulation in patients with a stenosis se-
verity of higher than grade 3 was less than one third. 
The success rate of the patients with more than half 
of the luminal circumference involved was 41.9%, 
which was much lower than that of the patients with 
less than half involved (p = 0.008). Multiplicity of 
stenoses was not significantly related to success, al-
though the success rate of the patients with gran-
ulation tissue on multiple sites was 38.5%, which 
tended to be lower than the rate in those with only a 
single lesion (p = 0.184). 

The continuous variables (age and longitudinal 
extent of stenosis) were analyzed by t-test (Table 2). 
Age at the time of treatment (p = 0.131) was not sig-
nificantly related to successful decannulation. Pa-
tients with longer lesions had a significantly lower 
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Fig 1. A) T2-weighted axial mag-
netic resonance image brightly 
shows inflammatory changes of 
tracheal mucosa. B) T1-weighted 
sagittal magnetic resonance im-
age shows tracheal stenosis of 
short segment. C) Bronchoscopic 
findings in same patient. D) Sche-
matic drawing of circumfe rential 
involvement of stenosis. a — part 
of circumference from which 
gran ulation tissue has grown; b  
— luminal circumference of tra-
chea. 
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chance of successful decannulation, and no patients 
with lesions longer than 3 cm were decannulated (p 
< 0.001). 

Binary logistic regression was performed for 
multivariate analysis. The factors that were associ-
ated with successful decannulation on the univari-
ate analysis, and general factors such as age and 
sex, were included in this analysis (Table 3). Age 

(p = 0.576) and sex (p = 0.696) were not associated 
with success on the multivariate analysis. In contrast 
to the results of univariate analysis, the severity of 
stenosis was not associated with success on multi-
variate analysis. The longitudinal extent of stenosis 
showed a statistically significant relationship to suc-
cessful decannulation, in which the risk of decannu-
lation failure increased about 7 times for every 1 cm 
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Fig 2. Model of trachea with gran-
ulation tissue. A) Top view. a — 
part of circumference from which 
granulation tissue has grown; b — 
luminal circumference of trachea. 
B) Side view. C) Open view.

Fig 3. Mean and standard deviation of average longitudi-
nal extent according to severity of stenosis. 

Fig 4. Mean and standard deviation of average grade ac-
cording to circumferential involvement of stenosis. 



of increase in the longitudinal extent. On the multi-
variate analysis, only the longitudinal extent of the 
stenosis significantly influenced the success of de-
cannulation (p = 0.035). Cases with greater circum-
ferential involvement were more likely to result in a 
failure of decannulation (p = 0.084; Fig 5).

DISCUSSION 

Although the T-tube technique has been widely 
used as a therapeutic treatment method for tracheal 
stenosis, predictors of decannulation have not been 
thoroughly studied. We studied the relationship be-
tween the type of tracheal stenosis and T-tube decan-
nulation to identify any factors that could be used to 
predict the success of decannulation, regardless of 
the cause of the stenosis. 

In our study, only the longitudinal extent of the 
stenosis significantly influenced the success of de-
cannulation (p = 0.035). Cases with greater circum-
ferential involvement were more likely to result in a 
failure of decannulation (p = 0.084). The multiplic-
ity of stenoses was not related to the success of de-
cannulation, perhaps because success is dependent 
on the portion of stenosis with the greatest severity. 
The severity of stenosis was not associated with the 
success of decannulation, although it was related to 
success on the univariate analysis. We thought that 
the reason that severity of stenosis seemed to be re-

lated to success on the univariate analysis was that 
the severity was associated with the longitudinal ex-
tent, as we could see on the analysis of relationship 
between factors, and the longitudinal extent was as-
sociated with success. 

A similar result, that the length of the lesion was 
statistically significant whereas the severity was not, 
was seen in a study performed by Nouraei et al,12 
although their study, in which only 55% of the pa-
tients were treated with stents and the remaining pa-
tients were treated with different techniques, includ-
ing laser, steroids, mitomycin, and dilation, was fun-
damentally different from our study, in which only 
the T-tube technique was used as treatment. They 
analyzed several factors as possible predictors of 
successful endoscopic surgery. Only early referral to 
the airway unit and the vertical length of the lesion 
were statistically significant predictors. However, 
they did not provide a clear explanation regarding 
the association of the vertical length of the lesion 
and successful surgery. In our study, we included 
circumferential involvement and longitudinal ex-
tent of the lesion in the analysis of results. These 
were the only 2 factors to show potential as predic-
tors for successful decannulation. When the trachea 
is opened and the interior is observed, it is apparent 
that these 2 factors represent the horizontal and ver-
tical lengths of the area of growing granulation tis-
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Fig 5. Success rate according to longitudinal extent and 
circumferential involvement.

TABLE 1. UNIVARIATE ANALYSIS OF
CATEGORICAL VARIABLES

  Success p
 No. Rate (%) (χ2 Test)
Sex
 Male 22 63.2 0.257
 Female 19 45.5
Grade
 1 11 90.9 0.012
 2 10 60.0
 3 11 27.3
 4 9 33.3
Circumferential involvement
 <50% 10 90.0 0.008
 ≥50% 31 41.9
Multiplicity
 Single 28 60.7 0.184
 Multiple 13 38.5

TABLE 2. UNIVARIATE ANALYSIS OF
CONTINUOUS VARIABLES

 Success Failure p
 (N = 22) (N = 19) (t-Test)
Longitudinal extent (cm) 0.83 ± 0.88 2.21 ± 0.71 <0.001
Age (y) 43.3 ± 23.9 53.2 ± 17.1 0.131

Data are mean ± SD.

TABLE 3. MULTIVARIATE ANALYSIS OF FACTORS
 Odds
 Ratio 95% CI p
Female sex 1.489 0.202-10.950 0.696
Age 1.019 0.954-1.089 0.576
Grade
 1 1  0.860
 2 0.816 0.031-21.692 0.903
 3 2.126 0.047-95.248 0.697
 4 0.550 0.007-45.284 0.790
Longitudinal extent 7.683 1.153-51.211 0.035
Circumferential involvement 12.589 0.712-22.668 0.084
 ≥50%

CI — confidence interval.



sue (Fig 2). 
The symptoms of tracheal stenosis are definitely 

related to the amount of granulation tissue in the tra-
cheal lumen, because a larger amount of granula-
tion tissue makes the lumen narrower. However, a 
patient’s prognosis is not determined solely by the 
amount of granulation tissue present, because this 
granulation tissue is removed upon T-tube insertion. 
As such, we hypothesized that the 2-dimensional 
area of the damaged mucosa may be more important 
than the amount of the granulation tissue in predict-
ing the success of decannulation, because the dam-
aged mucosa, revealed once the granulation tissue is 
removed, must be regenerated to achieve successful 
decannulation. 

We classified circumferential involvement into 
only 2 groups because it was difficult to classify 
with only bronchoscopy or telescopy. We also could 
not demonstrate statistical significance between the 
2 groups. However, we did observe that cases with 
greater circumferential involvement were more like-
ly to result in decannulation failure. We believe that 
had we been able to obtain imaging studies (com-
puted tomography scans) for all of the patients, we 
would have been able to classify the circumferential 
involvement into many groups. We then could have 
calculated and compared the areas of damaged mu-
cosa and shown more statistical significance. 

This study had some additional limitations, aside 
from those already mentioned. The number of pa-
tients was limited, and the binary logistic regression 
required more than 100 samples to evaluate the sta-
tistical model. We did not consider all of the stenotic 
lesions; rather, we considered only the most severe 

lesion as a representative lesion and included mul-
tiplicity of stenotic sites in the analysis. We also did 
not consider all of the different conditions, besides 
granulation tissue, that could influence the success 
of decannulation, such as neurologic status or the 
presence of laryngomalacia. Furthermore, granula-
tion tissue can be classified into several groups, in-
cluding simple granulation tissue and cicatricial tis-
sue. If we had classified the granulation tissue in de-
tail, with only 41 cases, it would have been more 
difficult to understand the statistical results and sig-
nificance. It would also have been nearly impossi-
ble to histologically classify the granulation tissue 
with only telescopy and imaging studies. As such, 
we did not histologically classify the granulation tis-
sue. Finally, the duration of endotracheal intubation, 
the level and shape of the tracheostoma, and the lev-
el of the stenotic lesion could all affect the success 
of decannulation. These variables were discussed in 
a previous study,11 and it is difficult to explain the 
direct causal connections between these factors and 
successful decannulation. Therefore, we focused 
only on the type of stenosis in the present study. 

Despite the limitations of this study, we demon-
strated that the size of the area of damaged mucosa 
can affect the success of decannulation more than 
the size of the granulation tissue growing from the 
mucosa and the symptoms induced by the granula-
tion tissue. If imaging studies (computed tomogra-
phy scans) are performed in all patients, more de-
tailed studies can be performed. Furthermore, if pe-
riodic bronchoscopy is performed, we will be able 
to predict the time it takes for granulation tissue to 
disappear and for successful decannulation to be 
achieved.
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Mucosal Bridge and Pitting of the True Vocal Fold:
An Unusual Complication of Cidofovir Injection

Li-Xing Man, MD, MSc; Melissa M. Statham, MD; Clark A. Rosen, MD

We describe a unique complication of intralaryngeal cidofovir injection and present the case of a patient with recurrent 
respiratory papillomatosis in whom both a mucosal bridge and a pit of the true vocal fold developed after intralaryngeal 
cidofovir injection. A 40-year-old man presented with laryngeal papillomatosis 19 years after being treated with surgery 
and adjuvant radiotherapy for leiomyosarcoma of the cervical esophagus. The patient underwent 5 papillomatosis exci-
sions combined with subepithelial injections of cidofovir to the bilateral true vocal folds at a concentration of 5 mg/mL 
without any complications. He subsequently received 2 higher-dose cidofovir treatments 6 weeks apart because of a poor 
response to the previous treatments. Two months later, there was evidence of a large mucosal bridge along the free edge 
of the right vocal fold and a deep pit in the lateral aspect of the same vocal fold. We conclude that repeated high-dose 
intralesional injection of cidofovir may result in significant morphological changes to the vocal fold, most likely due to 
mucosal injury. 
Key Words: cidofovir, recurrent respiratory papillomatosis, vocal fold.
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INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is a 
benign neoplastic condition that is potentially life-
threatening and difficult to treat. Repeat surgical 
debulking has been the mainstay of treatment. Al-
though there are currently no medications approved 
by the US Food and Drug Administration (FDA) 
for the treatment of RRP, up to 20% of patients ulti-
mately require adjuvant therapy.1 Over the past sev-
eral decades, intralesional cidofovir (Vistide, Gilead 
Sciences, Foster City, California) has become the 
most common adjunctive therapy for moderate to 
severe RRP. Cidofovir is a cytosine nucleoside ana-
log that is incorporated into the growing DNA chain 
of both viruses and mammals and inhibits the viral 
DNA poly merization process in the herpes viruses. 

CASE REPORT

A 40-year-old man followed for RRP and esoph-
ageal stenosis presented with a 3-month history of 
hoarseness. Twenty years before presentation, the 
patient had been treated with esophagectomy, a free 
jejunal interpositional graft, and adjuvant radiother-
apy for leiomyosarcoma of the cervical esophagus. 
The patient had developed right vocal fold paralysis 
when the recurrent laryngeal nerve was resected and 
had undergone subsequent Teflon injection. The ra-
diation dose is unknown. The patient developed la-

ryngeal papillomatosis 19 years after being treated 
for the leiomyosarcoma. He had undergone sever-
al excisions of the papillomatosis without cidofovir 
injection in the past. He had been taking a proton 
pump inhibitor twice a day for many years. Laryn-
geal examination revealed bulky papillomatosis of 
the right posterior glottis and bilateral midmembra-
nous true vocal folds. The bilateral false vocal folds 
were also affected, and the Derkay severity score2,3 
was 11. 

The patient was started on indole-3-carbinol, an 
FDA-approved nutritional supplement found in high 
concentration in cruciferous vegetables that has been 
shown to decrease papillomatous growth.4,5 Over a 
6-month period, the patient underwent 5 papilloma-
tosis excisions combined with subepithelial injec-
tions of cidofovir to the bilateral true vocal folds. 
The duration between procedures ranged from 5 to 
9 weeks. A volume of 6 to 8 mL of cidofovir at a 
concentration of 5 mg/mL was injected during each 
treatment with no complications. The patient subse-
quently received 2 higher-dose cidofovir treatments 
6 weeks apart because of a poor papilloma response 
to the 5 mg/mL cidofovir treatments. The injections 
were 6 mL of 15 mg/mL cidofovir and 6 mL of 10 
mg/mL cidofovir, respectively.

Two months later, the patient returned with a sig-
nificant worsening of his dysphonia. Microlaryn-



Fig 2. Deep pit of lateral right true vocal fold after serial 
intra lesional cidofovir injections.
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Fig 1. Mucosal bridge of superficial aspect of right true 
vocal fold after serial intralesional cidofovir injections.

goscopy revealed a large mucosal bridge along the 
free edge of the right vocal fold, with papilloma 
completely encompassing the mucosal bridge (Fig 
1). There was also a deep pit in the lateral aspect 
of the right vocal fold, with papilloma surround-
ing this area (Fig 2). Cold steel phonomicrosurgical 
techniques were used to remove the mucosal bridge 
and debulk the papilloma. These included retraction 
of the bridge and removal with curved microscis-
sors, as well as papilloma removal using microcup 
forceps and a serial microflap excision technique. 
The pathology specimen revealed RRP without ma-
lignancy and subepithelial fibrosis consistent with 
scarring, but there was no tissue necrosis, edema, at-
rophy, or irradiation-induced changes. Currently, the 
patient’s RRP is under better control, with a Derkay 
severity score of 4. He continues to have significant 
dysphonia secondary to glottic insufficiency due to 
a right true vocal fold that is immobile, lateralized, 
and scarred.

DISCUSSION

The optimum dose of intralesional cidofovir for 
RRP has not been established, and published treat-
ment protocols vary in the frequency, concentration, 
and volume of injection. A review of 17 studies in-
volving 158 patients found the median treatment 
protocol to be 2.5 to 5 mg/mL cidofovir injected 
every 2 to 4 weeks over a 12-month period.6 The 
dosages and volumes ranged from 0.3 mg/mL to 7.5 
mg/mL and from less than 1 mL to 8 mL, respec-
tively.1 We previously reported our early experience 
with 5 mg/mL intralesional cidofovir injection in 13 

patients.7 Ten of the 13 patients (76.9%) responded 
to treatment. There were no major complications, al-
though 3 patients developed vocal fold scarring and 
1 patient developed a false vocal fold web. Given 
these results, our standard practice is to inject 6 to 8 
mL of cidofovir at a 5 mg/mL concentration.

Intravenous cidofovir has been shown to have 
nephrotoxic effects, with renal function returning 
to baseline after discontinuation of the drug.8,9 One 
study of cidofovir plasma levels after intralesional 
injections found that absorption in adults was un-
predictable, leading the authors to recommend that 
intralesional cidofovir be used at less than the rec-
ommended intravenous dose (5 mg/kg) to prevent 
systemic toxicity.10 Studies of subcutaneous cidofo-
vir injection in rats have demonstrated carcinogenic 
potential, causing mammary adenocarcinomas.1,11 
The potential of carcinogenesis in humans is un-
certain. There has been 1 published case of severe 
dysplasia after serial treatments with cidofovir.12 It 
is unknown whether this represents natural progres-
sion of this human papillomavirus–related disease 
or reflects repeated cidofovir use.1 There have been 
no reports of malignant transformation of RRP fol-
lowing cidofovir injections.13

Chhetri et al14 studied the local effects of repeated 
intralaryngeal cidofovir injections of various con-
centrations in a canine model. The vocal folds of 
healthy dogs were injected biweekly for 6 months 
with 0.5 mL to each vocal fold with cidofovir con-
centrations of 0 mg/mL, 5 mg/mL, 10 mg/mL, 20 
mg/mL, 40 mg/mL, or 75 mg/mL. Endomysial ede-



ma of the superficial thyroarytenoid muscle was ob-
served on histologic analysis at low doses (0 and 5 
mg/mL concentrations). Full-thickness atrophy and 
necrosis of the thyroarytenoid muscle was observed 
at high doses (40 and 75 mg/mL). Atrophy and scar-
ring was observed after 3, 7, and 11 injections with 
75, 40, and 20 mg/mL doses of cidofovir, respec-
tively. After a 6-month observation period, recovery 
of histologic abnormalities occurred in patients re-
ceiving low- and intermediate-dose treatments, but 
not in those receiving high-dose treatments. 

Our patient developed a large mucosal bridge and 
deep pitting of the vocal fold after cidofovir injec-
tions of 10 and 15 mg/mL concentrations. It is likely 
that this result was due to mucosal necrosis from the 
high-dose cidofovir injections combined with the 

patient’s prior radiotherapy. Although this patient 
had a history of Teflon injection and reconstruction 
with a jejunal interpositional graft, Teflon has nev-
er been associated with mucosal disease, and laryn-
gopharyngeal reflux has never been implicated as a 
cause of necrosis or mucosal bridge formation. Only 
the most severely affected RRP patients should be 
offered intralesional injections. The current crite-
ria for initiating adjuvant therapy include the need 
for more than 4 surgical procedures per year, distal 
spread of disease, and/or rapid regrowth of disease 
with airway compromise.1 When cidofovir treat-
ment is initiated, the patient should be counseled 
on the potential risks, including vocal fold scarring, 
tissue necrosis, nephrotoxicity, and unknown long-
term carcinogenic potential. The dosage should be 
below a 10 mg/mL concentration.
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Tracheal Non-Hodgkin’s Lymphoma Masquerading as
Benign Granulation Tissue: A Report of Two Cases

Matthew T. Gill, MD; James D. Cotelingam, MD; Mary Lowery-Nordberg, PhD;
Cherie-Ann O. Nathan, MD 

Primary tracheal non-Hodgkin’s lymphoma (NHL) is rare, with fewer than 30 cases reported to date. We review the clini-
cal presentation, evaluation, and treatment of 2 cases of tracheal NHL mimicking granulation tissue. The first patient 
was a 67-year-old man with myelodysplastic syndrome and Crohn’s disease who had a recurring lesion of the proximal 
trachea causing significant airway obstruction. The second patient was a 47-year-old man with a history of multiple in-
tubations who presented with dyspnea and stridor due to circumferential tracheal stenosis. In both cases, bronchoscopy 
revealed abundant granulation tissue, and the initial biopsy results indicated benign disease. However, after requests from 
the diagnostic team to rule out lymphoma, additional immunohistochemical stains and polymerase chain reaction testing 
confirmed NHL. Radiotherapy was initiated. The first patient responded well and remains disease-free after 4 years. The 
second patient died of airway obstruction due to severe distal tracheal stenosis. Recurrent granulation tissue should raise 
the suspicion of malignancy and prompt further tissue evaluation for evidence of lymphoma. Steroids for airway com-
promise may cause progression to mature stenosis as prednisone is used in the treatment of lymphoma. Localized disease 
involving the central airways may be treated successfully with limited chemotherapy and radiotherapy. 
Key Words: airway compromise, granulation tissue, non-Hodgkin’s lymphoma, tracheal lymphoma, tracheal stenosis. 
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INTRODUCTION 

Granulation tissue is a well-known complication 
of upper airway surgery. In patients with a long-term 
tracheostomy, suprastomal granulation tissue may 
prevent successful decannulation.1 Excessive cuff 
pressure, or frictional forces caused by movement of 
the tracheostomy tube, may inflict mucosal damage 
that results in the formation of granulation tissue. 
Bacterial colonization often exacerbates the condi-
tion.2,3 Similar changes can occur after prolonged 
endotracheal intubation and may lead to laryngo-
tracheal stenosis. In patients without a history of air-
way manipulation, granulation tissue formation may 
be due to laryngopharyngeal reflux, fungal or myco-
bacterial infection, or autoimmune disease, such as 
Wegener’s granulomatosis.4,5 Medical treatment de-
pends on the underlying cause, but may involve acid 
suppression therapy, antimicrobial agents, or immu-
nosuppression. In cases of symptomatic airway ob-
struction, surgical debulking can be achieved with 
sharp dissection, laser removal, or powered instru-
mentation.1 

Primary tracheal malignancies are rare, with lym-
phomas comprising a small minority of cases. We 

present 2 cases of primary tracheal non-Hodgkin’s 
lymphoma (NHL) that were mistaken initially for 
benign granulation tissue and required multiple bi-
opsies, or additional immunohistochemical stains 
and molecular studies, to reach a correct diagnosis. 

CASE REPORTS 

Case 1. A 67-year-old man with a medical his-
tory significant for myelodysplastic syndrome and 
Crohn’s disease was evaluated by an outside pul-
monologist for progressive wheezing, cough, and 
dyspnea. He denied any fevers, chills, night sweats, 
or hemoptysis. Flow volume loops indicated a fixed 
obstruction. Flexible bronchoscopy revealed a fun-
gating mass, resembling granulation tissue, in the 
subglottis and proximal trachea, causing nearly 
90% obstruction. The trachea distal to this mass was 
normal. He was subsequently taken to the operat-
ing room for rigid bronchoscopy. The majority of 
the lesion was removed for biopsy, and the remain-
der was debulked with a carbon dioxide laser and a 
microdebrider to improve airway patency. The le-
sion recurred 6 weeks later, and he underwent re-
peat bronchoscopy with removal of tissue for biop-
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Fig 1. (Case 1) Video stills from clinic demonstrate recurrence of subglottic mass resembling granulation tissue with ex-
tension into proximal trachea. 

sy. Three weeks later, he developed acute respirato-
ry failure requiring intubation. A tracheostomy was 
performed, and repeat endoscopy showed recurrence 
of the proximal tracheal lesion, which was submit-
ted to biopsy for a third time. Each of these biopsies 
was interpreted by various pathologists as showing 
benign granulation tissue with acute inflammation. 

The patient was then referred to our clinic for fur-
ther evaluation. Flexible laryngoscopy demonstrat-
ed recurrence of the lesion in the subglottis, again 
resembling granulation tissue (Fig 1). Review of the 
patient’s medication list showed that he was already 
taking acid suppressive therapy (esomeprazole mag-
nesium 40 mg daily). Given his history of chron-
ic immunosuppressive therapy for Crohn’s disease, 
we entertained the possibility of a fungal causation. 
He completed a 2-week course of oral fluconazole 
without improvement. A laboratory workup for 
Wege ner’s granulomatosis and other autoimmune 
disorders was negative (including rheumatoid fac-
tor, erythrocyte sedimentation rate, and levels of cir-
culating antineutrophil cytoplasmic antibody, peri-
nuclear antineutrophil cytoplasmic antibody, and 
antinuclear antibody). The pathology slides were 
reviewed at our institution, and stains for acid-fast 
bacilli and fungi were negative. Additionally, there 
was no pathologic evidence of vasculitis. After our 
specific request to rule out lymphoma, the patholo-
gists reviewed the case again, this time noting clus-
ters of highly atypical cells within the background 
of granulation tissue consistent with malignant lym-
phoma, confirmed by immunohistochemical analy-
sis. We were unable to obtain additional material for 
flow cytometry, as the patient had critical coronary 
artery disease that placed him at high risk for general 

anesthesia. A staging workup with a positron emis-
sion tomographic scan did not reveal any addition-
al sites of involvement. The diagnosis was diffuse 
large B-cell lymphoma, Ann Arbor stage IE. The pa-
tient underwent a course of radiotherapy, followed 
by 2 years of maintenance rituximab (a monoclonal 
antibody directed against B-lymphocytes). He re-
sponded well and remains disease-free 4 years after 
treatment, but is tracheostomy-dependent because 
of significant subglottic stenosis. 

Case 2. A 47-year-old man with history of mul-
tiple intubations during a recent hospital admission 
presented to the emergency department with pro-
gressive wheezing and dyspnea. A physical exami-
nation was significant for audible stridor. Flexible 
laryngoscopy was unremarkable; however, a com-
puted tomography (CT) scan of the thorax demon-
strated an area of tracheal narrowing or mass (Fig 
2). Bronchoscopy revealed extensive granulation 
tissue that narrowed the tracheal lumen to 4 mm 
and corresponded to the stenotic area seen on CT. A 
4-cm segment of trachea was involved, starting 3.5 
cm below the glottis and ending 2 cm above the cari-
na. Rigid dilation was performed after injection of 
triamcinolone acetonide into the granulation tissue. 
Repeat bronchoscopy was performed a week later 
for worsening symptoms. Biopsy specimens were 
taken, and rigid dilation and steroid injection were 
repeated. Subsequent bronchoscopy performed after 
a course of systemic steroids showed a maturing cir-
cumferential stenosis. The pulmonology department 
was consulted for possible intervention with stents 
because of the intrathoracic location of the obstruc-
tion. However, they deferred stenting. The initial pa-
thology results indicated benign granulation tissue. 
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Again, only after requests from the diagnostic team 
to rule out lymphoma were additional immunohis-
tochemical stains performed (including leukocyte 
common antigen and CD20), and they demonstrated 
an atypical lymphoid proliferation (Figs 3 and 4). 
Molecular studies were performed for confirmation. 
A polymerase chain reaction (PCR) study demon-
strated an immunoglobulin K clonally rearranged 
population (Fig 5), which established the diagno-
sis of NHL (large cell, B-phenotype). Results of 
staging CT scans of the chest, abdomen, and pelvis 
were unremarkable. Bone marrow biopsy and aspi-
rate showed a normocellular erythroid-predominant 
bone marrow with a mild B lymphocytosis. Small 
B-lymphocytes (CD20-positive) were mildly in-
creased, comprising 8% of the cellularity. Molecu-
lar genetic studies by PCR confirmed a clonal B-cell 

population with kappa light chain gene rearrange-
ment. On the basis of the bone marrow biopsy re-
sults, the case was upstaged from Ann Arbor clinical 
stage IE to pathologic stage IVE (M+), discordant 
disease. Radiotherapy was initiated, but the patient 
died of airway obstruction due to severe distal tra-
cheal stenosis.

DISCUSSION 

Primary tracheal tumors are rare, comprising only 
0.1% of all malignancies, with squamous cell car-
cinoma and adenoid cystic carcinoma the most fre-
quently represented types.6 Non-Hodgkin’s lympho-
ma, on the other hand, is a common malignancy with 
an annual US incidence exceeding 50,000. Between 
15% and 40% of patients with a diagnosis of NHL 
present with extranodal disease. However, involve-
ment of the tracheobronchial tree by NHL is uncom-
mon, even in disseminated disease.7 Non-Hodgkin’s 
lymphoma confined to the trachea is exceedingly 
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Fig 2. (Case 2) A) Transaxial and B) sagittal computed 
tomography images confirm 4-cm segment of tracheal 
stenosis starting 3.5 cm below glottis. 

Fig 3. (Case 2) High-power view of hematoxylin and eo-
sin–stained slide shows diffuse infiltration by large atypi-
cal nucleolated lymphoid cells (original ×100). 

Fig 4. (Case 2) Tumor cells demonstrate variable mem-
brane and cytoplasmic immunoreactivity for CD20 (orig-
inal ×400). 
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rare and is estimated to account for less than 0.5% 
of all tracheal tumors.8 Fewer than 30 cases of pri-
mary tracheal NHL have been reported to date in the 
literature.8-12 

Tracheal tumors often go undiagnosed until sig-
nificant airway obstruction occurs. Presenting com-
plaints include persistent coughing, wheezing, and 
dyspnea. Hemoptysis occurs less frequently in cas-
es of tracheal NHL than in cases of other trache-
al tumors because of preservation of intact trache-
al mucosa. Patients may be treated unsuccessfully 
for suspected asthma or chronic obstructive pulmo-
nary disease before a correct diagnosis is reached. 
Flow volume loops, CT scans, and bronchoscopy 
are helpful in confirming the presence of a tracheal 
tumor.7 

The endoscopic appearance of tracheal NHL is 
variable. Descriptions in previously reported cases 
have ranged from isolated tumors, which may be 
“friable” or “polypoid,” to the presence of multiple 
submucosal nodules.7,10,13-16 In our series, the le-
sions bore a clinical resemblance to abundant gran-
ulation tissue, which made the diagnosis especially 
difficult. In both cases, the initial pathology results 
also indicated benign granulation tissue. Recurrence 
of the lesions and clinical suspicion for malignancy 
prompted additional studies (immunohistochemical 
stains and PCR testing), which yielded the diagno-
sis of malignant lymphoma. Concurrent treatment 
with steroids for airway compromise may alter the 
appearance of these tumors and cause progression 
to mature stenosis (as seen in the second case), be-
cause prednisone is often used in chemotherapy reg-
imens for lymphoma. 

In cases in which lymphoma is strongly suspected 
before operation, appropriate tissue handling may 
avoid diagnostic confusion. Adequate tissue should 
be sent fresh for flow cytometry, and additional im-
munohistochemical stains should be requested to al-
low confirmation of the diagnosis and more accu-
rate subtyping. In both of our cases, the pathological 
diagnosis was made more challenging because the 
entire specimens were fixed in formalin. Other case 
reports have mentioned difficulty with establishing 

a lymphoma diagnosis in atypical locations.15,17-19 
In the case of our first patient, multiple biopsy spec-
imens were taken by the referring physician in or-
der to rule out carcinoma. Later, the patient’s con-
dition was not stable enough for him to undergo an 
additional procedure to obtain fresh tissue for flow 
cytometry, and the diagnosis was made via immu-
nohistochemical analysis. In the second case, the 
initial appearance of the lesion suggested a benign 
inflammatory process. After immunohistochemical 
stains revealed an atypical lymphoid proliferation, 
PCR testing was utilized for diagnostic confirma-
tion, as we were limited by a low biopsy yield and 
subsequent tracheal scarring. 

In a review of tracheal NHL, Fidias et al7 found 
that low-grade lymphomas are more prevalent than 
intermediate- or high-grade lymphomas. Several 
cases of mucosa-associated lymphoid tissue (MALT) 
lymphoma of the trachea have also been reported 
and have shown a good response to localized treat-
ment and a favorable prognosis.10,13-15 Both of our 
patients had diffuse large B-cell lymphoma, which is 
considered an aggressive subtype. For NHL confined 
to the trachea (Ann Arbor stage IE), local therapy 
with either a combination of limited chemotherapy 
and radiotherapy, or surgical resection, has been ad-
vocated.7,8,15 In cases of significant airway obstruc-
tion, debulking surgery or temporary tracheal stent-
ing may be necessary before the initiation of defini-
tive therapy.9

CONCLUSIONS 

Primary tracheal lymphomas are rare and can 
mimic the appearance of granulation tissue or be-
nign tracheal stenosis. Recurrent granulation tissue 
should raise suspicion of malignancy and prompt 
further evaluation for evidence of lymphoma. Im-
munohistochemistry, flow cytometry, and molecu-
lar techniques have greatly improved the diagnosis 
of lymphomas. The use of steroids for airway com-
promise could mask the diagnosis. Non-Hodgkin’s 
lymphoma localized to the trachea may be treated 
successfully with limited chemotherapy and radio-
therapy.
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Fig 5. (Case 2) Polymerase chain 
reaction results show A) immu-
noglobulin K clonal population, 
compared with B) immunoglobu-
lin K–positive clonal control. 
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Xenogeneic Hydrated Decellularized Tracheal Matrix as a
Scaffold for Tracheal Reconstruction

Thomas W. Gilbert, PhD; Sebastien Gilbert, MD; Nathaniel Remlinger, BS;
Caitlin C. Czajka; Donna Beer Stolz; Stephen F. Badylak

Objectives: Regenerative medicine approaches, such as extracellular matrix scaffold technology, have been used to recon-
struct various tissues in preclinical studies and in clinical applications. The present study has investigated the remodeling 
of porcine hydrated decellularized tracheal matrix (HDTM) in canine models. 
Methods: Full circumferential scaffolds of HDTM were implanted heterotopically both in the neck, beneath strap muscles 
adjacent to the native trachea, and wrapped with omentum in the abdominal cavity. Specimens were harvested at 2 and 8 
weeks for histologic analysis and mechanical testing. Patches of DTM (2 × 3 cm) were used for patch tracheoplasty of a 
ventral tracheal defect (1 × 2 cm). Tissue was harvested after 8 and 26 weeks for standard histologic analysis, immuno-
staining (acetylated tubulin and F-actin), and scanning electron microscopy.
Results: Histologic examination of the heterotopic implants showed infiltration of the scaffold with mononuclear cells 
and new blood vessels. The cartilage rings were still present, regardless of the implant site, and maintained mechanical 
integrity. Specimens from the patch tracheoplasty model were evaluated at 2 months for remodeling. The specimens showed 
maintenance of the cartilage rings and evidence of a pseudostratified columnar epithelium with secretory cells. The pres-
ence of microvilli and cilia was confirmed with immunofluorescent staining and with scanning electron microscopy. Cilia 
were observed primarily at the periphery of the graft, whereas microvilli were uniformly present across the surface. 
Conclusions: A hydrated form of DTM with preserved cartilage integrity shows promise for an off-the-shelf functional 
tracheal replacement.

Tissue-Engineered Approach for Stenosis of the Trachea
and/or the Cricoid

Shin-ichi Kanemaru, MD, PhD; Shigeru Hirano, MD, PhD; Ryo Asato, MD;
Masaru Yamashita, MD, PhD; Hiroo Umeda, MD; Koichi Omori, MD, PhD;

Atsushi Suehiro, MD; Tatsuo Nakamura, MD, PhD

Objectives: We previously reported that the artificial trachea (AT) was a useful material for implantation to the tracheal 
defect after resection of cancer. There are many causes for stenosis of the respiratory tract. Stenosis of the trachea and/or 
the cricoid (STC) is very difficult to treat. The aim of this study was to evaluate AT for the treatment of STC. 
Methods: The AT was composed of a spiral stent and Marlex mesh made of polypropylene and was covered by collagen 
sponge made from porcine skin. Three patients with STC were treated by this tissue engineering method. All of them had 
STC that was caused by burn contracture and two long-end tracheal intubations. They underwent staged operations. At 
the first staged operation, after resection of the stenotic regions, the edge of tracheal cartilage was sutured to the edge of 
the skin. The tracheal lumen was exposed to the outside, and a T-shaped cannula was inserted in this large tracheostoma. 
Two months after the first operation, after separation of the trachea and skin, trimmed AT with venous blood and basic 
fibroblast growth factor was implanted to the defect of cartilage.
Results: All patients were able to breathe easily and had no discomfort in daily activity. We also observed a sufficient air 
space of the trachea and the cricoid by computed tomography and fiberscopy, 2 months after the second operation. 
Conclusions: This new regenerative therapy shows great potential for the treatment of STC.
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Vagal Sensorimotor Function as It Relates to the
Cricopharyngeal Muscle and the Upper Esophageal Sphincter

Joel H. Blumin, MD; Safwan S. Jaradeh, MD; Robert J. Toohill, MD

Objectives: The sensorimotor innervation of the upper esophageal sphincter (UES) has not been fully defined. Previous 
suggestions were the recurrent laryngeal nerve, the superior laryngeal nerve, the pharyngeal plexus, and the cervical 
sympathetic chain. The purpose of this study was to present neuroanatomical dissections, clinical data, and basic studies 
that indicate the superior laryngeal nerve (SLN) as the probable source of the sensorimotor innervation to the UES.
Methods: A review of recent studies detailed neuroanatomical histologic, video fluoroscopic, and electromyographic 
(EMG) findings and sensorimotor innervation of the UES.
Results: Thirty-five patients underwent cricopharyngeal muscle (CPM) partial myectomy and had histologic study of 
the muscle. Fifteen of these underwent detailed video fluoroscopic procedures in the lateral and anterior-posterior views. 
Fifty-nine patients had CPM EMG evaluation (18 bilateral) for a total of 77 studies. Of 31 myectomy specimens with 
histologic study, 22 showed neurogenic deterioration, 5 had predominantly neurogenic changes with some element of 
myopathy, and 4 had myopathic changes only. The 15 that had video fluoroscopic study all demonstrated CPM dysfunc-
tion, predominantly in the anterior-posterior view. EMG indicated 19 CPMs to be normal; 43 had axonal degeneration 
without further denervation, and 15 had ongoing active denervation. Simultaneous inferior constrictor and laryngeal 
EMG studies were compared to the CPM findings. The strongest correlation was with the inferior constrictor, followed 
by the cricothyroid, and the least was the thyroarytenoid. Anatomic dissections demonstrated a significant branch of 
the external SLN that proceeds to the CPM.
Conclusions: Vagal sensorimotor innervation via the SLN very likely provides the UES with the vital functions that 
are necessary for smooth normal deglutition. 

Bioabsorbable Drug-Eluting Stents for the Treatment of
Tracheal Stenosis in an Animal Model

Christopher A. Sullivan, MD; Mike Baskin, BS; Scott Hardison, BS

Objectives: We studied the feasibility of a drug-eluting bioabsorbable tracheal stent for the treatment of tracheal steno-
sis. 
Methods: A rat model of tracheal scarring was developed. A bioabsorbable tracheal stent containing a type I collagen 
gene inhibitor (CGI) was fabricated. In vitro analyses of drug elution and biodegradation were carried out. Rats were ran-
domly divided into no-treatment, biodegradable stent placement, and drug-eluting biodegradable stent placement groups. 
Tracheal wounds were created and animals were treated according to randomization. At specified time points, animals 
were sacrificed and trachea and lung tissue were harvested. Tissue was analyzed grossly and histologically for scar tissue 
formation, fibroblast activity, and re-mucosalization of tracheal wounds.
Results: In vitro data showed that drug was released from the tracheal stents into solution. Two of 21 animals died of airway 
obstruction from stent migration. All drug-eluting stents dissolved between 5 and 14 days. Non–drug-eluting stents did 
not degrade completely in all cases. Drug-eluting stents showed prevention of scar tissue formation and complete tracheal 
re-epithelialization with normal respiratory mucosa. The no-treatment and non–drug-eluting stent animals formed scar 
tissue and did not re-epithelialize at the site of injury. Fibroblast activity was lowest in drug-eluting stent animals. 
Conclusions: Bioabsorbable CGI-eluting tracheal stents are well tolerated in a rat model, prevent tracheal scar tissue 
formation, and promote re-mucosalization with normal respiratory epithelium. These data support the feasibility of topical 
CGI drug delivery via a bioabsorbable tracheal stent for the treatment of tracheal stenosis.
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Intracellular Distribution and Activity of the JAK/STAT 
Components in Respiratory Papillomatosis

Andrea F. Lewis, MD; John Schweinfurth, MD; Steven Bigler, MD;
Holly McIntire, MD; Todd Spataro, MD

Objectives: We evaluated the activity of signal transducers and activators of transcriptions (STATs) and Janus kinases 
(JAK) in recurrent respiratory papillomatosis (RRP) compared to normal upper respiratory tract epithelium. 
Methods: An immunohistochemical survey of Ki67, STAT 1-5, and JAK 1-3 proteins using monoclonal antibodies was 
performed on papilloma specimens collected over a 3-year period compared to controls. A minimum of four test runs 
using known positive and negative controls for each antibody was performed. Specimens were compared on the basis 
of stain intensity. JAK/STAT indices were correlated with Ki-67 and clinical behavior of the disease by use of Pearson’s 
correlation.
Results: Epithelium from a total of 33 individuals with RRP followed over a period of 3 years was examined and com-
pared to normal respiratory epithelium. In the experimental specimens, the basal layer had fewer cells staining for JAK3 
than the rest of the epithelium, regardless of the intensity of the stain, and there was very predominant hollowing out of 
nuclei in specimens compared to controls. Pearson’s correlation of staining intensity revealed that Ki67 was negatively 
correlated with the clinical score (p = 0.04). JAK3 intensity was positively correlated with STAT 6 intensity (p = 0.003). 
STAT 2 intensity positively correlated with STAT 5a (p = 0.002). 
Conclusions: The JAK/STAT family, and especially JAK3, are integral to humoral immunity, and a loss of their function 
leads to immunodeficiencies in humans. We have discovered several irregularities in the intracellular distribution and 
activity of these proteins in RRP that may lead to the elucidation of specific susceptibility for the disease.

The Management of Sand Aspiration Complicated
by Tracheal Rupture

Mai Thy Truong, MD; Christina Avila, MD; Peter Koltai, MD

Objectives: We describe our management of a child who suffered sand aspiration with tracheal rupture leading to respira-
tory failure.
Results: A 9-year-old boy was playing near a sand cliff when it collapsed, burying him. He was excavated after about 
5 minutes. Initially responsive, he developed respiratory difficulty requiring intubation, following which he developed 
subcutaneous emphysema and pneumothorax and was therefore air-lifted to our facility for management. On arrival, he 
continued to have respiratory instability and was taken to the OR, was placed on cardiopulmonary bypass (CPB), and had 
airway lavage. Bronchoscopy revealed a linear rupture of the posterior tracheal wall from the mid-trachea to the carina. 
Given the combined injuries, we converted the CPB to extracorporeal membranous oxygenation (ECMO) and intubated 
him with a double-lumen endotracheal tube that selectively allowed for ventilation of his left main stem bronchus, isolat-
ing the tracheal injury from ventilation. After 12 hours, positive pressure was introduced into the trachea, and at 24 hours, 
ventilation through both lumens of the ET tube was resumed. He was taken off the ECMO after 36 hours and maintained 
on the ventilator alone. Bronchoscopy revealed a healing tracheal injury, and he was extubated. He remained stable and 
was discharged home.
Conclusions: Sand aspiration is fortunately rare. Concurrent tracheal rupture further complicates an already difficult 
treatment regimen. The few case reports describe a range of managements. CPB was a life-saving strategy for our patient, 
and converting to ECMO provided a brief healing period for the tracheal rupture.
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Clinical Review of Pediatric Subglottic Stenosis
Soo-Youn An, MD; Dong Wook Kim, MD; Youngjin Ahn, MD; J. Hun Hah, MD;

Tack-Kyun Kwon, MD; Myung-Whun Sung, MD; Kwang Hyun Kim, MD

Objectives: We review the clinical features of pediatric subglottic stenosis (SGS) and assess the results of surgical man-
agement, risk factors, and prognosis. 
Methods: We retrospectively reviewed 107 consecutive pediatric cases diagnosed between January 1989 and December 
2007 as SGS or combined stenosis. Clinical features, treatment details, and decannulation rates were investigated.
Results: The male-to-female ratio was 61:46, and the mean age was 36.8 (0 to 167.3) months. The most common cause 
of stenosis was prolonged intubation (89.7%). The Myer-Cotton grade was grade I in 47.7%, grade II in 20.6%, grade III 
in 27.1%, and grade IV in 4.7%. Initially, 98 cases (91.6%) were treated with endoscopic endolaryngeal management. 
Among these, 70 patients (80.1%) were decannulated successfully. The procedure failed in 19 patients (19.9%) and was 
converted to laryngotracheal reconstruction (LTR) surgery. Late intubation age and a lower Myer-Cotton grade were fac-
tors favoring decannulation success (p = 0.006 and p < 0.001, respectively). Among the 28 LTR patients, cricoid splitting 
and rib cartilage grafting was performed in 26 patients, and laryngotracheal resection and end-to-end anastomosis was 
performed in 2 patients. After LTR, postoperative endoscopic touch-up management was needed 6.1 (2 to 18) times. The 
decannulation success rate of LTR was 82.1%. 
Conclusions: Younger age at intubation and a higher Myer-Cotton grade were risk factors for decannulation failure in 
endolaryngeal management. The decannulation success rate of initial endolaryngeal management was 80.1%, that of 
invasive LTR was 82.1%, and the overall success rate was 95.3%.

In-Office KTP Coagulation Necrosis of Recurrent
Respiratory Papillomatosis

J. Michael King, MD; Stacey L. Smith, MD; C. Blake Simpson, MD

Objectives: Previous studies have reported the efficacy of the pulsed potassium-titanyl-phosphate (KTP) laser for the 
treatment of recurrent respiratory papillomatosis (RRP). The angiolytic properties of the KTP laser result in subepithelial 
microvascular necrosis and subsequent sloughing of the disease process. We describe an adjunctive treatment for bulky 
papillomatosis by means of intralesional photocoagulation, resulting in thermal coagulation necrosis.
Methods: We performed a retrospective chart review of adult patients with bulky RRP lesions treated with in-office 
flexible laryngoscopy KTP laser ablation over 21 consecutive months. Fourteen patients underwent a total of 25 office-
based intralesional KTP procedures. We reviewed preprocedure and postprocedure laryngeal stroboscopy findings and 
self-evaluation. The KTP fiber was applied through a flexible laryngoscope in the office setting. All 14 patients had areas 
of bulky papillomatosis treated with intralesional thermal ablation by penetrating the diseased tissue with the KTP fiber.
Results: Self-rated improvement in voice and/or airway was noted in 10 patients (71%); 2 patients (14%) reported no 
improvement; 2 patients (14%) lacked follow-up. No patients with follow-up reported a worse voice. Posttreatment 
examination showed effective debulking in 10 of 12 patients (83%) with follow-up. Stroboscopy demonstrated vibra-
tory improvement in 3 patients and preservation of preoperative vibration in 9 patients. No patients had worsening of 
stroboscopic findings. One procedure resulted in a complication consisting of glottic fibrinous exudate that resolved with 
oral steroid treatment.
Conclusions: Intralesional photocoagulation of bulky RRP should be considered a relatively safe and effective adjunctive 
method. Further study of this method in a larger cohort seems warranted.
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